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RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part VII - Main and Auxiliary |Machinery and Equipment, Chapter 1 - General January 2025

1 GENERAL
1.1 Application

1.1.1 The requirements of this Part of the Rules - Part VII - Main and auxiliary machinery and
equipment apply to engines, and other machinery, gears, boilers, pressure vessels and heat
exchangers, propellers, shafts, thrusters and refrigerating plants of sea-going ships classed by
PRS. They also apply to the arrangement of machinery spaces.

1.1.2 The requirements for machinery apply to:
.1 1.C. engines and turbines for main propulsion;
2 reduction gears, disengaging and flexible couplings of main propulsion system;
.3 1.C. engines and turbines of power generating sets and complete power generating sets;
4  pumps included into the systems covered by provisions of Part V - Fire Protection and Part
VI - Machinery Installations and Refrigerating Plants;
air and refrigerating compressors;
air blowers and turbochargers;
fans included into the systems covered by the provisions of Part VI - Machinery
Installations and Refrigerating Plants;
.8 fuel and oil separators;
.9 steering gears;
.10 windlasses;
.11 towing and mooring winches;
.12 hydraulic drives;
.13 thrusters;
.14 propellers;
.15 main propulsion shafting;
.16 refrigerating plants.

NR- W

1.1.3 The requirements for boilers, pressure vessels and heat exchangers apply to:
.1 steam boilers including exhaust gas boilers and steam superheaters of working pressure
0.07 MPa or more;
heating oil boilers;
water boilers with water temperature exceeding 115°C;
boiler economisers of working pressure 0.07 MPa or more;
liquid fuel firing equipment of boilers;
evaporators of main boilers and of important auxiliary boilers;
condensers of main engines and auxiliary machinery;
pressure vessels and heat exchangers containing in working conditions entirely or in part
gas or steam of working pressure 0.07 MPa or more, for which the product of pressure
[MPa] and volume [dm3] amounts to 30 or more;
.9 coolers and fuel, oil and water filters for main and auxiliary engines;
.10 air coolers and air heaters of working pressure in the air space 0.07 MPa or more.
.11 hydraulic accumulators;
.12 pressure vessels for compressed gases (e.g. compressed air, nitrogen, carbon dioxide).

N e Wwiv

1.1.4 Ergonomic Requirements

1.1.4.1 Engines, machinery components, boilers, pressure vessels and heat exchangers installed
on board the ships classed with PRS covered with the requirements of this Part shall be so designed
and arranged and shall be operated so as to ensure the compliance with occupational health and
safety requirements and to ensure the seafarer comfort and capabilities with respect to ventilation,
vibration, noise, means of access and egress taking account of the ambient conditions.
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1.1.4.2 Detailed recommendations in this respect are contained in IACS Rec. No. 132 Human
element recommendations for structural design of lighting, ventilation, vibration, noise, access &
egress arrangements.

1.1.4.3 Ships shall be constructed to reduce onboard noise and to protect personnel from the
noise in accordance with the Code on noise levels on board ships, adopted by IMO resolution
MSC.337(91), as may be amended. Recommendatory parts as specified in chapter [ of the Code shall
be treated as non-mandatory. The Code does not apply to types of ships listed in paragraph 1.3.4 of
the Code.

Note: Unified interpretations of Resolution MSC.1/Circ.1509 Rev.1 and IACS UI SC296 shall be used as guidance for the
Code.

1.1.4.4 For each ship Noise survey report shall be made in accordance with Appendix 1 to IMO
resolution MSC.337(91). The report shall comprise information on the noise levels in the various
spaces on board and shall also show the reading at each specified measuring point. The points shall
be marked on a general arrangement plan, or on accommodation drawings attached to the report,
or shall otherwise be identified. The Noise survey report shall always be available for the crew.

1.2 Definitions and Explanations

Definitions and explanations relating to general terminology of the Rules for Classification and
Construction of Sea-going Ships (hereinafter referred to as the Rules) are specified in Part I -
Classification Regulations. Where in Part VII definitions from other Rule parts are used, cross-
reference to those parts is made.

For the purpose of Part VII, the following definitions have been adopted:

Auxiliary machinery — machinery providing for the operation of main engines, supply of the ship
with electric and other power, as well as for the operation of shipboard systems and
arrangements.

Boiler design capacity - a maximum hourly amount of steam that can be generated by the boiler
at design parameters on continuous-duty runs.

Certified safe equipment - equipment certified by an independent national test institution or
competent body to be in accordance with a recognised standard for electrical apparatus in
hazardous areas

Note: Refer to IEC 60079 series, Explosive atmospheres and IEC 60092-502:1999 Electrical
Installations in Ships - Tankers - Special Features

Design wall temperature - a temperature in the midst of the wall thickness used in calculation of
allowable stress according to the ambient temperature and the heating conditions.

Double block and bleed valves - the set of valves referred to in:
e IGCCode, 16.4.5
e IGF Code, 2.2.9 and 9.4.4 t0 9.4.6

Gas - natural gas used as fuel consisting primarily of methane.

Note: Gas may also be bio-methane or synthetic methane etc. with methane as main component.
Gas engine - means a DF engine, a GF engine, or any variations thereof.

Gas piping - means piping containing gas or air / gas mixtures,

Dual fuel engine (DF engine) — an engine than can burn natural gas as fuel simultaneously with
liquid fuel, either as pilot oil or bigger amount of liquid fuel (gas mode), and also has the capability
of running on liquid diesel fuel only (diesel mode).
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Gas fuel only engine (GF engine) - an engine capable of operating on gas fuel only and not able to
switch over to oil fuel operation.

Gas admission valve - a valve or injector on the engine, which controls gas supply to the cylinder(s)
according to the engine’s gas demand.

Explosion relief device - a device to protect personnel and component against a determined
overpressure in the event of a gas explosion. The device may be a valve, a rupture disc or other,
as applicable.

Essential auxiliary boilers - boilers supplying with steam the auxiliary machinery and equipment
necessary for ship motion and safety of navigation if there are no other sources of power to keep
these machinery and equipment operational in the case of the boilers shutdown.

Low pressure gas — gas with a maximum working pressure lower or equal to 10 bar gauge.
Low-speed engine - diesel engine having a rated speed of less than 300 rpm.

Lower Heating Value (“LHV”) - the amount of heat produced from the complete combustion of a
specific amount of fuel, excluding latent heat of vaporization of water.

Medium-speed engine - diesel engine having a rated speed of 300 rpm and above, but less than
1400 rpm.

High-speed engine - diesel engine having a rated speed of 1400 rpm and above.
High pressure gas - gas with a maximum working pressure greater than 10 bar gauge.

IGC Code - the International Code for the Construction and Equipment of Ships Carrying Liquefied
Gases in Bulk, as amended.

IGF Code - the International Code of Safety for Ships Using Gases or other Low-Flashpoint Fuels
(IMO Resolution MSC.391(95), as amended.

Pilot fuel - the fuel oil that is injected into the cylinder to ignite the main gas-air mixture on DF
engines.

Main engines - machinery intended for the ship propulsion such as internal combustion engines,
steam and gas turbines, steam engines, electric motors, etc.

Pre-mixed engine - an engine where gas is supplied in a mixture with air through a common
manifold for all cylinders, e.g. mixed before or after the turbocharger.

Refrigerating machinery space - a space containing the refrigerating plant machinery and
equipment intended to lower and maintain required temperature inside refrigerated spaces.

Refrigerating unit — a unit comprising a prime mover, one or more refrigerant compressors,
acondenser - and in the case of secondary refrigerant, a brine cooler, fittings and control
arrangements necessary to permit independent operation of the unit.

Safety concept - is a document describing the safety philosophy with regard to gas as fuel. It
describes how the risks associated with this type of fuel are controlled under reasonably
foreseeable abnormal conditions as well as possible failure scenarios and their control measures.
The results of the risk analysis, see 2.12.2, shall be reflected in the safety concept. A detailed
evaluation regarding the hazard potential of injury from a possible explosion is to be carried out
and reflected in the safety concept of the engine.
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1.3 Technical Documentation

1.3.1 General Requirements

The below listed technical documentation of machinery and equipment shall be forwarded to the
Head Office of PRS for consideration and approval prior to such machinery and equipment
construction.

The below listed technical documentation of on board arrangement of machinery and equipment
shall be submitted to PRS Head Office for consideration and approval prior to ship construction.
Additional documentation may be required on the basis of separate agreements resulting from
the scope and conditions of application of Publication 2/I - Prevention of Vibration in Ships.

The documentation shall be submitted in triplicate.
1.3.2 Documentation for Approval of I.C. Engine

1.3.2.1 The documentation listed in 1.3.2.2 and 1.3.2.3, as far as applicable to the type of engine,
shall be submitted to PRS.

Notes:

1. This applies to internal combustion engines classed with PRS where the application for type approval certification
is dated on or after 1 July 2016.

2. The “date of application for type approval” is the date of documents accepted by PRS as request for type approval
certification of a new engine type or of an engine type that has undergone substantive modifications in respect of
the one previously type approved, or for renewal of an expired type approval certificate.

3. Engines with the existing type approval on 1 July 2016 are not required to be re-type approved until the current
Type Approval becomes invalid. For the purpose of certification of these engines, the current type approval and
related submitted documentation will be accepted in place of that required until the current type approval expires
or the engine type has undergone substantive modifications.

1.3.2.2 The following documentation of I.C. Engines shall be submitted to PRS for information:
.1 Engine particulars (e.g. Data sheet with general engine information, see Appendix 3 I
to UR M44), Project Guide, Marine Installation Manual
2 Engine cross section
3 Engine longitudinal section
4 Bedplate and crankcase of cast design
.5 Thrust bearing assembly?
.6 Frame/framebox/gearbox of cast design?
7 Tierod
8 Connecting rod
.9 Connecting rod, assembly3)
.10 Crosshead, assembly3)
.11 Piston rod, assembly?)
.12 Piston assembly?)
.13 Cylinder jacket/block of cast design?)
.14 Cylinder cover, assembly?)
.15 Cylinder liner
.16 Counterweights (if not integral with crankshaft), including fastening
.17 Camshaft drive,assembly?)
.18 Flywheel
.19 Fuel oil injection pump
.20 Shielding and insulation of exhaust pipes and other parts of high temperature
which may be impinged as a result of fuel system failure, assembly I

P e e e e e e e e e e e p—
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For electronically controlled engines, construction and arrangement of:

.21 Control valves

.22 High-pressure pumps

.23 Drive for high pressure pumps

.24 Operation and service manuals%

.25 FMEA (for engine control system)3)

.26 Production specifications for castings and welding (sequence)

.27 Evidence of quality control system for engine design and in service maintenance
.28 Quality requirements for engine production

.29 Type approval certification for environmental tests, control components®)

P e e e — —

References:

1
2)
3)
4)

5)

6)

If integral with engine and not integrated in the bedplate.

Only for one cylinder configuration.

Including identification (e.g. drawing number) of components.

Operation and service manuals shall contain maintenance (servicing and repair) including details of any special
tools and gauges that shall be used with their fittings/settings together with any test requirements on completion
of maintenance.

Where engines rely on hydraulic, pneumatic or electronic control of fuel injection and/or valves, a failure mode and
effects analysis (FMEA) shall be submitted to demonstrate that failure of the control system will not result in the
operation of the engine being degraded beyond acceptable performance criteria for the engine. Recommendations
for the FMEA process are contained in IACS Rec. No.138 (Dec. 2014) - Recommendation for the FMEA process for
diesel engine control systems.

Tests shall demonstrate the ability of the control, protection and safety equipment to function as intended under
the specified testing conditions per UR E10.

1.3.2.3 The following documentation of I.C. engines shall be submitted to PRS for approval:

.1 Bedplate and crankcase of welding design, with welding details and welding

instructions)-2)

Thrust bearing bedplate of welded design, with welding details and welding

instructions?

Bedplate/oil sump welding drawingsV

Frame/framebox/gearbox of welded design, with welding details and instructions 1.2)

Engine frames, welding drawings 1).2)

Crankshaft, details, each cylinder No.

Crankshaft, assembly, each cylinder No.

Crankshaft calculations (for each cylinder configuration) according to the attached data

sheet and UR M53 (see Publication 8/P - Calculations of Crankshafts for I.C. Engines)

.9 Thrust shaft or intermediate shaft (if integral with engine)

.10 Shaft coupling bolts

.11 Material specifications of main parts with information on non-destructive material tests
and pressure tests3) Z

(V]
N

[-JN J-N, NN
NNNNNN

N N N

Schematic layout or other equivalent documents on the engine of:

.12 Starting air system

.13 Fuel oil system

.14 Lubricating oil system

.15 Cooling water system

.16 Hydraulic system

.17 Hydraulic system (for valve lift)

.18 Engine control and safety system

.19 Shielding of high pressure fuel pipes, assembly*

.20 Construction of accumulators (common rail) (for electronically controlled engine)

NNNNNNNNN
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.21 Construction of common accumulators (common rail) (for electronically controlled
engine)

.22 Arrangement and details of the crankcase explosion relief valve (see UR M9)3)

.23 Calculation results for crankcase explosion relief valves (see UR M9)

.24 Details of the type test program and the type test report?

.25 High pressure parts for fuel oil injection system®)

.26 Oil mist detection and/or alternative alarm arrangements (see UR M10)

.27 Details of mechanical joints of piping systems (see UR P2)

.28 Documentation verifying compliance with inclination limits (see UR M46)

.29 Documents as required in UR E22, as applicable.

NNNNNNNNN

References:

1) For approval of materials and weld procedure specifications. The weld procedure specification shall include details
of pre- and post-weld heat treatment, weld consumables and fit-up conditions.

2} For each cylinder for which dimensions and details differ.

3)  For comparison with PRS requirements for materials, NDT and pressure testing as applicable.

4 All engines.

5) Only for engines of a cylinder diameter of 200 mm or more or a crankcase volume of 0.6 m3 or more. Detailed
requirements concerning documentation of explosion relief valves are given in paragraph 2.2.6.

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

7). The type test report may be submitted shortly after the conclusion of the type test.

Notes:

1. The documentation with code Z shall be approved by PRS.
2. The documentation with code I shall be submitted for information only.

In addition to par. 1.3.2.2 and 1.3.2.3 the following documentation shall be submitted for DF and
GF engines for which the date of an application for the type approval certification is dated on or
after 1 July 2019:

.1 Schematic layout or other equivalent documents of gas system on the engine Z
.2 Gas piping system (including double-walled arrangement where applicable) Z
.3 Parts for gas admission system3) Z
4 Arrangement of explosion relief valves (crankcasel), charge air manifold, exhaust gas
Manifold and exhaust gas system on the engine) as applicable Z
.5 List of certified safe equipment and of relevant certification Z
.6 Safety concept I
.7 Report of the risk analysis?) I
.8 Gasused as fuel specification I
For the approval of DF engine:
.9 Schematic layout or other equivalent documents of pilot system Z
.10 Shielding of high pressure fuel pipes for pilot fuel system assembly Z
.11 High pressure parts for pilot fuel oil injection system3) Z
For the approval of GF engine:
.12 Schematic layout or other equivalent documents of the ignition system Z

Where required necessary PRS may request further documentation to be submitted.

References:

1) Ifrequired by UR M44, see also 2.2.5.1
2) See par.1.4 UR M78
3) The documentation to contain specification of design pressures, working pressure, pipe dimensions and materials.

1.3.2.4 Updated documentation of the engine type is the basis for PRS survey of the engine
manufacturing.
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1.3.2.5 If the engine is being built under license and the engine manufacturer does not posses
a Type Approval Certificate for the engine, then the manufacturer shall provide the documentation
in the scope specified in paragraph 1.3.2.2 and 1.3.2.3 with a detailed listing of the introduced
changes with the reference to the approved type and design. PRS may request confirmation
of presented changes by the license holder being in possession of Type Approval Certificate.

1.3.2.6 Components of engine design which are covered by the Type Approval Certificate of the
relevant engine type are regarded as approved whether manufactured by the engine manufacturer
or sub-supplied. For components of sub-contractor’s design, necessary approvals shall be obtained
by the relevant suppliers (e.g. exhaust gas turbochargers, charge air coolers, etc.) where the
requirements provided in PRS Rules (IC Engines and Engine Components - Survey and Certification
- Publication 4/P and Alternative Certification Scheme for Marine Equipment and Materials -
Publication 115/P) may apply.

1.3.2.7 Incase of engine design modifications, after PRS has approved the engine type for the first
time, only those documentation which have undergone substantive changes, will have to be
resubmitted for consideration by PRS.

1.3.2.8 Engines to be installed in specific applications may require the engine designer/licensor
to modify the design or performance requirements. In that case Table 3 of IACS UR M44 (Corr.1 June
2016) lists the production documents to be submitted by the engine builder/licensee to PRS
following acceptance by the engine designer/licensor. PRS Surveyor uses that information for
inspection purposes during manufacture and testing of the engine and its components.

1.3.3 Documentation for Approval of Turbines

1.3.3.1 The following documentation shall be supplied to PRS for Turbines Type Approval:
.1 Technical description and basic technical specification, for gas turbines
including diagram of power and rotations versus inlet air temperature Z
.2 Assembly drawings and sectional drawings with mounting dimensions, Z
.3 Drawings of casings, rotors, vanes and vane seals, attachments, seals bearings, burners
and combustion chambers, heat exchangers integral with the turbine together
with specification of the materials Z
4 Specification of mechanical properties and chemical composition of the materials used.
For parts and materials working in temperature over 400 °C, the detailed
temperature related mechanical, creep and corrosion specification must be provided W
5 Technical details of heat treatment for essential parts
6 Drawings of thermal insulation
.7 Foundation and attachment drawings
8 Diagram of temperature field in the turbine at rated nominal power and at a maximum
allowable short time power
.9 Strength calculations of rotors, vanes and vane attachments
.10 Torsional vibration analysisD and if applicable vanes vibration calculations Ztg
.11 Turbine strength analysis for the whole operational life period of components
that are highly loaded and work in highest temperature and taking into account creep

NN

N =

behavior and strength and high temperature corrosion W, tg
.12 Diagrams of rotation speed control system, alarm and safety system Z
.13 Detailed information regarding speed governors and safety controller Z
.14 Diagrams of lubrication and fuel system Z
.15 Rotor balancing procedure W, tg
.16 Failure analysis and analysis of safety system effectiveness W, tg

.17 Turbine Type Test Program 2) Z
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.18 Turbine Test Program 3) Z
.19 Operation Manual including Manual for Emergency Situation Measures Ztg
.20 Instruction for Preventive Maintenance Ztg

References:

1) See1.3.3.3.

