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RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL SHIPS

Part DMACHINERY INSTALLATIONS

Chapter 1 GENERAL

1.1 General

1.1.1 Scope*

1  The requirements ofthis Part apply to the main propulsion machinery, power transmission systems, shafting systems, propellers,
prime movers other than the main propulsion machinery, boilers and related equipment, incinerators, pressure vessels, auxiliaries,
piping systems, and all of their respective control systems (hereinafter all of the above will be referred to as “machinery installations™).

2 For machinery installations those which are fitted in either ships with a restricted area of service or ships categorized as “small
ships”, some of the requirements in this Part may be modified according to the requirements given in Chapter 25 or other suitable
rules deemed appropriate by the Society.

1.1.2 Equivalency

Machinery installations which do not comply with the requirements of this Part may be accepted provided that they are deemed
by the Society to be equivalent to those specified in this Part.

113 Machinery Installations with Novel Design Features*

Machinery installations with novel design features may be accepted, provided the installation complies with any additional
requirements on design and test procedures (other than those in this Part) as deemed necessary, with those results satisfactory to the
Society.

1.14 Modification of Requirements*

For the following machinery installations, piping systems and all their respective control systems, some requirements of this
Part may be modified appropriately provided that the Society considers such modifications acceptable:

(1) Small prime movers (including power transmission systems and shafting systems) for either driving generators or auxiliary

machinery

(2) Auxiliary machineries for cargo handling and their prime movers (including power transmission systems and shafting systems)

(3) Machinery installations as deemed appropriate by the Society after considering their capacity, purpose and conditions of service

1.1.5 (Deleted)

(Deleted)

1.1.6 Terminology*

1 Inthis Part auxiliaries are classified into five groups. When auxiliaries have multiple uses and may be classified as belonging
to more than one group, they are deemed to belong to the higher class. The five groups are given as follows with group (1) being the
highest and group (5) being the lowest:

(1) Auxiliary machinery essential for main propulsion.

Defined as all auxiliary machinery that is used for the operation of the main propulsion machinery.

(2) Auxiliary machinery for manoeuvring and safety.

Defined as all auxiliary machinery that is used for ensuring safe manoeuvring, the safety of the ship as well as the safety of all

persons on board.

(3) Auxiliary machinery for cargo handling.

Defined as all auxiliary machinery that is used for cargo loading and unloading as well as for cargo maintenance.

(4) Auxiliary machinery for specific use.



Rules for the Survey and Construction of Steel Ships Part D Chapter 1 (December 2024) CIaSSNI(

Defined as all auxiliary machinery that is used for a specific operation while either under way or at anchorage.
(5) Other auxiliary machinery.
Defined as any other auxiliary machinery that is not included in (1) to (4).
2 Propulsion Shafting Systems
Defined as the thrust shaft, intermediate shaft, stern tube shaft, propeller shaft, their respective bearings as well as all propellers.
1.1.7 Drawings and Data to be Submitted
All the drawings and data that are to be submitted in connection with machinery installations are to conform to the requirements

specified in each Chapter of this Part.
1.2 Materials

1.21 Selection of Materials

1  Materials under the requirements of Part K

All materials that are used for machinery installations are to be selected, according to the provisions of each Chapter of this Part,

from those complying with the requirements specified in Part K. Special consideration is to be given with respect to the purpose and
conditions of their service.

2 Other Materials

All materials that are used for machinery installations which are not specified in any Chapter of this Part are to conform to the

following (1) and (2):

(1) All materials used for the main propulsion machinery, power transmission systems, shafting systems, propellers, boilers,
pressure vessels and control systems as well as those used for auxiliary machinery essential for main propulsion, manoeuvring
and safety and cargo handling are to comply with Japanese Industrial Standards or any other standards deemed appropriate by
the Society.

(2) All materials used for auxiliaries, excluding any auxiliary machinery in (1), and their associated power transmission systems,
shafting systems, piping systems and control systems are to be selected with consideration given to their purpose and conditions

of service. Hereinafter these types of auxiliaries will be referred to as “auxiliary machinery for specific use etc.”
1.3 General Requirements for Machinery Installations

1.3.1 General*

1  Machinery installations are to be of a design and construction adequate for the service for which they are intended and are to
be so installed and protected as to reduce to a minimum any danger to persons on board, due regard being paid to moving parts, hot
surfaces and other hazards.

The design is to have regard to the purpose for which the equipment is intended, the working conditions to which it will be subjected
and the environmental conditions on board.

2 Special consideration is to be given to the reliability of any of the single essential machinery and components listed below.

In addition, for ships in which unconventional machinery is used as the main propulsion machinery and propulsion shafting system,
additional machinery which enables the ship to proceed at a navigable speed in the event of possible failure of the machinery may be
required by the Society.

(1) For ships in which reciprocating internal combustion engines are used as main propulsion machinery (excluding electric

propulsion ships):
Reciprocating internal combustion engines, high elastic couplings, reduction gears and propulsion shafting systems
(2) For ships in which steam turbines are used as main propulsion machinery (excluding electric propulsion ships):
Steam turbine engines, main boilers, main condensers, reduction gears and propulsion shafting systems

(3) For ships in which gas turbines are used as main propulsion machinery (excluding electric propulsion ships):
Gas turbine engines, compressors, combustors, reduction gears and propulsion shafting systems

(4) For electric propulsion ships (only those specified in 5.1.1-1, Part H, hereinafter the same in this Part):

Propulsion motors, reduction gears and propulsion shafting systems
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3 For electric propulsion ships, two or more propulsion generators are to be provided.

4  Means are to be provided whereby normal operations of the main propulsion machinery can be sustained or restored even
though one of the essential auxiliaries becomes inoperative. Special consideration is to be given to the malfunctioning of any of the
following:

(1) A generating set which serves as a main source of electrical power;

(2) The sources of steam supply;

(3) The boiler feed water systems;

(4) The fuel oil supply systems for boilers or engines;

(5) The sources of lubricating oil pressure;

(6) The sources of water pressure;

(7) A condensate pump and the arrangements to maintain vacuum in condensers;

(8) The mechanical air supply for boilers;

(9) An air compressor and a receiver for starting or control purposes;

(10) The hydraulic, pneumatic or electrical means for control in main propulsion machinery including controllable pitch propellers.

However, having regard to overall safety consideration, a partial reduction in propulsion capability from normal operation may be
accepted.

5 Means are to be provided to ensure that machinery installations can be brought into operation from the dead ship condition
without external aids. In addition, the starting systems in conjunction with other machinery are to be so arranged as to restore propulsion
from dead ship condition within 30 minutes after blackout.

6  Main propulsion machinery and prime movers for driving generators, and auxiliary machinery (excluding auxiliary machinery
for specific use etc.) and their prime movers that are installed in the ships are to be designed to operate under the conditions given in
Table D1.1. However, deviation from the angles given in Table D1.1 may be permitted after taking into consideration the type, size
and service conditions of the ship.

7  Machinery installations are to be designed to operate smoothly under the temperature conditions given in Table D1.2.

8 Provisions are to be made for the facilitation of the cleaning, the inspection and the maintenance of machinery installations.

9  Special consideration is to be given to the design, construction and installation of the machinery installations so that undue
stresses caused by vibrations do not occur within normal operating ranges.

10 Waterjet propulsion systems or azimuth thrusters are to comply with the requirements of Chapter 19 and Chapter 20,
respectively.

11 The exhaust gas treatment systems specified in the following (1) and (2) fitted onto machinery installations are to comply with
the requirements of Chapter 21 and Chapter 22, respectively.

(1) Selective catalytic reduction (SCR) systems

(2) Exhaust gas cleaning systems (EGCS) (excluding those specified in 2.1.1-5)

1.3.2 Astern Power

1  Sufficient power for going astern is to be provided to secure proper control of the ship in all normal circumstances.

2 The main propulsion machinery is to be capable of maintaining in free route astern at least at 70% of the ahead revolutions for
aperiod of at least 30 minutes. The output astern which may be developed in transient conditions is to be such as to enable the braking
of the ship within reasonable time.

3 For the main propulsion systems with reversing gears, controllable pitch propellers or electric propeller drive, running astern is
not to lead to the overload of the propulsion machinery.

1.3.3 Limitation in the Use of Fuel Oil

Limitation in the use of fuel oil is to comply with the requirements in 4.2.1, Part R.

10
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Table D1.1  Angle of Inclination

Type of machinery installation Athwartships® Fore-and-aft
o Dynamic o Dynamic
Static inclination o Static inclination o
) inclination ) inclination
(List) ) (Trim) o
(Rolling) (Pitching)

Main propulsion machinery

Main boilers and essential auxiliary boilers
Prime movers driving generators (excluding
those for emergency) 15° 22.5° 5°4) 7.5°
Auxiliary machinery (excluding auxiliary
machinery for specific use, etc.) and their

driving units

Emergency installation (emergency generators,
emergency fire pumps and prime movers to
drive them) 22.5°0%) 22.5°0 10° 10°

Switchgears"(Circuit breakers, etc.)

Automatic or remote operated equipment

Notes:
(1) No undesired switching operations or operational changes are to occur.
(2) Athwartships and fore-and-aft inclinations may occur simultaneously.
(3) In ships intended for the carriage of liquefied gases and of dangerous chemicals the emergency power supply is to also
remain operable with the ship flooded to a final athwartships inclination up to maximum of 30°.

(4) Where the length of the ship exceeds 100 m, the fore-and-aft static angle of inclination may be taken as follows:

6=500/L
0 1 The static angle of inclination (°)
L : Length of the ship specified in 2.1.2, Part A (m)
Table D1.2  Temperature
Installed location Temperature (‘C)
In enclosed spaces 0 to 45N
Air Machinery components or boilers in spaces subject to According to specific conditions
temperatures exceeding 45°C, and below 0°C
On the open deck -25 to 45MN0t©)
Seawater - 3 (Nete)
Note:

Other temperatures deemed appropriate by the Society might be accepted in ships not intended for unrestricted service.

1.3.4 Fire Protections

1  Machinery installations are to be free from leakages of fuel oil, lubricating oil and other flammable oils. For those from which
these oils may leak, proper means of leading the leaked oil to a safe location are to be provided.

2 Machinery installations are to be free from the leakage of any gases that may have a harmful effect on the health of the operator
as well as any flammable gases. When fear of such gas leaks exists, machinery installations are to be installed in well-ventilated spaces
that are capable of purging such gases quickly.

3 Inaddition to 1.3.4, fire protections are to comply with the requirements in 4.2 and 5.2, Part R.

1.3.5 Ventilating Systems for Machinery Spaces*

1  Machinery spaces of category 4 are to be adequately ventilated so as to ensure that when any of the machinery or boilers therein

are operating at full power, that an adequate supply of air is maintained to the spaces for the safety and comfort of personnel and the

11
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operation of the machinery in all weather conditions. Any other machinery spaces other than those classified as category 4 are to be
adequately ventilated in a manner that is appropriate for the purpose of that machinery space.

2 In cases where ventilation louvers with means for closure are fitted to emergency generator rooms and closing appliances are
fitted to ventilators serving emergency generator rooms, such louvers or closing appliances are to comply with the requirements
specified in the following (1) to (4):

(1) Louvers and closing appliances may either be hand-operated or power-operated (hydraulic, pneumatic or electric) and are to be

operable under fire conditions.

(2) Hand-operated louvers and closing appliances are to be kept open during normal operation of the vessel. In addition,
corresponding instruction plates are to be provided at the location where hand-operation is provided.

(3) Power-operated louvers and closing appliances are to be of a fail-to-open type. However, closed power-operated louvers and
closing appliances are acceptable during normal operation of the vessel. Power-operated louvers and closing appliances are to
open automatically whenever the emergency generator is starting or in operation.

(4) Ventilation openings with means for closure are to be possible to close by a manual operation from a clearly marked safe
position outside the space where the closing operation can be easily confirmed. In addition, the louver status (open or closed)
is to be indicated at this position, and the closing of louvers and closing appliances is not to be possible from any remote position
other than this position.

1.3.6 Machinery Spaces
Machinery spaces are to be sufficiently large enough to ensure the effective operation of any machinery installations installed

in that machinery space.

1.3.7 Communication between the Navigating Bridge and Control Stations for the Speed and Direction of Thrust of

the Propellers*
Communication between the navigating bridge and control stations for the speed and direction of thrust of the propellers are to
comply with following requirements:

(1) Atleast two independent means are to be provided for communicating orders from the navigating bridge to the position in the
machinery space or in the control room from which the speed and the direction of thrust of the propellers are normally controlled.
One of these means is to be an engine-room telegraph which provides visual indication of any such orders and responses both
on the navigating bridge and in such control stations mentioned above.

(2) Means of communication as deemed appropriate by the Society, are to be provided from the navigating bridge and the engine-
room to any position, other than those specified in (1) above, from which either the speed or direction of thrust of the propellers
may be controlled.

1.3.8 Engineers’ Alarm
An engineers’ alarm is to be installed at an appropriate location in either the engine control room or manoeuvring platform

so that it can be operated properly. Such an alarm is to be clearly audible in the Engineers’ accommodation.

1.3.9 Operating and Maintenance Instructions for Ship Machinery and Equipment
Operating and maintenance instructions as well as engineering drawings for all ship machinery and equipment essential to the

safe operation of the ship are to be provided and written in a language understandable by her officers and crew members who are
required to understand such information in the performance of their duties.

1.3.10 Rating Plate for A.C. Generating Sets
A.C. generating sets (“generating set” means a system which is composed of alternators, reciprocating internal combustion

engines, couplings, etc.), except for those sets consisting of a propulsion engine which also drives power take-off (PTO) generator(s),
are to be installed with rating plates marked with at least the following information:

(1) the generating sets manufacturer’s name or mark;

(2) the set serial number;

(3) the set date of manufacture (month/year);

(4) the rated power (both in kW and KVA4) with one of the prefixes COP, PRP (or, only for emergency generating sets, LTP) as
defined in /SO 8528-1:2018, where the rated power is to be appropriate for the actual use of the generator set;

(5) the rated power factor;

(6) the setrated frequency (Hz);

12
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(7) the setrated voltage (V);
(8) the setrated current (4); and
(9) the mass (kg).

1.4 Tests

14.1 Shop Tests

1 Before being installed on board, all equipment and components constituting a machinery installation (excluding auxiliary
machinery for specific use etc.) are to be tested at facilities (hereinafter referred to as “Shop Tests”) that have the proper equipment
necessary to conduct such tests in accordance with the relevant requirements of this Part. To implement the tests, in lieu of traditional
ordinary surveys where the Surveyor is in attendance, the Society may approve other survey methods which it considers to be
appropriate.

2 Forequipment and component parts of the machinery installations where shop tests are not specified in the requirements in any
Chapter of this Part, and for those of auxiliary machinery for specific use etc., the records of the tests carried out by the manufacturer
are to be submitted to the Society upon request.

1.4.2 Mass-production Equipment

For equipment manufactured by a mass-production system deemed appropriate by the Society, a test procedure suited to the
production method may be accepted in place of the tests specified in the Rules upon the request of the manufacturer, notwithstanding
the requirements of 1.4.1-1 above. Such requests are to be made by submitting the application form (Form-5-1).

1.4.3 Omission of Tests

Where machinery installations have test certificates which are deemed appropriate by the Society, a part ofor all ofthe tests for
the machinery specified in 1.4.1 may be omitted.

144 Tests after Installation On Board*

1  Machinery is to be tested after installed on board in accordance with the requirements specified in each Chapter of this Part.

2 Certain auxiliary machinery for specific use etc., as deemed necessary by the Society, are to be tested to the satisfaction of the
Society at an appropriate time before being put into service in order to verify that they do not endanger either the ship or the crew
during normal operation.

3 The Society may require other tests than those specified in this Part when deemed necessary.

13
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Chapter 2 RECIPROCATING INTERNAL COMBUSTION ENGINES

2.1 General

2.1.1 General*
1  The requirements of this Chapter apply to reciprocating internal combustion engines which are used as the main propulsion
machinery or used to drive generators and auxiliaries (hereinafter referred to in this Chapter as all auxiliaries excluding auxiliary
machinery for specific use etc.).
2 For reciprocating internal combustion engines which are used for driving emergency generators, in addition to all of the
requirements in this Chapter (excluding 2.2.4, section 2.3,2.4.1-4 and the requirement for “devices to stop the operation of the engine”
specified in 2.5.5-1), the requirements of 18.5.2 (if controlled automatically or by remote) as well as those in 3.3 and 3.4, Part H also
apply.
3 For each type of reciprocating internal combustion engines, an approval of use is to be obtained by the engine designer
(hereinafter referred to “licensor” in this Chapter) as specified separately by the Society.
4  The requirements of exhaust driven turbochargers specified in this chapter also apply, in principle, to engine driven chargers.
5 Reciprocating internal combustion engines fitted with exhaust gas recirculation (EGR) systems are to be in accordance with
requirements specified in Chapter 23 in addition to those in this Chapter.
6  Gas-fuelled engines to which Chapter 16, Part N applies are to be in accordance with Annex 16.1.1-3, Part N in addition to
this chapter.
7  Gas-fuelled engines to which Chapter 16, Part N does notapply (Part GF applies instead) are to be in accordance with Annex
1.1.3-3, Part GF in addition to this chapter.
2.1.2 Terminology*
1  Inthis chapter, exhaust driven turbochargers are categorised into the following three groups according to the engine power at
maximum continuous rating (MCR) supplied by a group of cylinders served by the actual turbocharger (e.g., turbocharger size is to be
50% of total engine power for a V-engine with one turbocharger serving each bank of cylinders).
(1) Category 4 turbochargers
The engine power at MCR supplied by a group of cylinders served by the turbocharger is not more than 1000 k.

(2) Category B turbochargers
The engine power at MCR supplied by a group of cylinders served by the turbocharger is not less than 1000 £/, but not more
than 2500 kW.

(3) Category C turbochargers

The engine power at MCR supplied by a group of cylinders served by the turbocharger is not less than 2500 k.

2 The terminology used in the application of 2.1.3 and 2.1.4 is as specified in the following (1) to (36):

(1) “Acceptance criteria” mean a set of values or criteria which a design, product, service or process is required to conform with,

in order to be considered in compliance.

(2) “Appraisal” means evaluation by a competent body.

(3) “Approval” means the granting of permission for a design, product, service or process to be used for a stated purpose under

specific conditions based upon a satisfactory appraisal.

(4) “Assembly” means equipment or a system made up of components or parts.

(5) “Assess” means to determine the degree of conformity of a design, product, service, process, system or organization with

identified specifications, rules, standards or other normative documents.

(6) “Certificate” means a formal document attesting to the compliance of a design, product, service or process with acceptance

criteria.

(7) “Certification” means a procedure whereby a design, product, service or process is approved in accordance with acceptance

criteria.

(8) “Competent body” means an organization recognized as having appropriate knowledge and expertise in a specific area.
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(9) “Component” means a part, member of equipment or system.

(10) “Conformity” means that a design, product, process or service demonstrates compliance with its specific requirements.

(11) “Contract” means an agreement between two or more parties relating to the scope of service.

(12) “Customer” means a party who purchases or receives goods or services from another.

(13) “Design” means all relevant plans, documents, calculations described in the performance, installation and manufacturing of a
product.

(14) “Design appraisal” means evaluation of all relevant plans, calculations and documents related to the design.

(15) “Equipment” means a part of a system assembled from components.

(16) “Equivalent” means an acceptable, no less effective alternative to specified criteria.

(17) “Evaluation” means systematic examination of the extent to which a design, product, service or process satisfies specific criteria.

(18) “Examination” means assessment by a competent person to determine compliance with requirements.

(19) “Inspection” means examination of a design, product service or process by a Surveyor.

(20) “Installation” means the assembling and final placement of components, equipment and subsystems to permit operation of the
system.

(21) “Manufacturer” means a party responsible for the manufacturing and quality of the product.

(22) “Manufacturing process” means systematic series of actions directed towards manufacturing a product.

(23) “Material” means goods supplied by one manufacturer to another manufacturer that will require further forming or
manufacturing before becoming a new product.

(24) “Modification” means a limited change that does not affect the current approval.

(25) “Product” means a result of the manufacturing process.

(26) “Quality assurance” means all the planned and systematic activities implemented within the quality system, and demonstrated
as needed to provide adequate confidence that an entity will fulfil requirements for quality. Refer to 7SO 9001:2015.

(27) “Regulation” means a rule or order issued by an executive authority orregulatory agency of a government and having the force
of law.

(28) “Repair” means to restore to original or near original condition from the results of wear and tear or damages for a product or
system in service.

(29) “Requirement” means specified characteristics used for evaluation purposes.

(30) “Information” means additional technical data or details supplementing the drawings requiring approval.

(31) “Specification” means technical data or particulars which are used to establish the suitability of materials, products, components
or systems for their intended use.

(32) “Substantive modifications” mean design modifications, which lead to alterations in the stress levels, operational behaviour,
fatigue life or an effect on other components or characteristics of importance such as emissions.

(33) “Sub-supplier/subcontractor” means one who contracts to supply material to another supplier.

(34) “Supplier” means one who contracts to furnish materials or design, products, service or components to a customer or user.

(35) “Test” means a technical operation that consists of the determination of one or more characteristics or performance of a given
product, material, equipment, organism, physical phenomenon, process or service according to a specified procedure. A
technical operation to determine if one or more characteristic(s) or performance of a product, process or service satisfies specific
requirements.

(36) “Witness” means an individual physically present at a test and being able to record and give evidence about its outcome.

3 For electronically-controlled engines, the terminology is as specified in the following (1) to (10):

(1) “Electronically-controlled engines” are engines whose fuel injection and/or Exhaust valve operation etc. are electronically
controlled.

(2) “Accumulators” are small pressure vessels fitted to cylinders which provide hydraulic oil to those actuators attached to fuel
injection devices or exhaust valve driving gears.

(3) “Common accumulators™ are pressure vessels common to all cylinders for providing hydraulic oil or pressurized fuel oil.

(4) “Control valves” are components to control the delivery of hydraulic oil to drive actuators. The name control valve is generic
for on-off-controlled solenoid valves, proportional-controlled valves or variable-controlled valves, etc.

(5) “Fuel oil pressure pumps” are pumps which provide pressurized fuel oil for common accumulators.
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“Hydraulic oil pressure pumps” are pumps to provide hydraulic oil for equipment, e.g. fuel injection devices, exhaust valve
driving gears or control valves, through common accumulators.

“Functional blocks” are blocks usedto classify by function all items making up whole systems into the groups of systems, sub-
systems, components, assemblies and parts.

“Reliability block diagrams” are logical figures showing the relationship between functional blocks on an analytic level.
“Normal operation” of main propulsion machinery means those operations at normal out-put conditions, using governors and

all safety devices.

(10) “High-pressure” piping means piping in the down-stream of fuel oil pressure pumps or hydraulic oil pressure pumps.

4  For gas-fuelled engines, the terminology is in accordance with 1.4, Annex 1.1.3-3, Part GF.
2.1.3 Drawings and Data*
1 Drawings and data to be submitted are generally as follows:
(1) Drawings and data for approval
Drawings and data specified in Table D2.1(a)
(2) Drawings and data for reference
Drawings and data specified in Table D2.1(b)
2 The drawings and data for the inspection and testing specified in -1 (the items represented by the mark O in Table D2.1(a)

and Table D2.1(b), hereinafter indicated the same way throughout this Chapter) are to be submitted in accordance with 2.1.4-1 by the

engine manufacturer producing engines with the drawings and data whose approval of use has been obtained in accordance with 2.1.1-

3 (hereinafter referred to as “licensee” in this Chapter). Such drawings and data, however, may be submitted by the licensor in

accordance with 2.1.4-2.

Table D2.1(a) Drawings and Data for Approval

tems For inspection
and testing

(1) | Engine particulars (in the format designated by the Society) O
(2) | Material specifications of main parts with information on non-destructive testing and pressure testing as

applicable to the material ©
(3) | Bedplate and crankcase of welded design, with welding details and welding instructions‘" O
(4) | Thrust bearing bedplate of welded design, with welding details and welding instructions'! O
(5) | Frame/framebox/gearbox of welded design, with welding details and instructions" O
(6) | Crankshaft, assembly and details O
(7) | Thrust shaft or intermediate shaft (if integral with engine) O
(8) | Shaft coupling bolts O
(9) | Connecting rod bearings (four-stroke design) —
(10) | Bolts and studs for connecting rods (four-stroke design) O
(11) | Schematic layout or other equivalent drawings and data on the reciprocating internal combustion engine of

the following (a) to (g) (details of the system so far as supplied by the licensee such as: main dimensions,

operating media and maximum working pressures).

(a) Starting air system

(b) Fuel oil system

(c) Lubricating oil system ©

(d) Cooling water system

(e) Hydraulic system

(f) Hydraulic system (for valve lift)

(g) Engine control and safety system
(12) | High pressure oil pipes for driving exhaust valves with its shielding —
(13) | Shielding of high pressure fuel pipes, assembly (all engines) O
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(14) | High pressure parts for fuel oil injection system

O

The documentation to contain specifications for pressures, pipe dimensions and materials.

(15) | Arrangement and details of the crankcase explosion relief valve (only for engines of a cylinder diameter of

200 mm or more or a crankcase volume of 0.6 m> or more)

(16) | Oil mist detection and/or alternative alarm arrangements

(17) | Connecting rod with cap (four-stroke design)

(18) | Arrangement of foundation (for main engines only)

Oljo00] O

(19) | The drawings, data, etc. required by 2.1.4.

(20) | The following drawings and data for exhaust driven turbochargers:
(a) Category A turbochargers (upon request)
i) Sectional assembly (including principal dimensions and names of components)
ii) Containment test report
iii) Test procedures
(b) Category B turbochargers
i) Sectional assembly (including principal dimensions and materials of housing components for
containment evaluation.)
i) Documentation of containment in the event of the disc fracture specified in 2.5.1-6
iii) Documentation of following operational data and limitations
+ Maximum permissible operating speed (rpm)
* Maximum permissible exhaust gas temperature at the turbine inlet
* Minimum lubrication oil inlet pressure
* Maximum permissible vibration levels (self- and externally generated vibrations)
+ Alarm level for exhaust gas temperature at the turbine inlet (levels are also to be indicated on
engine control system diagrams) -
+ Lubrication oil inlet pressure low alarm set point (levels are also to be indicated on engine control
system diagrams)
+ Lubrication oil outlet temperature high alarm set point (levels are also to be indicated on engine
control system diagrams)
iv) Diagram of lubrication oil systems (diagrams included in piping arrangements fitted to engines
may be accepted instead)
v) Test report of type test (only for type tests)
vi) Test procedure (only for type tests)
(c) Category C turbochargers
i) Drawings listed in (b) above
i) Drawings of the housing and rotating parts (including details of blade fixing)
ii) Material specifications (including mechanical properties and chemical composition) of the
parts mentioned in ii) above
iv) Welding details and welding procedures for the parts mentioned in ii) above, if made of welded

construction

(21) | Other drawings and data deemed necessary by the Society O

Notes:
(@8] For approval of materials and weld procedure specifications, the weld procedure specification is to include details of pre- and post-weld
heat treatments, weld consumables and fit-up conditions.
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Table D2.1(b) Drawings and Data for Reference

Items For inspection
and testing

0 A list containing all drawings and data submitted o

(including relevant drawing numbers and revision status)
(2) | Bolts and studs for main bearings O
(3) | Connecting rod bearings (two-stroke design) —
(4) | Bolts and studs for cylinder heads and exhaust valve (two-stroke design) O
(5) | Bolts and studs for connecting rods (two-stroke design) O
(6) | Tie rods O
(7) | Piston pins —
(8) | Construction of accumulators for hydraulic oil and fuel oil O
(9) | Cylinder head fixing bolts and valve box fixing bolts —
(10) | Rocker valve gears —
(11) | Cylinder head O
(12) | Cylinder block, engine block O
(13) | Cylinder liner O
(14) | Counterweights (if not integral with crankshaft), including fastening O
(15) | Connecting rod with cap (two-stroke design) O
(16) | Crosshead O
(17) | Piston rod O
(18) | Piston, assembly, including identification (e.g. drawing number) of components O
(19) | Piston head O
(20) | Camshaft drive, assembly, including identification (e.g. drawing number) of components O
(21) | Flywheel O
(22) | Fuel oil injection pump O
(23) | Shielding and insulation of exhaust pipes and other parts of high temperature which may be impinged as a

result of a fuel system failure, assembly ©
(24) | Construction and arrangement of dampers O
(25) | Construction and arrangement of detuners, balancers or compensators, bracings as well as all calculation

sheets related to engine balancing and engine vibration prevention -
(26) | For electronically controlled engines, assembly drawings or arrangements of the following (a) to (d):

(a) Control valves

(b) High-pressure pumps O

(c) Drive for high pressure pumps

(d) Valve bodies, if applicable
(27) | Operation and service manuals'" O
(28) | Engine control system diagram (including the monitoring, safety and alarm systems) —
(29) | Test program resulting from FMEA (for engine control system) in cases of engines that rely on hydraulic,

pneumatic or electronic control of fuel injection and/or valves ©
(30) | Production specifications for castings and welding (sequence) O
(31) | Certification of an approval of use for environmental tests, control components® O
(32) | Quality requirements for engine production O
(33) | Location of measures preventing oil from spraying out from joints in flammable oil piping (if fitted) —
(34) | The following drawings and data for exhaust driven turbochargers (only for category C turbochargers):

(a) Documentation of the safe torque transmission specified in 2.5.1-6 when the disc is connected to the -
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(b)
©

shaft by an interference fit
Information on expected lifespan (creep, low cycle fatigue and high cycle fatigue are to be considered)

Operation and maintenance manuals

(€R))]

Other drawings and data deemed necessary by the Society O

Notes:

M

()

2.14

1

Operation and service manuals are to contain maintenance requirements (servicing and repair) including details of any special tools and
gauges that are to be used with their fitting/settings together with any test requirements on completion of maintenance.
Drawings and data modified for a specific application are to be submitted to the Society for reference or approval, as applic able

Approval of Reciprocating Internal Combustion Engines

Reciprocating internal combustion engines are to be approved in accordance with the following (1) to (6):

(1) Development of documents and data for engine production

@

©)

“4)

@

(b)

©

(d)

Prior to the start of the reciprocating internal combustion engine approval process in accordance with the following (c) and
subsequent sub-paragraphs of this paragraph, a design approval is to be obtained as specified separately by the Society.
Each type of reciprocating internal combustion engine is to be provided with a certificate of approval of use obtained by
the licensor in accordance with 2.1.1-3. For the first engine of a type or for those with no service records, the process of
an approval of use and the approval process for production by the licensee may be performed simultaneously.

The licensor is to review the drawings and data of the reciprocating internal combustion engine whose approval of use has
been obtained for the application and develop, if necessary, application specific drawings and data for production of
reciprocating internal combustion engines for the use of the licensee in developing the reciprocating internal combustion
engine specific production drawings and data for the inspection and testing specified in 2.1.3-1.

If substantive modifications to the drawings and data of the reciprocating internal combustion engine whose approval of
use has been obtained have been made in the drawings and data of reciprocating internal combustion engines to be

produced, the affected drawings and data are to be resubmitted to the Society as specified separately by the Society.

Drawings and data for the inspection and testing of reciprocating internal combustion engines

@

(b)

©
(d)

©

The licensee is to develop the drawings and data for the inspection and testing specified in 2.1.3-1 and a comparison list
of these drawings and data to the drawings and data of the reciprocating internal combustion engine whose approval of
use has been obtained by the licensor and submit these drawings and the comparison list to the Society.

As for the drawings and data for the inspection and testing specified in 2.1.3-1, if there are differences in the technical
content on the licensee’s production drawings and data of the reciprocating internal combustion engine compared to the
drawings and data of the reciprocating internal combustion engine whose approval of use has been obtained by the licensor,
the licensee is to submit “Confirmation of the licensor’s acceptance of licensee’s modifications” approved by the licensor
and signed by the licensee and licensor. If the licensor acceptance is not confirmed, the reciprocating internal combustion
engine manufactured by the licensee is to be regarded as a different engine type and is 2.1.1-3 is to apply to the
reciprocating internal combustion engine.

In applying (b) above, modifications applied by the licensee are to be provided with appropriate quality requirements.
The Society returns the drawings and data specified in (a) and (b) above to the licensee with confirmation that the design
has been approved.

The licensee or its subcontractors are to prepare to be able to provide the drawings and data specified in (a) and (b) above
so that the Surveyor can use the information for inspection purposes during manufacture and testing of the reciprocating

internal combustion engine and its components.

Additional drawings and data

In addition to the drawings and data for the inspection and testing specified in 2.1.3-1, the licensee is to be able to provide to

the Surveyor performing the test specified in 2.6.1 upon request the relevant detail drawings, production quality control

specifications and acceptance criteria. These drawings and data are for supplemental purposes to the survey only.

Licensee approval

@

The Society assesses conformity of production with the Society’s requirements for production facilities comprising
manufacturing facilities and processes, machining tools, quality assurance, testing facilities, etc. as specified separately by

the Society.
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(b) Satisfactory conformance with (a) above results in the issue of a document showing the licensee has been approved by the
Society.
(5) Engine assembly and testing
The licensee is to assemble and test the reciprocating internal combustion engine according to the Society’s technical rules each
of the reciprocating internal combustion engine assembly and testing procedure is to be witnessed by the Surveyor unless the
manufacturer of the reciprocating internal combustion engine is one approved in accordance with the Rules for Approval of
Manufacturers and Service Suppliers and use of a mass production system is agreed between the manufacturer and the
Society.
(6) Issue of certificates of reciprocating internal combustion engines and components
(a) The attending Surveyors, at the licensee/subcontractors, will issue product certificates as necessary for components
manufactured upon satisfactory inspections and tests.
(b) An engine certificate is issued by the Surveyor upon satisfactory completion of assembly and tests specified in (5) above.
2 Inapplying -1 above, for those cases when a licensor - licensee agreement does not apply, a “licensor” is to be understood as
the following (1) or (2):
(1) The entity that has the design rights for the reciprocating internal combustion engine type; or
(2) The entity that is delegated by the entity having the design rights of (1) above to modify the design.
3 Components of licensor’s design which are covered by the certificate of approval ofuse of the relevant engine type are regarded
as approved whether manufactured by the reciprocating internal combustion engine manufacturer or sub-supplied.
4  For components of subcontractor’s design, necessary approvals are to be obtained by the relevant suppliers (e.g. exhaust gas

turbochargers, charge air coolers, etc.).
2.2 Materials, Construction and Strength

2.2.1 Materials

1  Materials intended for the principal components of reciprocating internal combustion engines and their non-destructive tests as
well as surface inspections and dimension inspections are to conform to the requirements given in Table D2.2. However, with respect
to ultrasonic testing as well as surface inspections and dimension inspections, submission or presentation of test results to the Surveyor
may be considered sufficient. In cases where deemed necessary by the Society, tests or inspections may also be required for any parts
not specified in Table D2.2.

2 Cylinders, pistons and other parts subjected to high temperature or pressure as well as any parts used for transmitting propulsion
torque are to be of materials suitable to sufficiently withstand high temperature and loads.

2.2.2 Construction, Installation and General*

1  Cylinders, pistons and other parts subjected to high temperature or pressure are to be of a construction that is suitable to
sufficiently withstand the mechanical and thermal stresses.

2 Where the principal components of a reciprocating internal combustion engine are of welded construction, they are to comply
with the requirements of Chapter 11.

3 The frames and bedplates are to be of rigid and oiltight construction. The bedplate is to be provided with a sufficient number of
foundation bolts to secure it firmly to the entire length of the engine seating.

4  Crankcase and crankcase doors are to be of sufficient strength to withstand a crankcase explosion. Crankcase doors are to be
fastened sufficiently securely for them not to be readily displaced by a crankcase explosion.

5 A warning notice is to be fitted on a prominent position, preferably on a crankcase door on each side of the engine, or
alternatively at the engine room control station. This warning notice is to specify that whenever overheating is suspected within the
crankcase, the crankcase doors or sight holes are not to be opened until a reasonable time, sufficient to permit adequate cooling has
elapsed after stopping the engine.

6  Ventilation of crankcase, and any arrangement which could produce a flow of external air into the crankcase, is not permitted
except in cases (1) to (3) below.

(1) Ventilation pipes, where provided, are to be as small as practicable to minimise the inrush of air after a crankcase explosion. In

addition, ventilation pipes for each engine are to be independent of any other engine. Ventilation pipes from the crankcase of
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main propulsion engine are to lead to a safe position on deck or to some other approved position.
(2) If provision is made for the extraction of gases from the crankcase (e.g. for oil mist detection purposes), the vacuum in the
crankcase is not to exceed 2.5x10™ MPa.
(3) In cases where gas-fuelled engines are provided with crankcase ventilation for preventing the accumulation of leaked gas.
7  The ambient reference conditions for the purpose of determining the power of reciprocating internal combustion engines are to
be as follows:
Total barometric pressure: 0.1 MPa
Air temperature: 45 °C
Relative humidity: 60 %
Seawater temperature (charge air intercooler-inlet): 32 °C
8 Essential components are to be so arranged that normal operation of main propulsion machinery is capable of being sustained
or restored even though one of these components becomes inoperable, except in cases where special consideration and approval is
given by the Society to the reliability of single arrangements. Single components provided for cylinders, which do not require a spare,

may be acceptable in cases where any failed parts can be isolated.

Table D2.2  Application of Materials and Non-destructive Tests as well as Surface Inspections and Dimension Inspections to

Principal Components of Reciprocating Internal Combustion Engines

Cylinder bore D (mm)
Principal components D<300 300<D<400 400<D
1 11 111 1 11 111 1 1T 11T
1 Welded bedplate @ O O O @ O
2 | Bearing transverse girders (cast steel) O O O O O O
3 | Welded frame box ® O @ 0O ® O
4 | Welded cylinder frames O O 0O O @ @
Engine block (spheroidal graphite cast
5
iron)©® O O O
Cylinder liner oo oo
Cylinder head (cast steel or forged steel) O O O O
8 | Piston crown (cast steel or forged steel) O ©)
made in one piece O O O ©) O O O O O
Web, pin and journal for
1l built- i-built-
o | Crankshaft | 2 built-up and semi-built O O O O O O O O O
up types
Others (including coupling
bolts) O O O O O O O O O
10 | Piston rod © O O
11 | Cross head ® @ O @ 0O @ O
12 Connec'.ting rods. together  with o o o O O O o O O
connecting rod bearing caps
Bolts and studs (for cylinder heads,
13 K . . (8) (8)
connecting rods, main bearings) O O TR O O TR
14 | Tie rod © O ) TR® O O TR® O O TR®
15 | Fuelinjection pump body o o o
High pressure fuel injection pipes
16 including common fuel rail O O O
17 | High pressure common servo oil system ® O @
18 | Heat exchanger, both sides a0 A A
19 | Accumulator !V O O O
Piping, pumps, actuators, etc. for
20 (13) (13) (13)
hydraulic drive of valves (% O O O
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21
either Group I or Group II. (excluding O O O
items listed in this table)
Bearings for main, crosshead, and 4 s " s ” s
22 crankpin (2 TR™ | TR | O TR™ | TR [ O TR™ | TR | O
Turbine .discs, blades, | Category A4 o o o
23 blower impellers and Category B o o o o o o) o o o
rotor shafts of exhaust
driven turbochargers !9 | Category C O O Oun O O o O O oun
Casings  of  exhaust | Category 4 o o 0O
driven turbochargers
24 (16)(18) & Category B O O O
Category C O O O
Notes:

(M

@)

3)

“4)

®)
(6)
0
®)
©

Materials intended for the components marked by “O” or “TR” in Column I are to comply with the requirements in
Part K. However, the components marked by “TR” in Column I may be in accordance with Note (9). In addition,
materials intended for the components marked by “/A” in Column I are to comply with the requirements in Chapter
10.

Materials intended for the components marked by “O” or “TR” in Column II are to be tested by a magnetic particle
test or a liquid penetrant test as well as an ultrasonic test. When a certain non-destructive test method on the finished
component is impractical (for example UT for cylinder heads), the non-destructive test method may be performed at
an appropriate earlier stage of production for the component.

Materials intended for the components marked by “O” or “TR” in Column III are to be tested by a surface inspection
and a dimension inspection.

For items marked by “7TR”, submission of a test report which compiles all test and inspection results in an acceptance
protocol issued by the manufacturer may be accepted. The test report is to include the following. Tests or inspections
may be carried out on samples from the current production.

(a) Signature of the manufacturer

(b) Statement that components comply with specifications stipulated by the manufacturer

Only for crosshead reciprocating internal combustion engines.

Only when engine power exceeds 400 k/¥/cyl. Chemical composition analysis may be omitted.

Materials may be in accordance with Note (9) except when used for steel parts.

Only for threaded bolts and studs used for connecting rods or tie rods.

Materials which comply with the requirements of national or international standards such as ISO, JIS, etc. may be

used.

(10) Charge air coolers need only be tested on the water side.

(11) Only when capacity exceeds 0.5 /.

(12) Only when engine power exceeds 800 kW/cyl.

(13) Materials intended for pumps and actuators may be in accordance with Note (9).

(14) Mechanical property test may be omitted.

(15) Magnetic particle tests and liquid penetrant tests may be omitted. Anultrasonic test is to be carried out for full contact

between the base material and bearing metal

(16) In cases where the manufacturer has a quality system deemed appropriate by the Society, materials and non-destructive

tests as well as a surface inspection and a dimension inspection for categories 4 and B turbochargers may not require
the presence of a Society surveyor. In such cases, the submission or presentation of test records may be required by

the Society.

(17) Surface inspection may be omitted.

(18) Chemical composition analysis may be omitted.
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2.23 Crankpin Bearings of 4-Stroke Cycle Engines
The crankpin bearings of 4-stroke cycle engines are to be designed and constructed so as to keep a fair contact pressure upon
the contact face of the bearing caps as well as not to cause any excessive stress on the crankpin bolts against the alternating load acting
on the connecting rod.
2.2.4 Flywheel Shafts and Other Shafts
Where flywheels or eccentric sheaves for pumps are fitted onto crankshafts or additional shaft located between the aftermost
journal bearing and the thrust shaft, the shaft diameter in way of the part is not to be less than the required diameter of the crankshaft

determined by the formula in 2.3.
2.3 Crankshafts

2.3.1 Solid Crankshafts and Semi-Built Crankshafts*

1  The requirements in this paragraph apply to solid-forged and semi-built crankshafts made of forged or cast steel, with one crank
throw between main bearings that are used for reciprocating internal combustion engines for propulsion and auxiliary purposes in cases
where such engines are capable of continuous operation at their rated power when running at their rated speed.

2 The torsional stress in crankpins and journals is to be evaluated by carrying out forced vibration calculations including the stern
shafting and the values of the acceptability factor Q calculated by Annex 2.3.1 “CALCULATION METHOD OF CRANKSHAFT
STRESS” are to comply with the following formula:

0 =115

3 Incases where a crankshaft design involves the use of surface treated fillets, where fatigue parameter influences are tested, or
where working stresses are measured, relevant documents for such calculations and analyses are to be submitted to the Society in order
to demonstrate equivalence to -2 above.

4  Approval of crankshafts other than those specified in the requirements of this paragraph is to be as deemed appropriate by the
Society.

2.3.2 Built-up Crankshafts*

Built-up crankshaft approval is to be as deemed appropriate by the Society.