2) Test program ought to have acceptance criteria defined. In case of turbines produced as single units separate test
programs are not required.
Notes:

1. The documentation with code Z shall be approved by PRS.

2. The documentation with code W shall be submitted for reference but it may be subject of certain requirements by
PRS.

3. The documentation with code tg is requested for gas turbines only (exhaust gas turbochargers excluded).

4. In case of turbines with a power below 100kW and for turbines dedicated for auxiliary purposes, the scope of the
required documentation for approval may be lowered after agreeing it with PRS.

1.3.3.2 Documentation for heat exchangers see p. 1.3.5.

1.3.3.3 Updated documentation of the Turbine Type and Torsional Vibration Calculations for the
particular drive system is the base for PRS supervision.

1.3.3.4 Ifthe turbine is being built under license and engine manufacturer does not possess Type
Approval Certificate for the Engine, he ought to provide the documentation in a scope givenin 1.3.3.1
with detailed listing of all introduced changes with the reference to the approved type and design.
PRS may request confirmation of presented changes by the license holder - who is in possession of
the Type Approval Certificate.

1.3.4 Documentation for Approval of Machinery

Documentation of machinery including gears, clutches and all auxiliary and deck machinery? shall
include:

.1 Technical description and basic technical specification Z
.2 General arrangement with cross section and dimensional data Z
.3 Drawings of foundations, crankcases, columns and casings showing all details
and welding procedures W/Z
4 Drawings of cylinder heads and cylinder liners w
5 Drawings of piston rods, connecting rods assemblies and pistons w
.6 Drawings of rotors of air blowers and compressors w
7 Drawings of crankshafts and other shafts transmitting torque moments Z
8 Drawings of pinions and toothed gear wheels (see also p. 4.2.1.2) Z
9 Drawings of disengaging and flexible couplings (see also p. 4.3.1.2) Z
.10 Drawings of the main gear unit thrust bearing, unless built-in Z
.11 Drawings of torsional vibrations dampers Z
.12 Diagrams of control, alarm and safety systems within the machinery installation Z
.13 Diagrams of the fuel oil, lubricating oil, cooling water and hydraulic system pipelines
within the machine - including the information on flexible hoses applied Z
.14 Thermal insulation drawings, including exhaust pipes w
.15 Strength calculations of fastening components for fixing anchor winches to the deck
including requirements of chapter 6.3.8 if applicable
.16 Drawings of foundations of the auxiliary devices?), gears, steering gears, windlasses,
mooring and towing winches Z
.17 Material specification for essential parts with all details of non-destructive testing,
pressure testing and special technologies used during manufacturing Z
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.18 Calculations for static and/or dynamic loads for torque transmitting parts 2 w
.19 Test program.3) Z

References:

1) See also par. 6.3.1 Windlasses. Documentation requirements.
2) In the scope agreed with PRS
3)  The Type Test Program and Product Test Program shall be provided where applicable.

Notes:

1. The documentation with code Z shall be approved by PRS.

2. The documentation with code W shall be submitted for reference but it may be subject of certain requirements by
PRS.

3. In case of the documentation with code W/Z, the first letter applies to the cast structure while the second applies to
the welded structure.

1.3.5 Documentation for Approval of Boilers, Pressure Vessels and Heat Exchangers

The documentation for boilers, pressure vessels and heat exchangers shall include:

.1 Design drawings of the boiler drums, casings of heat exchangers and pressure vessels with
all data needed for checking the dimensions defined in Part VII and arrangement of all
welds with dimensions;

Drawings of all boiler, pressure vessels and heat exchangers parts to be surveyed with the
exception of charging air coolers whose dimensions are given in Part VII;

Arrangement of valves and fittings including their specification;

Safety valves, their characteristics and data for calculation of their cross-sectional area;
Material specification with all data concerning welding consumables,

Welding and heat treatment procedures;

Diagrams and drawings of boiler firing equipment including the systems of automatic
control, safety and signalling;

.8 Test program;

.9 Boiler Operation and Service Manual.

[N

S w

1.3.6 Documentation for Approval of Propellers

The documentation of propellers shall include:
.1 General drawing;
.2 Drawings of blades, boss and fastening elements (for built-up propellers and c.p.
propellers);
.3 Diagrams and specifications of control systems for c.p. propellers;
4 Drawings of essential parts of pitch control systems for c.p. propellers.

1.3.7 Documentation for Approval of Shafting

The documentation of shafting shall include:

.1 General arrangement plan;

.2 Drawings of stern tube and attached parts;

.3 Drawings of shafts (propeller, intermediate and thrust), including the connections and
couplings;

4 Drawing of seating the propeller thrust bearing on the foundation unless it forms an
integral part of main engine or main gear;

.5 Calculation of torsional vibration of main engine - propeller set, for internal combustion
engines in excess of 75 kW rated power and auxiliary engine - power receiver set, for
internal combustion engines of 110 kW rated power and more. In case of turbine or
electric driven equipment, the necessity of submitting the torsional vibration calculations
shall be agreed with PRS in each particular case;
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.6 Drawings of shaft penetration through bulkhead.
1.3.8 Documentation for Approval of Thrusters

1.3.8.1 For approval of thrusters3), the following documentation shall be submitted to PRS:

.1 Technical description and basic technical specification Z
.2 Assembly drawing in cross section with dimensions Z
.3 Drawings of casings, shafts and gears Z
4 Drawings of the nozzle and the propeller or other propulsion device Z
.5 Drawings of pitch control device blades or vanes of cycloidal type propellers Z
.6 Drawings of bearings, dynamic seals of the propeller shaft and the rotating column of

propeller Z
.7 Hydraulic, electrical, and pneumatic diagrams together with specification of the

components Z
.8 Diagrams of lubricating and cooling system if applicable Z
.9 Diagram showing variation of the starting torque of the motor causing rotation

of the propeller column w
.10 Material specification for all essential parts as specified in .3, .4 and .5 with all details

of non-destructive testing, pressure testing and special technologies used during

manufacturing Z
.11 Calculations for static and/or dynamic loads for torque transmitting parts w
.12 Strength calculations of fastening components for fixing thruster to the foundations?)  Z
.13 Torsional vibrations calculations Z
.14 Gears’ and roller bearings’ calculations w
.15 Operation, Installation and Service Manual w
.16 Type testing program? Z
.17 Test programa?. Z

References:

1) In the scope agreed with PRS

2) Test program shall include acceptance criteria. In the case of production of a single unit a separate test program for
Type and Product is not required.

3)  See also Ul of SOLAS regulations (MSC.1/Circ.1416/Rev.1).

Notes:
1. The documentation with code Z shall be approved by PRS.

2. The documentation with code W shall be submitted for reference but it may be subject of certain requirements by
PRS.

1.3.8.2 Updated documentation is a base for PRS supervision during manufacturing of the
thrusters.

1.3.8.3 If the device is being built under licence and device manufacturer does not possess Type
Approval Certificate for the product type, he ought to provide the documentation in the scope
specified in paragraph in 1.3.6.1 with a detailed listing of all introduced design changes with the
reference to the approved type. PRS may request confirmation of presented changes by the licence
holder - who is in possession of the Type Approval Certificate.

1.3.9 Documentation for Approval of Machinery and Equipment Arrangements

The documentation of machinery and equipment arrangements shall include:
.1 Arrangement of machinery and equipment in machinery spaces, as well as in the spaces of
emergency power sources, including the means of escape;
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2

Characteristics of machinery and equipment, including the data necessary for the required
calculations;

Diagram and specification of remote control of main machinery, including the data of
fitting remote control stations with control devices, instrumentation, warning devices,
means of communication and other equipment;

Drawings of seating the main engines on the foundation;

Additional documentation may be required on the basis of separate agreements resulting
from the scope and conditions of application of Publication 2/1 _ Prevention of vibration in
ships;

Documentation specified in Publication 90/P - Safe return to port and orderly evacuation
and abandonment of the ship.

1.3.10 Documentation for Approval of Classed Refrigerating Plant

The documentation of classed refrigerating plant shall include:

a
2

W

o

10

A1

A2

A3
14

15

Technical specification of refrigerating plant (for reference);

Calculation of power consumption of refrigerating plant, including specification of thermal
load for each refrigerated cargo space and for each technological refrigerating receiver
(for reference);

Arrangement plan of ship’s refrigerating plant;

Basic diagrams of the refrigerating agent, cooling agent, and cooling water systems,
showing the location of measuring and automatic control equipment;

Diagram of the air cooling system, showing watertight bulkheads and fire divisions;
Arrangement plan of refrigerating machinery space, showing the ways of exit;
Arrangement of refrigerating machinery and equipment in refrigerated spaces, showing
the location of temperature measuring equipment;

Diagrams of the main and emergency ventilation systems of refrigerating machinery
space, showing the watertight bulkheads and providing number of air changes;

Detailed technical specification of the insulation, including the vertical and horizontal
projection of arrangement of the refrigerated spaces, including the adjacent tanks of fuel
and/or liquid cargo, as well as the information on the heating systems installed inside the
tanks;

Construction drawings of the insulation assemblies specifying the thickness of insulating
material layers;

Arrangement plan of the refrigerating and freezing arrangements and other technological
refrigerating equipment;

Basic diagram of the water curtain system in refrigerating machinery space and
refrigerating agent storeroom (for refrigerating agents of Il group);

Basic diagrams of the automatic control, safety and signalling systems;

List of the machinery, tanks and equipment of the refrigerating plant, including their
technical characteristics and manufacturer characteristics (for reference);

List of the control and measuring equipment of protecting and signalling arrangements,
including the technical characteristics and manufacturer names (for reference);

Tables of sizes of partition surfaces of refrigerating cargo spaces, including the design data
of heat conduction factor of these surfaces (for reference);

Diagram of the refrigerating plant electric system;

Electric diagrams of the refrigerating plant switchboards;

List of the electrical equipment and instrumentation;

Diagrams of the control, signalling and protection of motors driving refrigerating
compressors, pumps and fans.
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1.3.11 Documentation for Approval of Non-classed Refrigerating Plant

The scope of documentation includes the documents listed under 1.3.10.3; 1.3.10.4, 1.3.10.8 (for
refrigerating agent only), 1.3.10.6, 1.3.10.11, 1.3.10.12 (only for equipment operating under
pressure of refrigerating agent), 1.3.10.13 (only for protection and alarm devices), as well as
1.3.10.17+1.3.10.20.

1.3.12 Documentation of Machinery Installations of Energy Efficient Ships
with Additional Mark EF in the Symbol of Class

1.3.12.1 Documentation of respective machinery installations required at each stage of design as
well as the documentation prepared after the sea trials for the final verification of attained EEDI
shall be submitted to PRS for consideration and approval.

1.3.12.2 For ships intended to be assigned an additional mark EF in the symbol of class, the
documents to be submitted are specified in the Guidelines on Survey and Certification of EEDI [IMO
Res. MEPC.254(67), as amended and the Industry Guidelines on Calculation and Verification of EEDI
both contained in Publication 103/P - Guidelines for Enerqy Efficiency of Ships.

1.3.13 Documentation for Approval of Alternative Design Solutions

The engineering analysis of alternative design and arrangements for machinery and equipment
submitted to the Administration/PRS shall provide a safety level equivalent of that required by
SOLAS 1974 if they deviate from the requirements specified in parts C, D, E or G of Chapter II-1.
The engineering analysis shall be prepared based on the guidelines specified in the Annex to
MSC.1/Circ.1212 and MSC.1/Circ.1455.

1.4 Scope of Survey

1.4.1 General provisions concerning the survey of construction of machinery and equipment
covered in Part VII are contained in Part I - Classification Regulations and in PRS Supervision
Activity Regulations.

1.4.2 Subject to survey to be exercised by PRS in the process of construction are those
machinery and equipment whose documentation is subject to examination and approval, except
for fans that are not required to be explosion proof and hand-operated machinery.

Exempted from the survey during manufacturing are also compressed gas bottles produced in
accordance with national standards and under the survey of competent technical inspection body
recognised by PRS.

1.4.3 The following essential parts of the machinery and equipment are subject to survey in the
process of construction for compliance with the approved documentation:
.1 Internal combustion engines (see par. 1.4.4):
.2 Steam turbines:
— turbine casing™;
— manoeuvring gear casing and nozzle box M);
— shaft, rotor and rotor disk;
— blades™;
— shroud and lashing wire;
— nozzles, diaphragms M);
— gland-seals;
— rigid coupling;
— bolts connecting parts of the rotor, parts of turbine casing, couplings.
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Gears, disengaging and flexible couplings:

casings;

shafts M);

pinions, tooth wheels, tooth rims M);
torque transmitting parts of couplings:
— rigid parts M);

— flexible parts;

connecting bolts.

Piston type compressors and pumps:

Centrifugal pumps, fans, air blowers and turbochargers:

crankshafts M;

connecting rods;

pistons;

cylinder blocks and cylinder covers;
cylinder liners.

shafts;
rotors;
blades;
casings.

Steering gears:

tillers of main and emergency gear M;
rudder quadrant M);

rudderstock yoke M);

pistons with piston rods M);

ram cylinders M);

drive shafts M;

gear wheels tooth rims M.

Windlasses, mooring and towing winches:

drive, intermediate and output drive shafts M;
gear wheels, tooth rims;

sprockets;

claw clutches;

brake bands.

Hydraulic drives, screw, gear and rotary pumps:

shafts and screw rotors;

rods;

pistons;

casings, cylinders, screw pump casings;
gear wheels.

Fuel and oil separators:

shaft;

bowl body, bowl disks;
gear wheels.

Boilers, steam superheaters and economisers as well as water heated steam generators:

ring segments, end plates, tube plates, drums, headers and chambers M3);

heated and non-heated tubes M3);

furnaces and elements of combustion chambers M3);

long and short stays and girders M3);

bodies of mountings and fittings for working pressure 0.7 MPa and more M3),
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.11 Pressure vessels and heat exchangers:
— shells, distributors, end plates, headers and covers M3);
— tube plates M3);
— tubes M3);
— long and short stays and girders, fastenings M3);
— bodies of valves for working pressure 0.7 MPa and more, 50 mm and over in diameter M3),
.12 Gas turbines:
— casings of turbines and compressors M);
— combustion chambersM);
— rotor vanes of turbines and compressors™);
— rotor assemblies: shafts, disks, clutches™;
— turbine expansion apparatus;
— bolts linking components of the rotor, casing, clutches ™;
— dynamic seals;
— pipings and fittings M);
.13 Thrusters
— movable and stationary casings M¥;
— columns M%);
— propeller shaft and intermediate shafts M4);
— gearsM4;
— clutchesM4);
— couplings M4);
— propellersM%)
— nozzles;
— fastening elements, keys;
— pipings and fittings.

Notes and index explanations:

M) - material shall be PRS accepted.

M3) — material for parts of boilers, pressure vessels and heat exchangers of class I and II (see 8.1) shall be PRS accepted.

M4) — material approved by PRS. In case of auxiliary drive-steering devices with rated power below 200 kW, the
certificate of the material manufacturer is accepted. The material shall be inspected by PRS surveyor and the
hardness tests shall be performed in his presence.

The above list does not cover compressed air system piping and equipment as well as other

pressure systems integral with engines and machinery for which the testing of applied materials

may be required by PRS.

1.4.4 Summary of required documentation for I.C engines components is listed in Table 2
of Publication 4/P (UR M72, table M72.2).

1.4.5 The survey of the production of internal combustion engines and exhaust gas driven

turbochargers is performed in accordance with the following PRS publications:

— Publication 4/P - L.C. Engines and Engine Components - Survey and Certification;

— Publication 28/P - Tests of .C. Engines;

— Publication 5/P - Requirements for Turbochargers;

— Publication 115/P - Alternative certification scheme for marine equipment and materials (if
applicable).

1.4.6 Upon completion of assembly, adjustment and running in, each engine and piece
of machinery shall be subjected to running tests at manufactures works, in accordance with the
test program agreed with PRS.
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The tests of internal combustion engines shall be performed taking into consideration the
requirements specified in Publication 28/P - Tests of I.C. Engines.

1.4.7 Type tests of engines and machinery shall be performed in accordance with the program
which ensures checking the reliability and long operational suitability of individual parts,
assemblies as well as of entire engines and machinery items. I.C. Engine Type testing shall be
performed taking into consideration the requirements specified in Publication 28/P - Tests of I.C.
Engines.

1.4.8 Fitting and testing on board the ship the below listed machinery and equipment are
subject to PRS survey:

.1 Main engines, their reduction gears and couplings;

2 Boilers, pressure vessels and heat exchangers;

3 Auxiliary machinery;

4 Control monitoring and alarm systems of machinery installations;

.5 Shafting and propellers;

.6 Thrusters.

For fitting and testing deck machinery on board the ship - see Part Il - Hull Equipment, 1.3.

1.4.9 The following construction stages of refrigerating plant installations are subject to PRS survey:
.1 Manufacture and testing of separate components of the refrigerating plant at the

manufacturer’s works;

Fitting of machinery, apparatus and vessels;

Fitting of refrigerating system;

Fitting of coolant, cooling air and cooling water systems;

Fitting of main and emergency ventilation;

Fitting of insulation of refrigerated chambers, freezers, apparatus, vessels and refrigerant

piping;

.7 Fitting of control, monitoring, alarm and safety systems of the refrigerating plant.

cue Wiy

1.4.10 After the machinery, equipment and refrigerating plants have been fitted on board the
ship, they shall be subjected to load tests in accordance with the programmes agreed with PRS,
including the sea trials of main engines, steering and anchor gears, as well as determining the
manoeuvring characteristics of the propulsion machinery.

1.4.11 PRS survey covers vibrations related problems of the propulsion and auxiliary machinery
in accordance with the principles set out in Publication 2/I - Prevention of Vibration in Ships.

1.4.12 PRSaccepts only these measurements of vibration and other physical values, which were
performed by measuring laboratories approved by PRS.

1.5 Pressure Tests

1.5.1 Parts of Internal Combustion Engines

The components of internal combustion engines shall be subject to pressure tests in accordance
with Table 2 of Publication 4/P (UR M72 rev. 1, table M72.2).

1.5.2 Machinery Parts and Fittings

1.5.2.1 The parts of machinery working under pressure shall be, after final mechanical machining,
but before application of protective coatings, tested with hydraulic pressure determined from the
following formula:
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ppr=(15+01K)p [MPa] (1.5.2.1)

p - working pressure, [MPa];
K - coefficient acc. to Table 1.5.2.1.

In each case, however, the test pressure shall not be less than:
— pressure with fully opened safety valve,

— 0.4 MPa for all cooling spaces and their seals, and

— 0.2 MPa in all other cases.

If either the working temperature or working pressure exceeds those values given in Table 1.5.2.1,
then the test pressure shall be in each case agreed with PRS.

Table 1.5.2.1
Working
Material temperature 120 200 | 250 | 300 | 350 | 400 | 430 | 450 | 475 | 500
up to [°C]
Carbon and carbon p, [MPa], | without | | 5y 1 20 [ 20 | 10 [ 10 | - | - | -
up to limit
manganese steel
K 0 0 1 3 5 8 11 11 - -
Molybdenumand p. [MPal, without limit 20 | 20 | 20 | 20 | 20 | 20
molybdenum-chromium up to
steel with molybdenum
contents 0.4% and more K 0 0 0 0 0 1 2 3.5 6 1
_ p, [MPal, 6 6 | 6 | 6 - - - - - -
Castiron up to
K 0 2 3 4 - - - - - -
p. [MPa], 20 31 (31| - | - | - | - | - | - | -
Bronze, brass and copper up to
K 0 3.5 7 - - - - - - -

1.5.2.2 Pressure tests of machinery parts can be performed separately for each space, applying
the test pressure according to working pressure and temperature in the particular space.

1.5.2.3 Parts or assemblies of engines and machinery containing petrol products or their vapours
(reduction gear casings, oil sumps, etc) under hydrostatic or atmospheric pressure shall be tested
for tightness applying procedure agreed with PRS. In welded structures, only welded joints shall be
tested for tightness.

1.5.3 Boilers, Pressure Vessels and Heat Exchangers

1.5.3.1 All parts of boilers, pressure vessels and heat exchangers, upon completion of their
construction and assembling, shall be pressure tested in accordance with Table 1.5.3.1.

Table 1.5.3.1
Test pressure, pn, [MPa]
upon completion of construction upon completion
[tem Specification or assembling of strength of assembling including
members of the shell elements, mountings and fittings
less mountings and fittings
1 | Boilers, steam superheaters, economisers 1.5 pw, not less than pw + 0.1 1.25 pw,
and parts thereof operating not less than pw + 0.1

at temperature below 350°C
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Test pressure, pn, [MPa]

upon completion of construction upon completion
[tem Specification or assembling of strength of assembling including
members of the shell elements, mountings and fittings
less mountings and fittings
2 | Steam superheaters and parts thereof 15 R 1.25 pw
operating at temperature exceeding 350°C " R

3 | Pressure vessels, heat exchangers!) and
parts thereof, operating at temperature
below 350°C and the following pressure:
- up to 15 MPa 1.5 pw, not less than pw + 0.1 -
- 15.0 MPa and more?) 1.35 pw -

4 | Heat exchangers? and parts thereof,
operating at temperature exceeding 350°C

and the following pressure: .

15p, —
-up to 15 MPa Pu R! -
- 15.0 MPa and more?) R
135p, — -
R,
5 | Boiler firing system parts subject to fuel - 1.5 pw, notless than 1
oil pressure
6 | Gas spaces of waste heat boilers - air test for pressure equal to
0.01 MPa
7 | Boiler mountings and fittings According to 1.5.2.1, not less test of closure tightness for
than 2 pw pressure equal to 1.25 pw
8 | Boiler feed valves and stop valves 2.5 pw test of closure tightness for
of heating oil boilers pressure equal to 1.25 pw
9 | Mountings and fittings of pressure vessels | According to 1.5.2.1 test of closure tightness for
and heat exchangers pressure equal to 1.25 pw
10 | Thermal oil boilers 1.5 pw, not less than pw + 0.1 1.5 pw, not less than pw +
0.1

Notes:

1) Pressure testing shall be done separately for each side of the heat exchanger. Testing of coolers of the I.C. engines -
see Table 1.5.1.

2)  For pressure pw = 15 to 16.6 MPa, constant value of pw = 16.6 MPa shall be applied.
pw - working pressure, [MPa];
R2>° - yield point of material at temperature 350°C, [MPa];

R! - yield point of material at working temperature, [MPa].

1.5.3.2 Pressure tests shall be performed upon completion of all welding operations and prior to
the application of insulation and protective coatings.

1.5.3.3 Where an all-round inspection of the surfaces to be tested is difficult or impossible to
perform after assembling the individual components and units, the components and units in
question shall be tested prior to assembling.

1.5.3.4 Steam boilers, after being installed on board the ship, shall be steam tested under the
working pressure.

1.5.3.5 Compressed air vessels, after being installed on board the ship (with fittings and
mountings), shall be tested with compressed air under the working pressure.

Polish Register of Shipping 23




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
January 2025 Part VII - Main and Auxiliary Machinery and Equipment, Chapter 1 - General

1.54 Propellers

1.5.4.1 The boss of controllable pitch propeller, after assembly of the propeller, shall be tested for
tightness to an internal pressure equal to the head of working level of lubricating oil in the gravity
tank. It is recommended that the blades should be put several times from one extreme position to
another during the tests.

1.5.4.2 Rotor sealings of the cycloidal propeller shall be tested for tightness to an internal
pressure equal to the head of working level of the lubrication oil in the gravity tank.

1.5.5 Propulsion Shaft Components

1.5.5.1 The following components shall be subjected to pressure tests upon completion
of machining:

— propeller shaft liners — with pressure equal to 0.2 MPa,

— stern tubes - with pressure equal to 0.2 MPa.

1.5.5.2 The seal of the propeller shaft, if lubricated with oil, shall be tested after assembly for
tightness to a pressure equal to the head of working level of lubrication oil in the gravity tank. The
propeller shaft shall be rotated during the test.

1.5.6 Refrigerating Plants

1.5.6.1 After the refrigerating plant has been assembled on board the ship, the complete
refrigerant system shall be pneumatically tested for tightness to a pressure equal to the design
pressure p, according to 17.2.2.

1.5.6.2 All tightness tests on board the ship may be carried out with dry air, carbon dioxide or
nitrogen.

1.5.6.3 Upon completion of tests required by 1.5.5.1, the refrigerant system shall be dried and
checked for tightness in vacuum conditions to an underpressure not exceeding 1.0 kPa.

1.5.6.4 When the system is filled with refrigerant, all joints and fittings shall be checked for
tightness.

1.6 Materials and Welding

1.6.1 Materials applied for construction of parts of internal combustion engines, pieces of
machinery, boilers, pressure vessels, heat exchangers, propellers, shafts covered with these Rules
shall fulfil the relevant requirements specified in Part IX - Materials and Welding.

1.6.2 The use of materials other than steel on engine, turbine and gearbox installations is
considered acceptable for the following applications:
.1 internal pipes which cannot cause any release of flammable fluid onto the machinery or
into the machinery in case of failure; or
.2 components that are only subject to liquid spray on the inside when the machinery is
running, such as machinery covers, rocker box cover, camshaft end covers, inspection
plates and sump tanks. It is a condition that the pressure inside the components and all
elements contained therein is less than 0.18 N/mm?2 and that wet sumps have a volume not
exceeding 100 litres; or
.3 components attached to machinery which satisfy fire test criteria according to standard
ISO 19921/19922 or other standard acceptable to PRS, and which retain mechanical
properties adequate for the intended installation.
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1.6.3 Butt joints are generally to be used. Structures using fillet joints or joints affected by
bending stress will be specially considered by PRS in each particular case.

The examples of welded joints used are given in the Annex 1 to this Part of the Rules.

1.6.4 Arrangement of longitudinal welds in single straight line in the structures composed of
several sections is subject to PRS acceptance in each particular case.

1.6.5 Where high strength alloy steels (including creep resisting and heat resisting steels), cast
steel or alloy cast iron are used for the construction of machinery parts, the data concerning
chemical composition, mechanical and other special properties of material shall be submitted to
PRS to prove its suitability for the production of the part in question.

1.6.6 Materials used for the parts of steam turbines operating at high temperatures (400°C and
more) shall be subjected to tensile test at the design temperature.

When necessary, PRS may require submission of the data concerning the range of material creep
strength at the design temperature.

1.6.7 Carbon and carbon-manganese steels may be used for parts of boilers, pressure vessels
and heat exchangers with design temperatures not exceeding 400°C. Low-alloy steel may be used
for the components with design temperatures up to 500°C.

Components operating at higher temperatures may be made of the above-mentioned steels
provided the values taken for strength calculation, creep strength R,/100000 inclusive, are
guaranteed by the manufacturer and comply with the relevant standards in force.

The components and fittings of boilers and heat exchangers operating at temperature exceeding
500°C shall be made of alloy steel.

1.6.8 Upon agreement with PRS, hull steels which fulfil the requirements specified in Chapter 3,
of Part 1X - Materials and Welding may be used in the construction of pressure vessels and heat
exchangers operating at design temperatures below 250°C.

1.6.9 The use of steel alloys for the construction of boilers, pressure vessels and heat exchangers is
subject to PRS acceptance in each particular case. This requires the data concerning the mechanical
properties and creep strength of the steel and welded joints at the design temperature, technological
properties, welding procedure and heat treatment to be submitted for consideration.

1.6.10 Boiler fittings of diameter up to 200 mm for the working pressures up to 1.6 MPa and for
temperatures of up to 300°C except for safety, feeding and blow-down valves, may be
manufactured of ferritic nodular cast iron complying with the requirements specified in Chapter
15 of Part IX - Materials and Welding.

1.6.11 Parts and fittings of pressure vessels and heat exchangers of the shell diameter up to
1000 mm for working pressures up to 1.6 MPa may be manufactured of ferritic nodular cast iron
in accordance with the requirements specified in Chapter 15 of Part IX - Materials and Welding.

In other situations, the use of cast iron is subject to PRS acceptance in each particular case.

1.6.12 Copper alloys may be used for parts and fittings of boilers, pressure vessels and heat
exchangers operating at working pressures up to 1.6 MPa and design temperatures up to 250°C.

In other situations the use of copper alloys is subject to PRS acceptance in each particular case.
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1.6.13 Seamless pipes shall be generally used for parts being the subject of this Part of the Rules.
However, unless any special reservations have been expressed, upon agreement of PRS,
longitudinally or spiral welded pipes may be used, provided their equivalence with seamless pipes
has been proven.

1.6.14 Usage of materials that contain asbestos in installations, including spare parts, is
prohibited for all ships according to SOLAS II-1/3-5, IACS UI SC 249 as well as MSC.1/Circ.1374.
Rev1 and MSC.1/Circ.1379.

1.6.15 Intermediate, thrust and propeller shafts shall be made of forged steel with tensile
strength not exceeding 800 MPa.

Propeller shafts shall be ultrasonic tested during manufacture. Upon completion of machining the

following parts:

— rear end of cylindrical part of the shaft, together with about 0.3 of the taper length from its
greater diameter in the case of taper mounted propeller, or

— rear end of propeller shaft, including flange transition area in the case of flange mounted propeller,

shall be magnaflux or die penetrant tested for surface defects.

1.6.16 Solid, built-up and c.p. propellers shall be made of copper alloys or stainless cast steel.

Propellers for ships in which speed is not an essential feature, small size propellers operated in
low salinity water, as well as bosses of propellers fitted with blades of stainless cast steel, may be
made of carbon cast steel.

Materials for the coupling bolts, blades and bosses of propellers shall be so selected as to avoid
electrochemical corrosion.

1.6.17 When alloy steels, including corrosion resistant and high tensile steels, are used for the
shafts and propellers, the data on the chemical composition, mechanical and other specific
properties of the steel shall be submitted to PRS to confirm their suitability.

1.6.18 Blade fastening and locking arrangements, housings, liners and sealings shall be made of
corrosion resistant materials

1.7 Heat Treatment

1.7.1 Components in which the material structure may undergo changes as a result of welding
or plastic forming shall be subjected to appropriate heat treatment.

In the case of heat treatment applied to the welded parts, procedures shall fulfil the requirements
specified in Chapter 23, Part IX - Materials and Welding.

1.7.2 The following parts shall be subjected to normalising:
.1 cold formed parts with inner bend radius less than 9.5 times their thickness;
.2 cold formed: bottom plates of thickness exceeding 8 mm and details previously welded;
.3 hot formed parts when this operation was completed at temperature lower than that
required by the appropriate standard for plastic forming.

1.7.3 The following equipment shall be subjected to stress relief annealing after welding:
.1 welded structures of carbon steel with carbon content exceeding 0.25%;
.2 Dboilers, heat exchangers and pressure vessels Class I (see Table 8.1) made of steel, of wall
thickness exceeding 20 mm;
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.3 Dboilers, heat exchangers and pressure vessels Class II (see Table 8.1) made of carbon or
carbon-manganese steel of tensile strength greater than 400 MPa and of wall thickness
exceeding 25 mm;

4 heat exchangers and pressure vessels made of alloy steel in case the heat treatment is
required by the appropriate standards;

.5 tube plates welded of parts, the annealing being recommended to be performed prior to
drilling the holes.

1.8 Non-destructive Testing

1.8.1 The non-destructive tests during the manufacturing process shall be applied to the
following parts of machinery:
.1 shafts, rotors and rotor disks of turbines as well as the bolts connecting the casings of high
pressure turbines;
.2 shafts of main reduction gears and tillers of weight exceeding 100 kg; !
.3 gear wheels and toothed rims of weight exceeding 250 kg.!

1.8.2 The following parts shall be subjected to ultrasonic tests confirmed by report signed by
the manufacturer:

— rotor blades of main and auxiliary turbines and main turbines fixed blades.

1.8.3 Surface defect detecting tests with use of magnetic particle crack detection method or
with use of liquid dye penetrants at places agreed with PRS Surveyor shall be applied to:

— rotor blades of main and auxiliary turbines as well as fixed blades of main turbines.

1.8.4 The non-destructive tests shall be performed in accordance with the requirements
specified in Part IX - Materials and Welding.

1.8.5 Parts of internal combustion engines for which non-destructive tests are required are
listed in Table 2 of Publication 4/P (UR M72 rev. 1, table M72.2).

1.9 General Technical Requirements

1.9.1 The design and make of machinery being the subject of Part VII shall ensure reliable
operation thereof under environmental conditions specified in paragraph 1.16, Part VI - Ship and
machinery piping systems.

1.9.2 O0il fuel used in internal combustion engines and boilers shall fulfil the requirements
specified in paragraph 8.1, Part VI - Ship and machinery piping systems.

1.9.3 Hot surfaces of machinery, engines, boilers and heat exchangers, shall be insulated in
accordance with the requirements specified in paragraph 1.11, Part VI - Ship and machinery piping
systems.

1.9.4 Fasteners used in moving parts of engines and machinery, as well as those fasteners that
are inaccessible, shall be provided with special arrangements preventing their loosening.

1.9.5 The piping systems within engines, machinery and boilers shall fulfil the relevant
requirements specified in Part VI - Ship and machinery piping systems.

1 PRS may request NDT testing of torque transmitting parts of propulsion gears and thrusters having lower weight.
The scope is to be agreed with PRS.
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1.9.6 The electrical equipment of engines, boilers and machinery shall fulfil the relevant
requirements specified in Part VIII - Electrical Installations and Control Systems.

1.9.7 The parts of engines and machinery that are in contact with corrosive media shall be made
of anticorrosive materials or shall have corrosion-resistant coatings.

Protecting anodes shall be fitted in cooling spaces of machinery and coolers with sea water circulation.

1.9.8 Engines and machinery shall be provided with such measuring instruments and gauges as
are necessary to check their proper operation. The number or measuring instruments and gauges
is determined by the manufacturer and shall fulfil the requirements specified in 1.17.

Monitoring and control instruments for engines installed in unattended machinery spaces shall
fulfil the relevant requirements specified in Chapter 21 of Part VIII - Electrical Installations and
Control Systems.

1.9.9 Remote and automatic control systems, safety and alarm systems of engines and machinery
shall fulfil the relevant requirements specified in Part VIII - Electrical Installations and Control Systems.

1.9.10 Automatic control of system equipment shall not preclude local control, except for
refrigerating plants provided with two independent automatic control systems, for which the local
control is not required.

1.10 Main Engines and Main Boilers

1.10.1 In order to maintain sufficient manoeuvrability and secure control of the ship in all
normal circumstances, the main propulsion machinery shall be capable of ensuring the ship going
astern.

1.10.2 Main propulsion machinery shall be capable of maintaining in free route astern at least
70% of the rated ahead revolutions. The rated ahead revolutions should be understood as the
revolutions corresponding to the maximum continuous power of the main engine specified in the
engine certificate.

1.10.3 Where steam turbines are used for main propulsion, they shall be capable of maintaining
in free route astern at least 70% of the rated ahead revolutions for a period of at least 15 minutes.
The astern trial is to be limited to 30 minutes or in accordance with manufacturer’s
recommendation to avoid overheating of the turbine due to the effects of “windage” and friction.

1.10.4 In the case of main propulsion systems with reversing gear, controllable pitch propeller
or electric drive, running astern should not lead to the overload of propulsion machinery. If
disengaging clutch is applied in the propulsion system, engaging of the clutch must not create
overload in the propulsion system (temporary, impact, dynamic) which may lead to the damage
of the system’s elements.

1.10.5 Main propulsion systems shall undergo tests to demonstrate the astern response
characteristics. The tests shall be carried out during sea trials at least over the manoeuvring range
of the propulsion system and from all control positions. A test plan shall be provided by yard and
accepted by PRS. If specific operational characteristics have been defined by the manufacturer
these shall be included in the test plan.

1.10.6 The reversing characteristics of the propulsion plant, including the blade pitch control
system of controllable pitch propellers, shall be demonstrated and recorded during sea trials.
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Note: Provisions of 1.10.5 to 1.10.6 are applicable for ships contracted for construction on or after 1 July 2018. If the
significant repairs are carried out to main or auxiliary machinery or steering gear, it shall be considered by PRS whether
it affects impact on the response characteristics of the propulsion system. Then, the scope of sea trials shall also include
a test plan for astern response characteristics. The tests shall demonstrate the satisfactory operation under realistic
service conditions at least over the manoeuvring range of the propulsion plant, for both ahead and astern directions.
Depending on the actual extent of the repair, PRS may accept a reduction of the test plan.

1.10.7 Shipsshall be so equipped that propulsion machinery and generating sets can be brought
into operation from the dead ship condition without external aid using only the facilities available
on board.

If for this purpose an emergency air compressor or an electric generator is required, these units
shall be powered by hand or a hand starting oil-engine or a hand-operated compressor.

The arrangements for bringing main and auxiliary machinery into operation shall have capacity
such that the starting energy and any power supplies for engine operation are available within 30
minutes of a dead ship condition.

The emergency generating set may be used for bringing the machinery into operation.

1.10.8 The main engine of single engine propulsion system shall fulfil the requirements specified
in 2.4.1.

1.10.9 Generally, the number of main boilers installed aboard ships of unrestricted service shall
not be less than two. The possibility of using the main steam drive with single water tube boiler is
subject to PRS acceptance in each particular case.

1.10.10 List of recommended spare parts is given in Annex 2 to this Part VII.
1.11 Machinery Spaces

1.11.1 The arrangement of engines and machinery in machinery spaces shall be such as to
provide passages from the control stations and attendance positions to the means of escape. The
width of passages over the whole length shall be at least 600 mm.