233 Shaft Couplings and Coupling Bolts*

1  The diameter of coupling bolts at the joining face of the coupling between crankshafts, between a crankshaft and a thrust shaft,

or between a crankshaft and a shaft mentioned in 2.2.4 is to be not less than the value obtained by the following formula.

(0.95d,)3 (440)

d, =0.75 -~ T_b
where
d, : Diameter of coupling bolts (mm)
n :  Number of bolts
Diameter of pitch circle (mm)
d. Required diameter of crankshaft (mm), as deemed appropriate by the Society.
T, : Specified tensile strength of bolt material (N/mm?)

When the specified tensile strength of the bolt material exceeds 1000 N/mm?, the value used for the formula is to be as
considered appropriate by the Society.

2 Shaft couplings are to be of sufficient strength to withstand working stresses. The fillets of shaft couplings are to have enough

of a radius to avoid any excessive stress concentration. Where shaft couplings are separate from the shafts, both the fitting method and

the construction of the couplings are to be sufficient enough to resist astern pull. In cases where keys are used for fitting shaft couplings

to shafts, the grooves for the keys are to be constructed so as to avoid any excessive stress concentration.
2.4 Safety Devices

24.1 Speed Governors and Overspeed Protective Devices

1  For ship in which reciprocating internal combustion engines are used as main propulsion machinery (excluding electric
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propulsion ships), each of such reciprocating internal combustion engines is to be provided with a speed governor so adjusted to prevent
the engine speed from exceeding the number of maximum continuous revolutions by more than 15 %.

2 Inaddition to this speed governor, each reciprocating internal combustion engine as specified in -1 above that has a continuous
maximum output of 220 kW or above, and which can be declutched or which drives a controllable pitch propeller, is to be provided
with a separate overspeed protective device. The overspeed protective device, including its driving gear, are to be independent from
the governor required by -1, and be so adjusted that the engine speed may not exceed the number of maximum continuous revolutions
by more than 20 %.

3 Reciprocating internal combustion engines used to drive generators are to be provided with the governors specified in the
requirements in -5. However, if a reciprocating internal combustion engine which is used as main propulsion machinery of an electric
propulsion ship drives a generator used to supply electrical power exclusively to propulsion motors, the requirements specified in 5.1.2-
2, Part H are to be applied.

4  In addition to the speed governor, each reciprocating internal combustion engine used as main propulsion machinery of electric
propulsion ships and those reciprocating internal combustion engines used to drive generators that have a maximum continuous output
of 220 kW or above are to be provided with a separate overspeed protective device. The overspeed protective device, including its
driving gear, are to be independent from the governor required by -3, and be so adjusted that the engine speed may not exceed the
number of maximum continuous revolutions by more than 15 %.

5  Speed governors of reciprocating internal combustion engines driving generators are to be have the following characteristics:

(1) Reciprocating internal combustion engines driving main generators

(a) Momentary speed variations are, in principle, to be 10 % or less of the maximum rated speed when the rated loads of
generators are suddenly thrown off. However, in cases where it is difficult to meet the above requirements, the
characteristics of such governors may be acceptable in the following cases.

i)  Incases where momentary variations are 10 % or less of the rated speed when the maximum load on board is suddenly
thrown off and the speed is returned to within 1 % of the final steady speed in not more than 5 seconds, momentary
variations in excess of 10 % of rated speeds may be acceptable in cases where rated loads of such generators are
suddenly thrown off.

il) The momentary variations given in i) above, in cases where the rated loads of generators suddenly thrown off are less
than any adjusted values of the intervention of overspeed devices as required by -4.

(b) Momentary speed variations are, in principle, to be 10 % or less of the maximum rated speed when 50 % of the rated loads
of generators are suddenly thrown-on followed by the remaining 50 % of such loads suddenly being thrown-on after an
interval to restore the steady state. Speeds are to return to within 1 % of final steady speeds in not more than 5 seconds.

(c) In cases where the throwing-on methods are difficult according to the requirements in (b) above, and where a three-stage
or more throwing-on method is adopted, throw-on power calculation sheets which take into consideration i) to iv) are to
be submitted to the Society for approval:

i)  power restoration after blackout,

il) sequential starting,

iii) starting with large start-up loads, or

iv) instantaneous load transfers in cases where one set of generators fails (during parallel running).

(d) Atall loads in ranges between no loads and rated loads, all permanent speed variations are to be within = 5 % of the
maximum rated speed.

(2) Reciprocating internal combustion engines driving emergency generators

(a) Momentary speed variations are not to exceed the values specified in (1)(a) in cases where total emergency consumer
loads are suddenly thrown off.

(b) Momentary speed variations are, in principle, not to exceed the values specified in (1)(b) and speeds to return to within
1 % of final steady speeds in not more than 5 seconds in cases where total emergency consumer loads are suddenly thrown-
on. However, if it is difficult to meet the above requirements and in cases where the following i) through iii) requirements
are adopted, a throwing-on in steps method may be used.

i)  Total emergency consumer loads are to be thrown-on within 45 seconds after blackout.

il) Prime movers are to be designed so that the maximum step loads in emergency consumer loads are to be thrown-on
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at one time.
iii) Documents such as thrown-on power calculations specifying the adoption of throwing-on in steps are to be submitted.
(c) Atall loads in ranges between no loads and total emergency consumer loads, all permanent speed variations are not to
exceed the values specified in (1)(d) above.
(3) Reciprocating internal combustion engines driving a.c. generators operating in parallel
(a) The load sharing specified in 2.4.14-4 and -5, Part H, is ensured, and
(b) Facilities are to be provided to adjust the governor sufficiently enough to permit adjustments of loads not exceeding 5 %
of rated loads at normal frequencies.

2.4.2 Alarm for Overpressure in the Cylinders

Each cylinder ofreciprocating internal combustion engines having a bore exceeding 230 mm is to be provided with an effective
sentinel valve or other means for overpressure.

243 Protection against Crankcase Explosion*

1  Reciprocating internal combustion engines having a cylinder bore not less than 200 mm or a crankcase with a gross volume not
less than 0.6 m* are to be provided with crankcase explosion relief valves of an approved type for preventing any overpressure in the
event of an explosion within the crankcase. Crankcase explosion relief valves are to be in accordance with the following requirements :

(1) The valves are to be provided with lightweight spring-loaded valve discs or other quick-acting and self closing devices to relieve

a crankcase of pressure in the event of an internal explosion and to prevent the inrush of air thereafter.

(2) The valve discs are to be made of ductile material capable of withstanding the shock of contact with stoppers at the full open

position.

(3) The valves are to be designed and constructed to open quickly and be fully open at a pressure not greater than 0.02 MPa.

(4) The valves are to be provided with a flame arrester that permits flow for crankcase pressure relief and prevents passage of flame

following a crankcase explosion.

(5) The valves are to be provided with a copy of the manufacturer's installation and maintenance manual. This copy is to be provided

on board ship.

2 The number and locations of the explosion relief valves specified in -1 are to be in accordance with Table D2.3.

3 Additional explosion relief valves corresponding to -1 above are to be fitted on separate spaces of crankcase such as gear or
chain cases for camshaft or similar drives, when the gross volume of such spaces is not less than 0.6 m.

4  The explosion relief valves given in -1 and -3 above are to conform to the following requirements (1) to (3):

(1) The free area of each explosion relief valve is to be not less than 45 cm?.

(2) The combined free area of the valves fitted on an engine is to be not less than 115 ¢m? per cubic metre of the crankcase or

similar drive case specified in -3 gross volume. The total volume of the stationary parts within the crankcase or separate space

may be discounted in estimating the gross volume of the case.

Table D2.3  Number and Location of Explosion Relief Valves

Cylinder bore(mm) Number and location of explosion relief valves

200 to 250 At least one valve near each end, but, an additional valve is to be fitted near the middle of the engine in

the case of more than 8 crankthrows.

over 250 to 300 At least one valve in way of each alternate crankthrow, with a minimum of two valves.
over 300 At least one valve in way of each crankthrow.
2.4.4 Protection against Scavenging Spaces

1  Scavenging spaces in open connection to the cylinders are to be provided with relief valves designed to prevent explosions that
might be caused by the abnormal buildup of pressure. These devices are to be arranged so that any discharge from them does not pose
any danger to the operators working in that space.

2 Scavenging spaces in open connection to the cylinders are to be connected to an approved fire extinguishing system completely
independent of the system in the engine room.

245 Crankcase Qil Mist Detection Arrangements*

1  Crankcase oil mist detection arrangements are required for reciprocating internal combustion engines of 2,250 k¥ maximum
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continuous power and above or having cylinders of more than 300 mm bore, and in cases of engine failure, the following means are to
automatically be employed. However, in cases where alternative devices deemed appropriate by the Society are provided, such devices
may be used instead of crankcase oil mist detection arrangements. In this case, the following means are also to be automatically
employed.

(1) In the case of low speed engines (a rated speed of less than 300 rpm), alarms are to activate and speeds be reduced. (However,
in cases where alternative measures such as activating alarms to request such speed reductions are taken, the manual reduction
of speeds may be accepted).

(2) Inthe case of medium speed engines (a rated speed of 300 7pm and above, but less than 1,400 pm) and high speed engines (a
rated speed of 1,400 rpm and above), alarms are to activate and engines are to be stopped or have their fuel supply shut off.

2 The crankcase oil mist detection arrangements required in -1 above are to be of an approved type and in accordance with the

following requirements:

(1) Oil mist detection arrangements are to provide an alarm indication in the event of a foreseeable functional failure in the
equipment and installation arrangements.

(2) Oil mist detection arrangements are to provide an indication that any lenses fitted in the equipment and used in determinatio n
of'the oil mist level have been partially obscured to a degree that will affect the reliability of the information and alarm indication.

(3) Oil mist detection arrangements are to be capable of being tested on the test bed and board under engine standstill and engine
running at normal operating conditions.

(4) Each engine is to be provided with independent oil mist detection and monitoring and a dedicated alarm. Oil mist detection and
alarm information is to be able to be confirmed from a safe location away from the engine. In addition, in the case of ships
which apply the Rules for Automatic and Remote Control Systems, the concentration of crankcase oil mist is also to be
capable of being read by a monitoring panel.

(5) The layout of the arrangements, pipes and cables, pipe dimensions, the location of engine crankcase sample points, sample
extraction rate and the way of maintenance and test are to be in accordance with the engine designer's and oil mist manufacturer's
instructions.

(6) Where sequential oil mist detection arrangements are provided the sampling frequency and sampling time is to be as short as
reasonably practicable.

(7) A copy of the maintenance and test manual is to be provided on board ship.
2.5 Associated Installations

2.5.1 Exhaust Driven Turbochargers*

1  Manufacturers are to adhere to a quality system designed to ensure that designer specifications are met, and that manufacturing
is in accordance with the approved drawings.

2 Formain propulsion engine equipped with exhaust driven turbochargers, means are to be provided to ensure that the engine can
be operated with sufficient power to give the ship a navigable speed in case of failure of one of the turbochargers.

3 Where the main propulsion engine can not be operable only with the exhaust driven turbochargers in case of starting or low
speed range, an auxiliary of scavenging air system is to be provided. For the event of failure of such an auxiliary system, proper means
are to be provided so that the main propulsion engine can be brought into the condition that its output increases enough as the exhaust
driven turbochargers show their function.

4  Exhaust driven turbochargers are to be designed to operate under the conditions given in 1.3.1-6 and 2.2.2-7. Component
lifetime and the alarm level for speed are to be based upon an air inlet temperature of 45° C.

5  The air inlets of exhaust driven turbochargers are to be fitted with filters.

6  Exhaust driven turbochargers are to be capable of containment in the event of a rotor burst. This means that no parts are to
penetrate the casing of exhaust driven turbochargers or escape through the air intake in the case of a rotor burst. It is to be assumed that
the discs disintegrate in the worst possible way.

7 In the case of category C turbochargers where the disc is connected to the shaft by an interference fit, calculations are to
substantiate safe torque transmission during all relevant operating conditions such as maximum speed, maximum torque and maximum

temperature gradient combined with minimum shrinkage amount.
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8 For categories B and C turbochargers, the indications and alarms listed in the Table D2.4 are to be provided. Indications may
be provided at local locations, monitoring stations or control stations. Alarm levels may be equal to permissible limits, but are not to
be reached when operating the engine at 110 % power, or at any approved intermittent overload beyond 110 % in cases where the
turbochargers are fitted to engines for which intermittent overload power is approved.

9  Turbochargers are to have compressor characteristics that allow the engines, for which they are intended, to operate without
any audible high pitch vibrations or explosion-like noises from the scavenger area of the engine (hereinafter referred to as “surging” in
this Part) during all operating conditions and also after extended periods of operation. For abnormal, but permissible, operation
conditions such as misfiring and sudden load reduction, repeated surging (hereinafter referred to as “continuous surging”) is not to
occur.

10 Certificates for categories B and C turbochargers issued by the Society will, at a minimum, cite the applicable type approval.

11 Certification and test requirements specified in this chapter apply to the replacement of rotating parts and casings.

Table D2.4  Alarms and Indications of Turbochargers

C
. ategory B Category C Remarks
Monitoring Item Turbochargers Turbochargers
Alarm Indication Alarm Indication

Speed HO Om HO Om Alarm level is to be based upon an air
inlet temperature of 45 °C.

Exhaust gas temperature at HO L) H O High temperature alarms for each

each turbocharger inlet cylinder at engine are acceptable.®

Lubrication oil temperature If not forced lubrication system, oil

at turbocharger outlet — — H O temperature near bearings is to be
monitored.

Lubrication oil pressure at Only for forced lubrication

. L O L O @
turbocharger inlet systems.

Notes:

(1)  For turbocharging systems where turbochargers are activated sequentially, speed monitoring is not required for the
turbocharger(s) being activated last in sequence, provided all tutbochargers share the sameintake air filter and are not
fitted with waste gates.

(2) Exhaust gas temperature may be altematively monitored at the turbocharger outlet, provided that the alarm level is
set to a safe level for the turbine and that correlation between inlet and outlet temperatures is substantiated.

(3) Alarms and indications for exhaust gas temperatures at turbocharger inlets may be omitted if the alarms and
indications for individual exhaust gas temperatures are provided for each cylinderand thealarmlevel is set to a value
safe for the turbocharger.

(4) Separate sensors are to be provided when the lubrication oil system of the turbocharger is not integrated with the
lubrication oil system ofthe reciprocating intemal combustion engine, or when it is separated from the reciprocating
internal combustion engine lubrication oil system by a throttle or pressure reduction valve.

(5) “H” and “L” mean “high” and “low”, respectively.

2.5.2 Exhaust Gas Arrangements

1  Exhaust gas pipes with a surface temperature exceeding 220 °C are to be water-cooled or sufficiently covered with thermal

insulation. However, in case where no fire is likely to occur, the requirements may be dispensed with.

2 Exhaust gas arrangements are also to comply with the requirements specified in 13.16 in this Part.

2.5.3 Starting Arrangements*

1  The starting air mains are to be protected against explosion caused by back-fire from the cylinders or excessive temperature

rise in the starting air manifold at the time of starting by the following (1) through (5) arrangements:

(1) An isolating non-return valve or equivalent thereto is to be provided at the starting air supply connection to each engine.

(2) An adequate rupture disc device or a flame arrester is to be fitted at the starting valve on each cylinder for direct reversing
engines having a starting air manifold. At least one such device is to be fitted at the supply inlet to the starting air manifold for
each non-reversing engine. However, the above mentioned device may be omitted for engines having cylinder bore not
exceeding 230 mm.

(3) An adequate rupture disc device is to be fitted at an appropriate position on the starting air manifold as an emergency means of

relieving a pressure caused by explosion for direct reversing engines fitted with flame arresters in accordance with (2) above.
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(4) For rupture disc devices of which ruptured discs cannot be easily replaced, a mechanism of blocking up the exhaust way is to
be provided for the purpose of quick restart of the engine. This blocking mechanism is to be fitted with a means of indicatin g
whether it is blocking or not.

(5) An effective arrangement to prevent the accumulation of combustibles (fuel oil, lubrication oil, system oil, etc.) in the starting
air manifold or to prevent the excessive temperature rise in the starting air manifold is to be provided for direct reversing engines.

2 Where main propulsion engines are arranged for starting by compressed air, at least two starting air reservoirs are to be provided.

These reservoirs are to be connected so that usage can be readily switched from one to the other. In this case, the total capacity of the
starting air reservoirs is to be sufficient to provide, without replenishment, the number of consecutive starts not less than that specified
in (1), (2) and (3) below. Where the arrangements of the main propulsion engines and shafting systems are other than shown below, the
required number of starts is to be as deemed appropriate by the Society. When other consumers such as auxiliary machinery starting
systems, pneumatic piping systems for essential services (refer to 13.13.6(2)), control systems, whistles, etc. are to be connected to
starting air reservoirs, their air consumption is also to be taken into account.

(1) For direct reversible engines

Z=12C
where
Z . Total number of starts of engine
C : Constant determined by the arrangement of main propulsion engines and shafting systems, where the following values
are to be referred to as the standard,
C = 1.0 For single screw ships, where one engine is either coupled with the shaft directly or through reduction gears.
C = 1.5 For twin screw ships, where two engines are either coupled with the shafts directly or through reduction gear.
Or, for single screw ships, where two engines are coupled with the shaft through declutchable coupling provided
between engine and reduction gear.
C=2.0Forsingle screw ships, where two engines are coupled with one shaft without any declutchable coupling between
engine and reduction gear.

(2) For non-reversible type engines using a separate reversing gear or controllable pitch propeller, 1/2 of the total number of starts

specified in (1) above may be accepted.

(3) For electric propulsion ships:

Z=6+3k-1)
where
Z . Total number of starts of engine
k : Number of engines (In the case of more than 3 engines, the value of k to be used is 3.)

3 The capacities of the reservoirs specified in -2 above are to be about the same.

4  Starting air reservoirs and starting air systems are also to comply with 13.13.

5 Internal combustion engines which are arranged for electrical starting are to comply with the requirements specified in Part H,

in addition to the following (1) to (3):

(1) Two separate batteries are to be fitted to starting arrangements for main propulsion machinery. Arrangements are to be such that
the batteries cannot be connected in parallel, and each battery is to be capable of starting the main propulsion machinery under
the cold and ready-to-start condition. The combined capacity of the batteries is to be sufficient (without recharging) to provide
the number of consecutive starts specified in -2 above within 30 minutes.

(2) Electric starting arrangements for internal combustion engines driving generators and auxiliary machinery are to have two
separate batteries but may be supplied by separate circuits from the batteries for main propulsion machinery. In the case of
single auxiliary engines, only one battery needs to be fitted. The capacity of each set of batteries is to be sufficient for at least
three starts for each engine.

(3) Starting batteries are to beused for starting and engine self-monitoring purposes only. Provisions are to be made to continuously
maintain stored energy at all times.

2.5.4 Fuel Oil Arrangements

1  Where a reciprocating internal combustion engine is mounted on an elastic support, flexible joints approved by the Society are

to be provided at the connections between the engine and the fuel oil supply pipe.
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2 The fuel oil arrangements for reciprocating internal combustion engines are additionally to comply with the requirements in
13.9, Part D and 4.2.2, Part R.

2.5.5 Lubricating Oil Arrangements

1  The lubricating oil arrangements of reciprocating internal combustion engines with a maximum continuous output exceeding
37 kW are to be provided with alarm devices which give visible and audible alarming in the event of failure of the supply of lubricating
oil or an appreciable reduction in lubricating oil pressure. Also, devices to stop the operation of the engine automatically by lower
pressure after such alarms are to be provided.

2 The lubricating oil arrangements are to be provided with lubricating oil sampling connections at proper locations.

3 Lubricating oil arrangements for rotor shafts of exhaust driven turbochargers are to be designed so that the lubricating oil may
not be drawn into charging air.

4  Lubricating oil drain pipes from the engine crankcase sump to the sump tank are to be submerged at their outlet ends.

5  The lubricating oil drain pipes shown in -4, above of two or more engine units are not to be interconnected.

6  Arrangements for lubricating oil system are additionally to comply with the requirements in 13.10, Part D and 4.2.3, Part R.

2.5.6 Cooling Arrangements

Cooling arrangements are to comply with the requirements in 13.12 in addition to the requirements in the following (1) and (2):
(1) Inengines having more than one cylinder, an adequate means is to be provided to make cooling uniform for each cylinder and
piston.

(2) Drain cocks are to be fitted to water jackets and water pipe lines at their lowermost position.

2.5.7 Control Valves for Electronically-controlled Engines which are used as the Main Propulsion Machinery

1  Control valves are to be capable of retaining their expected ability to function properly for a period of time set by manufacturers.

2 Control valves are to be independently provided for each function (e.g. fuel injection, exhaust valve driving).

3 Means are to be provided to prevent fuel oil from continuously flowing into cylinders due to control valve failure.

2.5.8 Accumulators and Common Accumulators for Electronically-controlled Engines which are used as the Main

Propulsion Machinery

1  Accumulators and common accumulators are to comply with the requirements in Chapter 10. However, notwithstanding this
requirement, materials and non-destructive tests as well as surface inspections and dimension inspections are to be in accordance with
Table D2.2 and hydrostatic tests are to be in accordance with Table D2.6.

2 Accumulators are to be capable of retaining their expected ability to function properly for a period of time set by manufacturers.

3 In principle, at least two common accumulators are to be provided. However, in cases where results of fatigue analysis upon
fluctuating stress are submitted and approved by the Society, a single arrangement may be acceptable.

2.5.9 Fuel Oil Piping Systems and Hydraulic Oil Piping Systems for Electronically-controlled Engines which are used

as the Main Propulsion Machinery

1  Atleast two fuel oil pressure pumps and hydraulic oil pressure pumps are to be provided for their respective lines and are to be
capable of supplying a sufficient amount of oil at the maximum continuous output of main propulsion machinery. In such cases, even
though a single one of these pumps may become inoperable, the remaining pumps are to be capable of supplying a sufficient amount
of fuel under normal service conditions. In cases where one or more of these pumps are provided as a stand-by pump, the pumps are
to always be connected and ready for use.