In ships of less than 1000 tonnes gross tonnage, the width of passages may be reduced to 500 mm.

1.11.2 The width of passages along the switchboards shall fulfil the requirements specified in
4.5.7 of Part VIII - Electrical Installations and Control Systems.

1.11.3 Means of escape meeting the requirements specified in 2.3.3 of Part V - Fire Protection
shall be provided for each machinery space.

Means of escape from the shaft and pipeline tunnels shall fulfil the requirements regarding means
of escape from machinery spaces of category A and additionally be enclosed with watertight
casings extending over the uppermost load waterline. One of these means of escape may lead to
the machinery spaces.

The shaft and pipeline tunnel doors leading to the machinery spaces and to the cargo pump rooms
shall fulfil the requirements specified in subchapter 7.3 of Part Il - Hull Equipment.

1.11.4 Workshops, fuel injectors testing stations, separators’ rooms and similar spaces
enclosed within machinery spaces, may have exits to these spaces only. ECR enclosed within
machinery space shall have, except exit to this space, an independent means of escape. Where the
machinery space is small or where the exit from ECR is situated close to any machinery space
means of escape, independent means of escape from ECR need not be provided subject to PRS
consent in each particular case.
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1.11.5 If two adjacent machinery spaces intercommunicate through a door and each of them
has only one means of escape through a trunk, the trunks shall be located at the opposite sides of
the ship.

1.11.6 Exits from the machinery spaces shall lead to the places providing ready access to the
boat (embarkation) deck.

1.11.7 All the doors, as well as the covers of companionways and skylights through which it is
possible to leave the machinery spaces, shall be capable of being opened and closed both from the
inside and outside. The covers of such companionways and skylights shall bear a clear inscription
prohibiting to stow any objects on them.

Covers of the skylights which do not serve as exits shall be fitted with closing devices arranged for
locking them from the outside.

1.12 Arrangement of Engines, Machinery and Equipment

1.12.1 Engines, machinery, boilers, equipment, pipes, valves and fittings shall be so arranged as
to provide free access to them for attendance, repairs in case of failure, as well as dismounting and
removal from the ship. The requirements of 1.11.1 shall also be fulfilled.

1.12.2 For the arrangement of F.O. tanks in machinery spaces - see Part VI - Ship and Machinery
Piping Systems, 8.2.

1.12.3 Auxiliary boilers, if installed in a common space with internal combustion engines, shall
be shielded, in the area of burner, with a metal screen or other measures shall be taken to protect
the machinery space equipment against effects of a flame accidentally thrown off the furnace

1.12.4 Around auxiliary oil-fired boilers installed on platforms or in ‘tween-deck, non-
watertight spaces oil-tight coamings at least 200 mm high shall be fitted.

1.12.5 Requirements regarding the arrangement of main and emergency sources of electric
power, electrical equipment and switchboards are specified in Part VIII - Electrical Installations
and Control Systems.

1.13 Installation of Engines, Machinery and Equipment

1.13.1 Engines, machinery and equipment constituting the machinery installations shall be
installed on strong and rigid foundations. The foundation design shall fulfil the relevant
requirements specified in Chapter 12 of Part Il - Hull.

1.13.2 Boilers shall be so installed on the foundations that their welded joints do not rest on
supports.

1.13.3 To prevent boilers from shifting, special stops and stays shall be fitted, taking into
account thermal expansion of the boiler body.

1.13.4 Machinery and other equipment may be installed on the tanktop, watertight bulkheads,
shaft tunnel or oil fuel tank walls, provided they are fixed to foundations or supporting brackets
welded to stiffeners, or to these parts of plating which are directly stiffened.

1.13.5 Where itis necessary to install engines or machinery on elastic pads, the pads shall be of
a design approved by PRS, taking into account the provisions of Publication 102/P - European
Union Recognized Organizations Mutual Recognition Procedure for Type Approval. The installation
of engines on composite material pads will be subject to special consideration by PRS. Composite
materials used for the pads shall be approved by PRS.
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1.13.6 In order to ensure proper seating of the propulsion unit under all operating conditions,
the individual components (engine, gearbox) shall be effectively and permanently fixed to the
foundation (rigidly or elastically) in accordance with the manufacturer’s instructions for
installation. Calculations of admissible deflections of elastic components taking into account all
static and dynamic loads (if applicable) shall be performed and verified by PRS. It is to be ensured
that not only propeller thrust and the weight of the propulsion unit but also reaction forces of
main engine torque and ratio dependent output torque of gearbox, as well as roll and pitch inertia
loads are safely supported. If dynamic loads due to the mass acceleration are present (see Rules
for the Classification and Construction of High Speed Craft, Part II, p. 5.2.1.3 and 5.2.1.4) they shall
be included in calculations.

1.13.7 Means such as stoppers or fitted bolts are to be arranged in the case the gearbox is
subject to propeller thrust. Stoppers are fixed supports in longitudinal direction (front stoppers)
or transverse direction (side stoppers) shall have the capacity to carry the external load
independently from friction capacity in foundation bolts. Wedged or double wedged chocks shall
be used between stoppers and machinery bedplate. Wedges shall be secured by welding the entire
wedge length. Use of shims is not permitted.

1.13.8 Fasteners (bolts, studs and nuts) used for mounting machinery shall be compliant with
ISO 898-1 standard or equivalent.

1.13.9 Foundation bolts to be designed as headed bolts, and shall be installed so that a check of
the bolt preloading can be executed at any time. The requisite preloading of the foundation bolts
shall be specified acc.in accordance with manufacturer’s requirements. Bolts property class shall
be at least 8.8.

1.13.10 The bolts fixing main engines, auxiliary engines and machinery, as well as shaft
bearings to their foundations shall be secured against loosening. Tack welds are not permitted on
the foundation bolts and nuts.

1.13.11 In the case of use elastic mounts fitted with pre-tensioning screws (e.g. company Vulkan T
series) installation onboard to be performed strictly in accordance with manufacturer’s assembly
instructions. The mounts shall be pretensioned precisely and pre-tensioning bolts on the mounts may
be removed after seating the weight of the engine on the mounts, otherwise the rubber elements may
not work properly. Built-in centralized limiter ensures the security of the assembly in the case of
rubber failure and prevents abnormal deflections during extreme movements of the propulsion unit.
Limiter position shall be adjusted in accordance with manufacturer’s instructions.

1.13.12 If measurements onboard show that during static loading conditions limiters are in
contact with elastic mount adapter plate, the arrangement may be accepted provided that an
additional analysis (e.g. vibration analysis or vibration measurements) show acceptable vibration
level on engine or critical components.

Note: Transient conditions with limiter contact due to dynamic ship movement are not considered critical.

1.13.13 Seating of propulsion unit on foundation can be performed after completion of the shaftline
alignment taking into account recommended manufacturer’s alignment tolerances. Care shall be taken
that alignment of the individual propulsion unit components with respect to each other is not altered
during the seating activities. The installation instructions of the manufacturers shall be observed.

1.13.14 Engines and machinery with horizontally arranged shafts shall be installed parallel to
the ship centre line. Other orientation may be accepted, provided that the engine or machinery
construction permits its operation, being so installed, at the conditions specified in Part VI, 1.16.1
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1.13.15 The generators’ prime movers shall be installed on a common frame with the generators.
1.14 Control Devices of Main Engine

1.14.1 Starting and reversing arrangements shall be so designed and situated that each engine
can be started or reversed by one person.

1.14.2 Direction of control levers or hand-wheels movement shall be clearly indicated by an
arrow and relevant inscription.

1.14.3 At the control stations on the navigation bridge, moving the control levers of main
engines ahead or to the right, and in the case of control hand-wheels turning them clockwise, shall
correspond with the ahead running of the ship.

Upon agreement with PRS, at additional control stations, the direction of control levers or hand-
wheels may be set in a different way.

1.14.4 The design of main engine controls shall preclude the possibility of self-change of pre-
set position.

1.14.5 The controls of main engines equipped with mechanical turning gear shall have
interlocking system to preclude starting the main engine while the turning gear is engaged.

1.14.6 Itis recommended to provide an interlocking system between the engine telegraph and
the reversing and starting arrangements as to prevent the engine from running in the direction
opposite to the pre-set one.

1.14.7 Propulsion machinery orders from the navigation bridge shall be indicated in the main
machinery control room or at the manoeuvring platform as appropriate.

1.15 Machinery Controlling and Control Stations

1.15.1 Main and auxiliary machinery essential for the propulsion, control and safety of the ship
shall be provided with efficient means for its operation and control. All control systems essential
for the propulsion, control and safety of the ship shall be independent or so designed that failure
of one system does not preclude performance of another system.

It shall also be possible to control main and auxiliary machinery, essential for the propulsion and
safety of the ship, at or near the machinery concerned.

1.15.2 The local control stations of main engines shall be provided with:

— controls,

— instrumentation, as determined by the manufacturer, to supervise the operation of main
propulsion machinery,

— tachometers and indicators of the direction of propeller shaft rotation,

— indicator of blade position of controllable pitch propeller,

— means of communication.

1.15.3 Inships equipped with several main engines, reversing gears or controllable pitch propellers,
a common control station shall be provided.

1.15.4 Where remote or remote-automatic control of the main propulsion machinery is provided,
relevant requirements specified in chapters 20 and 21 of Part VIII - Electrical Installations and Control
Systems shall be fulfilled.
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1.15.5 The control stations at the wings of navigation bridge shall be so interconnected with the
bridge control station that control from each station is possible without changing-over.

1.16 Means of Communication

1.16.1 At least two independent means shall be provided for communicating orders from the
navigation bridge to the position in the machinery space or ECR from which the engines are
normally controlled. One of these shall be an engine room telegraph, which provides visual
identification of the orders and responses both in the machinery spaces and on the navigation
bridge, fitted with clearly audible signal device well distinct in tone from any other signals which
may resound in the room (see also Chapter 7 of Part VIII - Electrical Installations and Control
Systems). The second means of communication shall be independent of the engine room telegraph
and provide for verification of engine orders and responses.

A means of communication, which provides for verification of both engine orders and responses,
shall be provided from the navigation bridge and the engine room to any other position from
which the speed or direction of thrust of the propellers may be controlled. Two control positions
located close to each other may be provided with one common means of communication.

1.16.2 Two-way communication shall be provided between the engine room, auxiliary machinery
spaces and boiler space and, aboard tankers, additionally between the engine room and the cargo
pump room.

1.16.3 Means for communicating orders and responses between the navigation bridge and the
steering gear compartment shall be provided.

1.16.4 Where means of oral communication is provided, measures shall be taken to ensure clear
audibility when the machinery is running.

1.17 Instrumentation

1.17.1 The accuracy of tachometer indications shall be within +2.5% of the measuring range.
Where barred speed ranges for main engines are specified (see 16.4), they shall be clearly and
durably marked on the indicating dials of all tachometers.

1.17.2 Instruments in the oil fuel, lubricating oil and other flammable oil piping systems shall
be fitted with valves or cocks for cutting-off the instruments from the medium. Temperature
sensors shall be fitted in tight pockets.
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2 INTERNAL COMBUSTION ENGINES
2.1 General Requirements

2.1.1 The requirements of this Chapter apply to all internal combustion engines having rated
power 55 kW and more.

Application of these requirements to diesel engines having rated power below 55 kW is subject to
PRS acceptance in each particular case.

2.1.2 Atype of engine shall be defined by:

cylinder bore;

piston stroke;

fuel injection method (direct or indirect);

type of fuel (liquid, gaseous or mixed fuel);

working cycle (four-stroke or two-stroke);

gas exchange (naturally aspirated or supercharged);

maximum rated power output per cylinder, rated rotational speed and maximum effective
pressure;

.8 method of pressure charging (pulse system or constant pressure system);

.9 charging air cooling system (with or without intercoolers, number of intercooling stages);
.10 cylinder arrangement (in-line or V-type).

SNounkwinR

2.1.3 Engines are considered to be of the same type when all the parameters and data specified
under 2.1.2 are the same and when there are no essential differences in design, components and
materials.

2.1.4 The rated power" shall be ensured at the following ambient conditions:

Table 2.1.4

For ships of restricted service

Ambient conditions . )
(outside the tropics)

For ships of unrestricted service

Atmospheric pressure 100 kPa (750 mm Hg) 100 kPa (750 mm Hg)
Air temperature +45°C +40°C

Relative air humidity 60% 50%

Sea water temperature +32°C +25°C

2.1.5 The engines for main propulsion shall also fulfil the requirements of specified in 1.10
of this Part VII.

2.1.6 The scavenging spaces of crosshead engines having direct connection with cylinders, shall
be provided with fire extinguishing system agreed with PRS which shall be independent of the
machinery space fire extinguishing system.

The scavenging spaces of main engines in unattended machinery spaces shall be equipped with
fire detecting installation transmitting the alarm signal in case of fire.

2.1.7 The engines of emergency power generating sets shall be provided with self-contained
fuel, cooling as well as lubricating systems. Fuel of flash point not less than 43°C shall be used for
these engines.

) As the rated power is assumed the power as defined by the manufacturer developed for unlimited time at the
ambient conditions according to Table 2.1.4, with mechanical and thermal load not exceeding the values defined by
the manufacturer and confirmed by engine operational test.
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2.1.8 IC engines with more than 130 kW rated power output installed on ships constructed on
1 January 2000 or after that date, as well as engines subjected to substantial modification on
1 January 2000 or after that date shall fulfil the requirements specified in Publication 69/P -
Marine Diesel Engines. Control of Nitrogen Oxides Emission.

2.1.9 Marine diesel engines fitted with Selective Catalytic Reduction (SCR) System shall fulfill
requirements of regulation 13 of MARPOL Annex VI. Additional guidance for design, testing,
surveys and certification of marine diesel engines fitted with SCR system is given in Publication
98/P - Guidelines Regarding the Requirements for Marine Diesel Engines Fitted with NOx Selective
Catalytic Reduction (SCR) Systems.

2.2 Engine Frame

2.2.1 Crankcase construction and crankcase doors shall be of sufficient strength to withstand
anticipated crankcase pressures that may arise during a crankcase explosion taking into account
the installation of explosion relief valves. Crankcase doors shall be fastened sufficiently securely
for them not be readily displaced by a crankcase explosion.

2.2.2 The engine frame and adjacent parts shall be provided with draining arrangements (drain
grooves, pipes, etc.) or other means preventing penetration of fuel and water into lubricating oil
as well as penetration of oil into cooling water.

The cooling spaces of cylinder blocks shall be fitted with drain arrangements providing for
complete drying.

2.2.3 In general, crankcases shall not be provided with ventilation, nor any arrangements shall
be fitted which could cause the inrush of outside air into the crankcase. Where forced gas exhaust
from the crankcase is fitted (e.g. to detect smoke inside crankcase), the vacuum shall not exceed
0.25 kPa.

Interconnection of air pipes or lubricating oil drain pipes of two or several engines is not
permitted.

The turbo-blowers can be used for crankcase ventilation only for the engines with rated power
not exceeding 750 kW, provided reliable oil separators are fitted.

The diameter of crankcase venting pipes shall be as small as practicable. The ends of venting pipes
shall be provided with flame-arresting fittings and arranged in the way preventing water from
getting into the engine. The vent pipes shall be led to the weather deck to the places excluding the
suction of vapours into accommodations and service spaces.

2.2.4 Crankcases of engines having a cylinder bore of 200 mm and above or a volume of 0.6 m3
and above shall be provided with safety devices (explosion relief valves) of a suitable type as
follows:

.1 engines having a cylinder bore not exceeding 250 mm shall have at least one valve near
each end of the crankcase; but engines having 8 cylinders or more shall have an
additional valve fitted near the middle of crankcase;

.2 engines having a cylinder bore exceeding 250 mm, but not exceeding 300 mm, shall have
atleast one such valve in way of alternate crankthrow, with a minimum of two valves (not
less than 2 devices for each engine);

.3 engines having a cylinder bore exceeding 300 shall have at least one valve in way of each
main crankthrow.
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2.2.5 The free area of each safety valve shall be not less than 45 cm2. The combined free area of
the valves fitted on an engine must not be less than 115 cm? per cubic metre of the crankcase gross
volume. The volume of the fixed parts in the crankcase may be deduced in estimating the gross
volume, however rotating and reciprocating components shall be included in the gross volume.

2.2.6 Crankcase safety devices (explosion relief valves) shall fulfil the following requirements:

.1 they shall be of the type approved by PRS and shall have Type Approval Certificate issued
for a configuration that represents installation arrangements that will be used on an
engine. Type approval procedure is given in Publication 68/P — Type Testing Procedure for
Crankcase Explosion Relief Valves;

.2 the valves shall be designed and built for immediate opening of the valve at an
overpressure of not more than 0.02 MPa and quick closing to prevent the inrush of air into
the crankcase;

.3 crankcase safety valve discharges shall be properly shielded to provide protection for
persons being near the engine against the possible danger from emission of flame;

4 they shall 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;

.5 the valve discs in crankcase explosion relief valves shall be made of ductile material
capable of withstanding the shock of contact with stoppers at the full open position;

.6 where crankcase explosion relief valves are provided with arrangements for shielding
emissions from the valve following an explosion, the valve shall be type tested to
demonstrate that the shielding does not adversely affect the operational effectiveness of
the valve;

.7 documentation of explosion relief valves, submitted to PRS, shall include a copy of the
manufacturer’s installation and maintenance manual, pertinent to the size and type of the
valve supplied for installation on a particular engine. The manual shall contain the following
information:

— description of the valve, with details of function and design limits,

— copy of Type Approval Certificate,

— installation instructions,

— maintenance in service instructions, including testing and renewal of any sealing
arrangements,

— actions required after a crankcase explosion.

Note: A copy of explosion relief valves installation and maintenance manual shall be provided on board ship.

.8 they shall be provided with suitable markings that include the following information:
— name and address of the manufacturer,
— designation and size,
— month and year of manufacture,
— approved installation orientation.

2.2.7 Ontheboth sides of the engine there shall be fitted plates or notices warning against opening
the doors, covers or sight glasses for a period of time necessary for cooling down the engine parts
after stopping the engine. It is accepted to place such warning on the engine control position.

2.2.8 Engines having a cylinder bore 230 mm or more shall be fitted with cylinder overpressure
alarms indicating its permissible value.

2.2.9 Separate compartments of the crankcase such as gears or chain driving timing gear or
similar drives, the volume of which exceeds 0.6 m3 shall be equipped with additional explosion
relief valves fulfilling the requirements specified in paragraphs 2.2.5 and 2.2.6. Scavenge spaces
in open connection to the cylinders shall be fitted with explosion relief valves.
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2.2.10 Engine shall be provided with the following oil mist detection arrangements (or engine

bearing temperature monitors or equivalent devices):

— for alarm and slow-down purposes, in the case of low speed diesel engines of 2250 kW rated
power and above or having cylinders of more than 300 mm bore,

— for alarm and automatic shut-off purposes, in the case of medium and high speed diesel engines
of 2250 kW rated power and above or having cylinders of more than 300 mm bore.

Oil mist detection arrangements shall be type-approved by PRS. Engine bearing temperature
monitors or equivalent devices used as safety devices shall be of a type approved by PRS for such
purposes.

It is recommended that the engine be fitted with a thrust bearing high temperature alarm if the
thrust bearing is situated inside the engine and has a connection with the crankcase.

Note: An equivalent device is considered as measures applied to high-speed engines where specific design features to
preclude the risk of crankcase explosions are incorporated.

2.2.11 To protect internal combustion engine against crankcase explosion, the following
requirements shall be fulfilled:

.1 ventilation of crankcase and any arrangement which could produce a flow of external air
within the crankcase is, in principle, not permitted, except for dual fuel (DFD) engines where
crankcase ventilation shall be provided in accordance with the requirement of paragraph
2.12.3.2;

.2 where crankcase ventilation pipes are provided, they shall be as small as practicable to
minimize the inrush of air after a crankcase explosion;

.3 ifaforced extraction of the oil mist atmosphere from the crankcase is provided (e.g. for oil
mist detection purposes), the vacuum in the crankcase shall not exceed 2.5 x 104 N/mm?2
(2.5 mbar);

4 to avoid interconnection between crankcases and the possible spread of fire following an
explosion, crankcase ventilation pipes and oil drain pipes for each engine shall be
independent of any other engine;

.5 lubricating oil drain pipes from the engine sump to the drain tank must be submerged at
their outlet ends;

.6 a warning notice shall be fitted either on the control stand or, preferably, on a crankcase
door on each side of the engine. This warning notice shall specify that, whenever
overheating is suspected within the crankcase, the crankcase doors or sight holes shall not
be opened before a reasonable time, sufficient to permit adequate cooling after stopping
the engine;

.7 oil mist detectors and other monitoring arrangements, fitted to the engine, shall have
Type Approval Certificate issued by PRS or recognized classification society, shall be
tested in accordance with the requirements specified in Part VIII - Electrical
Installations and Control Systems (Table 21.3.1-1) and shall fulfil the requirements
specified in sub-paragraphs .8 to .19;

.8 oil mist detection system and arrangements shall be installed in accordance with the
engine designer’s and oil mist detection system manufacturer’s recommendations. The
following particulars shall be included in oil mist detection system instructions:

— schematic layout of oil mist detection system and alarm system showing location of
engine crankcase sample points and piping or cable arrangements, together with
dimensions of pipes to detectors,

— evidence of study to justify the selected location of sample points and sample extraction
rate (if applicable) with regard to the crankcase arrangements and geometry, as well as
the predicted crankcase atmosphere where oil mist can accumulate,
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— the manufacturer’ maintenance and test manual;
— information relating to type or in-service testing of the engine with engine protection
system test arrangements having approved type of oil mist detection system;

a copy of the oil mist detection equipment maintenance and test manual, required by .8,
shall be provided on board ship;

oil mist detection and alarm information shall be capable of being read from a safe
location away from the engine;

each engine shall be provided with its own independent oil mist arrangement and
a dedicated alarm.

oil mist detection system and alarm system shall be capable of being tested on the test
bed and on board under engine at standstill and engine running at normal operating
conditions in accordance with test procedures approved by PRS;

alarms and shutdowns for the oil mist detection/monitoring system, as well as the
system arrangements shall fulfil the requirements specified in Chapters 20 and 21, Part
VIII - Electrical Installations and Control Systems.

Where natural gas is used as fuel, the requirements for alarms and shutdowns shall be
fulfilled in accordance with applicable part of PRS Publication 117/P - Using LNG or
other Low-Flashpoint Fuels onboard Ships other than Gas Carriers;

the oil mist detection arrangements shall provide alarm indication in the event of
a foreseeable functional failure in the equipment and installation arrangements;

the oil mist detection system shall indicate that any lenses fitted in the equipment and
used in determination of the oil mist level have been partially obscured to a degree that
will affect the reliability of the information and alarm indication;

where oil mist detection system uses programmable electronic systems, the
arrangements are subject to PRS acceptance in each particular case;

plans showing details and arrangements of oil mist detection system and alarm
arrangements are subject to PRS approval in accordance with the requirements specified
in paragraph 1.3.2, sub-paragraph .28;

the equipment, together with detectors shall be tested when installed on the test bed and
on board ship to demonstrate that the detection and alarm system functionally operates.
Tests shall be performed in conditions as well as in accordance with the test programme,
approved by PRS;

where sequential oil mist detection arrangements are provided, the sampling frequency
and time shall be as short as reasonably practicable;

where alternative methods are provided for the prevention of the build-up of oil mist
that may lead to a potentially explosive condition within the crankcase, detailed
documentation shall be submitted to PRS for consideration and approval. The following
information shall be included in the documentation:

— engine particulars - type, power, speed, stroke, bore and crankcase volume,

— details of arrangements preventing the build-up of potentially explosive conditions
within the crankcase, e.g., bearing temperature monitoring, oil splash temperature,
crankcase pressure monitoring, recirculation arrangements,

— documents to demonstrate that the arrangements are effective in preventing the build-
up of potientially explosive conditions, together with details of in-service experience,

— operation and maintenance manual.

where it is proposed to use the introduction of inert gas into the crankcase to minimize

a potential crankcase explosion, documentation of the arrangements shall be submitted to

PRS for approval.
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Note: The requirements, specified in paragraph 2.2.11, apply to internal combustion engines installed on ships classed
with PRS when:

1) application for certification of an engine is dated on or after 1 January 2015; or
2) installed in new ships for which the date of contract for construction is on or after 1 January 2015.

2.2.12 Requirements regarding alarms and safeguards for emergency reciprocating I.C. engines
are in subchapter 9.4, Part VIII — Electrical Installations and Control Systems Rules for the
Classification and Construction of Sea-going Ships.

2.3 Crankshaft

2.3.1 The crankshaft shall be designed for loads resulting from the engine rated power. The
dimensions of the parts of mono-block or semi-built shafts shall fulfil the requirements of PRS
Publication 8/P - Calculation of Crankshafts for I.C. Engines.

2.3.2 The constructions of crankshafts not covered by PRS Publication 8/P or crankshafts made
of nodular cast iron with 500 < R, < 700 MPa are subject to PRS acceptance in each particular
case, provided that complete strength calculation or the experimental data are submitted.

2.3.3 Thefilletradius at the shaft junction into flange shall notbe less than 0.08 of the shaft diameter.

2.3.4 Surface hardening of the crank pins and journals shall not be applied to the fillets except
that the whole shaft has been subjected to surface hardening.

2.3.5 Reference marks shall be made on the outer side of the connection of the crank webs with
the main journals of semi-built crankshafts.

2.3.6 Where the thrust bearing is built into the engine frame, the diameter of the thrust shaft
shall not be less than that specified under15.4 of this Part VII and for ships with ice strengthening
in accordance with Publication 122/P - Requirements for Baltic Ice Class Ships and Polar Class for
Ships under PRS Supervision.

2.4 Scavenging and Supercharging

2.4.1 Inthe event of turbocharger failure, the main engine of a single-engine arrangement shall
develop a power not less than 20% of the rated power.

2.4.2 Main engines for which the turbochargers do not provide sufficient charging pressure
during the engine start and operation at low speed, shall be fitted with additional air charging
system enabling to ensure obtaining such an engine speed at which the required charging will be
ensured by the turbochargers.

2.4.3 Scavenging spaces of two-stroke engines with positive displacement type scavenging pumps,
as well as the scavenging spaces with direct connection with the cylinders, shall be provided with
safety valves set for the pressure exceeding that of scavenging air by not more than 50%.

The cross-sectional area of the safety valves shall not be less than 30 cm?2 per each cubic metre of
the scavenging space capacity, including the volume of under-piston spaces in crosshead engines
fitted with diaphragms unless these spaces are used for scavenging air compression.

2.5 Fuel System

2.5.1 High pressure fuel pipelines shall be made of thick-wall seamless steel pipes without
welded or soldered intermediate joints.
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2.5.2 All external high pressure fuel pipelines led between high pressure fuel pumps and
injectors shall be protected by a shielding system which is capable of retaining fuel in case of
damage to high pressure pipeline. The shielding system shall be provided with leak collecting
devices and fuel pipeline damage alarm.

If flexible hoses are used for shielding purpose, these shall be of an approved type.

When in return piping the pulsation of pressure with peak to peak values exceeds 2 MPa, shielding
of this piping is also required.

2.5.3 All surfaces whose temperature exceeds 220°C and where there is a risk of fuel stream
blow-out from damaged fuel piping shall be properly insulated.

2.5.4 Fuel piping shall be properly (as far as practicable) shielded or otherwise protected
against fuel or fuel leak spray onto hot surfaces, air inlets for machinery devices or other sources
of possible fire. Number of joints in such installation shall be limited to a minimum.

2.5.5 Therequirements specified in sub-chapter 12.4 of this Part VII and paragraphs 8.8.4, 8.8.6,
8.10.1.4.4, 9.3.4 and 9.3.5 of Part VI -Ship and Machinery Piping Systems apply to the fuel and
lubricating oil filters installed on the engines.

2.6 Lubrication

2.6.1 The main and auxiliary engines of output power more than 37 kW shall be equipped with
alarm devices giving audible and visible signals in the case of lubricating signal failure.

2.6.2 Every branch piece supplying lubricating oil to the engine cylinders, as well as the branch
pieces installed in the upper part of cylinder liner shall be provided with non-return valves.

2.7 Cooling

Where telescopic devices are used for cooling the pistons or supplying lubricating oil to the
moving parts, protection against water hammer shall be provided.

2.8 Starting Arrangements

2.8.1 In addition to the non-return valves required in paragraph 12.4.3 of Part VI - Ship and
Machinery Piping Systems, the starting air pipelines of diesel engines shall be provided with bursting
disks or flame arresters as follows:
— for reversible engines with main starting manifold - at each branch piece supplying the
compressed air to starting valves;
— for non-reversible engines - at the inlet to starting manifold.
This does not apply to engines with cylinder bore below 230 mm.

2.8.2 Itis recommended that the electrically started engines be equipped with engine driven
generators for automatic charging the starting batteries.

2.8.3 Automatic starting systems of emergency power generating sets engines shall fulfil the
requirements specified in sub-chapter 9.5, Part VIII - Electrical Installations and Control Systems.

2.9 Exhaust Gas System

In engines fitted with the exhaust gas turbochargers operating on the pulse principle, provision
shall be made to prevent broken piston rings and valves pieces from entering the turbocharger.
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2.10 Controls and Governors

2.10.1 The main engines shall be fitted with limiters of torque (fuel dose) preventing the engine
load exceeding the rated torque, resulting from the power output defined in conditions specified
in Table 2.1.4.

If, according to the owner’s demand, it should be possible to overload the engine in operation, the
maximum overload torque shall not exceed 1.1 of the rated torque. In that case the engine shall
be fitted with torque limiter meeting one of the following requirements:

.1 the torque limiter shall be of two-stage type to be changed over by the crew into the rated
torque and maximum overload torque, the change-over into the overload torque being
indicated on the engine control stand;

.2 the torque limiter shall be set to maximum overload torque and a visual or audible signaling
device shall be provided to give a continuous signal when the rated torque is exceeded.

2.10.2 Engines of power generating sets shall be capable of withstanding a short duration
overload with torque equal to 1.1 of the rated torque, at the rated engine speed. The engines of
power generating sets shall be fitted with limiters of torque (fuel dose) preventing the engine
against load exceeding 1.1 of the rated torque, resulting from the output power defined for the
conditions specified in Table 2.1.4.

2.10.3 The coefficient of speed fluctuation of power generating sets shall not exceed the values
specified in 4 of Annex 2 to Part VIII - Electrical Installations and Control Systems.

2.10.4 The starting and reversing arrangements shall be so arranged as to preclude:
.1 engine operation in direction opposite to the desired one;
.2 reversing the engine when the fuel supply is on;
.3 starting the engine before reversal is completed;
4 starting the engine while the turning gear engaged.

2.10.5 Each main engine shall be provided with speed governor preventing the rated speed
from being exceeded by more than 15%.

Apart from the speed governor, each main engine of a rated output of 220 kW or more which may
have a disengaged clutch or which drives a controllable pitch propeller shall be provided with
a separate overspeed governor to prevent the rated speed from being exceeded by more than 20%.

An alternative solution is subject to PRS approval in each particular case.

The device protecting against overspeed, inclusive of the dedicated driving system, shall be
independent of the required rotation speed controller - governor.

2.10.6 When electronic speed governors of main internal combustion engines form part of
a remote control system, they are to comply with the following conditions:

.1 iflack of power to the governor may cause major and sudden changes in the present speed
and direction of thrust of the propeller, back up power supply is to be provided;

.2 local control of the engines is always to be possible, and to this purpose, from the local
control position it is to be possible to disconnect the remote signal, bearing in mind that the
speed control according to 2.10.5 is not available unless an additional separate governor is
provided for such local mode of control;

.3 in addition, electronic speed governors and their actuators are to be type tested according
to Publication 11/P.
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2.10.7 Each engine intended to drive the main or emergency power generator shall be provided
with a governor ensuring fulfilment of the following requirements:

a

Legend:

Prime movers for driving generators of the main and emergency sources of electrical power
shall be fitted with a speed governor which will prevent transient frequency variations
in the electrical network in excess of + 10% of the rated frequency with a recovery time to
steady state conditions not exceeding 5 seconds, when the maximum electrical step load is
switched on or off.

In the case when a step load equivalent to the rated output of a generator is switched off,
a transient speed variation in excess of 10% of the rated speed may be acceptable, provided
this does not cause the intervention of the overspeed device (see 2.10.5).

Within the range of loads 0 - 100% of the rated load, the permanent speed after a change
of load shall not be more than + 5% from the rated speed.

Application of electrical load shall be possible with two load steps (see also .4) - so that
the generator running at no load could be loaded to 50% of the rated output of the
generator, followed by the remaining 50% after restoring the steady state speed. The
steady state condition shall be achieved in not more than 5 s. The steady state conditions
are those at which the fluctuation of speed variation does not exceed +1% of the declared
speed at the new load.

In special cases, PRS may permit the application of electrical load in more than two load
steps in accordance with Fig. 2.10.6.4 (for guidance on 4-stroke diesel engines expected
maximum possible sudden power increase), provided that this has been already allowed
for at the design stage and confirmed by the tests of the ship electric power plant. In this
case, the power of electrical equipment switched on automatically and sequentially after
the voltage recovery in bus-bars, and - for generators operating in parallel - the case of
taking over the load by one generator when the other one is switched off, shall also be
taken into account.
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Fig. 2.10.6.4.

Reference values for maximum possible sudden power increases as a function of brake mean effective pressure, Pme,

at declared power (four-stroke diesel engines)
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.5 Emergency generator sets shall fulfil the requirements specified in .1 and .2 even when:
a) their total consumer load is applied suddenly, or
b) their total consumer load is applied in steps, subject to:
— the total load is supplied within 45 seconds since power failure on the main
switchboard,
— the maximum step load is declared and demonstrated,
— the power distribution system is designed such that the declared maximum step
loading is not exceeded,
— time delay and loading sequence, specified above, are demonstrated at ship board
trials.

Each engine driving a generator of rated power 220 kW and more shall be fitted with a separate
overspeed protective device so adjusted that the speed cannot exceed the rated value by more
than 15%.

2.10.8 Power generating sets intended for the parallel operation shall fulfil the requirements
specified in sub-chapter 3.2.2, Part VIII - Electrical Installations and Control Systems.

2.10.9 Electronic governors of rotational speed shall also fulfil the relevant requirements
specified in Part VIII - Electrical Installations and Control Systems.

2.10.10 The control devices of the main IC engine and control posts shall also fulfil the
requirements specified in sub-chapters 1.14 and 1.15 of this Part VIL

2.11 Torsional Vibration Dampers
2.11.1 The damper design shall be such as to enable taking the oil samples.

2.11.2 In general, the engine lubricating oil circulation system shall be used for lubrication of
spring type torsion dampers.

2.11.3 The construction of damper installed at the free end of crankshaft shall be such as to
enable the fitting of torsional vibration measuring device.

2.12 Safety of Internal Combustion Engines Supplied with Low Pressure Gas

2.12.1 Application

The requirements apply to marine reciprocating internal combustion engines supplied with
natural gas as fuel. The scope of this chapter is intended for natural gas fuelled engines. It may
also be referred for engines using similar fuels with main component methane such as bio-
methane or synthetic methane. It shall be ensured by the gas supply system that the gas supplied
to the engine is always in gaseous state. This chapter does not cover requirements for liquid or
cryogenic gas. The engines can be dual fuel engines (hereinafter referred to as DF engines), gas
fuel only engines (hereinafter referred to as GF engines), or any variations thereof including fuel
sharing capability.

DF engines and GF engines may not be permitted for emergency applications.

The mandatory international codes for gas carriers (IGC Code) and for other ships burning low
flashpoint fuels (IGF Code - see also PRS PUB 117/P) are to be also considered, as applicable.

Specific requirements of the IGF Code as referenced in this chapter shall be applied to engine types
covered by this chapter installed on any ship, regardless of type, size and trading area, as long as
the IGC Code is not referenced or explicitly specified otherwise.
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2.12.2 Risk analysis

2.12.2.1 Scope of the risk analysis
The risk analysis is to address:

a) afailure or malfunction of any system or component involved in the gas operation of the engine
b) a gas leakage downstream of double block and bleed valves

c) the safety of the engine in case of emergency shutdown or blackout, when running on gas

d) the inter-actions between the gas fuel system and the engine.

Note: With regard to the scope of the risk analysis it shall be noted that failures in systems external to the engine, such
as fuel storage or fuel gas supply systems, may require action from the engine control and monitoring system in the
event of an alarm or fault condition. Conversely failures in these external systems may, from the vessel perspective,
require additional safety actions from those required by the engine limited risk analysis required by this chapter.

2.12.2.2 Form of the risk analysis

The risk analysis is to be carried out in accordance with international standard IEC 31010:2019:
Risk management - Risk assessment techniques, or other recognized standards.

The required analysis is to be based on the single failure concept, which means that only one
failure needs to be considered at the same time. Both detectable and non-detectable failures are
to be considered. Consequences failures, i.e. failures of any component directly caused by a single
failure of another component, are also to be considered.