2 Piping arrangements from fuel oil pressure pumps to the fuel injection devices and from hydraulic oil pressure pumps to exhaust
valve driving gears are to be protected with jacketed piping systems or oil tight enclosures, to prevent any spread of oil from igniting.

3 Two common piping arrangements from fuel oil pressure pumps or a hydraulic oil pressure pumps to common accumulators,
from one common accumulator to another common accumulator and from common accumulators to those positions where distribution
to cylinders are to be respectively provided. In cases where results of fatigue analysis upon fluctuating stress are submitted and approved
by the Society, a single arrangement may be acceptable.

4  Valves or cocks provided on piping connected to equipment, e.g. accumulators or pumps, are to be located as close to such
equipment as practicable.

5  In high-pressure piping, high-pressure alarms are to be provided. Relief valves are also to be provided at proper positions, so
as to lead any released oil to lower-pressure sides.

6 In cases where pressure gauges using bourdon-tubes are provided in high-pressure piping, such gauges are to be ones that
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comply with recognized industrial standards, e.g. JIS, and be vibration-proof and heat-resistant types.
2.5.10 Electronic Control Systems for Electronically-controlled Engines which are used as the Main Propulsion
Machinery

1  Systems are to be so arranged that the function of an entire system is capable of being sustained or restored in cases where there
is a single failure in any equipment part or circuit.

2 Controllers for systems are to comply with the following:

(1) At least two main controllers which are integrated to control every function, e.g. fuel injection, exhaust valve drive, cylinder

lubrication and supercharge, are to be provided.

(2) Notwithstanding the requirement in (1) above, a single main controller may be acceptable, in cases where normal operation of

main propulsion machinery is available by using control systems independent from main controllers.

3 Atleast two sensors essential for the operation of main propulsion machinery, e.g. for the following uses, are to be independently
provided. In cases where normal operation of main propulsion machinery is available without any feedback from such sensors, single
arrangements may be acceptable.

(1) Number of revolutions

(2) Crank angles

(3) Fuel pressure in common accumulators

4  Power for control systems is to be supplied from two independent sources, one of which is to be supplied from a battery, and
through two independent circuits.

5  Power for driving solenoid valves is to be supplied from two independent sources, and through two independent circuits.

6  Electronic-control systems of main propulsion machinery which comply with the requirements given in -1 through -5 above
are regarded as the same as those which comply with the following requirements.

(1) 18.2.4-51)

(2) 18.3.2-33)

2.5.11 Failure Mode Effect Analysis for Electronically-controlled Engines which are used as the Main Propulsion

Machinery
Failure Mode Effect Analysis (FMEA) is to be carried out, for electronic control systems, in order to confirm that any one
equipment or circuits in such systems which lose function may not cause any malfunction or deterioration in other equipment or circuits,
in accordance with the following:

(1) Systems are to be divided into functional blocks and drawn out in reliability block diagrams in which such functional blocks

are systematically organized.

(2) Analytic levels are to be sufficient up to the extent of those functional blocks regarding sub-systems and components.

(3) FMEA results are to be created in table form as shown in Table D2.5 or be of equivalent forms thereto.

(4) If FMEA results show that corrective action is demanded, then FMEA is to be carried out again after the corrective action to

confirm the effectiveness of the corrective action.

(5) For failure modes, every possible failure from minor to catastrophic is to be considered.
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Table D2.5  Failure Mode Effect Analysis Table for Electronically-controlled Engines which are used as the Main Propulsion

Machinery
Systems Elements
1D Com- Sub- Ope- Failure | Failure | Failure | Alarm Effect of failure Failure | Cor- Remarks
Num- | ponent | system | rating | mode cause detec- | / On On On severi- | rective
ber mode tion Notifi- | com- sub- system | ty action

Means | cation | ponent | system

Means
Examples of Operating Mode: back-up operations, fuel cost priority operations, NOx reduction operations, etc.
Examples of Failure Mode: piston pin stuck, connecting rod broken, lubricating oil leaked out, etc. (Failed parts are to
be shown.)
Failure Severity: (a) Catastrophic: loss of complete function, explosion, loss of life (Design change is to

be compulsory.)

(b) Major: loss or deterioration of part of the ability to function properly (Possible design
change is to be investigated.)

(c) Minor: negligible affect on ability to function properly (Design change may not be

required.)

2.6 Tests

2.6.1 Shop Tests*

1  For components or accessories specified in Table D2.6, hydrostatic tests are to be carried out on the water or oil side of the

component at the pressures shown in the Table. In cases deemed necessary by the Society, tests may also be required for any components
not specified in Table D2.6.

2 For reciprocating internal combustion engines, the purpose of the shop trials is to verify design premises such as engine power,

safety against fire, adherence to approved limits such as maximum pressure, and functionality as well as to establish reference values

or base lines for later reference in the operational phase. The programme is to be in accordance with the following:

(1) The following preparations are to be made before carrying out the engine tests:

(a) Allrelevant equipment for the safety of attending personnel such as oil mist detection arrangements, overspeed protective
devices and any other shut down functions are to be made available and are to be operational.

(b) The overspeed protective device is to be set to a value which is not higher than the allowable overspeed value. This set
point is to be verified by the surveyor.

(c) The engines are to be run as prescribed by the engine manufacturer.

(d) All fluids used for testing purposes (fuel oils, lubrication oils, cooling water, etc., including all fluids used temporarily or
repeatedly for testing purposes only) are to be suitable for their intended purposes (i.e., they are to be clean, preheated if
necessary and cause no harm to engine parts).

(2) For all stages of testing, the following (a) to (¢) ambient conditions are to be recorded and the pertaining operation values
(normally the following (d) to (k) items) for each load point are to be measured and recorded by the engine manufacturer. All
results are to be compiled in an acceptance protocol to be issued by the manufacturer. Calibration records for the instrumentation
are to be presented to the attending surveyor. In addition, crankshaft deflection is to be checked and recorded in the results in
cases where such a check is required by the manufacturer during the operating life of the engine.

(a) Ambient air temperature

(b) Ambient air pressure
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(¢) Atmospheric humidity
(d) Power
(e) Speed
(f) Fuel index (or equivalent reading)
(g) Maximum combustion pressures (only when the cylinder heads installed are designed for such measurement)
(h) Exhaust gas temperature at the turbine inlet and from each cylinder
(1) Charge air temperature
(j) Charge air pressure
(k) Turbocharger speed
All measurements conducted at the various load points are to be carried out under steady operating conditions. However,
provision is to be made for time needed by the surveyor to carry out visual inspections for all load points. The readings for
100 % power (rated power at rated speed) are to be taken twice at an interval of at least 30 minutes.
In cases where a no-load operation is conducted for adjusting engine conditions, the fuel delivery system, manoeuvring system
and safety devices are to be properly adjusted by the manufacturer before the operation.
The programme shown in Table D2.7 is to be used for the shop trials of reciprocating internal combustion engines. In this case,
refer to the JIS specified below or those considered equivalent thereto for more details on each respective testing procedure.
However, additional tests may be requested by the Society depending on the engine application, service experience, or other
relevant reasons. In addition, alternatives to the detailed tests may be agreed between the manufacturer and the Society when
the overall scope of tests is found to be equivalent.
(a) In the case ofreciprocating internal combustion engines used as main propulsion machinery (including those used as main
propulsion machinery for electric propulsion ships);
JIS F 4304 “Shipbuilding - Internal combustion engines for propelling use-shop test code”
(b) In the case of reciprocating internal combustion engines driving other generators or essential auxiliary machinery;
JIS F 4306 “Shipbuilding - Water cooled four-cycle generator diesel engines”
The following (a) to (c) are to be inspected. However, a part of or all of these inspections may be postponed until shipboard
testing when agreed to by the Society.
(a) Jacketing of high-pressure fuel oil lines, including the system used for the detection of leakage
(b) Screening of pipe connections in piping containing flammable liquids
(¢) Temperature of hot surface insulation
Random temperature readings are to be compared with corresponding readings obtained during the type test. This is to be
done while running at the rated power of engine. If the insulation is modified subsequently to the type test, the Society
may request temperature measurements as required by the type test.
In the case of reciprocating internal combustion engine with an application for approval of use dated before 1 July 2016
which is an engine type that does not have the results of temperature measurements required by the type test, temperature
measurements are to be performed by a procedure deemed appropriate by the Society.
Category C turbochargers installed on reciprocating internal combustion engines used as main propulsion machinery are to be
checked for surge margins in accordance with the following. However, if successfully tested earlier on an identical configuration
of the engine and turbocharger (including the same nozzle rings), submission of this test report may be accepted instead.
(a) For4-stroke engines, the operations given in the following i) and ii) are to be performed without any indication of surging.
i)  While at maximum continuous rating (maximum continuous power and speed), speed is to be reduced with the
constant torque (fuel index) down to 90 % power.
ii) While at 50 % power and 80 % speed, speed is to be reduced to 72 % while keeping constant torque (fuel index).
(b) For 2-stroke engines, the surge margin is to be demonstrated by at least one of the following i) to iii):
i)  The engine working characteristics established at shop tests of the engine is to be plotted into the compressor chart
of the turbocharger (established in a test rig). There is to be at least a 10 % surge margin in the full load range, i.c.,
working flow is to be 10 % above the theoretical mass flow at the surge limit where there are no pressure fluctuations.
ii) A sudden fuel cut-off to at least one cylinder at the following 1) and 2) loads is not to result in continuous surging

and the turbocharger is to be stabilised at the new loads within 20 seconds. For applications with more than one
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turbocharger, the fuel supply to the cylinders closest upstream to each turbocharger is to be cut off.

1) The maximum power permitted for one cylinder misfiring.

2) The engine load corresponding to acharge air pressure of about 0.06 MPa, but without auxiliary blowers running.

iii) No continuous surging and the turbocharger is to be stabilised at the new load within 20 seconds when the power is

abruptly reduced from 100 % to 50 % of the maximum continuous power.
For electronically controlled engines, integration tests are to be made to verify that the response of the complete mechanical,
hydraulic and electronic system is as predicted. The scope of these tests is to be determined based on a risk analysis by a method
deemed appropriate by the Society and agreed with the Society, prior to the tests. The tests may be carried out using other
alternative methods, subject to special consideration by the Society.
For gas-fuelled engines (specified in 4.2.2, Annex 1.1.3-3, Part GF or 5.2.2, Annex 16.1.1-3, Part N), the following

requirements are to be complied with. In addition, the scope of the tests may be expanded depending on the engine application, service

experience, or other relevant reasons.
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The requirements specified in -2(1) to (7) apply subject to following (2) to (5) requirements.

For dual fuel engines, the tests specified in Table D2.7 are to be carried out for both diesel and gas mode. However, for loads
considered by the Society not to be designed to operate, the load test may be omitted. For load tests for the gas mode, test loads
are to be determined based on the maximum continuous power available in the gas mode (see 2.5.1-1(1), Annex 1.1.3-3, Part
GF or 2.5.1-1(1), Annex 16.1.1-3, Part N). The 110 % load test is not required for the gas mode provided that changeover to
oil fuel mode is automatically performed in case of overload.

In addition to the preparations specified in -2(1), measures to verify that gas fuel piping for the engine is gas tight are to be
carried out prior to the start-up of the engine.

In addition to -2(2) and (3), the following engine data are to be recorded.

(a) The item listed in -2(2)(f) is to be measured and recorded for both gas and diesel, as applicable

(b) Gas pressure and temperature

(c) Pilot fuel temperature and pressure (supply or common rail as appropriate)

The engines are to undergo integration tests to verify that the responses of the complete mechanical, hydraulic and electronic
systems are as predicted for all intended operational modes. The scope of these tests is to be agreed to with the Society for
selected cases based upon risk analysis by a procedure deemed appropriate by the Society and is to at least include the following
incidents. The tests may be carried out using simulation or other alternative methods, subject to special consideration by the
Society.

(a) Failure of ignition (spark ignition or pilot injection systems)

(b) Failure of a cylinder gas supply valve

(c) Failure of combustion (to be detected by e.g. misfiring, knocking, exhaust temperature deviation, etc.)

(d) Abnormal gas pressure

(e) Abnormal gas temperature

For rotating assemblies of exhaust driven turbochargers of categories B and C, dynamic balancing tests are to be carried out.

For the impellers and inducers of exhaust driven turbochargers of categories B and C, overspeed tests for a duration of 3 minutes

at either of the following (1) or (2) are to be carried out. For forged impellers and inducers subject to quality control through an approved

non-destructive test method, overspeed tests may be dispensed with.
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120 % of the alarm level speed at room temperature; or
110 % of the alarm level speed at an inlet temperature of 45 °C when tested in the actual housing with the corresponding
pressure ratio.

For categories B and C turbochargers, tests are to be carried out to verify durability according to procedures deemed appropriate

by the Society.
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Table D2.6  Hydrostatic Test Pressure

Cylinder bore D (mm)
Part Test Pressure!®(MPa)
D<300 300<D
Cylinder block (gray cast iron or spheroidal graphite cast iron) @ O O 1.5P
Engine block (gray cast iron or spheroidal graphite cast iron) @ ® O O 1.5P
Cylinder liner ¥ O 1.5P
Cylinder head (gray cast iron, spheroidal graphite cast iron, cast O 5P
steel or forged steel)
Fuel injection pump body 7RO o
High pressure fuel | fuel injection valves 1.5P or P +30, whichever
line fuel injection pipes including common fuel 7RO o is smaller
rail ©®

High pressure common servo oil system TR O 1.5P

. Catcgory 4 0.4 or 1.5P, whichever is
Turbocharger, cooling space ' | Category B O O

Category C O O greater
Heat exchanger, both sides O 1.5P
Exhaust gas valve cage ® O O 1.5P
Accumulator ¥ O O 1.5P
Piping, pumps, actuators, etc. for hydraulic drive of valves !'© O O 1.5P
Engine driven pumps (oil, water, fuel, bilge) !¥ O O 1.5P
Piping system other than those listed in this Table O O Apply the requirements in
12.6

Notes:

(1) Materials intended for the components marked by “O”or “TR” are to be tested by hydrostatic test.

(2) Pis the maximum working pressure (MPa).

(3) Only when engine power exceeds 400 kW/cyl.

(4) Hydrostatic tests are also required for those parts filled with cooling water that have the ability to contain water which
is in contact with the cylinder or cylinder liner.

(5) Only when not autofretted.

(6) For items marked by “TR”, submission of a test report which compiles all test and inspection results in an acceptance
protocol issued by the manufacturer may be accepted. The test report is to include the following. Tests or inspections
may be carried out on samples from the current production.

(a) Signature of the manufacturer
(b) Statement that components comply with specifications stipulated by the manufacturer

(7) Incases where the manufacturer has a quality system deemed appropriate by the Society, hydrostatic tests for category
B turbochargers may be substituted for by manufacturer tests. In such cases, the submission or presentation of test
records may be required by the Society.

(8) Only for crosshead reciprocating internal combustion engines.

(9) Only when capacity exceeds 0.5 /.

(10) Only when engine power exceeds 800 kW/cyl.
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Table D2.7  Programme for Shop Trials of Engines

Test items Use of engines

Reciprocating internal . L.
. . .. Reciprocating internal
. L. combustion engines driving . . ..
Reciprocating internal combustion engines driving
combustion engines used as

main propulsion machinf:ry(1 )

generators (including those o . -

. . auxiliaries (excluding auxiliary

used as main propulsion . )

. . machinery for specific use etc.)
machinery of electric (1)

propulsion ships) @)

110 % power run (3 | which is shorter, at 1.032 19 or

15 minutes or until steady

conditions have been reached, . . . .
15 minutes after having | 15 minutes after having

. reached steady conditions at 7 reached steady conditions at 7
more (where no is the rated Y 0 Y 0

engine speed)(4)' ®

100 % power run 60 minutes at no 60 minutes at no 30 minutes at no
Load 90 % power run (or
test normal continuous
: 6), . . - -
cruise power) © 20 minutes at engine speed in
(N
G accordance with the nominal
75 % power " propeller curve 20 minutes in accordance with
50 % power > @ 20 minutes at no the nominal power
25 % power ©, @) consumption curve ®)
Idle run © - An adequate time at 7120 -
Reversing manoeuvres ) o R -
Intermittent overload 1% 0 - 0

Governor test

Performance of monitoring, o o) o

alarm and safety devices

Open-up inspection !

) o} le) o

Notes:
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After testing has been completed, the fuel delivery system is to be blocked so as to limit the engines to run at not more
than 100 % power, unless intermittent overload power is approved by the Society. In the case of propulsion engines
also driving power take-off generators, the fuel delivery system is to be adjusted so that overload of generator (110 %
power) can be given in service and the electrical protection of downstream system components is activated before the
engine stalls.

After testing has been completed, the fuel delivery system is to be adjusted such that overload (110 % power) can be
given in service after installation on board so that the governing characteristics (including the activation of generator
protective devices) can be fulfilled at all times.

For dual fuel engines, tests in the gas mode are not required in accordance with 2.6.1-3(2).

Submission of test reports for identical engines and turbocharger configurations proving their compatibility for over-
loaded operation may be accepted as substitutions for the 110 % power run.

In the case of propulsion engines also driving power take-off generators, tests are to be carried out at no for 15 minutes
after having reached a steady operating condition.

The sequence is to be selected by the engine manufacturer.

A shorter time may be considered by the Society provided that the time specified in 2.6.1-2(3) is allowed.

Only for variable speed engines.

The test item applies only to direct reversible engines.

(10) Only for engines for which intermittent overload is approved, and tests are to be for the duration agreed upon with the

manufacturer.

(11) The scope of the open-up inspection is to be as deemed appropriate by the surveyor. The omission of the open-up

inspection may be considered by the Society provided that all of the following (a) through (g) are met:
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It is not the open-up inspection to be carried out during the approval test specified in Chapter 8, Part 6 of the
Guidance for the Approval and Type Approval of Materials and Equipment for Marine Use.

No abnormality is found in the temperature measurement for each bearing of the main bearings and the crank pin
bearings after the load test, and in the visual inspection of the inner surfaces of the cylinder liners from the
inspection ports of the crankcase. (In the case of a 2-stroke engine, the cylinder liners, pistons, piston rings and
piston rods are to be inspected from the scavenging space.)

No abnormality is found in the visual inspection of the lubrication oil after the load test (including the visual
inspection of the filter in cases where the open-up of the strainer is reasonable).

Flushing of the parts through which the lubrication oil passes is carried out during the manufacturing process.
The manufacturer of the reciprocating internal combustion engine is approved by the Society in accordance with
the Rules for Approval of Manufacturers and Service Suppliers.

There is agreement between the involved parties. (manufacturer, shipyard, prospective owner, etc.)

Other items deemed necessary by the Society.
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Chapter 3 STEAM TURBINES

3.1 General

3.1.1 Scope
The requirements in this Chapter apply to steam turbines used as main propulsion machinery, or used to drive generators and
auxiliaries (hereinafter referred to in this Chapter as all auxiliaries excluding auxiliary machinery for specific use etc.).
3.1.2 Drawings and Data
Drawings and data to be submitted are as follows:
(1) Drawings and data for approval
(a) Turbine casings
(b) Turbine rotors
(c) Turbine blades
(d) Details of turbine installation
(e) Shaft coupling and bolts
(f) Piping arrangements fitted to turbine (including steam, lubricating oil and drain system, and information regarding pipe
materials, pipe sizes and service pressures)
(g) Turbine particulars (power and number of revolutions at maximum continuous rating of turbines, steam pressure and
temperature of turbine inlet, degree of vacuum at condenser top or steam condition in exhaust chamber)
(h) Critical speed of each turbine rotor
(1) Number of blades in each stage
(j) Number of nozzles and their arrangements in each stage
(k) Technical data for strength calculations specified in 3.2.3
() Material specifications of principal components
(m) Details of welding procedures for principal components
(2) Drawings and data for reference
(a) Sectional assembly
(b) Control system diagram
(¢) Drawings and data which are deemed necessary by the Society

3.2 Materials, Construction and Strength

3.2.1 Materials

1  Materials of the components of steam turbine specified below (hereinafter referred to as “the principal components of steam
turbine”) are to comply with the requirements in Part K.

(1) Turbine rotors

(2) Turbine blades

(3) Turbine casings

(4) Shaft couplings and coupling bolts

(5) Pipes, valves and fittings attached to steam turbine classified as either Group I or II as specified in Chapter 12

2 The principal components of steam turbines (excluding coupling bolts, pipes, valves and fittings) are to have been subjected to
the non-destructive tests specified in 5.1.10 and 6.1.10, Part K.

3 The materials used in high temperature parts are to have properties suitable for the design, performance and service life against
corrosions, thermal stresses, creeps and relaxations.

4  Castiron is not to be used for the turbine casing and others subjected to pressure where the steam temperature exceeds 230°C.
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3.2.2 General Construction

1  For ships provided with one cross-compound type main steam turbine, the turbine is to be so constructed as to be capable of
ensuring operation at navigable speed even when the steam led to any one of the cylinders is cut off in an emergency. For this operation,
the following (1) and (2) are to be complied with:

(1) The permissible steam pressures and temperatures, speeds, etc. are to be specified and information is to be provided on board
considering the safety of the turbine and condenser as well as any potential influence on shaft alignment and gear teeth loading
conditions.

(2) Allnecessary pipes and valves are to be readily available and properly marked, and the procedure is to be documented locally.

2 Each part of a turbine is to be so constructed that no detrimental deformations are caused by their thermal expansions. Turbines

are to be installed on the seatings so that no excessive structural constraints are caused by thermal expansions.

3 Where the principal components of steam turbine are of welded construction, they are to comply with the requirements in

Chapter 11.