2.12.2.3 Procedure for the risk analysis
The risk analysis is to:

1) Identify all the possible failures in the concerned equipment and systems which could lead:
a) to the presence of gas in components or locations not designed for such purpose, and/or
b) to ignition, fire or explosion.
2) Evaluate the consequences (see also 2.12.3)
3) Where necessary, identify the failure detection method
4) Where the risk cannot be eliminated, identify the corrective measures:
a) inthe system design, such as:
i) redundancies
ii) safety devices, monitoring or alarm provisions which permit restricted operation of
the system
b) in the system operation, such as:
i) initiation of the redundancy
ii) activation of an alternative mode of operation.

The results of the risk analysis are to be documented.

2.12.2.4 Equipment and systems to be analysed
The risk analysis required for engines is to cover at least the following aspects:

a) failure of the gas-related systems or components, in particular:
a. gas piping and its enclosure, where provided
b. gas admission valves

Note: Failures of the gas supply components not located directly on the engine, such as block-and-bleed valves
and other components of the gas supply system, are not to be considered in the analysis.

b) failure of the ignition system (oil fuel pilot injection, sparking plugs, glow plugs)
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c) failure of the air to fuel ratio control system (charge air by-pass, gas pressure control valve,
etc.)

d) for engines where gas is supplied injected upstream of the turbocharger
a. compressor, failure of a component likely to result in a source of ignition (hot spots)

e) failure of the gas combustion or abnormal combustion (misfiring, knocking)

f) failure of the engine monitoring, control and safety systems

Note: Where engines incorporate electronic control systems, a failure mode and effects analysis (FMEA) is to be
carried out in accordance with UR M44, Table 1, Footnote 5.

g) presence of gas in engine components (e.g. air inlet manifold or scavenge space and exhaust
manifold) and in the external systems connected to the engines (e.g. exhaust duct cooling
water system, hydraulic oil system, etc.).

h) changes of operating modes for DF engines

i) hazard potential for crankcase fuel gas accumulation, for trunk-piston engines refer to IGF
Code 10.3.1.2 and UR M10.

j)  risk of crankcase explosion in connection with active crankcase ventilation which produces
a flow of external air into the crankcase, (see UR M10).

2.12.3 General principles

2.12.3.1 The manufacturer is to declare the allowable gas composition limits for the engine and
the minimum and (if applicable) maximum methane number.

2.12.3.2 Components containing or likely to contain gas are to be designed to:

a) minimize the risk of fire and explosion so as to demonstrate and appropriate level of safety
commensurate with that of an oil-fuelled engine;

b) mitigate the consequences of a possible explosion to a level providing a tolerable degree of
residual risk, due to the strength of the component(s) or the fitting of suitable explosion relief
devices of an approved type.

The strength of the component(s) of arrangement of explosion relief devices shall be documented
(e.g., as part of risk analysis) or otherwise demonstrated to be sufficient for a worst-case explosion

Also refer to the IGF Code 10.2 and 10.3.

Note:

1. Discharge from explosion relief devices shall prevent the passage of flame to the machinery space and to be arranged
such that the discharge does not endanger personnel or damage other engine components or systems;
2. Explosion relief devices shall be fitted with a flame arrester.

2.12.4 Design Requirements for Gas Piping

The requirements apply to engine-mounted gas piping. The piping shall be designed in
accordance with the criteria for gas piping (design pressure, wall thickness, materials, piping
fabrication and joining details etc.) as given in IGF Code chapter 7, or IGC Code chapter 5.1 to 5.9
and 16 as applicable.

Other connections as mentioned in IGF Code 7.3.6.4.4 may be accepted subject to type approval in
accordance with the requirements of UR P2.7 and P2.11.

All single walled or high-pressure gas pipes should be considered as Class 1.
Low pressure double walled gas pipes should be considered as Class II.
All secondary enclosures for gas pipes should be considered as Class II.
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Single walled gas vent pipes, if permitted, should be considered as Class I, except it is justified that
the maximum built up pressure is less than 5 bar gauge, in which case it should be considered as
Class II.

Gas vent pipes protected by a secondary enclosure should be considered as Class II.
Secondary enclosure for vent pipes should be considered as Class III.

Table 2.12.4: Design pressure for gas pipes

Design pressure
Gas pipe, low pressure see IGF 7.3.3.1 see IGC Code 5.4.1
Gas pipe, high pressure see IGF 7.3.3.1 see IGC Code 5.4.1
outer pipe, low pressure see IGF Code 9.8.1 see IGC Code 5.4.4
outer pipe, high pressure see IGF Code 9.8.2 see IGC Code 5.4.4
Open ended pipes see IGF Code 7.3.3.2 see IGC Code 5.4.1

Flexible bellows used in the fuel gas system on the engine shall be approved based on the
requirements of IGF Code 16.7.2, and IGC Code 5.13.1.2, as applicable.

The number of cycles, pressure, temperature, axial movement, rotational movement and transverse
movement which the bellow will encounter in actual service on the engine should be specified by
the engine designer.

Endurance against high cycle fatigue due to vibration loads shall be verified by testing or
alternatively be documented by the Expansion Joint Manufacturers Association, Inc. (EJMA)
calculation or equivalent (i.e.,, more than 107 cycles).

Note: The fatigue test due to ship deformations in IGF 16.7.2.4 is considered not relevant for bellows which are an
integral part of the engine.

2.12.4.1 Arrangement of the Gas Piping System on the Engine

Pipes and equipment containing fuel gas are defined as hazardous area Zone 0 (refer to IGF Code
12.5.1).

The space between the gas fuel piping and the wall of the outer pipe or duct is defined as
hazardous area Zone 1 (refer to IGF Code 12.5.2.6).

2.12.4.2 Normal “Double Wall“ Arrangement

The gas piping system on the engine shall be arranged according to the principles and
requirements of the IGF Code 9.6. For gas carriers, IGC Code 16.4.3 applies. The design criteria for
the double pipe or duct are given in the IGF Code 9.8 and 7.4.1.4.

In case of a ventilated double wall, the ventilation inlet is to be located in accordance with the
provisions of the IGF Code, regulation 13.8.3. For gas carriers, IGC Code 16.4.3.2 applies.

The pipe or duct is to be pressure tested at 1.5 x design pressure to ensure gas tight integrity and
to show that it can withstand the expected maximum pressure at gas pipe rupture.

2.12.4.3 Alternative Arrangement

Single walled gas piping is only acceptable:

a) for engines supplied with low pressure gas and installed in ESD protected machinery spaces,
as defined in IGF Code 5.4.1.2 and in compliance with other relevant parts of the IGF Code
(e.g.5.6);

b) in the case as per footnote to par. 9.6.2 of IGF Code.
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For gas carriers, the IGC Code applies.

In case of gas leakage in an ESD - protected machinery space, which would result in the shutdown
of the engine(s) in that space, a sufficient propulsion and manoeuvring capability including
essential and safety systems is to be maintained. Therefore the safety concept of the engine is to
clearly indicate application of the “double wall“ or “alternative” arrangement.

Note: The minimum power to be maintained is to be assessed on a case-by-case basis from the operational characteristics of
the ship.

2.12.5 Charge Air System and exhaust gas system on the Engine

The charge air system and the exhaust gas system on the engine are to be designed in accordance
with 2.12.3.2.

In case of a single engine installation, the engine is to be capable of operating at sufficient load to
maintain power to essential consumers after opening of the explosion relief devices caused by an
explosion event. Sufficient power for propulsion capability is to be maintained.

Note: Load reduction is to be considered on a case-by-case basis, depending on engine configuration (single or multiple)
and relief mechanism (self-closing valve or rupture disk).

Continuous relief of exhaust gas (through open rapture disc) into the engine room or other
enclosed spaces is not acceptable.

Suitable explosion relief system for air inlet manifolds, scavenge spaces and exhaust system
should be provided unless designed to accommodate the worst-case overpressure due to ignited
gas leaks or justified by the safety concept of the engine. A detailed evaluation regarding the
hazard potential of overpressure in air inlet manifolds, scavenge spaces and exhaust system
should be carried out and reflected in the safety concept of the engine.

Explosion relief devices for air inlet and exhaust manifold shall be type approved according to UR
M82.

The necessary total relief area and the arrangement of the explosion relief devices shall be
determined taking into account:

— the worst-case explosion pressure depending on initial pressure and gas concentration,

— the volume and geometry of the component, and

— the strength of the component.

The arrangement shall be determined in the risk analysis (see 2.12.2.4g) and reflected in the safety
concept.

2.12.6 Engine Crankcase
2.12.6.1 Crankcase Explosion Relief Valves

Crankcase explosion relief valves are to be installed in accordance with UR M9. Refer also to IGF
Code 10.3.1.2.

For engines not covered by M9, the detailed evaluation as required in 2.12.2.4 1) is to determine if
crankcase explosion relief valves are necessary.

2.12.6.2 Inerting

For the maintenance purposes, a connection, or other means, are to be provided for the crankcase
inerting and ventilating and gas concentration measuring.

2.12.6.3 Crankcase ventilation
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Ventilation of crankcase (either supply or extraction), if arranged, is to comply with UR M10.
Relevant evidence is to be documented in Safety Concept.

The ventilation systems for crankcase, sump and other similar engine spaces are to be
independent from the systems on the other engines.

2.12.7 Gas Ignition in the Cylinder
Requirements of IGF Code 10.3 apply. For gas carriers, IGC Code 16.7 applies.

2.12.8 Gas Admission Valves

Electrically operated gas admission valves shall be certified as follows:

1) The inside of the valve contains gas and shall therefore be certified for Zone 0.

2) When the valve is located within a pipe or duct in accordance with 2.12.4.2, the outside of the
valve shall be certified for Zone 1.

3) When the valve is arranged without enclosure in accordance with the ESD-protected
machinery space (see 2.12.4.3) concept, no certification is required for the outside of the
valve, provided that the valve is de-energized upon gas detection in the space.

However, if they are not rated for the zone they are intended for, it shall be documented that they
are suitable for that zone. Documentation and analysis are to be based on IEC 60079-10-1:2015
or IEC 60092-502:1999.

Gas admission valves operated by hydraulic oil system are to be provided with sealing
arrangement to prevent gas from entering the hydraulic oil system.

2.12.9 Specific Design Requirements
2.129.1 DF Engines
2.12.9.1.1 General

The maximum continuous power that a DF engine can develop in gas mode may be lower than the
approved MCR of the engine (i.e. in oil fuel mode), depending in particular on the gas composition
and its quality or the engine design.

The maximum power continuous available in gas mode and the corresponding conditions shall be
stated by the engine.

2.12.9.1.2 Starting, Changeover and Stopping

DF engines are to be arranged to be started using either oil fuel or gas fuel and with pilot oil fuel
for ignition. The engines are to be arranged for rapid changeover from gas use to fuel oil use. In
the case of changeover to either fuel supply, the engines are to be capable of continuous operation
using the alternative fuel supply without interruption to the power supply.

Changeover to gas fuel operation is to be only possible at a power level and under conditions
where it can be done with acceptable reliability and safety as demonstrated through testing.

Changeover from gas fuel operation mode to oil fuel operation mode is to be possible at all
situations and power levels.

The changeover process itself from and to gas operation is to be automatic but manual
interruption is to be possible in all cases.

If the power level or other conditions do not allow safe and reliable gas operation, changeover to
oil fuel mode shall be automatically performed.
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In case of shut-off the gas supply, the engines are to be capable of continuous operation by oil fuel only.

2.12.9.1.3 Pilot Injection

Gas supply to the combustion chamber is not to be possible without operation of the pilot oil
injection.

Note: Pilot injection is to be monitored for example by fuel oil pressure and combustion parameters.

2.12.9.2 GF Engines

2.12.9.2.1 SparkIgnition System

In case of failure of the spark ignition, the engine is to be shutdown except if this failure is limited
to one cylinder, subject to immediate shut off of the cylinder gas supply and provided that the safe
operation of the engine is substantiated by the risk analysis and by tests.

2.12.9.3 Pre-Mixed Engines
2.12.9.3.1 Charge Air System

Inlet manifold, turbo-charger, charge air cooler. etc. are to be regarded as parts of the fuel gas
supply system. Failures of those components likely to result in a gas leakage are to be considered
in the risk analysis.

Flame arrestors are to be installed before each cylinder head, unless otherwise justified in the risk
analysis, considering design parameters of the engine such as the gas concentration in the charge
air system, the path length of the gas -air mixture in the charge air system, etc.

2.12.9.4 Two-stroke engines

2.12.9.4.1 Scavenge air system

The risk analysis required in 2.12.2 is to cover the possible gas accumulation in a scavenge space.

2.12.9.4.2 Crankcase

The risk analysis required in 2.12.2 is to cover the possible failure of a piston rod stuffing box.

2.13 Control and Protection Systems of Dual Fuel Diesel Engines (DFD) Supplied
With High Pressure Methane Gas

2.13.1 General

The control and protection systems of DFD engines used for propulsion and/or auxiliary power
generation purposes in ships, as far as found applicable, must be compliant with requirements
of the IGC or IGF Code for DFD engines.

2.13.2 Application

In addition to the requirements for oil firing diesel engines specified by the Rules, and the
requirements contained in chapters 5 and 16 of the IGC Code, as far as found applicable, the
following requirements shall be applied to dual-fuel diesel engines utilizing high pressure
methane gas (NG):

2.13.3 Operation Mode

2.13.3.1 DFD engines shall be of a dual-fuel type employing pilot fuel ignition and shall be capable
of immediate change-over to oil fuel only.
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2.13.3.2 Only oil fuel shall be used when starting the engine.

2.13.3.3 Only oil fuel shall, in principle, be used when the operation of an engine is unstable
and/or during maneuvering and port operations.

2.13.3.4 In case of shut-off of the gas fuel supply, the engines shall be capable of continuous
operation by oil fuel only.

2.13.4 Protection of Crankcase

2.13.4.1 Crankcase relief valves shall be fitted in way of each crankthrow. The construction and
operating pressure of the relief valves shall be determined taking account of explosions due to gas
leaks.

2.13.4.2 If a trunk piston type engine is used as DFD engine, the crankcase shall be protected by

the following measures:

— ventilation shall be provided to prevent the accumulation of leaked gas, the outlet for which
shall be led to a safe location in the open space through flame arrester;

— gas detecting or equivalent equipment. It is recommended that means for automatic injection
of inert gas be provided;

— oil mist detector.

2.13.4.3 If a cross-head type engine is used as DFD, the crankcase shall be protected by oil mist
detector or bearing temperature detector.

2.13.5 Protection for Piston Underside Space of Cross-Head Type Engine

2.13.5.1 Gas detecting or equivalent equipment shall be provided for piston underside space of
cross-head type engine.

2.13.6 Engine Exhaust System

2.13.6.1 Explosion relief valves or other appropriate protection system against explosion shall be
provided in the exhaust, scavenge and air inlet manifolds.

2.13.6.2 The exhaust gas pipes from DFD engines shall not be connected to the exhaust pipes of
other engines or systems.

2.13.7 Starting Air Line
2.13.7.1 Startingair branch pipes to each cylinder shall be provided with effective flame arresters.
2.13.8 Combustion Control

2.13.8.1 A failure mode and effect analysis (FMEA) examining all possible faults affecting the
combustion process shall be submitted.

Details of required monitoring will be determined based on the outcome of the analysis. However,
the following table may serve as guidance.

Table 2.13.8.1

Faulty condition Alarm Aut. shut-off of the

interlocked valves®
Function of gas fuel injection valves and pilot oil fuel injection valves X X
Exhaust gas temperature at each cylinder outlet and deviation from average X X
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Cylinder pressure or ignition failure of each cylinder X X

It is recommended that the gas master valve is also closed.
2.13.9 Gas Fuel Supply
2.13.9.1 Flame arresters shall be provided at the inlet to the gas supply manifold for the engine.

2.13.9.2 Arrangements shall be made so that the gas supply to the engine can be shut-off manually
from starting platform or any other control position.

2.13.9.3 The arrangement and installation of the gas piping shall provide the necessary flexibility
for the gas supply piping to accommodate the oscillating movements of DFD engine, without risk of
fatigue failure.

2.13.9.4 The connecting of gas line and protection pipes or ducts regulated in 2.12.9.1 to the gas
fuel injection valves shall provide complete coverage by the protection pipe or ducts.

2.13.10 Gas Fuel Supply Piping System

2.13.10.1 Gas fuel piping may pass through or extend into machinery spaces or gas-safe spaces
other than accommodation spaces, service spaces and control stations, provided that they fulfil one
of the following:

.1 The system complies with 16.4.3.1 of IGC Code, and in addition, with a), b) and c) given below.

a) The pressure in the space between concentric pipes is monitored continuously.
Automatic valves specified in 16.4.5 of IGC Code (hereinafter referred to as
“interlocked gas valves”) and the master gas fuel valves specified in 16.4.6 of IGC Code
(hereinafter referred to as “master gas valves”) shall be closed before the pressure
drop to below the inner pipe pressure (however, an interlocked gas valve connected
to vent outlet shall be opened) and an alarm shall activate.

b) Construction and strength of the outer pipes shall fulfill the chapter 5 of IGC Code.

c) Itshall be so arranged that the inside of the gas fuel supply piping system between the
master gas valve and the DFD engine shall be automatically purged with inert gas, when
the master gas valve is closed; or

.2 The system complies with 16.4.3.2 of IGC Code, and in addition, with a) through d) given
below.

a) Materials, construction of protection pipes or ducts and mechanical ventilation systems
shall have sufficient strength in case of bursting and rapid expansion of high pressure
gas in the event of gas pipe burst.

b) The capacity of mechanical ventilating system shall be determined taking into account
the flow rate of gas fuel and construction and arrangement of protective pipes or
ducts, as deemed appropriate by the PRS.

c) The air intakes of mechanical ventilating systems shall be provided with non-return
devices effective for gas fuel leaks. However, if a gas detector is fitted at the air intakes,
these requirements may be dispensed with.

d) The number of flange joints of protective pipes or ducts shall be minimized; or

.3 Alternative arrangements to those given in paragraph .1 and .2 will be specially considered
based upon an equivalent level of safety.

2.13.10.2 Sufficient constructive strength of high pressure gas piping system shall be ensured by
carrying out stress analysis taking into account the stresses due to the weight of the piping system
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including acceleration load when significant, internal pressure and loads induced by hog and sag of
the ships.

2.13.10.3 All valves and expansion joints used in high pressure gas fuel supply lines shall be of
approved type.

2.13.10.4 Joints on entire length of the gas fuel supply lines shall be butt-welded joints with full
penetration and to be 100% radiographed, except situations where are separately considered by
the PRS.

2.13.10.5 Pipe joints other than welded joints are subject each time to separate PRS approval.

2.13.10.6 For all butt-welded joints of high pressure gas fuel supply lines, post-weld heat
treatment shall be performed depending on the kind of material.