4  Turbine casings are to be provided with drain connections at suitable locations.

5 Non-return valves or other approved means which prevent steam and drain from returning to the turbines, are to be fitted in

bled steam connections.

6  Insteam turbines used as main propulsion machinery, steam strainers are to be provided at the turbine inlet or the inlet to the

manoeuvring valves.

7  The construction of main condensers is to conform to the requirements in Chapter 10.

3.2.3 Strength of Turbine Rotors and Blades

1  The strength of turbine rotors is to comply with the requirements of the following (1) and (2):

(1) Turbine rotors (or discs) are to be so designed that no excessive vibration is induced within the operating speed range.

(2) Mean tangential stress of turbine rotors are to satisfy the following conditions. Since these conditions do not take into account
factors of creep and other design considerations for the materials, special consideration is to be given to these stress conditions
as considered necessary.

_ n?(1.10pI +0.1766mr)

m A
Tn=<7Y/3
Tn < Ts/4
where
T, : Mean tangential stress (N/mm?)
n Number of maximum continuous revolutions per minute divided by 1,000
A : Sectional area of wheel profile on one side of axis of rotation (cm?)
1 Moment of inertia of area A about the axis of rotation (cm?)
p Density of turbine disc or rotor (kg/cm®)
m : Total mass of blades including roots (kg)
r : Distance between the centre of gravity of blade (including root) and the centre line of shaft (cm)
Y :  Specified yield strength or proof stress of the material (N/mnm?)
T Specified tensile strength of the material (N/mm?)

2 Strength of turbine blades is to comply with the requirements of the following (1) and (2):

(1) Turbine blades are to be so designed as to avoid abrupt changes in section and to provide sufficient rigidity to minimize
deflection and vibration.

(2) The sectional area at the root of the blade is not to be less than the value obtained from the following formula. Where, however,

deemed appropriate by the Society, the formula may be modified.

_ 4.395mrn?
T
where
A 1 Required minimum sectional area at root of blade (cm?)
m : Mass of ablade upward of the section with area A and shroud (kg)
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r : Distance between the centre of gravity of blade (including root) and the centre line of shaft (cm)
T, : Specified tensile strength of blade material (N/mm?)
n : Number of maximum continuous revolutions per minute divided by 1,000

33 Safety Devices

3.3.1 Governors and Overspeed Protective Devices

1  All main and auxiliary steam turbines are to be provided with overspeed protective devices to prevent the engine speed from
exceeding the number of maximum continuous revolutions by more than 15 %. Where two or more steam turbines are coupled to the
same main gear wheel, only one overspeed protective device provided for all the turbines may be accepted.

2 In addition to this speed governor, for ships in which steam turbines are used as main propulsion machinery (excluding electric
propulsion ships) which can be declutched, or which drives a controllable pitch propeller, each of such steam turbines is to be provided
with a separate and independent speed governor in addition to the overspeed protective device specified in -1 above. This additional
speed governor is to be capable of controlling the speed of the unloaded turbine without bringing the overspeed protective device into
action.

3 Steam turbines to drive generators are to be provided with governors complying with the requirements in -4 in addition to the
overspeed protective device specified in-1 above. However, if steam turbines used as main propulsion machinery in electric propulsion
ships are used to drive generators for supplying electrical power exclusively to propulsion motors, the requirements in 5.1.2-2, Part H
are to be applied.

4  Speed governors of steam turbines driving generators are to be as follows:

(1) Characteristics of governors are to comply with the requirements specified in 2.4.1-5 (in this case the term “reciprocating

internal combustion engines” is to be read as “steam turbines”).

(2) In cases where a steam turbine-driven d.c. generator is arranged to run in parallel with other generators, a switch is to be fitted
on each steam turbine emergency governor for the purpose of opening the generator circuit-breaker when the emergency
governor functions.

3.3.2 Steam Shut-off Devices

1  Steam turbines used as main propulsion machinery are to be provided with devices which automatically shut off the steam
supply to the ahead turbine (for steam turbines used as main propulsion machinery of electric propulsion ships, the turbines used for
that purpose) in the following cases:

(1) In the case of low lubricating oil pressure

(2) In the case of low main condenser vacuum

2 Steam turbines to drive generators or auxiliaries are to be provided with devices which automatically shut offthe steam supply
in the case of low lubricating oil pressure.

3 Arrangements are to be provided for shutting off the steam supply to steam turbines used as the main propulsion machinery by
suitable manually operated gears installed at the manoeuvring stand and at the turbine respectively. Manually operated gears for turbines
to drive generators or auxiliaries are to be arranged in the vicinity of the turbines.

3.33 Lubricating Oil Supply System

1  Steam turbines used as main propulsion machinery are to be provided with a satisfactory emergency supply of lubricating oil
which comes into service automatically when the pressure drops below a predetermined pressure level. This emergency supply may be
obtained from a gravity tank or equivalent means (e.g. attached pump) with sufficient amount of oil to ensure adequate lubrication until
the turbine is brought to rest.

2 The lubricating oil arrangements of a steam turbine are to be provided with alarm devices which give visual and audible alarms
in the event of failure of the supply of lubrication oil or an appreciable reduction of lubricating oil pressure before the function of the
steam shut off devices specified in 3.3.2-1(1) and -2.

3.34 Sentinel Valve for Exhaust Steam Outlet

A sentinel valve is to be provided at the exhaust end of all turbines to prevent against the abnormal rise of the exhaust steam

pressure.
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34 Tests

3.4.1 Shop Tests*
1  The following components are to be subjected to hydrostatic tests at pressures specified below:
(1) Turbine casings:
1.5 times the design-steam pressure for the turbine casing or 0.2 MPa, whichever is greater.
(2) High pressure turbine steam chests:
1.5 times the nominal pressure of the boiler.
(3) Steam receivers, pipes and valve chests etc.:
The same pressure as the hydrostatic test pressure that is applicable to the turbine casing to which they belong.
(4) Steam strainers, and manoeuvring valve chests:
2 times the nominal pressure of the boiler
(5) Steam space of main condenser:
0.1 MPa
Cooling water space:
0.2 MPa or 0.1 MPa plus the maximum discharge pressure which the circulating pumps can develop with the discharge
valve closed and the maximum suction pressure which develops under the full draught condition, whichever is greater.
Where the conditions of service are unknown and the pressure under the conditions above is unable to be calculated, the test
pressure is not to be less than 0.34 MPa.
2 For turbine rotors, dynamic balancing tests are to be carried out by the test procedure deemed appropriate by the Society.
3  Forsteam turbines, shop trials are to be carried out, including the test of the safety devices specified in 3.3 above, by procedures
deemed appropriate by the Society.
3.4.2 Tests after Installation On Board
A fit up test, to ensure the availability of the operation in compliance with 3.2.2-1, is to be carried out prior to the sea trials.

This test may be carried out at the shop tests.
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Chapter 4 GAS TURBINES

4.1 General

4.1.1 Scope
1  The requirements in this Chapter apply to open cycle gas turbines (i.e., thermodynamic cycle in which the working fluid enters
the gas turbine from the atmosphere and is discharged into the atmosphere) used as main propulsion machinery, or used to drive
generators and auxiliaries (hereinafter referred to in this Chapter as all auxiliaries excluding auxiliary machinery for specific use, etc.).
The requirements of this Chapter apply mutatis mutandis to other cycle types gas turbines.
2 QGas turbines for driving emergency generators are to comply with the requirements in 3.3 and 3.4, Part H, in addition to the
requirements (excluding 4.2.1-1, 4.2.1-2, 4.3.1-1, 4.3.2 and 4.3.3) in this Chapter.
4.1.2 Terminology
The terminology used in this Chapter is as specified in the following (1) to (5):
(1) “Gas generator” is an assembly of gas turbine components that produces heated pressurized gas to a process or to a power
turbine.
(2) “Power turbine” is a turbine which is driven by the gases from a gas generator, producing power output from the gas turbine
through an independent shaft.
(3) “Combustion chamber” is a component of a gas turbine in which fuel (heat source) reacts with the working fluid to increase its
temperature.
(4) “Enclosure” is barriers, used to protect personnel, protect equipment from the environment, contain fires and possibly provide
sound attenuation.
(5) “Principal components” of gas turbines are those listed in the following (a) to (h):
(a) Discs (or rotors), stationary blades and moving blades of the turbine
(b) Discs, stationary blades and moving blades of the compressor
(c) Turbine and compressor casings
(d) Combustion chambers
(e) Turbine output shafts
(f) Connecting bolts for main turbine components
(g) Shaft couplings and bolts
(h) Pipes, valves and fittings attached to a gas turbine classified in Chapter 12 as either Group I or II
4.1.3 Drawings and Data*
Drawings and data to be submitted are as follows:
(1) Drawings and data for approval
(a) Discs (and/or rotors) of the turbine and compressor
(b) Combustion chambers
(c) Details of the fixing of moving and stationary blades
(d) Shaft couplings and bolts
(e) Piping arrangements fitted to the turbine (including fuel, lubricating oil, cooling water, pneumatic and hydraulic systems
and information on materials, sizes and working pressures of pipes)
(f) Pressure vessels and heat exchangers (classified as Group I and Group II as defined in 10.1.3) attached to the turbine
(g) Details of turbine installation
(h) Particulars (type and product number of the turbine, power and number of revolutions per minute of the turbine and
compressors at maximum continuous rating, temperatures and pressure at turbine inlet and outlet, pressure losses in inlet
air and exhaust gas arrangements, ambient condition intended for operation, fuel oil and lubricating oil to be used)
(i) Material specifications of principal components

() Critical speeds of turbine rotors and compressors
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(k) Number of moving blades in each stage

(1) Number and arrangements of stationary blades

(m) Lists of safety devices, including those specified in 4.3.5

(n) In the case of a gas turbine without service records for Society-classed ships or the modification of specifications of a gas
turbine with such service records, the following i) and ii):
i)  Welding details of principal components
il) Maintenance instructions

(2) Drawings and data for reference

(a) Alist containing all drawings and data submitted (with relevant drawing numbers and revision status)

(b) Sectional assembly

(¢) Moving blades and stationary blades

(d) General arrangement

(e) Starting arrangement

(f) Inlet air and exhaust gas arrangements

(g) Diagram of engine control systems

(h) Documents containing strength considerations made for principal components

(i) Calculation sheets for vibration of turbine blades

(§) Documentation on the failure mode and effect analysis

(k) In the case of a gas turbine without service records for Society-classed ships or modification specifications ofa gas turbine
with such service records, the following i) and ii):
i)  Operation instructions for fuel oil control systems
i) Ilustrative drawing of cooling method for each part of turbine

() Other drawings and data deemed necessary by the Society

4.2 Materials, Construction and Strength

4.2.1 Materials

1  Materials intended for the principal components of gas turbines are to comply with the requirements in Part K.

2 The principal components of gas turbines (excluding bolts, pipes, valves and fittings) are to be subjected to the non-destructive
tests specified in 5.1.10 and 6.1.10, Part K.

3 Materials used for high temperature parts are to have properties suitable against corrosion, thermal stress, creep and relaxation
in order to maintain intended performance and achieve the intended service life. In cases where the base material is coated, for example,
with corrosion-resistant surfacing, the coating material is to have properties such that it is hard to detach from the base material the
strength of the base material is not impaired.

4.2.2 Construction and Installations

1  Gas turbines are to be so designed that no excessive vibration and surging, etc. are induced within the operating speed range.

2 Each part of gas turbines is to be so constructed that no detrimental deformations are caused by its thermal expansions.

3 Where the principal components of gas turbines are of welded construction, they are to comply with the requirements in
Chapter 11.

4  Gas turbines used as main propulsion machinery are to be so designed that they can restart immediately when the electrical
power supply is resumed after any stoppage resulting from a temporary failure of the main source of electrical power.

5  Gas turbines are to be installed so that no excessive structural constraints are caused by thermal expansion.

6  Gas turbines are to be installed so that any turbine or compressor blade loss or any failure of other principal components does
not endanger persons and machinery in the vicinity of the gas turbine. In addition, gas turbines are to be constructed to contain, as far

as possible, turbine or compressor blades and any blade debris in the event of blade loss.
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4.3 Safety Devices

4.3.1 Governors and Overspeed Protective Devices

1  Gasturbines are to be provided with an overspeed protective device. This device is to be so adjusted that the output shaft speed
may not exceed the maximum continuous speed by more than 15 % and is to have the functions specified in 4.3.2-2.

2 Gas turbines are to be provided with a speed governor independent of the overspeed protective device specified in -1 above.
The speed governor is to be capable of controlling the speed of the unloaded gas turbine without bringing the overspeed protective
device into action.

3 The governors of gas turbines used to drive generators are to comply with the requirements in -4. However, when gas turbines
used as main propulsion machinery in electric propulsion ships are used to drive generators to supply electric power exclusively to
propulsion motors, the requirements in 5.1.2-2, Part H are to be applied.

4  Speed governors of gas turbines driving generators are to be as follows:

(1) Characteristics of governors are to comply with the requirements specified in 2.4.1-5 (in this case the term “reciprocating

internal combustion engines” is to be read as “gas turbines”).

(2) In cases where a gas turbine-driven d.c. generator is arranged to run in parallel with other generators, a switch is to be fitted on
each gas turbine emergency governor for the purpose of opening the generator circuit-breaker when the emergency governor
functions.

4.3.2 Shut-down Devices

1  Gas turbines are to be provided with hand trip gear for shutting off the fuel in an emergency which is to be provided at the
control station.

2 Unless the FMEA proves that the adverse effects due to failures occurring are within acceptable ranges, the shut-down functions
for gas turbines are to be provided in accordance with Table D4.1.

3 Gas turbines are to be provided with a quick closing device (shut-down device) which automatically shuts off the fuel supply
to the turbines at least in the cases of the following (1) to (7). In addition, means are to be provided so that alarms are operated at the
control station by the activation of these shut-down devices.

(1) Over speed

(2) Unacceptable lubricating oil pressure drop (for gas turbines other than the main gas turbines, only in the case where forced
lubrication is adopted.)

(3) Failure of the lubricating oil system

(4) Failure in automatic starting

(5) Loss of flame during operation

(6) Excessive vibrations

(7) Excessive high temperature of gas at the turbine inlet or outlet

4  In addition to the requirements specified in -3 above, gas turbines used as main propulsion machinery are to be provided with
a quick closing device (shut-down device) which automatically shuts off the fuel supply to the turbines in at least the following (1) to
(3) cases. In addition, means are to be provided so that alarms are operated at the control station by the activation of these shut-down
devices.

(1) Excessive axial displacement of each rotor (except for gas turbines with roller bearings)

(2) Unacceptable lubricating oil pressure drop of reduction gear

(3) Excessive high vacuum pressure at the compressor inlet

4.3.3 Alarms
Gas turbines are to be provided with alarm devices as required by Table D4.1. The addition or omission of alarm devices,

however, may be accepted taking into account the results of failure mode and effects analysis (FMEA).

4.3.4 Fire Detection and Extinction Systems in Enclosures
Where gas generators and the high pressure oil pipes of gas turbines are surrounded by an enclosure, the enclosure is to be

provided with fire detection systems and a fire extinguishing system which complies with the requirements of Part R.

4.3.5 Additional Safety Devices

Gas turbines may be required to be provided with additional safety devices as required in order to safeguard against hazardous
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conditions arising in the event of malfunctions in the gas turbine installation. Such hazardous conditions are to be verified by the

manufacturer in accordance with the failure mode and effects analysis (FMEA).

Table D4.1  Emergency Shutdown and Alarm Settings'"

Monitoring parameter Alarm Emergency Shutdown
Gas turbines used as Gas turbines other than
main propulsion those used as main
machinery propulsion machinery
Turbine speed H X X
Lubricating oil pressure L® X X®
Failure of the lubricating oil system o X X
Lubricating oil pressure of reduction gear L® X
Differential pressure across lubricating oil filter H
Lubricating oil temperature H
Oil fuel supply pressure L
Oil fuel temperature H
Cooling medium temperature H
Bearing temperature H
Flame and ignition failure O X X
Automatic starting failure O X X
Vibration H? X X
Axial displacement of rotor H X
Exhaust gas temperature at the turbine inlet H® X X
Exhaust gas temperature at the turbine outlet H® X X
Vacuum pressure at the compressor inlet H® X
Loss of control system O

Notes:

(1) “H” and “L” mean “high” and “low”. “OO” means abnormal condition occurred.

(2) Alarmsare to be activated at the suitable setting points priorto arriving the critical condition forthe activation ofshut-down devices
in the case where such shutdown is required.

(3) Only in the case where forced lubrication is adopted.

(4) Alarms are to be audible and visual.

4.4 Associated Installations

4.4.1 Air Inlet Systems
Air inlet systems are to be so constructed and arranged that any intrusion of harmful particles and water into compressors can

be minimized. In addition, means are to be provided to minimize the detrimental effects caused by any salt deposits in the suction air,
and if necessary, by any icing of the air intake.

44.2 Exhaust Gas Arrangement, etc.*

1  The open ends of exhaust gas pipes are to be located so as to prevent exhaust gas from entering into the air inlet system.

2 Boilers and heat exchangers utilizing the exhaust heat of gas turbines are also to comply with the requirements specified in
Chapter 9 and Chapter 10.

3 Exhaust gas arrangements and other hot surfaces are to be water-cooled or sufficiently covered with thermal insulation so that
surface temperature does not exceed 220°C. However, in cases where no fire is likely to occur, this requirement may be dispensed with.

4  Exhaust gas arrangements are also to comply with the requirements specified in 13.16.
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Starting Arrangements*

Starting devices are to be so arranged that the firing operation is discontinued and the main fuel valve is closed within a pre-

determined time in cases where ignition fails. In addition, gas turbines are to be provided with automatic or interlocked means for the

following (1) or (2) before ignition commences (on starting) or recommences so as to prevent abnormal combustion or ignition trouble.

(M
@
2
Q3):
(M

@

€)
3

Clearing all parts of the main gas turbine of the accumulation of liquid fuel; or
Purging gaseous fuel

Where compressed air is used for starting, the starting arrangement is to comply with 13.13, in addition to the following (1) to

In order to protect starting air mains against the effects of backfiring and internal explosion in the starting air pipes (including
explosion arising from improper functioning of starting valves), means are to be provided in accordance with the following (a)
to (e):

(a) Anisolation non-return valve or equivalent is to be fitted at the starting air supply connection to each gas turbine.

(b) A rupture disc or flame arrester is to be fitted in way of the supply inlet to the starting air manifold.

(c) Incases where an flame arrester is provided in accordance with (b) above, a rupture disc is to be fitted at an appropriate
position on the starting air manifold as an emergency means for pressure relief.

(d) For rupture discs which cannot be readily replaced, a mechanism of blocking up the exhaust way is to be provided for the
purpose of quick restart of the gas turbine. This blocking mechanism is to be fitted with a means of indicating whether it
is blocking or not.

(e) An effective arrangement to prevent the accumulation of oils in the starting air manifold or to prevent the excessive
temperature rise in the starting air manifold is to be provided.

The arrangement for the air starting of main propulsion machinery is to be provided with at least two starting air reservoirs
which may be used independently. The total capacity of the air reservoirs is to be sufficient to provide, without their being
replenished, the number of consecutive starts of main propulsion machinery not less than the following (a) and (b). Where the
arrangements of the main propulsion machinery and shafting systems are other than those shown below, the required number
of starts is to be as deemed appropriate by the Society. When other consumers such as auxiliary machinery starting systems,
pneumatic piping systems for essential services (refer to 13.13.6(2)), control systems, whistles, etc. are to be connected to
starting air reservoirs, their air consumption is also to be taken into account.

(a) Ships other than electric propulsion ships

Z=6C

where

Z: Total number of starts of gas turbines

C: Constant determined by the arrangement of gas turbines and shafting systems, where the following values are to
be referred to as the standard

c=1.0: Single screw ships, where one gas turbine is either coupled with the shaft directly or through
reduction gears.

Cc=1.5: Twin screw ships, where two gas turbines are cither coupled with the shafts directly or through
reduction gear, and for single screw ships, where two gas turbines are coupled with the shaft through
declutchable coupling provided between gas turbines and reduction gear.

Cc=2.0: Single screw ships, where two gas turbines are coupled with one shaft without any declutchable
coupling between gas turbines and reduction gear.

(b) Electric propulsion ships

Z=6+3 (k1)

where

Z: Total number of starts of gas turbines

k: Number of engines (In the case of more than three gas turbines, the value of £ to be used need not exceed three.)
The capacities of the reservoirs specified in (2) above are to be about the same.

Gas turbines which are arranged for electrical starting are to comply with the requirements specified in Part H, in addition to

the following (1) to (3):
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(1) Two separate batteries are to be fitted to the starting arrangement for main propulsion machinery. The arrangement is to be
such that the batteries cannot be connected in parallel, and each battery is to be capable of starting the main propulsion
machinery under cold and ready-to-start conditions. The combined capacity of the batteries is to be sufficient (without
recharging) to provide the number of consecutive starts specified in -2 above within 30 minutes.

(2) Electric starting arrangements for gas turbines driving generators and auxiliary machinery are to have two separate batteries,
but may be supplied by separate circuits from the batteries for main propulsion machinery. In the case of a single gas turbine,
only one battery need be fitted. The capacity of each set of batteries is to be sufficient for at least three starts for each gas turbine.

(3) The starting batteries are to be used for starting and the gas turbine’s own monitoring purposes only. Provisions are to be made
to continuously maintain the stored energy at all times.

4  Gasturbines which are arranged for hydraulic starting are to comply with the requirements specified in 13.10, in addition to the

following (1) and (2):

(1) Starting arrangements for main propulsion machinery are to be provided with two sets of hydraulic systems.

(2) The capacity of the hydraulic power pack is to be sufficient (without recharging) to provide the number of consecutive starts
specified in -2 above within 30 minutes.

4.4.4 Ignition Arrangements

1  Each ignition arrangement is to consist of two or more systems independent of each other.

2 Cables of an electric ignition device are to be arranged so that satisfactory electrical insulation is ensured and the cables are not

likely to be damaged.

3 Ignition distributors are to be of an explosion-proof construction or are to be provided with proper shielding. No coils for any

ignition device are to be situated in areas where explosive gases may accumulate.

4.4.5 Fuel Oil Arrangements

1  Sufficient consideration is to be given to the prevention of any clogging of fuel manifolds and fuel nozzles due to solids

contained in the fuel and to the prevention of any corrosion of turbine blades and other parts due to corrosive substances such as salts.

2 The fuel control system is to comply with the following requirements:

(1) The fuel control system is to be capable of adjusting the fuel supply to the burners so as to maintain the exhaust gas temperature
within the pre-determined range throughout the normal operation.

(2) The fuel control system is to be capable of ensuring stable combustion throughout the operation range where the fuel supply is
adjustable.

(3) The fuel control system is to be capable of maintaining the minimum speed of the turbines without stopping the gas generator
in the case of sudden load fluctuations.

(4) In dual-fuel applications, provision is to be made for automatic isolation of both primary and standby fuel supplies in the event
of a fire.

3 The fuel oil arrangements are also to comply with the requirements in 13.9, Part D and 4.2.2, Part R.

4.4.6 Lubricating Oil Arrangements

1  Gasturbines used as main propulsion machinery are to be provided with an effective emergency supply of lubricating oil which

comes into service automatically and has sufficient amount to ensure adequate lubrication until the turbine is brought to rest after a
shutdown of the fuel oil supply in the event of a failure of the lubricating oil supplying system. For this purpose, a gravity tank or from
an auxiliary lubricating oil pump driven by the turbine may be used.

2 Anoil sampling valve is to be provided at a proper location.

3 Lubricating oil arrangements are also to comply with the requirements in 13.10, Part D and 4.2.3, Part R.

4.4.7 Automatic Temperature Controls
The gas turbine services specified in the following (1) to (3) are to be fitted with automatic temperature controls so as to maintain

steady state conditions throughout the normal operating range of the main gas turbine.

(1) Lubricating oil supply

(2) Oil fuel supply (or automatic control of oil fuel viscosity as alternative)

(3) Exhaust gas

4.4.8 Cooling Arrangements

Gas turbines are to be provided with cooling arrangements as required, and arrangements are to be provided so that the design
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temperature is not exceeded.
4.5 Tests

4.5.1 Shop Tests*

1  For gas turbines and their accessories hydrostatic tests are to be carried out at pressures specified below.

(1) Casing: 1.5 times the maximum design pressure.

(2) Piping system: Pressures specified in section 12.6.

2 For rotating assemblies of turbines and compressors, dynamic balancing tests are to be carried out after their assembly.

3 For turbine rotors, excess speed tests are to be carried out at 115% or greater of the maximum continuous rotational speed
for at least 2 minutes after completion of manufacture. When the Society recognizes that the rotational speed does not exceed 115%
of the maximum continuous rotational speed, tests may be carried out at 115%.

4  For gas turbines, shop trials are to be carried out, including the test of safety devices specified in 4.3 above, by procedures
deemed appropriate by the Society. In this case, the Society may request tests regarding the starting characteristics and critical speeds

of rotor shafts.
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Chapter 5 POWER TRANSMISSION SYSTEMS

5.1 General

5.1.1 Scope
The requirements of this Chapter apply to power transmission systems which transmit power from main propulsion machinery
and prime movers driving generators and auxiliaries (hereinafter referred to in this Chapter as all auxiliaries excluding auxiliary
machinery for specific use etc.).
5.1.2 Drawings and Data
Drawings and data to be submitted are generally as follows:
(1) Drawings:
(a) Sectional assembly
(b) Gears
(¢) Gear shafts
(d) Couplings
(e) Construction of main parts such as clutches and flexible shafts
(2) Data:
(a) Specifications for materials used in power transmission parts (chemical compositions, heat treatment methods,
mechanical properties and their test methods)
(b) Transmitted power and number of revolutions per minute for each pinion at maximum continuous output
(c) Particulars of each gear (number of teeth, module, pitch circle diameters, pressure angles of teeth, helix angles, face
widths, centre distances, tool tip radius, backlash, amount of profile shift, amount of profile and tooth trace modification,
finishing method of tooth flank, expected finishing accuracy of gears)
(d) Welding methods of principal components (including tests and inspection)

(e) Necessary data for the strength calculation of principal components of the power transmission systems.
5.2 Materials and Construction

5.2.1 Materials
1  Materials used for the following components (hereinafter referred to as “the principal components of the power transmission
system”) are to comply with the requirements in Part K.
(1) Power transmission shafts(including power take-off (PTO) shafts) and gears
(2) Power transmission parts of couplings
(3) Power transmission parts of clutches
(4) Coupling bolts
2 The principal components of power transmission systems (excluding coupling bolts, clutch discs and the like) are to have been
subjected to the non-destructive tests specified in 5.1.10 and 6.1.10, Part K.
5.2.2 Welding
Where the principal components of power transmission systems are of welded construction, the requirements in Chapter 11
are to be complied with.
5.2.3 General Construction of Gearings
1  Gears are to comply with the requirements in the following (1), (2) and (3).
(1) Where a gear rim is shrunk on the boss, the rim is to be thick enough to ensure sufficient strength and is to have enough
shrinkage allowance against transmitted power. Where the shrinkage fit is made after tooth cutting, construction is to be such
as to fully guarantee the accuracy of gearing, or the final tooth finishing is to be carried out after the shrinkage fit.

(2) Where gears are of welded construction, they are to have sufficient rigidity and are to be stress-relieved before tooth cutting.
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(3) Gears are not to be of a harmful unbalanced weight.

2 Gear casings are to have sufficient rigidity and their construction is to be such as to allow inspection and maintenance to be
preformed as easily as possible.

3 Incases where heavy articles are intended to be fitted onto the extended part of the pinion shaft, the construction of pinions is
to be such that the whirling movement of the pinions and the deviation of the shaft centre may be minimized.

5.2.4 General Construction of Power Transmission Systems other than Gearings*

1 Powertransmission systems other than the gearings are to be of constructions and materials that have been previously approved
by the Society, function safely and reliably and having sufficient strength against transmitted power. Where rubber couplings are used,
they are to be appropriate for their conditions of use for heating due to hysteresis.

2 The construction of electro-magnetic slip couplings is to conform to the requirements in 2.4, Part H as well as to any other
requirements deemed appropriate by the Society.

3 Where the clutch of power transmission systems for main propulsion is operated by a hydraulic or pneumatic system, a stand-
by pump or compressor that is connected and ready for use at anytime or some other appropriate unit is to be provided in order to
ensure that a ship can maintain its normal service condition.

4  Where rubber couplings are used, consideration is to be given to the heat emission of the rubber elements and they are to be
constructed so that inspections can be preformed as easily as possible.

5.2.5 Lubricating Oil Arrangements

1  Lubricating oil arrangement is to comply with the requirements in 13.10. Additionally, it is recommended to use strainers with
magnets for gearings.

2 The lubricating oil arrangements of power transmission systems with the driving units above 37 kW are to be provided with
alarm devices which give visible and audible alarms in the event of a failure of the supply of lubricating oil or an appreciable reduction

in lubricating oil pressure.
5.3 Strength of Gears

5.3.1 Application*

The requirements in 5.3 apply to external tooth cylindrical gears having an involute tooth profile. All other gears are to be as
deemed appropriate by the Society. In addition, enclosed gear strength calculations are to be in accordance with Annex 5.3.1
“Calculation of Strength of Enclosed Gears”.

5.3.2 General Requirements

1  The fillets between the roots of the teeth are to be as smooth and have as large of a radius as possible. It is recommended that
the tooth tip and the both ends of the tooth trace are suitably chamfered.

2 Gears, which are subjected to a surface hardening process, are to have necessary flank hardness and depth of hardened zone.

5.3.3 Allowable Tangential Loads for Bending Strength*

The tangential loads on gear-teeth are to satisfy the following condition for bending strength at the root section of gear-teeth:
306
Pycr < 981(K,S, — K;) K (4.85 —7) m,

where

Pycr : Tangential load on gear-teeth at the maximum continuous output. Given by the following formula:
Pycr = LI o8 (N/cm)
NoD4b
H  : Output which the pinion shares at maximum continuous output (k}¥)
Ny :Number of revolutions of the pinion at maximum continuous output (rpm)
D, :Pitch circle diameter of the pinion (cm)

b  :Effective face width of the gears on the pitch circle of the shaft parallel section (cm)

Z : Number of teeth
m, : Rectangular module of tooth
K; : External load magnification factor. Determined by the amount of fluctuating loads working on the gears and
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given by the following formula:
_ 110Pycp

! Pyax
Pryax :  Instantaneous maximum tangential load occurring within the service revolution range (N/cm).
Where, however, the value K| is unknown, the values in Table D5.1 may be used.
K, : Internal load magnification value. This value depends on the accuracy of gears and their overlap ratio and can
be derived either from the following formula or from Fig. D5.1.

K, = k(Dn)®®

D Pitch circle diameter of gears (cm)
n :  Number of revolutions per minute of gears divided by 1,000.
k, :  Value given in Table DS.2. In this case, &, is the value derived from the following formula:
b,sinf,

o = 0.1mm,,

b, : Face width (in the case of double-helical gears, the face width is that of a single side) (cm)

By : Helical angle
K; : Load magnification coefficient due to flexibility. This value depends on the face width and pitch circle diameter

and is given either by the following formula or by Fig. D5.2.
b.\?
k=1 k()

D,
b, : Total face width of pinions (in case of double-helical gears, the central gap is included) (cm)
D, : Pitch circle diameter of the pinion (cm)
ks :  Value given in Table D5.3
S, ¢ This value depends mainly on the material of gears and is given by the following formula. However, in the case

of ahead idle gears and astern gears, the values of S, are to be 0.7 times and 1.2 times respectively. In this case,
Sp is not to exceed 25.

(1) Inthe case of gears, including bottom land, to which a surface hardening process was applied:

Sp=083VT
(2) In the case of other gears:

T+Y

g - 79

b= 0.04
1+ (0.0096T — 2.4) (2 + 0.02) (0.023m,, + 0.75)

0

T : Specified tensile strength of gear material (N/mm?)

Y :  Specified yield strength of gear material (N/mm?)

ro : Ratio of tool tip radius to module
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Table D5.1  Values of K;¥®

Construction Use
Driving unit Kind of coupling Gear for main Gear for
propulsion auxiliaries
Steam turbine . )
) Single-stage reduction gear 1.00 1.15
Gas turbine ) ) . ,
] Multiple-stage reduction gear 1.0019, 1.10® 1.15
Electric motor
Reciprocating internal | Hydraulic or electromagnetic coupling 1.00 1.15
combustion engine High elastic coupling 0.90 1.05
Elastic coupling 0.80 0.95

Notes:
(1) Applicable only to gearing connected directly to the main propulsion shafting system.
(2) Applicable to gearing connected, through effective flexible couplings, to the propulsion shafting system.
(3) Where one pinion meshes with more than two wheels, 0.9 fimes these values may be used for the value of K.

(4) The value of K; for rigid couplings is to be approved by the Society.

Table D5.2  Values of k»

Expected accuracy &p = 1.25 &p < 1.25
Those correspond to finishing shaved or ground 0.044 0.088
Those correspond to finishing hobbed 0.11 0.22

Table D5.3  Values of &3

When one pinion meshes with one wheel When two wheels mesh with one pinion in the positions

forming a row

ks 0.01 0.003
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Fig. D5.1 Values of K»
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5.3.4 Tangential Loads for Surface Strength*

The tangential loads on gear-teeth are to satisfy the following condition for limiting tooth surface stress, but these do not apply

to astern gears.
i
Pycr < 981(K S5 — K3)K3K, le
where
S¢ @ The value related mainly to the material of gears, given by the following formula:
(1) Combination of hardened gear

Sg=223\T,

(2) Combination of other gears

_ Hgp
Sg=(0.005—2% + 0.007)T,, + 7.5
HBW

Hpp : Hardness of the tooth face of the pinion (Brinell hardness)
Hpy,: Hardness of the tooth face of the wheel (Brinell hardness)

T, : Specified tensile strength of wheel material (N/nm?)
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K, : Lubricating coefficient. This value depends on the pitch circle diameter and the number of revolutions per minute and
is given either by the following formula or by Fig. D5.3. However, in the case of a combination of hardened gears,
K4=0.53

1
K, = 0.3(Dn)s
i : Gearratio (the number of teeth of the wheel divided by the number of teeth of the pinion)

Other symbols are same as in 5.3.3.

Fig. DS.3 Values of K4
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5.3.5 Detailed Evaluation for Strength*

Special consideration will be given to the gearing devices, notwithstanding the requirements in 5.3.3 and 5.3.4, provided that
detailed data and calculations on their strength are submitted to the Society and considered appropriate. In addition, the wording
“detailed data and calculations on their strength” means calculations based on Annex 5.3.1 “Calculation of Strength of Enclosed

Gears”.

5.4 Gear Shafts and Flexible Shafts

541 Gear Shafts

1  The diameter of gear shafts is to comply with the following requirements specified in (1) to (3):

(1) The diameter of a gear shaft by which power is transmitted is not to be less than the value given by the formula in 6.2.2. In this
case, H and R in the formula represent respectively the output and the number of revolutions per minute of the shaft at the
maximum continuous rating.

(2) The diameter of the pinion shaft between the pinion shaft bearings is to have sufficient rigidity against the bending force
generated by the meshing of gears.

(3) The diameter of the wheel shaft between the wheel shaft bearings is not to be less than 1.16 times the value specified in (1),
when one pinion is gearing, or two pinions which are arranged at an angle less than 120 degrees are gearing and not to be less
than 1.10 times the value specified in (1) when two pinions, which are arranged at an angle more than 120 degrees, are gearing.

2 Special consideration will be given to the gear shaft, notwithstanding the requirements in -1, provided that detailed data and

calculations on the strength are submitted to the Society and considered appropriate.

54.2 Flexible Shafts

The diameter of a flexible shaft is not to be less than the value given by the following formula:
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ie o3 560H
- No(T + 160)

where
d : Diameter of the flexible shaft (mm)
H : Output which the flexible shaft shares at maximum continuous output (kW)
Ny :  Number of revolutions of the flexible shaft at maximum continuous output (rpm)
T : Specified tensile strength of the shaft material (N/mm?)
54.3 Couplings and Coupling Bolts

The dimensions of couplings and coupling bolts are to be of values not less than those obtained from the formula given in
6.2.12-1 in this Part. Furthermore, in cases where they support heavy materials in cantilever style, couplings and coupling bolts are
to be designed so as to have sufficient strength to resist such weight. In addition, in the formula referred to above, d, is the value

of the shaft diameter that has been calculated according to each kind of shaft.

5.5 Tests

5.51 Shop Tests

1  For the parts subjected to surface hardening process, the measurement of the hardened depth is to be carried out on sample
materials.

2 For parts subjected to a surface hardening process, hardness tests and non-destructive tests by suitable procedures are to be
carried out.

3 For gears, accuracy tests to examine the machining accuracy of finish are to be carried out.

4  Inthe case of gears where the value given by the following formula exceeds 50, dynamic balancing tests are to be carried out.

DN,
1000
where
D : Pitch circle diameter of gear (cm)
Ny :  Number of rotations of gear (rpm)

5  The contact marking of the teeth of all gearings is to be tested with a thin uniform coat of suitable paint under an appropriate

load.
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Chapter 6 SHAFTINGS

General

Scope

The requirements of this Chapter apply to propulsion shafting systems (excluding propellers) and shafting systems which

transmit power from prime movers to drive generators and auxiliaries (hereinafter referred to in this Chapter as all auxiliaries excluding

auxiliary machinery for specific use etc.). For torsional vibrations, the requirements in Chapter 8 are to be complied with.

6.1.2

Drawings and Data

Drawings and data to be submitted are generally as follows:

(1) Drawings for approval (including specifications of material)

(a)
(b)
(c)
(d)
(e)
®
(8)

(h)
(M)
)
(k)
0

Shafting arrangement

Thrust shaft

Intermediate shaft

Stern tube shaft

Propeller shaft

Stern tube

Stern tube bearing; this drawing may be included in the drawings and data specified in (I) in the case of propeller shafts

Kind 1C.

Stern tube sealing device; this drawing may be included in the drawings and data specified in (I) in the case of propeller

shafts Kind 1C.

Shaft bracket bearing

Shaft couplings and coupling bolts

Shafts which transmit power to generators or auxiliaries

In the case of propeller shafts Kind 1C, four sets of drawings and data of the following i) to viii):

i)  Specifications for the devices and equipment required in 6.2.11

ii) Tables of monitoring, control, and alarm items (including bearing temperatures, tank levels, seal air pressure,
switchover of pumps, changeover of tanks (high or low) and changeover of spare seal rings), and their settings and
indication methods

iii) Documents for countermeasures after alarms have been activated (including necessary operations such as valve
handling after alarming)

iv) Drawings of stern tube bearings

v) Drawings of stern tube sealing devices

vi) Piping diagrams (including those related to the height of sensing positions for monitoring and controlling tank levels,
systems for monitoring and controlling seal air pressure, and explanations of each symbol for sensors, switches,
valves and other fittings and valve operations)

vii) Specification sheets for allowable ranges of pressure or tank levels for stern tube sealing devices determined by the
manufacturer

viii) Shaft alignment calculation sheets in accordance with Annex 6.2.13.

(2) Data for reference

(@
(b)

Data for the calculations of shafting strength specified in this Chapter
Data which is deemed necessary by the Society
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6.2 Materials, Construction and Strength

6.2.1 Materials

1  Materials used for the following components (hereinafter referred to as “the principal components of shafting”) are to be of
steel forgings conforming to the requirements specified in 6.1 of Part K; of stainless steel forgings conforming to the requirements
specified in 6.2 of Part K; of rolled stainless steel bars approved for shaft use conforming to the requirements specified in 3.5.1-2 of
Part K (hereinafter, stainless steel forgings and rolled stainless steel bars are to be referred to as “stainless steel forgings, etc.”); or of
material specially approved for shaft use by the Society under 1.1.1-3 of Part K. Built-up type shaft couplings may be of steel castings
that conform to the requirements in Part K.

(1) Thrust shafts

(2) Intermediate shafts

(3) Stern tube shafts

(4) Propeller shafts

(5) Shafts which transmit power to generators or auxiliaries

(6) Shaft couplings

(7) Coupling bolts

2 Depending on the type of material being used, the principal components of shafting, excluding the coupling bolts, are to have
been subjected to the non-destructive tests specified either in 5.1.10, 6.1.10 or 6.2.10 of Part K.

3 The specified tensile strength of the shaft materials is generally to be between 400 and 760 N/mm> and to be between 500 and
760 N/mm? for shafts experiencing torsional vibration stress that exceeds 85 % of the value for 7, given in 8.2.2.

Steel forgings with a specified tensile strength exceeding 760 N/mm? are not to be used for any shafts unless specially approved by
the Society. For alloy steel castings, the value “760 N/mm?>” is to be read as “1100 N/mm>”.

6.2.2 Intermediate Shafts*

1  The diameter of the intermediate shafts made of steel forgings (excluding stainless steel forgings, etc.) is not to be less than the

value given by the following formula:

s|H 560
o= Ry [P (550

No \T, +160
where
dy : Required diameter of intermediate shaft (mm)
H : Maximum continuous output of engine (k1)
Ny :  Number of revolutions of intermediate shaft at maximum continuous output (rpm)
F, : Factor given in Table D6.1

ky : Factor given in Table D6.2

T, : Specified tensile strength of intermediate shaft material (N/mm?)
The upper limit of the value of Ts used for the calculation is to be 760 N/mm?> for carbon steel forgings and 800
N/mm? for low alloy steel forgings. The upper limit of the value of T; used for the calculation may be increased to
950 N/mm? when intermediate shafts are manufactured using steel forgings (excluding stainless steel forgings) which
have specified minimum tensile strengths greater than 800 N/nm?and are in accordance with Annex 6.2.2 “Use of

High-Strength Materials for Intermediate Shafts”.
K :Factor for hollow shaft and given by the following formula. In cases where d; < 0.4d,, it may be considered that K
=1

K= 1
- ()
da
where
d; : Inside diameter of hollow shaft (mm)
d, : Outside diameter of hollow shaft (mm)

2 The diameter of the intermediate shaft of material other than specified in -1 above is to be deemed appropriate by the Society.
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Table D6.1

Values of F)

In cases where steam turbines in or gas turbines are used as main
propulsion machinery, or in the case of reciprocating internal

combustion engines with slip type coupling” or electric

propulsion

noted in the left hand column

For all other reciprocating internal combustion engines than those

95

100

Note:

Slip type coupling signifies hydraulic coupling, electromagnetic coupling or the equivalent.

Table D6.2  Values of ki
Shaft with integral | Shaft with flange coupling either Shaft with Shaft with Shaft with Shaft with
flange coupling " shrink fit, push fit or cold fit® keyway @ transverse hole® | longitudinal slot® splines 7
1.0 1.0 1.1 1.1 1.2 1.15
Notes:

(1
2)

3)

(4)
)

(6)

The fillet radius at the base of the flange is not to be less 0.08 fimes the diameter of the shaft.

In cases where shafts, during continuous operation, experience torsional vibration stress exceeding 85 % of 7,
given in 8.2.2-1(1), an increase of 1 to 2 % in diameter to the fit diameter and a blending radius nearly equal to the
change in diameter are to be provided.

After a length of not less than 0.2 dy from the end of the keyway, the diameter of a shaft may be reduced
progressively to the diameter calculated with £1=1.0.

The fillet radius in the transverse section of keyway bottom is to be 0.0125 do or more.

Keyways are in general not to be used in installations with a barred speed range in accordance with 8.3.