2.13.11 Gas Fuel Supply Shut-off

2.13.11.1 Inaddition to the cases specified in 16.4.5 of IGC Code, supply of gas fuel to DFD engines
shall be shut off by the interlocked gas valves in the following cases;

— conditions specified in 2.12.7.1 occur,

— DFD engine stops for any reason,

— conditions specified in 2.12.9.1.1 (a) occur.

2.13.11.2 In addition to the cases specified in 16.4.6 of IGC Code, the master gas valve shall be
closed if any of the following conditions occur:

— oil mist detector or bearing temperature detector specified in 2.12.3.2 and 2.12.3.3 detects failure,
— any kind of gas fuel leakage is detected,

— condition specified in 2.12.9.1.1a) occurs,

— conditions specified in 2.12.11.1 occur.

2.13.12 Emergency Stop of DFD Engines

2.13.12.1 DFD engine shall stop before the gas concentration detected by the gas detectors
specified in 16.3.2 of IGC Code reaches 60% of lower flammable limit.

2.13.13 Gas Fuel Make-up Plant and Related Storage Tanks

2.13.13.1 Construction, control and safety system of high pressure gas compressors, pressure
vessels and heat exchangers constituting a gas fuel make-up plant shall satisfy the PRS
requirements.

2.13.13.2 The possibility for fatigue failure of the high pressure gas piping due to vibration shall
be taken into account.

2.13.13.3 The possibility for pulsation of gas fuel supply pressure caused by the high-pressure
gas compressor shall be taken into account.
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3 TURBINES

3.1 Application

The requirements specified in this Chapter apply to the turbines for main propulsion and to those
driving electric generators and auxiliaries.

3.2 Steam Turbines
3.2.1 General Requirements

3.2.1.1 The main geared turbine set shall be so designed as to enable the reversing from full speed
ahead at the rated power to astern speed, and the reversing in the opposite direction using the
backsteam.

3.2.1.2 Turbines intended to be installed onboard ships as the main turbines shall also fulfil the
requirements specified in sub-chapter 1.10 of this Part VII. In multi-screw ships with fixed pitch
propellers an astern turbine shall be provided to each shaft.

3.2.1.3 Turbines driving auxiliary machinery shall be of such design as to be capable of being
started without preheating.

3.2.1.4 Insingle screw vessels with multi-case turbines, provision shall be made for safe operation
when the steam inflow to any casing is shut down. For this purpose, the steam may be supplied
directly to the low-pressure turbine and from the high or medium-pressure turbine the steam may
be led directly to the condenser.

Suitable means and control systems shall be provided for operation in such conditions such as the
steam pressure and temperature not to exceed the values that are safe for the turbine and
condenser.

The pipes and valves for these means must be readily available and properly marked. A fit up test
of all combinations of pipes and valves shall be performed prior to the first sea trials.

The permissible power/speeds when operating without one of the turbines (all combinations of
pipes and valves) shall be specified and information provided on board.

The operation of the turbines under emergency conditions shall be assessed for the potential
influence on shaft alignment and gear teeth loading conditions.

3.2.2 Rotor

3.2.2.1 The strength of rotor parts shall be calculated for the maximum power, as well as for other
possible loads at which the stress may rise to the maximum values.

3.2.2.2 Moreover, a check calculation of the stress shall be made for the rotor and parts thereof
running at the speed exceeding the maximum values by 20%.

3.2.2.3 The rotor critical speed shall be in excess of the rated speed corresponding to the rated
power by not less than 20%.

3.2.2.4 The difference between rotor critical speed and rated speed can be reduced, provided the
reliability of the turbine has been proved for all operating conditions of load.

3.2.2.5 Each new design of blading requires a calculation of vibration with subsequent
experimental verification of the vibration characteristics.
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3.2.2.6 The constructions of blade tenon with detachable part of the disk side and other similar
constructions, which may cause considerable local weakening of the rim, are not allowed.

3.2.2.7 Completely assembled turbine rotors shall be dynamically balanced in a machine of
sensitivity adequate to the size and weight of the rotor.

3.2.3 Casing

3.2.3.1 In cast steel turbine casings it is permitted for some cast elements and branches for
connecting receivers, tubes and fittings to be joined by welding.

3.2.3.2 The connection of astern turbine inlet branch with the outer turbine casing shall ensure
free thermal deformation of these parts.

3.2.3.3 Gaskets shall not be used between the flanges of horizontal and vertical joints of turbines.
The joint planes are allowed to be coated with graphite paste for the purpose of packing.

3.2.3.4 The diaphragms fixed in the turbine casing shall have a possibility of radial thermal
expansion within permissible misalignment.

3.2.3.5 The diaphragms shall be designed for a load corresponding to the maximum pressure
drop in the stage. The actual deflection of the diaphragms shall be less than that which may cause
contact of diaphragm with a disk or seizure of the diaphragm packing.

3.2.3.6 The low-pressure turbine casing shall be provided with openings for the inspection of
blades, their fastenings and shroud in the last stages. The turbines integrated with condensers shall
be provided with openings for the inspection of the upper rows of condenser tubes and, where
possible, for providing access inside the condenser.

3.2.3.7 Theturbine shall be so designed as to allow lifting of bearing caps without dismantling the
turbine casing, ends of sealing arrangements and pipelines.

3.2.4 Bearings

3.2.4.1 Slide bearings shall be used in the main turbines. For turbines designed for quick startup
when in cold condition, it is recommended to use bearings with self-aligning shells.

3.2.4.2 Thrustbearings of the main turbines are, as a rule, to be of a single-collar type. The use of
bearings of other types is subject to PRS acceptance in each particular case.

3.2.4.3 The bearings loaded with specific pressure of more than 2 MPa are recommended to be
fitted with devices for automatic equalisation of pressure exerted in the pad.

3.2.4.4 The thickness of antifriction lining of thrust bearing pads shall be less than the minimum
axial clearance in the turbine blading, however not less than 1 mm.

3.2.5 Steam Suction, Gland-sealing and Blowing Systems

3.2.5.1 The main turbine sets shall be provided with a steam suction and gland-sealing system
with automatic control of sealing steam pressure.

In addition to the automatic control, provision shall be made for manual control of the steam
suction and gland-sealing system.

3.2.5.2 Each turbine shall have a blowing system to ensure complete removal of condensate from
all stages and spaces of the turbine.

54 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part VII - Main and Auxiliary Machinery and Equipment, Chapter 3 - Turbines January 2025

The blowing system shall be so arranged as to prevent the condensate from entering the idle
turbines.

3.2.6 Control, Safety Devices and Governors

3.2.6.1 Controls of manoeuvring valves for turbine set 7500 kW and more shall be power-driven;
emergency manual control of the valves shall also be provided.

3.2.6.2 The time required for resetting the controls of the turbine set manoeuvring gear from full
ahead to full astern or vice versa shall not be more than 15 seconds.

The construction of manoeuvring gear shall be such as to make impossible the simultaneous
admission of steam to the ahead turbine and to astern turbine.

3.2.6.3 Main and auxiliary turbines shall be provided with an emergency protective device (quick-
closing stop valve) to shut off automatically the admission of steam to the turbine when the
rotational speed is exceeded by 15%.

PRS may approve a single emergency overspeed device (quick closing-stop valve) for two or more
turbines connected with the same gear.

The quick-closing stop valve shall be actuated by an overspeed protective device connected
directly with the turbine shaft.

A hydraulic switch actuated by impeller driven directly by the turbine shaft may be used as the
overspeed protective device.

The speed governors of turbine sets intended for driving electric power generators shall fulfil the
requirements specified in paragraph 2.10.6.

3.2.6.4 Each turbine shall be fitted with a device to shut off the steam in emergency. This device,
closing immediately the quick-acting stop valve, shall be activated manually.

In main turbo-electric propulsion set, this device shall be operated from two positions, one located
at one of the turbines and the other in the control station.

In auxiliary turbo-electric sets, this device shall be fitted close to the overspeed protective device.

As such device (so called emergency stop) is considered each manually activated device,
irrespective of the means of the activating pulse transmitting, for instance mechanically or with
use of external power.

3.2.6.5 Where turbine installation comprises a reverse gear, c.p. propeller or other free-coupling
arrangement or is a turbo-electric set, a separate speed governor shall be fitted to be capable of
controlling the speed of the unloaded turbine without bringing the overspeed protective device into
action.

3.2.6.6 Where exhaust steam from auxiliary systems is led to the main turbine, it shall be cut off
at activation of the overspeed protective device.

3.2.6.7 The auxiliary turbines for driving electric generators shall be fitted with:

— speed governor keeping the momentary variations of rotational speed within 10% and the
steady state rotational speed under newly established conditions within 5% in case of abrupt
drop of full load, and

— safety governor, in addition to the speed governor, preventing the rotational speed to be
exceeded by more than 15% (see also 3.2.6.3).
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3.2.6.8 The main turbines for ahead drive shall be fitted with quick acting device shutting off the
admission of steam in case of dangerous drop of pressure in the bearing lubrication system. This
device shall not close the steam flow to the astern turbine.

Where deemed necessary, PRS may require appropriate means to be provided to protect the
turbines in case of:

— abnormal axial rotor displacement,

— excessive condenser pressure,

— too high condensate level.

3.2.6.9 Auxiliary turbines with speed governors other than hydraulic ones using the oil from the
turbine lubricating system, shall be fitted with alarm devices and means of cutting-off the steam flow
in case of oil pressure drop in the lubricating system of bearings.

3.2.6.10 Main turbines shall be provided with effective emergency supply of lubricating oil
actuated automatically in case of the pressure drop below the preset value.

The emergency supply of lubricating oil may be secured from a gravitational tank of sufficient
capacity for proper lubrication until the turbine stops or with use of other, equivalent means. If
emergency pumps are used for this purpose, their operation cannot be affected by the power decay.

A device cooling the bearings after stopping the turbine may be required.

3.2.6.11 To provide a warning to personnel of excessive pressure, sentinel valves or equivalent
shall be provided at the exhaust end of all turbines. The valve discharge outlets shall be visible and
suitably guarded if necessary.

Where the pressure of inlet steam of auxiliary turbines exceeds the design pressure of the turbine
stage to which the steam from the auxiliary turbine outlet is admitted, the casing of this stage and
the inlet pipeline shall be provided with devices relieving the pressure if higher than the design
value.

3.2.6.12 The steam pipelines shall be fitted with non-return valves or other approved devices
preventing the return of steam or condensate to the turbine.

3.2.6.13 Efficient steam strainers shall be provided close to the inlets to ahead and astern high
pressure turbines or, alternatively, at the inlets to manoeuvring valves.

3.3 Gas Turbines

3.3.1 Definitions

3.3.1.1 Gas turbine means in Chapter 3.3, the engine consisting of:

— compressor,

combustion chamber(s),

gas generator turbine and heat exchanger (if applicable),

— power turbine,

together with foundation, control devices and all integrated auxiliary systems.

3.3.1.2 In Chapter 3.3, a turbine means a gas generator turbine as well as power turbine.

3.3.2 Reference Conditions

The model reference atmosphere shall be taken in accordance with standard ISO 2314:
— temperature 15°C
— relative humidity 60%
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— atmospheric pressure 101.3 kPa (760 mm Hg).
3.3.3 Arrangement

3.3.3.1 The air-inlet system shall be so located and designed as to exclude, as far as possible, the
entrance of harmful foreign matter, including seawater and exhaust gas. Where considered
necessary, the air intake system shall incorporate filtration system and de-icing arrangements. No
screwed joints shall be used in the air intake ducting structure. Riveted joints are not recommended.

3.3.3.2 The exhaust outlets shall be so located and arranged as to preclude, as far as possible,
reverse suction of combustion gases to the compressor.

3.3.3.3 Multi-engine installations shall have inlets as well as outlets separated, and shall be so
designed as to prevent induced circulation through a stopped turbine.

3.3.3.4 Pipe or duct connections shall be made in such a way as to prevent the transmission
of excessive loads or torques to the turbine casing. Pipes and ducts connected to casings as well as
platform gratings shall be so arranged that thermal expansion is not restricted.

3.3.3.5 Hand trip gear for shutting off the fuel in an emergency shall be provided locally at the
turbine control platform and, where applicable, at other control stations.

3.3.3.6 If the temperature on the gas turbine outer surface exceeds 220°C and the casing cannot
be insulated in a way that excludes leakage of flammable fluid onto that surface, then the gas turbine
shall be fitted within an enclosure. The enclosure shall be provided with an appropriate mechanical
ventilation, a fire detection system and automatic fire extinguishing system.

3.3.4 Design

3.3.4.1 Insulation of gas turbine shall fulfil the requirements specified in paragraph 1.9.8 of Part
VI - Machinery Installations and Refrigerating Plants.

3.3.4.2 The design of the gas turbine shall assure that, after possible failure and separation of any
rotor blade, no damage is done to the structure outside turbine and compressor casings.
Particularly, the possibility of subsequent fire, fuel or any other combustible fluid leak and injury to
the personnel shall be avoided.

3.3.4.3 The service life between major overhauls, as set by the manufacturer and confirmed with
tests, in general, shall not be less than 5000 hours, for typical operational conditions of the ship.

3.3.5 Starting Arrangements

3.3.5.1 Starting program, if applicable, shall ensure that the starting is aborted if during the
starting sequence the appropriate check parameters, such as rotating speed, air pressure after
compressor etc., are not met.

3.3.5.2 With use of automatic or interlocked means, clearing all parts of the main gas turbine of
the accumulation of liquid fuel or purging gaseous fuel shall be ensured before ignition commences
on.

Prior to each ignition, the purge phase shall be of sufficient duration to displace the gas turbine
volumes minimum 3 times.

3.3.5.3 If the ignition does not occur within a preset time, the control system shall automatically
abort the firing operation, shut off the main fuel valve and commence a purge phase.
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3.3.6 Controls and Governors

3.3.6.1 All turbines shall be provided with overspeed protective device independent of the speed
governor, to prevent the r.p.m. exceeding the rated speed by more than 15%.

3.3.6.2 Propulsion turbines coupled to reverse gear, electric transmission, controllable-pitch
propeller, or other free-coupling arrangement shall be fitted with a separate independent speed
governor system. This governor system shall be capable of controlling the speed of the unloaded
turbine without bringing the overspeed protective device into action.

3.3.6.3 Each turbine driving the main or emergency electric generator shall fulfil the
requirements specified in paragraphs 2.10.6.1, 2.10.6.2 and 2.10.6.3. However, if the sum of all
emergency loads that can be automatically connected is more than 50% of the full load of the
emergency generator, the turbine shall be able to accept that sum of the emergency loads.

3.3.6.4 Gas turbines shall be fitted with automatic control systems to maintain within acceptable
limit the temperatures in the following systems, throughout the turbines’ normal operating ranges:
— lubricating oil,

— fuel oil (or, in lieu of temperature, viscosity),

— exhaust gas.

3.3.7 Monitoring Systems on Ships with Continuous Machinery Watch

3.3.7.1 Monitoring systems shall fulfil the relevant requirements for automatic and remote
control systems in Part VIII - Electrical Installations and Control Systems, Chapters 20.1, 20.2, 20.3,
20.4. Additionally, the monitoring systems shall fulfil the relevant requirements of Part VIII,
Chapters 20.5 and 20.6, the scope of the compliance is subject to PRS acceptance in each particular
case.

3.3.7.2 Unless the FMEA required in 1.3.3.1.16 proves otherwise, the shutdown functions for gas
turbines are to be provided in accordance with Table 3.3.7.2-1. Other gas turbines shall be fitted with
alarm and safety systems in accordance with Tab. 3.3.7.2-2. For gas turbines having a rated power
of less than 100 kW, those requirements may be lowered after an agreement with PRS.

3.3.7.3 The main propulsion gas turbines shall be equipped with alarm systems mentioned in
Table 3.3.7.2-1. Taking into account the result of FMEA specified in 1.3.3.1.16, the alarms may be
added or omitted.

3.3.7.4 Shutdown by the safety system shall be executed by a quick shutting-off the fuel supply to
the turbines, near the burners.

3.3.7.5 In addition to the alarms specified in Tab. 3.3.7.2-1, it is recommended that a low level
alarm for lubricating oil system tank be provided.

Table 3.3.7.2-1
Monitoring systems for main propulsion turbines

Alarm system:
No. Monitored parameter monitored value Safety system” Comments
of parameter

applies to every gas generator

1| Speed Maximum shutdown turbine and power turbine shaft

Low**** _
2 | Lubricating oil pressure -
Minimum shutdown
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Alarm system:
No. Monitored parameter monitored value Safety system” Comments
of parameter
5 | Lubricating oil pressure in Low**** - B
reduction gear Minimum shutdown **
4 lefere.nt_lal pressure across Maximum _ _
lube oil filter
5 | Lubricating oil temperature Maximum - -
6 | Fuel oil supply pressure Minimum -
7 | Bearing temperature Maximum - -
8 | Fuel oil temperature Maximum - -
9 | Cooling fluid temperature Maximum -
10 | Flame and ignition F-lan}e_ deca.y and shutdown ™ see also paragraph 3.3.5.2
ignition failure
11 | Starting procedure Starting failure shutdown see also paragraph 3.3.5.2
High**** _
12 | Vibration -
Maximum shutdown ™
13 | Axial displacement of rotor Maximum shutdown ™ notapp llca-ble to turbines with
roller bearings
High*#*** _ : .
14 | Exhaust gas temperature g. apphcabl_e to combustion chambers
Maximum shutdown *** and turbines
High**** _
15 | Vacuum at compressor inlet - -
Maximum shutdown
applies also to the hydraulic fluid
Control system power -
16 suppl Minimum - pressure of the speed governor
PPy and the safety system servomotors
17 | Safety system automatic shutdown - applies also to the hand trip

The shutdown by the safety system means: acting in accordance with the requirements specified in paragraph
3.3.7.3. After the shutdown the turbine may be motored.
" Itis recommended that the alarm level be set to 5+8% above rated speed. The shutdown level shall be set at 15%
above the rated speed.
Instead of the automatic shutdown an immediate power reduction to idle may be used, provided that it is proved
during the failure mode and effect analysis that it will cause no damage to the turbine or the ship.
The alarms are to be activated at the suitable setting points prior to arriving the critical condition for the activation
of shutdown devices.

skt

Table 3.3.7.2-2
Monitoring systems for auxiliary turbines

No. Monitored parameter Alarm system: monitored value of parameter | Safety system Comments

1 |Speed” maximum shutdown

2 | Lubricating oil pressure - l(-)w — -
minimum shutdown

3 | Lubricating oil temperature maximum - -

4 | Exhaust gas temperature maximum - at the turbine inlet

5 | Flame and ignition flame decay and ignition failure shutdown -

6 | Vibration high - -

7 | Control system power supply power loss - -

8 | Safety system automatic shutdown - -

* It is recommended that the alarm level be set at 5+8% above rated speed. The shutdown level shall be set at 15%
above the rated speed.
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3.3.8 Survey, Testing and Certificates
3.3.8.1 Gas turbines for PRS classed ships shall be PRS type approved.