The diameter of the hole is not to be more than 0.3 do. When a transverse hole intersects an eccentric axial hole

(see below), the value is to be determined by the Society based on the submitted data in each case.

|

777\
V _ A / dé

The shape of the slot is to be in accordance with the following: any edge rounding other than by chamfering is to
be avoided in principle; the number of slots is to be 1, 2 or 3 and they are to be arranged 360, 180 or 120 degrees

apart from each other respectively.

(a) [<0.8d.

(b) di<0.7da

(¢) 0.15da<e=0.2d,

d r =e/2
where
/I slot length
da outside diameter of the hollow shaft
di inside diameter of the hollow shaft
e slot width
roo end rounding of the slot

(7) The shape of the spline is to conform to JIS B 1601 or the equivalent thereof.

6.2.3

Thrust Shafts

1  The diameter of the thrust shaft transmitting the torque of main propulsion machinery, and which is made of steel forgings
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(excluding stainless steel forgings, etc.), on both sides of the thrust collar, or in way of the axial bearing where roller bearings are used

as thrust bearings, is not to be less than the value given by the following formula:

d—11F3H( 560 )K
7 7T ING\T, + 160

d; : Required diameter of thrust shaft (mm)

where

Other symbols used here are the same as those used in 6.2.2-1.

2 In cases where the required diameter of the thrust shaft given by -1 above is larger than the diameter of the intermediate shaft,
the diameter of the thrust shaft may be reduced gradually at either fwd or aft of the thrust block by multiplying the required diameter
of the thrust shaft given by -1 by 0.91.

3 The fillet radius at the base of the thrust collar on both sides is not to be less 0.08 times the diameter of the shaft.

4  The diameter of the thrust shaft of material other than specified in -1 above is to be deemed appropriate by the Society.

6.2.4 Propeller Shafts and Stern Tube Shafts*

1  The diameters of propeller shafts and stern tube shafts made of carbon steel forgings or low alloy steel forgings are not to be
less than the value given by the following formula. However, in cases where the propeller shaft is Kind 2 or the stern tube shaft is Kind

2, the diameters are to be deemed appropriate by the Society.

d —100k3H( 560 )1(
s Z [Ny \T, + 160

where
dg : Required diameter of propeller shaft or stern tube shaft (mm)
k, : Factor concerning shaft design. Values given in Table D6.3
T, : Specified tensile strength of shaft material (N/nm?)

The upper limit of the value of Tg used in this calculation is to be 600 N/mm?*
Other symbols used here are the same as those used in 6.2.2-1
2 The diameters of propeller shafts and stern tube shafts made of stainless steel forgings, etc. are not to be less than the value

given by the following formula:

d. = 100k, |2
S 3 NO

k5 : Factor concerning the shaft material and shaft portion, which is given in Table D6.4. Material other than that specified
in the table is to be determined by the Society in each case.
Other symbols used here are the same as those used in 6.2.2-1.

3 The shaft diameter may be reduced by either a smooth taper or a blending radius nearly equal to the change in diameter to the
diameter calculated by the formula given in 6.2.2-1 at the portions located forward of the fore end of the fwd stern tube seal. In cases
where shafts are manufactured using stainless steel, shaft diameters calculated as T, = 400 are to be used.

4  The diameters of propeller shafts and stern tube shafts other than those prescribed in -1 and -2 are to be deemed appropriate by
the Society.
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Table D6.3  Values of k>

Application k2

The portion between the big end of the tapered part of propeller | For a shaft carrying a keyless propeller,
shaft (in cases where the propeller is fitted with a flange, the | or where the propeller is attached to an 1.22

fore face of the flange) and the fore end of the aftermost stern | integral flange

tube bearing, or 2.5 dg, whichever is greater For a shaft carrying a keyed propeller 1.26
5 Excluding the portion given in 1 above, the portion up to the fore end of the fwd stern tube seal in the 1150
direction of the bow
3 [ Stern tube shaft 1.150
4 | The portion located forward of the fore end of the fwd stern tube seal 1.15
Notes:

(1) At the boundary, the shaft diameter is to be reduced with either a smooth taper or a blending radius nearly equal to the

change in diameter.

Table D6.4  Values of &3

o KSUSF 316 KSUSF 316L
Application
KSUS316-SU KSUS316L-SU
The portion between the big end of the tapered part of propeller shaft
1 | (in cases where the propeller is fitted with a flange) and the fore end of 1.28 1.34

the aftermost stern tube bearing, or 2.5 dg, whichever is greater

5 Excluding the portion given in 1 above, the portion up to the fore end 1160 1290
of the fwd stern tube seal in the direction of the bow ' '

3 | The portion located forward of the fore end of the fwd stern tube seal 1.16 1.22

Notes:
(1) At the boundary, the shaft diameter is to be reduced with either a smooth taper or a blending radius nearly equal to the

change in diameter.

6.2.5 Other Shafts
The diameter of shafts transmitting power to generators or essential auxiliary machinery is, in principle, to conform to the
requirements in 6.2.2.

6.2.6 Detailed Evaluation for Strength*

Special consideration will be given to the shaft diameters, notwithstanding the requirements in 6.2.2, 6.2.3, 6.2.4 and 6.2.5,
provided that the detailed data and calculations are submitted to the Society and considered appropriate.

6.2.7 Corrosion Protection of Propeller Shafts and Stern Tube Shafts*

1  Propeller shafts Kind 1 and stern tube shafts Kind 1 are to be effectively protected against corrosion by water_(sea water,
outboard freshwater and inboard freshwater. The same is referred to hereinafter in this Chapter) with the means specified in the
following (1) to (3), as applicable.

(1) to effectively protect the propeller shafts and stern tube shafts against any contact with water by the means approved by the

Society
(2) to use KSUSF316, KSUSF316L, KSUS316-SU or KSUS316L-SU specified in Part K for shafts with diameter not exceeding
200 mm

(3) touse corrosion resistant materials approved by the Society other than those specified in (2) above

2 Effective means are to be provided to prevent water from having access to the part between the aft end of propeller shaft sleeve
or the aft end of the aftermost stern tube bearing and the propeller boss.

3 Spaces between the propeller cap or propeller boss and the propeller shaft are to be filled up with grease or provided with other

effective means to protect the shaft against corrosion by water.
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6.2.8 Propeller Shaft Sleeves and Stern Tube Shaft Sleeves
The sleeves to be fitted to a propeller shaft and a stern tube shaft are to comply with the requirements in the following (1) to
Q3):
(1) The thickness of the sleeve is not to be less than the value given by the following formula:

t;=0.03ds+ 7.5
3

t, = Z ty
where
t,; :Thickness of sleeve in way of stern tube bearing or shaft bracket bearing in contact with the bearing face (mm)
t, : Thickness of sleeve of other parts than the above (mm)
ds : Required diameter of propeller shaft given by the formula in 6.2.4 (mm)

(2) Sleeves are to be of bronze or equivalent thereof and to be free from porosity and other defects.

(3) Sleeves are to be fitted to the shafts by a method free from stress concentration such as shrinkage fit, etc.

6.2.9 Fixing of Propellers to Shafts

1  In cases where propellers are force fitted onto the propeller shaft, the fixing part is to be of sufficient strength against the torque
to be transmitted.

2 Incases where a key is provided to the fixing part, ample fillets are to be provided at the corners of the keyway and key is to
have a true fit in the keyway. The fore end of keyway on the propeller shaft is to be rounded smoothly in order to avoid any excessive
stress concentration.

3 Incases where the propeller and propeller shaft flange are connected with bolts, the bolts and pins are to be of sufficient strength.

4  The thickness ofthe aft propeller shaft flange at the pitch circle is not to be less than 0.27 times the diameter of the intermediate
shaft (calculated with &y = 1.0, K=1.0 and Tg =400) in 6.2.2.

6.2.10 Stern Tube Bearings and Shaft Bracket Bearings *

1  The aftermost stern tube bearing or shaft bracket bearing which supports the weight of propeller is to comply with the follow ing
requirements (1) to (3):

(1) Inthe case of oil lubricated bearings.

(a) In the case of white metal

i)  The length of the bearing is notto be less than twice the required diameter ofthe propeller shaft given by the formulae
in either 6.2.4-1 or -2. However, where the nominal bearing pressure (determined by the static bearing reaction
calculation taking into account shaft and propeller weight which is deemed to be exerted solely on the aft bearing
divided by the projected area of the shaft in way of the bearing, hereinafter defined the same way in this chapter) is
not more than 0.8 MPa and special consideration is given on the construction and arrangement in accordance with
provisions specified elsewhere, the length of the bearing may be fairly shorter than that specified above. However,
the minimum length is to be not less than 1.5 times the actual diameter of the propeller shaft.

il) The stern tube is to be always filled with oil. Adequate means are to be provided to measure the temperature of oil in
the stern tube.

i) In cases where a gravity tank supplying lubricating oil to the stern tube bearing is fitted, itis to be located above the
load water line and provided with a low level alarm device. However, in cases where the lubricating system is
designed to be used under the condition that the static oil pressure of the gravity tank is lower than the water pressure,
the tank is not required to be above the load water line.

iv) The lubricating oil is to be cooled by submerging the stern tube in the water of the after peak tank or by some other
suitable means.

(b) In the case of materials other than white metal

i)  The materials, construction and arrangement are to be approved by the Society.

il) For bearings of synthetic rubber, reinforced resin or plastics materials which are approved for use as oil lubricated
stern tube bearings, the length of the bearing is to be not less than twice the required diameter of the propeller shaft
given by the formulae in either 6.2.4-1 or -2. However, where nominal bearing pressure is not more than 0.6 MPa
and bearings have a construction and arrangement in accordance with provisions specified elsewhere, the length of

the bearing may be fairly shorter than that specified above. However, the minimum length is to be not less than 1.5
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times the actual diameter of the propeller shaft.
iii) Notwithstanding the requirement given in ii), the Society may allow use of bearings whose nominal bearing pressure

is more than 0.6 MPa where the material has proven satisfactory testing and operating histories.

(2) In the case of water lubricated bearings

©)

2

(a) The materials, construction and arrangement are to be approved by the Society.

(b) The length of the bearing is to be not less than 4 times the required diameter of the propeller shaft given by the formulae
in either 6.2.4-1 or -2, or 3 times the actual diameter, whichever is greater. However, for bearings of synthetic materials,
such as rubber or plastics, that are approved for use as water lubricated stern tube bearings and where special consideration
is given to their construction and arrangement in accordance with provisions specified elsewhere, the length of the bearing
may be fairly shorter than that specified above. However, minimum length is to be notless than twice the required diameter
of the propeller shaft given by the formulae in either 6.2.4-1 or -2, or 1.5 times the actual diameter, whichever is greater.

In the case of grease lubricated bearings

In cases where the actual diameter of the propeller shaft is not more than 100 mm, grease lubricated bearings may be used. The

length of the bearing is to be not less than 4 fimes the required diameter of the propeller shaft given by the formulae in either

6.2.4-1 or -2.

Sealing devices, other than gland packing type water sealing devices, are to be approved by the Society with regards to materials,

construction and arrangement.
6.2.11 Additional Requirements for Propeller Shaft Kind 1C*

Means are to be provided to sufficiently ensure the integrity of the stern tube bearings in accordance with the following (1) to

(4) requirements where the propeller shaft is intended to be a propeller shaft Kind 1C.

(M
@

©)

“4)

One set of the drawings and data listed in 6.1.2(1)(I) which has been approved and returned is to be kept on board.

Stern tube bearings are to comply with the following (a) to (c):

(a) Either of the following devices to measure stern tube metal temperature at the aft end bottom along with devices to record
temperature is to be provided. In addition, audible and visible high temperature alarms (with a preset value of 55 °C or
below) are to be provided in main control stations as specified in 18.1.2(3) or (4), Part D of the Rules.

i)  Two or more temperature sensors embedded in the metal; or
i) An embedded temperature sensor, replaceable from inboard the ship, and a spare temperature sensor. In this case,
replacement of such sensors according to procedures submitted beforehand is to be demonstrated.

(b) Devices are to be installed for automatically reducing the speed of main propulsion machinery or for issuing audible and
visual alarms which requires operation to reduce the running speed of the main propulsion machinery in main control
stations in cases where at least one of the sensors specified in (a) above detects temperatures higher than preset values. In
cases where means are provided to reduce the speed of main propulsion machinery automatically, the override
arrangements specified in 18.2.6-3, Part D are to be provided for bridge control devices.

(c) The adhering strength of stern tube white metal lining is to be not less than 40 MPa.

Stern tube sealing devices are to be of such a construction as to permit repairs or replacement without drawing out the propeller

shaft not to impair the oil sealing properties and the durability. For this purpose, a two-piece type sealing device is to be used

or a distance piece to shift the seal ring contact position is to be provided.

Piping arrangements are to comply with the following (a) to (d):

(a) Audible and visual alarms are to be provided in main control stations to show the lubricating oil pressure of the stern tube
bearing and the sealing oil (or air) pressure between the seal rings (excluding the pressure of any oil between enclosed
seals) are out of their allowable ranges. In cases where the upper limit of the pressure is controlled by means of over flow
piping, alarms for the upper limit may be omitted.

(b) As for the lower limit of the allowable range specified in (a), low level alarms in cases where oil tanks are provided;
otherwise, non-flow alarms may be used.

(c) The lubricating oil for stern tube bearings is to be incessantly circulated. Two circulating pumps, arranged to be
automatically switched over in the event of a pump stopping or a lower delivery pressure than the preset value, are to be
provided. Audible and visual alarms, coming into action at the switchover, and a means to indicate which pump is working

are to be provided in main control stations.
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(d) In cases where the pressure of the lubricating oil for the stern tube bearing or the sealing oil between seal rings of the stern
tube sealing device is changed to high or low according to the draught of the ship, means, such as a lamp linked to the
valve change operation, to indicate which pressure is working are to be provided at main control stations.

6.2.12 Shaft Couplings and Coupling Bolts

1  The diameter of coupling bolts at the joining face of the couplings is not to be less than the value given by the following formula:

do3(T, + 160)

d, = 0.65a DT,
where
d, : Bolt diameter (mm)
dy : Diameter (mm) of intermediate shaft calculated with &1 = 1.0 and K= 1.0 in 6.2.2
n :  Number of bolts
D : Pitch circle diameter (mm)
Ts : Specified tensile strength of intermediate shaft material taken for the calculation in 6.2.2
T, :  Specified tensile strength of bolt material (N/mm?), while generally Ts <Tp <1.7T ;and, the upper limit of the
value of T}, used for the calculation is to be 1,000 N/mm?
a : Coefficient concerning vibratory torque given by the following formula or to be taken as 1.0, whichever is greater.
However, @ =1.0 may be accepted for coupling bolts used for shafting systems which transmit power from prime
movers to drive generators and auxiliaries.
a= 0.953\/E
Qm
Q, : Torsional vibratory torque acting on the joining face of the couplings rotating at resonant critical speed in all conditions
(Nm)
Q,,: Nominal rated torque given by the following formula (Nm)
H
Qn = 9549N—0
H : Maximum continuous output of engine (kW)
Ny : Rate of revolutions of intermediate shaft at the maximum continuous output (rpm)

2 The thickness ofthe coupling flange at the pitch circle is not to be less than the required diameter of the coupling bolt calculated
by the formula in -1 for the material having the same tensile strength as the corresponding shaft. However it is not to be less than 0.2
times the required diameter of the corresponding shaft.

3 The fillet radius at the base of the flange is not to be less than 0.08 times the diameter of the shaft, where the fillet is not to be
recessed in way of nuts and bolt heads.

4  In cases where the shaft couplings are not integral with the shaft, the couplings are to have sufficient strength against the torque
to be transmitted to the shaft and also the astern pull. In this case, consideration is to be taken so as not to cause an excessive, stress
concentration.

6.2.13 Shaft Alignment

For the main propulsion shafting having an oil-lubricated propeller shaft of which diameter is not less than 400 mm, the
shaft alignment calculation in accordance with Annex 6.2.13 including bending moments, bearing loads and deflection curve of the

shafting is to be submitted to the Society for approval.
6.3 Tests

6.3.1 Shop Tests
The following components are to be subjected to hydrostatic tests at pressures specified below
(1) Stern tubes:
0.2 MPa
(2) Propeller shaft sleeves and stern tube shaft sleeves:

0.1 MPa (tests are to be carried out before shrinkage fit)
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6.3.2 Tests after Installation On Board*

1  The sealing devices specified in 6.2.10-2 are to be tested for leakage under lubricating oil or lubricating freshwater supply
pressure after installation on board.

2 For the main propulsion shafting (excluding those of waterjet propulsion systems or azimuth thrusters), confirmation tests
relating to shaft alignment are to be carried out in accordance with the requirements specified otherwise by the Society.

3 In the case of propeller shafts Kind 1C, the devices and equipment specified in 6.2.11 are to be tested in order to verify the

performance of the system in accordance with the items in the table specified in 6.2.1(1)(1)(ii).
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Chapter 7 PROPELLERS

7.1 General

7.1.1 Scope
The requirements in this Chapter apply to screw propellers.
7.1.2 Drawings and Data
Drawings and data to be submitted are generally as follows:
(1) Drawings
(a) Propeller
(b) Operating oil piping diagram of controllable pitch propeller indicating pipe materials, pipe sizes and service pressure
(c) Blade fixing bolts of controllable pitch propeller
(2) Data
(a) Particulars of propeller (maximum continuous output and number of maximum continuous revolutions per minute of main
propulsion machinery, details of blade profile, diameter, pitch, developed area, propeller boss ratio, rake or rake angle,
number of blades, mass, moment of inertia, material specifications, etc.)
(b) Calculation sheet of propeller pull-up length (where it is proposed to fit keyless propellers)
7.1.3 Materials
1  The materials of propellers and the blade fixing bolts of controllable pitch propellers are to comply with the requirements in
Part K.
2 Propellers are to have been subjected to non-destructive tests on their principal parts in accordance with 7.2.9, Part K of the
Rules.

7.2 Construction and Strength

7.2.1 Thickness of Blade*
1  The thickness of the propeller blades at a radius of 0.25 R and 0.6 R (where R is the radius of the propeller) for solid propellers
and at a radius of 0.35 R and 0.6 R for controllable pitch propellers is not to be less than the values given by the following formula.

The thickness of the highly skewed propeller blades is to conform with the provisions specified in 2 below.

P L
T Ky ZNyt

where
t : Thickness of blades (excluding the fillet of blade root) (cm)
H : Maximum continuous output of main propulsion machinery (kW)
Z :  Number of blades
Ny :  Number of maximum continuous revolutions (rpm) divided by 100
¢ :  Width of blade at radius in question (cm)
K, : Coefficient of the radius in question given by the following formula:
(242
P’ P D
1+ k(%)
D : Diameter of propeller (m)
ki, ky ks © Values given in Table D7.1
P’ : Pitch at radius in question ()
P : Pitch at radius of 0.7 R (m)
K, : Coefficient given by the following formula:
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D?N¢
1000
ky,ks : Values given in Table D7.1

E
KZ =K_(k4t_0+k5)

E : Rake at the tip of the blade (Measuring from face side base line and taking positive value for backward rake)
(cm)
to : Imaginary thickness of blade at propeller shaft centreline (% may be obtained by drawing the each side line
which connects the blade tip thickness with the thickness at 0.25 R (or 0.35 R for controllable pitch propeller),
in the projection of the blade section along the maximum blade thickness line.) (cm)
K :  Value depending upon the type of the propeller material given in Table D7.2
S : Coefficient concerning the increase in stress during times of bad weather. Where $>1.0 or $<0.8, the value of S'is to
be taken as 1.0 or 0.8 respectively.
S =0.095 (&> +0.677
ds
Dg : Depth of ship for strength computation (See 2.1.7, Part A)
ds : Load draught (See 2.1.12, Part A)

W : Coefficient concerning alternate stress, given by the following formula or to be taken as 2.80, whichever is greater.
A,A3 + A, AP /D

W=1+ 1724(W)

_ Aw

Tw+C
Aw

“w+C 2

(€ +D(C+w)

37 (G, +1)(C +w)

Ay

2

3.52(0.25R)
A, ={241(035R)
1.26(0.6R)
¢ =2 {P(13 2“"’)+022} 1
17 o95PD\""  Z '
. = D (1 P 1.19ae+ 02) L
27095P\"" D z '
P
Cy = 0.1225+ 0.0236
a, Expanded area ratio of propeller
w :  Nominal mean wake in the propeller disc
Aw : Peak to peak value of wake fluctuation in the propeller disk at a radius of 0.7 R. The values of w and

Aw are to be calculated by using the following formulae, except in the case of multi-screw ships or when

expressly approved by the Society.

Aw =7.32{1.56 004<B+4) 5 c
w=7. . 04{5 R w
B B
w = 0.625 0.04(—+4) —+ Cpp — 0527
D ds

B Breadth of ship (m)
C, : Block coefficient of ship

Table D7.1  Values of ki, k2, ks, ks and ks

Radial position ki ka ks ks ks
0.25R 1.62 0.386 0.239 1.92 1.71
0.35R 0.827 0.308 0.131 1.79 1.56
0.6R 0.281 0.113 0.022 1.24 1.09
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Table D7.2  Values of K

Material K

KHBsC1
1.15

. KHBsC2

Copper alloy castings
KAIBC3 1.3
KAIBC4 1.15
) ) KSCSP1, KSCSP2, KSCSP3 1.0
Stainless steel forgings for propellers

KSCSP4 0.9

Notes:
(1) Forthe blades of materials different from those specified in the above table, the value of K'is to be as deemed appropriate
by the Society.
(2) For propellers having a diameter of 2.5 metres or less, the value of K may be taken as the value in the above table
multiplied by the following factor:
2—-0.4Dfor25>D > 20
1.2 for20>=D

2 The thicknesses of highly skewed propeller blades, depending upon the skew angle (i.e. the angle, on the expanded blade
drawing, between the line connecting the centre of the propeller shaft with the point at the blade tip on the centreline of blade width
and the tangential line drawn from the centre of the propeller shaft to the centreline of blade width (See Fig. D7.1)) is to comply with
either of the following (1) or (2):

(1) In cases where the skew angle exceeds 25 degrees but is 60 degrees or less

(a) The blade thicknesses at radii 0.25R (0.35R for a controllable pitch propeller) and 0.6R are not to be less than the values
obtained froné muétisglying those values calculated by the formulae in 1 above by coefficient A given below:
A=1+B 0"
where
6  :skew angle (degrees)
B :0.2 at 0.25R (or 0.35R for a controllable pitch propeller) and 0.6 at 0.6R
(b) Blade thickness t, at any radius between 0.6R and 0.9R is not to be less than the value determined by the following

formula. Moreover, this thickness is to provide sufficient strength against loads imparted during reversing manoeuvres,

etc.
1—x)(t, .~—0.003D
r. = 0003p + 1= (06 ) (mm)
X 0.4
where

D :diameter of propeller (mm)
x  :ratio of the radius (equals 27/D, where r is the radius (mm))
to.e - blade thickness at 0.6R as required in (a) above (mm)

(2) In cases where the skew angle exceeds 60 degrees

Based upon the precise calculation sheet of propeller strength submitted by the manufacturer or designer, blade thickness is to be

determined by the Society on a case by case basis.
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Fig. D7.1 Definition of Skew Angle

—

|
e [ Blade width cemter line
A
]
|

3 The fillet radius between the root of a blade and the boss of the propeller, on the pressure side at the maximum blade thickness
part, is to be not less than the value of Ro given by the following formula:
(e —1p)(to — 1)

Ry=t,+ p
Ry, : Required radius of the fillet (cm)
t, : Required thickness of blades at a radius of 0.25 R (or 0.35 R for a controllable pitch propeller) specified in -1
(cm)
to : Same as that usedin -1
rg : Boss ratio of propeller
e : 0.25 (or 0.35 for a controllable pitch propeller)

4  Special consideration will be given to the thickness of the blades or the radius of the fillet, notwithstanding the requirements in
-1 to -3 above, provided that detailed data and calculations are submitted to the Society and considered appropriate.

7.2.2 Controllable Pitch Propellers*

1  The thickness of the controllable pitch propeller blade and the fillet radius between the root of a blade and the boss of the
propeller is to be in accordance with the requirements specified in 7.2.1.

2 The diameter of blade fixing bolts of controllable pitch propellers is not to be less than the value calculated by the following
formula. However, in cases where documents deemed appropriate by the Society are submitted and it can be demonstrated that the

blade fixing bolts satisfy the strength requirements specified in the Rules, this requirement may be dispensed with.

d= 055 ! (AK3+F)
T Jogn\ L ¢

where
d : Required diameter of blade fixing bolt (mm) (See Fig. D7.1)
A :  Value given by the following formula, where H, No and Z are the same as those specified in 7.2.1:
4=30x10* =
NoZ
K; :  Value given by the following formula:

1
D\? 2
K; = {(F> x (0622 —09x,)% + (0.318— 0.499x0)2}

Xy : Ratio of the radius from centreline of the propeller shaft to the boundary between the “blade flange and pitch
control gear” and the propeller radius (See Fig. D7.2). Where x¢>0.3, the ratio is to be taken as 0.3.
L : Mean value of Liand L> (cm)

where L1 and L; are the lengths of lines constructed from the centre of the bolts located on the edge of each side that are
perpendicular to the line passing through the rotating centre of the flange at a pitch angle of S. (See Fig. D7.3)
F. : Centrifugal force (N) of propeller blade given by the following formula:

E.=1.10x mR'N2
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m Mass of one blade (kg)

R'
Number of bolts on the face side of blade

Distance between the centre of gravity of the blade and the centre line of the propeller shaft (cm)
Allowable stress of bolt material given by the following formula (N/mm?):

n
Ua
op + 160)

=347x
Ia = 347 ( 600
Specified Tensile strength of bolt material (N/mm?)

og
where oz >800 N/mm?, it is to be taken as 800 N/mm?>.
Other symbols are the same as those given in the formula of 7.2.1-1.
For blade fixing bolts, corrosion-resistant materials are to be used, or special means precluding their direct contact with sea

3

water are to be provided.
The thickness of the flange for fitting the blade to the pitch control gear (the thickness as measured from the seat of fixing bolt
or nut to the boundary face between the flange and the pitch control gear) is to be not less than the value calculated by the following

4

formula:
tr=09d

Thickness of flange (mm) (See Fig. D7.2)
Required diameter of bolt calculated by the formula specified in -2 (mm)

where
Blade fixing bolts are to be fitted tightly into the pitch control gear and provided with effective means for locking.

b
d
In cases where recesses for bolts are provided on the fillet at the root of the blades, the design blade section determined by the

5
6
requirements for blade thickness in 7.2.1 is not to be reduced for the recess.
The face of the flange of the blade is to be fitted tightly to the face of pitch control gear and the circumferential clearance of the

7

edge of flange is to be minimized.

8 In cases where pitch control gears are operated by hydraulic oil pump, a stand-by oil pump that is connected and ready for use
at anytime or some other suitable device is to be provided in order to ensure that the ship can maintain its normal service condition in

the event of a failure of the oil pump.
The operating oil piping arrangement is to comply with the requirements in 13.10.
Measuring Method of Blade Fixing Bolt Dimensions

/‘T ; <

Flange of
propeller blade ‘
|

9
Fig. D7.2

Pitch contral =]
gear =/
g

; =/

=1

a

&/
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Fig. D7.3 Determination of L

Rotating centre of flange

Blade profile at 0.7 R

Blade profile at root |

7.2.3 Blade Fitting of Built-up Propeller
The blade fixing bolts and the flanges for fitting the blade of built-up propellers are to so designed as to comply with the

requirements concerning to those for controllable pitch propellers specified in 7.2.2.
7.3 Force Fitting of Propellers

7.3.1 Pull-up Length*
1 Incases where a propeller is force fitted onto a propeller shaft without the use of a key, the pull-up length is to be in accordance
with the following (1) to (3):

(1) Pull-up length by force fitting is to be within the range of the lower and upper limits as given by the following formulae.
However, a taper is not to be more than 1/15, and special consideration is required in cases where propellers are force fitted
onto propeller shafts through sleeves.

Ly = PKg + K.(C, — Cp)

(Kri® = 1)

/B@f+n

Ly = 19.6K5(Kg1 %2 — 1) + K.(Cp, — Cp)

L, = KgKy + K. (Cp— Cp)

L; : Lower limit of pull-up length against slipping at the reference temperature 35 °C (mm)
L, :  Upper limit of pull-up length against detrimental deformations at the reference temperature 0 °C (mm) (in cases
other than the case of L3 shown below)
Ly : Upper limit of pull-up length against detrimental deformations at the reference temperature 0 °C (mm) (in cases
where the material of boss is manganese bronze casting and Kp;<1.89)
Ky, : Value given by the following formula. For cast iron, the value is not to exceed 30 % of the nominal tensile strength.
Ky =070y,
0, : Value of 0.2 % proof stress of propeller boss material as specified in Table D7.3 (N/mm?)
Kg1 : Rate of Rito Ro(Ri/Ro)
Kp, : Rate of R2to Ro (Ro2/Ro)

R, : Radius of the propeller shaft at the midpoint of taper in the axial direction (mm)
R, : Radius of propeller boss at the determinant point of the propeller boss ratio (mm)
R, : Innerradius at the section corresponding to Ro in the case of a hollow propeller shaft (mm). For solid propeller

shafts, the value is to be 0.

Cp, : Temperature of propeller boss at time of fitting propeller (°C)
Cy : Reference temperature: 35°C for L, (at which the space between boss and shaft tends to be loose), 0°C for Lz and L3
(at which the space between boss and shaft tends to shrink)
P . Value of minimum required surface pressure given by the following formula (N/mm>):
2
_qr _ 2 <F V)
P_SB gtana+ |u“+B T
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Safety factor not to be less than 2.8 against friction slip at the reference temperature 35 °C
Contact area between propeller shaft and propeller boss on the drawing (mm?)

Half angle of the taper at the propeller shaft cone part (rad)

m R » A

Value given by the following formula:
B =pu?— qztanza
u  : Coefficient of friction, equal to 0.13
T : Thrust force given by the following formula (N);

T =176 X 103(H/V,)

S

Ship speed at maximum continuous output (k7)

F, : Tangential force acting on contact surface given by the following formula (N);
9.55cH

= x 10%
v NORO

¢ :Value given by one of following

i)  Forsteam turbine or gas turbines used as main propulsion machinery, geared reciprocating internal combustion engine
drives and electric drives, and for direct reciprocating internal combustion engine drives with hydraulic,
electromagnetic or high elasticity couplings
1.0

i) For direct reciprocating internal combustion engine drives (except in the case of i) above)
1.2 or the value given by the following formula, whichever is greater. However, where a detailed report on the
maximum torque acting on the fitted portion of the propeller under all operating conditions including transient

conditions has been submitted to the satisfaction of'the Society, it may comply with the provisions specified otherwise.

N.\? N,
¢ = (0.194InD + 0.255){(—6) + 1.047M>< 10—2}
N, H

Qy: Torsional vibratory torque acting on the fitted portion of'the propeller at a rotational speed of resonant critical
within the range of above 25 % of the number of maximum continuous revolutions (N-m1)

H,Ny,D: Same as those specified in 7.2.1-1, However, D is to be taken as 2.6 m for D <2.6 m and as 10.2 m
for D >10.2 m.

N, :Number of revolutions (#pm) at resonant critical divided by 100

K : Value given by the following formula (mm?*/N):
() 1)

R1 s R2

v, :Poisson’s ratio for propeller boss material as specified in Table D7.4

v, :Poisson’s ratio for propeller shaft material as specified inTable D7.5
E, :Modulus of elasticity of propeller boss material as specified in Table D7.4 (N/mm?)
E, :Modulus of elasticity of propeller shaft material as specified in Table D7.5 (N/mm?)

K: : Value given by the following formula (mm /°C):
(Cb - Cs) RO
Ko ={(p =2 + =1 {f— }
¢ { b s (c,-c¢y) SICY tana
Cs : Temperature of propeller shaft at time of fitting propeller (°C).
Ap @ Coefficient of linear thermal expansion of propeller boss material as specified in Table D7.4 (mm/mm°C)
Ag :  Coefficient of linear thermal expansion of propeller shaft material as specified in Table D7.5 (mm/mm°C)

£, :Half length of the tapered part in the propeller boss hole in the axial direction (mm)
Prior to final pull-up according to (1) above, the contact area between the mating surfaces is to be checked. Non-contact bands
extending circumferentially around the boss or over the full length of the boss are not acceptable.
After final pull-up according to (1) above, the propeller is to be secured by a nut on the propeller shaft. The nut is to be secured
to the shaft.
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Table D7.3 0.2 % proof stress of propeller boss material

. 0.2 % proof stress
Propeller boss material )
(N/mm?)
KHBsC1
175
KHBsC2
KAIBC3 245
KAIBC4 275

Note:
For materials different from those specified in
the above table, the value is to be as deemed

appropriate by the Society.

Table D7.4  Poisson’s ratio, modulus of elasticity and coefficient of linear thermal expansion

of propeller boss material

Coefficient of
Modulus of )
. ) ) o linear thermal
Material Poisson’s ratio elasticity .
5 expansion
(N/mm”~)
(mm/mm°C)
KHBsC1
1.08 x 10°
KHBsC2
0.33 17.5x 106
KAIBC3
1.18 x 10°
KAIBC4
Cast iron 0.26 0.98 x 10°
; 12.0 x 10°¢
Cast steel 0.29 2.06 x 10

Note:
For materials different from those specified in the above table, the

value is to be as deemed appropriate by the Society.

Table D7.5  Poisson’s ratio, modulus of elasticity and coefficient of linear thermal expansion

of propeller shaft material

Coefficient of
Modulus of )
) ) ) o linear thermal
Material Poisson’s ratio elasticity .
) expansion
(N/mm~)
(mm/mm°C)
Forged steel 0.29 2.06 x 10° 12.0 x 10

Note:
For materials different from those specified in the above table, the

value is to be as deemed appropriate by the Society.

2 In cases where propeller is force fitted on the propeller shaft with the use of a key, the strength of the fitted part is to be such
that it is sufficient for the torque to be transmitted.

7.3.2 Propeller Boss*

1 In cases where a propeller is force fitted onto a propeller shaft, the edge at the fore end of the tapered hole of the propeller boss
is to be appropriately rounded off.

2 Propeller boss is not to be heated locally to a high temperature at the time of forcing on or drawing out.
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7.4 Tests

7.4.1 Shop Tests*
Propellers are to be subjected to static balancing tests.
7.4.2 Tests after Installation On Board*
When a propeller is force-fitted onto a propeller shaft, irrespective whether it is done with or without a key, a force-fitting test

is to be carried out to measure and record the pull-up length. This test may be carried out as a Shop Test.
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Chapter 8 TORSIONAL VIBRATION OF SHAFTINGS

8.1 General

8.1.1 Scope
1  The requirements of this Chapter apply to power transmission systems for propulsion and propulsion shafting systems (except
propellers), shafting systems for transmitting power from main propulsion machinery to generators, crankshafts of reciprocating
internal combustion engines used as main propulsion machinery and shafting systems of generating plants using reciprocating internal
combustion engines.
2 The requirements of this Chapter apply mutatis mutandis to the shafting systems of auxiliaries (hereinafter referred to in this
Chapter as all auxiliaries excluding auxiliary machinery for specific use etc.) driven by reciprocating internal combustion engines.
8.1.2 Data to be Submitted
1  Torsional vibration calculation sheets covering the following items are to be submitted for approval:
(1) Natural frequency calculation tables for one node and two nodes vibration, and also for more nodes vibrations if necessary
(2) Calculation results of the torsional vibration stress at each resonant critical within a speed range up to 120% of the number of
maximum continuous revolutions; and, in cases of reciprocating internal combustion engines, those of the torsional vibration
stress for the flank appearing in the speed range from 90 to 120% caused by a resonance of the first major order (i.e., the n th
or n/2 th order where n denotes the number of cylinders of reciprocating internal combustion engines) having its critical speed
above 120% of the number of maximum continuous revolutions.
(3) Arrangement of crank throws and firing order (in cases of shafting systems driven by reciprocating internal combustion engines)
(4) For propulsion shafting systems intended to be continuously operated under one cylinder misfiring (i.e., no injection but with
compression) condition of reciprocating internal combustion engines, calculation results of the torsional vibration stress with
any one cylinder misfiring giving rise to the highest torsional vibration stress.
2 Notwithstanding the requirements specified in -1, submission of torsional vibration calculation sheets may be omitted in the
following cases provided that approval of the Society is obtained:
(1) In cases where the shafting system is of the same type as previously approved one.
(2) Incases where there is a slight alternation in the specifications of the vibration system, and the frequency and torsional vibration
stress can be deduced with satisfactory accuracy on the basis of the previous results of calculations or measurements.
(3) In cases where the shafting system is for a generating set which has an engine power of less than 110 kW,
8.1.3 Measurements
1  For the shafting systems where the submission of torsional vibration calculation sheets is required, measurements to confirm
the correctness of the estimated value are to be carried out. However, where the submission of calculation sheets is omitted according
to the requirement in 8.1.2-2; and, the Society considers that there is no critical vibration within the service speed range, the
measurement of torsional vibration may be omitted.
2 In cases where the barred speed ranges specified in 8.3.1 are marked for reciprocating internal combustion engines used as main
propulsion machinery, the following (1) and (2) are to be confirmed and recorded.
(1) Passing time as well as the ship draft and speed of passing through the barred speed range (accelerating and decelerating). In
the case of a controllable pitch propeller, the pitch is also to be confirmed and recorded.
(2) Running condition of engines at both the upper and lower borders of the barred speed range. In this case, the oscillation range
of fuel index (fuel injection quantity (fuel rack position)) is normally to be less than 5% of the effective stroke (maximum fuel
injection quantity (possible fuel rack range)). Alternatively, in the case of engines which do not have means to confirm fuel

index, an oscillation range of speed less than 5% of maximum continuous revolution may be confirmed and recorded.
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8.2 Allowable Limit

8.2.1 Crankshafts
The torsional vibration stresses on the crankshafts of reciprocating internal combustion engines of ships in which the
reciprocating internal combustion engines are used as main propulsion machinery (excluding electric propulsion ships) are to be in
accordance with the following requirements (1) through (4):
(1) For continuous operation, when the number of revolutions is within the range of 80% to 100% of the number of maximum
continuous revolutions, the torsional vibration stresses are not to exceed 7, given in following:
(a) For4-stroke cycle in-line engines or 4-stroke cycle Vee type engines with firing intervals of 45 degrees or 60 degrees,
the value of 7, is given by the following formula:
T, = 45— 24)°
(b) For 2-stroke cycle engines or 4-stroke cycle Vee type engines other than shown in (a) above, the value of 7, is given by

the following formula:

T, =45-292%
Ty Allowable limit of torsional vibration stresses for the range of 0.8 <1 < 1.0 (W/mm?)
A Ratio of the number of revolutions to the number of maximum continuous revolutions

(2) When the number of revolutions is within the range of 80% and below the number of maximum continuous revolutions, the
torsional vibration stresses are not to exceed T, given below. Furthermore, in cases where the stresses exceed the value

calculated by the formula of 7, in (1), the barred speed ranges specified in 8.3 are to be imposed.

T, =274
7, : Allowable limit of torsional vibration stresses for the range of A < 0.8 (N/mm?)
A . Ratio of the number of revolutions to the number of maximum continuous revolutions

(3) When the number of revolutions is within the range of the number of maximum continuous revolutions to 115%, the torsional
vibration stresses are not to exceed 73 given in the following:
(a) For 4-stroke cycle in-line engines or 4-stroke cycle Vee type engines with firing intervals of 45 degrees or 60 degrees, the
value of 75 is given by the following formula:
T3=21+237(1-08)VA1—1 (1< A< 1.15)
(b) For 2-stroke cycle engines or 4-stroke cycle Vee type engines other than shown in (a) above, the value of 75 is given by
the following formula:
T3 =16+237(A—08)V1—1 (1< 1< 1.15)
Tz Allowable limit of torsional vibration stresses for the range of 1.0 < A < 1.15 (N/mm?)
A Ratio of the number of revolutions to the number of maximum continuous revolutions
(4) In cases where the tensile strength of the shaft material exceeds 440 N/mm?, or its yield strength exceeds 225 N/mm?, the values
of 74, 7, and 75 given in (1), (2) and (3) may be increased by multiplying the factor f,,, given in the following formula:

(@) For 7, and 74

—1+2(Ts 1)
fm = 3\440

(b) For 7,
Y
fm =225
where
fm Correction factor for allowable limit of torsional vibration stress concerning the shaft material
T : Specified tensile strength of the shaft material (N/mm?). However, the value of T, for calculating f,,, is not
to exceed 760 N/mm? for carbon steel forgings, or 1080 N/mm? for low alloy steel forgings.
Yy Specified yield strength of the shaft material (N/mm?)
8.2.2 Intermediate Shafts, Thrust Shafts, Propeller Shafts and Stern Tube Shafts *

1  For ships in which the reciprocating internal combustion engines are used as main propulsion machinery (excluding electric

propulsion ships), the torsional vibration stresses acting on the intermediate shafts, thrust shaft, propeller shafts and stern tube shafts
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made of steel forgings (excluding stainless steel, etc.) are to be in accordance with the following requirements (1) and (2). However,
those shafts classified as either propeller shafts Kind 2 or stern tube shafts Kind 2 are to be deemed appropriate by the Society.
(1) For continuous operation, when the number of revolutions is within the range of 80% to 105% of the number of maximum

continuous revolutions, the torsional vibration stresses are not to exceed 7, given in the following formulae:

T, + 160 )

1= TCKCD(S —2A )(l < 0.9)
T, + 160

T, = 1.387 CKCD(O'g < /1)
where
7, : Allowable limit of torsional vibration stresses for the range of 0.8 <A < 1.05 (N/mm?)
A : Ratio of the number of revolutions to the number of maximum continuous revolutions
Ty Specified tensile strength of shaft material (N/mm?)

However, the value of T, for using in the formulae is not to exceed 800 N/mm> (600N/mm? for carbon steels in general)
in intermediate shafts and thrust shafts, and 600 N/mm? in propeller shafts and stern tube shafts. The upper limit of the
value of T, used for the calculation may be increased to 950 N/mm? where the intermediate shafts are manufactured
using steel forgings (excluding stainless steel forgings, etc.) which have specified tensile strengths greater than 800
N/mm*and are in accordance with the requirements of Annex 6.2.2 “Use of High-Strength Materials for Intermediate
Shafts”. Where propeller shafts and stern tube shafts are made of the approved corrosion resistant materials or other
materials having no effective means against corrosion by sea water, the value of T; for use in the formulae is to be as
deemed appropriate by the Society.
Cx : Coefficient concerning to the type and shape of the shaft, given in Table D8.1.

Cp : Coefficient concerning to the shaft size and determined by the following formula:

Cp=0.35+093d %2
d = Diameter of the shaft(mm)

(2) When the number of revolutions is within the range of 80% and below the number of maximum continuous revolutions, the
torsional vibration stress (including those in one cylinder misfiring conditions if intended to be continuously operated under
such conditions) are not to exceed 7, given below. Furthermore, in cases where the stresses exceed the value calculated by the
formula of 7, for the range of A < 0.9 in (1), the barred speed ranges specified in 8.3 are to be imposed.
T, =171/ \/a(

where
7, : Allowable limit of torsional vibration stresses for the range of A < 0.8 (N/mm?)
Other symbols used here are the same as in (1)

2 For ships in which the recipr