3.3.8.2 PRS may agree, after consideration of technical documentation, to the application of the
gas turbine that is type approved by another Class Society or by a specialized national agency.

3.3.8.3 Each gas turbine as described in paragraphs 3.3.8.1 and 3.3.8.2 shall be submitted to PRS
supervision during manufacturing and tests, in accordance with paragraphs 3.3.8.4 to 3.3.8.18.

3.3.8.4 PRS survey of the manufacture and shop tests, described in paragraphs 3.3.8.4 to 3.3.8.14,
comprises:
.1 Checking the applied materials and technologies for conformity with approved technical
documentation,
.2 Checking the configuration for conformity with approved technical documentation,
.3 Certification testing according to the approved certification tests program, including:
- pressure test of casings, piping and fittings,
- testing the components,
- turbine shop trial.

Tests of the components and turbine shop trial shall be attended by PRS Surveyor. Other tests and
checks may be performed by the manufacturer’s personnel only, if it is allowed by the PRS
approved type approval documentation and the manufacturer’s quality management system is
accepted by PRS.

3.3.8.5 The materials manufactured under the survey in accordance with paragraph 1.4.3.12, as

well as welding, heat treatment and other procedures accepted during the documentation approval
shall be checked.

3.3.8.6 Any deviations of the turbine components from the drawings approved in course of type
approval, that the manufacturer suggests to incorporate to the product, shall be presented,
appropriately substantiated, to PRS. The certification testing may be started no sooner than those
deviations are approved.

3.3.8.7 All casings shall be tested to a hydraulic pressure as required in paragraph 1.5.2.1, where
the value of p, used in calculations, is the highest pressure in the casing during normal operation, or
the pressure during starting, whichever is the higher. For test purposes if necessary, the casings may
be subdivided with temporary diaphragms for distribution of test pressure. Heat exchangers shall
be pressure tested in accordance with Table 1.5.3.1.

3.3.8.8 In course of testing the components, the dynamic balancing of all the compressor and
turbine rotors shall be checked. All the rotors shall be tested for strength, for five minutes at five per
cent above the nominal setting of the overspeed protective device, or 15 per cent above the
maximum design speed, whichever is the higher.

3.3.8.9 The shop trial of the turbine shall be performed using its intended powered machine.
If this is not practical, the test shall be performed with coupling system representing a reaction
moment similar to that of the intended driven system. PRS may consider carrying-out, partially
or fully, the shop trial aboard the ship.

Shop trial scope:
.1 Starts and stopping tests;
.2 Checking the turbine smooth running at no load;
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.3 The test to demonstrate the gas turbine’s performance during load alterations that can
occur in the real operating conditions, including a 100% instantaneous load shed, if it is
likely to occur and is acceptable to the propelling system;

4 the monitoring systems test. During the test, the turbine shall be brought up to its
overspeed limit to enable the operation of the overspeed protective device to be checked;

.5 the test to demonstrate power delivery at points along the propeller curve, in the case that
the gas turbine is intended for main propulsion;

.6 the performance test of the gas turbine, performed according to the international or
national standards accepted by PRS. The test shall be performed out under ambient
conditions being as close as possible to the standard reference conditions as set in sub-
chapter 3.3.2. The methods for calculation of rated power for standard reference
conditions shall be accepted by PRS;

.7 Recording the vibration levels, from zero speed to 110% of rated r.p.m, including starting,
running under load and free slowing down.

3.3.8.10 For turbines driving electric generators it is recommended that the capability
of delivering 110% of the rated power for a period of 5 minutes, as well as fulfilment of the
requirements specified in paragraph 3.3.6.3 be checked.

3.3.8.11 After the trial, a lubricating oil sample shall be tested for traces of metallic and non-
metallic particles.

3.3.8.12 After the shop trial the visual outer inspection of the turbine unit shall be performed as
well as endoscope inspection of combustion chambers, turbines and compressors.

3.3.8.13 Certification tests are positively accepted when the test results are complying with the
design data and for every test the acceptance criteria from the PRS approved test schedule are
fulfilled.

3.3.8.14 The PRS product certificate for the gas turbine is issued after the acceptance of the
complete certification test report. PRS reserves the right to issue the certificate after sea trials.

3.3.8.15 The sea trials for gas turbine shall be performed in accordance with an approved test
program. The compliance of the turbine and its installation with the approved documents shall be
demonstrated, as well as the capability to provide the main propulsion or other power delivery in
all real variants of running at sea and of manoeuvres. In course of testing the main propulsion and
essential electric generators driving turbines shall be performed, e.g.

— vibration levels measurement and analysis,

— starting test, together with simulated start failures,

— operation test of overspeed safety system,

— test of the fuel treatment system performance,

— test of the reversing system, if applicable,

— checking the proper setting of safety system and alarm levels.

3.3.8.16 During the test of monitoring systems, the compliance with the requirements specified
in paragraph 3.3.7.1 shall be demonstrated.

3.3.8.17 PRS may require, after sea trials, to open the turbines for inner inspection or to carry out
the inspection with endoscope.

3.3.8.18 Upon completion of the sea trials of main propulsion turbines, a copy of the test report
shall be submitted to PRS for consideration. PRS may require also submitting sea trial test reports
for gas turbines intended for other purposes.
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4 GEARS, DISENGAGING AND FLEXIBLE COUPLINGS
4.1 General Requirements

4.1.1 The construction of a gear shall ensure normal operation in the conditions specified in
paragraph 1.16, Part VI - Ship and Machinery Piping Systems.

4.1.2 Additionally to the requirements specified in this Chapter, gears, flexible and disengaging
couplings intended for power transmission in propulsion lines of ships navigating in ice shall be
designed to reliable operation with static and dynamic loads in compliance with requirements
specified in Publication 122/P - Requirements for Baltic Ice Class Ships and Polar Class for Ships
under PRS Supervision.

4.1.3 Rotating parts of gears and couplings shall be balanced by the manufacturer with the
accuracy defined by general and manufacturer's standards. The balancing shall be documented by
the report.
.1 Static balancing shall be applied to parts rotating with the following tangential velocity:
v 240 m/s, if subjected to entire machining securing their alignment;
v 2 25 m/s, if not subjected to such machining.
.2 Dynamic balancing shall be applied to parts rotating with a tangential velocity:
v2 50m/s.

4.2 Reduction Gears

4.2.1 General Requirements

The requirements of this section apply to enclosed gears with cylindrical wheels of external and
internal mesh having spur or helical teeth of involute profile, both intended for main propulsion
and for essential auxiliary services, which accumulate a large number of load cycles, whose gear
set is intended to transmit a maximum continuous power equal to, or greater than:

— 220 kW for gears intended for main propulsion

— 110 kW for gears intended for essential auxiliary services

These requirements, however, may be applied to the enclosed gears, whose gear set is intended to
transmit a maximum continuous power less than those specified above at the request of the PRS.

URMS56 (Rev.3 Oct 2015)

Other types of transmission gear are subject to special PRS approval in each particular case.

4.2.1.1 The technical documentation of reduction gears (see sub-chapter 1.3.4) shall contain all
data necessary for design calculation, performed in accordance with the requirements specified in
sub-chapter 4.2.3. The calculation applies to gear wheels and shafts transmitting the power from
the engine output to gear output.

4.2.1.2 The requirements for bevel gears intended for use in ship propulsion or other types of
ship machinery for ship essential services are subject to separate PRS consideration in each
particular case.

4.2.2 Input Data for Stress Calculation in Gear Wheel Teeth

4.2.2.1 Symbols and definitions used in this sub-chapter are based mainly on standards ISO 6336,
and ISO1122-1 concerning the calculation of gear transmission capacity taking into account the
contact stress (following the procedure specified in sub-chapter 4.2.4) and bending stress in the
tooth root (following the procedure specified in sub-chapter 4.2.5).
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4.2.2.2 In order to make the requirement provisions more simple, the following nomenclature

has been assumed:

pinion- this gear wheel of the pair that has less number of teeth (all the symbols concerning this
wheel are marked with subscript character 1),

wheel - the gear wheel of the pair with the greater number of teeth (all the symbols concerning
this wheel are marked with subscript character 2).

For the purposes of ship gearings’ (gear wheels) calculation the following symbols apply:
a - centre distance, [mm];

b - common face width, [mm];

b1 - face width - pinion, [mm];

b, - face width - wheel, [mm];

d - pitchcylinder diameter (reference diameter), [mm];
di1 - reference diameter - pinion, [mm];
d, - reference diameter - wheel, [mm];
ds1 - tip diameter - pinion, [mm];

ds2 - tip diameter - wheel, [mm];

dp1 - base diameter - pinion, [mm];

dpz - base diameter — wheel, [mm];

dn - rootdiameter - pinion, [mm];

dp - rootdiameter - wheel, [mm];

dw1 - working diameter - pinion, [mm];
dw2 - working diameter - wheel, [mm];

F: - nominal tangential load, [N];

F» - nominal tangential load on base cylinder in the transverse section, [N];

h - tooth depth, [mm];

m, - normal module, [mm];

m; - transverse module, [mm];

ni - rotational speed - pinion, [rpm];

n, - rotational speed - wheel, [rpm];

P - maximum continuous power transmitted by the gear set (in the case of main

gears intended for ships with ice class, the requirements specified in Publication 122/P-
Requirements for Baltic Ice Class Ships and Polar Class for Ships under PRS Supervision, shall
be taken into account), [kW];

T1 - torque transmitted by pinion, [Nm];

T, - torque transmitted by wheel, [Nm];

u - gearratio;

v - linear velocity at pitch diameter, [m/s];

x1 - addendum modification coefficient - pinion;

X2 - addendum modification coefficient - wheel;

z1 - number of teeth - pinion;

Z; - number of teeth - wheel;

zn - virtual number of teeth;

an - normal pressure angle at reference cylinder, [°];

a: - transverse pressure angle at reference cylinder, [°];
aw - transverse pressure angle at working pitch cylinder, [°];
£ - helix angle at reference cylinder, [°];

P» — helix angle at base cylinder, [°];

&« - transverse contact ratio [-];

gz - overlap ratio, [-];
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g, - total contact ratio, [-];

inv « - tooth profile involute angle associated with considered profile angle ¢, [rad];

a - profile angle (for definition of involute angle), [°];

pred — Telative radius of curvature.

Notes:

1. z2, @, d2, daz, db2 and dw2 are negative for internal meshing.

2. In the formula defining the teeth contact stress, b is the mesh width at the working cylinder.

3. In the formula defining the bending stress in teeth roots, biand b2 are the widths at respective teeth roots. In no
case b1 and b shall be greater than b by more than one module (m») at each side.

4. Gearing width b may be used in the formula defining the bending stress in teeth roots if barrel shape or relieve of
teeth tips has been applied.

4.2.2.3 Selected Formulae for Gearing

Gearing ratio is defined as follows:
=2 _%w_%
u=C=o-=a (4.2.2.3)
where u takes the following signs:
— plus - for external mesh,

— minus - for internal mesh.

tgBp = tgf - cosa,
_ Z12My
12 =

cosf

dp12 = dyp " cosay
2a
u+1
2au
u+1
where a=0.5 (dwi+dwz)
_ Z12
cos?f, - cosf
Me = cosf
T

. — _ e o
inva=tga - a [°]

dwl =

Ay, =

Zn1,2

X1+x

[ [ me(z1+z
invag, = inva, +2-tga, ot _ Mme(z1+25)

|
ub cosa;, = ——==cosa
Z tw 2a t

T - MpCOSU

Eq =

Note:

In the above formula (£) symbol shall be interpreted as follows:
(+) for external mesh,
(-) for internal mesh.

_b-sinp

€
B nom,
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b - sinf
g =——
(A m,
Note:

For double helical gear, b shall be taken as the single helical width.

Ey= Eat &
b= T dyp Ny
60-103

4.2.2.4 Nominal Tangential Load, F;

Nominal tangential load, F;, tangent to reference cylinder and positioned in the plane perpendicular
to the rotation axis is calculated from the maximum continuous power transmitted by the gear, taking
into account the requirements specified in Publication 122/P-Requirements for Baltic Ice Class Ships
and Polar Class for Ships under PRS Supervision , with the use of the following formulae:

30-103P
Ty =0 (4.2.2.4-1)
F, = 2000 - 22 (4.2.2.4-2)

4.2.3 Coefficients Common for Checked Strength Conditions (Contact and Bending Stresses)

This section defines the coefficients applied in the formulae checking gear wheel teeth strength
for the contact stress (in accordance with sub-chapter 4.2.4) and for bending stress (in accordance
with sub-chapter 4.2.5). Other coefficients specific for the strength formulae are presented in sub-
chapters 4.2.4 and 4.2.5.

All the coefficients shall be calculated from the respective formulae or following particular
instructions.

4.2.3.1 Application Factor, K,

The application factor takes into account the dynamic overloads generated in the gear by the
external forces.

For gears designed for unlimited life-span, the K4 shall be defined as the ratio of maximum
repetitive cyclic torque occurring in the gear (assuming periodically variable load) to the nominal
rated torque.

The nominal rated torque used in further calculations shall be taken as the ratio of rated power to
the rated rotational speed.

The requirements specified in Publication 122 /P-Requirements for Baltic Ice Class Ships and Polar
Class for Ships under PRS Supervision shall also be taken into account, if applicable.

K, factor depends mainly on:

driving and driven equipment characteristics,

masses ratio,

type of couplings,

operating conditions (overspeed, variation of propeller load, etc.).

Operating conditions shall be carefully analysed in the rotational speed range near the critical
speed.
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K4 factor shall be determined by measurements or using an analytical method approved by PRS.
Where the factor is impossible to be determined that way, its value may be taken in accordance
with Table 4.2.3.1.

Table 4.2.3.1
Values of K, for different applications
Ka
Gear driving machine Main propulsion gears Auxiliary gears
Diesel engine with hydraulic or electromagnetic slip coupling 1 1
Diesel engine with high elasticity coupling 1.3 1.2
Diesel engine with other couplings 1.5 1.4
Electric motor - 1

Note: Where the vessel, on which the reduction gear is being used, is receiving an Ice Class notation, the Application
Factor or the Nominal Tangential Force should be adjusted to reflect the ice load associated with the requested Ice Class,
i.e. applying the design approach in IACS UR 13 when applicable.

4.2.3.2 Load Sharing Factor, K,

The load-sharing factor, K, , takes into account uneven distribution of load in multi-stage or multi-
way gears (double tandem, planetary, double helical, etc. gears).

K, is defined as the ratio of the maximum load in true mesh to the evenly distributed load. This
factor depends mainly on accuracy and flexibility of gear stages and the ways of load distribution.

K, shall be determined by measurements or using an analytical method. Where such methods are
unavailable, the following values can be considered for planetary gears:

up to 3 planetary gears: 1.00

4 planetary gears: 1.20

5 planetary gears: 1.30

6 planetary gears and over: 1.40

4.2.3.3 Internal Dynamic Factor, K,

The internal dynamic factor, K, , takes into account the dynamic load arising inside the gear as
a result of vibrations of pinion and wheel in respect to each other.

K, is defined as the ratio of the maximum load acting on the tooth side surface to the maximum
external load defined as (F:K4K,).

This factor depends mainly on:

— transmission errors (depending on pitch and profile errors),

— pinion’s and wheel’s masses,

— changes in mesh stiffness as the gear teeth pass through the meshing cycle,
— transmitted load including application factor,

— pitch line velocity,

— dynamical unbalance of wheels and shaft,

— stiffness of shaft and bearings,

— gear damping characteristics.

Factor K, shall be calculated as follows:

This method may be applied only to cases where all the below conditions are met:
— running velocity in the subcritical range:
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vzy u?
— <10 m/s
100 \ 14+u?

— spur gears (= 0°) and helical gears with g < 30”
— pinion with relatively low number of teeth, z; <50
— solid disc wheels or heavy steel gear rim.

u2

This method may be applied to all types of gears if 4 < 3m/s,as well as to helical gears

100 \/ 1+u?
where > 30".

For gears other than the above, reference shall be made to Method B outlined in the reference
standard ISO 6336-1:2019.
a) For spur gears and for helical gears with overlap ratio g5 > 1

K =1 Ky K VZlK u?
v=1 F 82 10073 | T5 w2
Ko

If K4F:/b is less than 100 N/mm, this value is assumed to be equal to 100 N/mm.
Numerical values for the factor K; shall be as specified in the Table 4.2.3.3.

Table 4.2.3.3
Values of K; for calculation of K,

K1
Accuracy class acc. to ISO 1328
Spur gears 2.1 39 7.5 149 26.8 39.1
Helical gears 1.9 35 6.7 13.3 239 34.8

Note: ISO accuracy grades according to ISO 1328-1:2013. In case of mating gears with different accuracy grades, the
grade corresponding to the lower accuracy should be used.

For all accuracy grades, the factor K> shall be in accordance with the following:
— for spur gears, K> = 0.0193
— for helical gears, K> = 0.0087.

Factor K, shall be in accordance with the following:

It % 111212 < 0.2 then K3 =2.0
f ﬂ uzz > 02, thenK3 =2071_0357Xﬂ u22
100 \ 1+u 100 \/ 1+u

b) For helical gears with overlap ratio ¢ o< 1 the value K is determined by linear interpolation

between values determined for spur gears (Km) and helical gears (Kv/)’) in accordance with:

Kv = Kva - gﬂ (KV(Z_ Kvﬂ)
Where:

K, is the K,value for spur gears, in accordance with a);
K,z is the K, value for helical gears, in accordance with a).
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4.2.3.4 Face Load Distribution Factors, Kus and Kz

The face load distribution factors: Kus - for contact stress and Krs - for tooth root bending stress,
take into account the effects of uneven load distribution throughout the tooth face width.

Kypis defined as:
maximum load per unit face width

Kyp =
HE mean load per unit face width

Krpis defined as:
maximum bending stress at tooth root per unit face width

HE ™ mean lbending stress at tooth root per unit face width

The tooth root mean bending stress is referred to the face width b or b, under consideration.
KFB can be expressed as a function of the factor KHB.

Factors Kus and Krs depend mainly on:

- gear tooth machining accuracy;

- assembly errors due to bore errors;

- bearing clearances;

- wheel and pinion shaft alignment errors;

- elastic deflections of gear elements, shafts, bearings, housing and foundations which support
the gear elements;

- thermal expansion and distortion due to operating temperature;
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— compensating design elements (tooth crowning, end relief, etc.).

The face load distribution factors, KH/)’ for contact stress, and KFB for tooth root bending stress, shall
be determined according to the method C outlined in the reference standard ISO 6336-1:2019.

Alternative methods acceptable to the PRS may be applied.
The relationship between factors Krzand Kupis as follows:

.1 Incase the hardest contactis at the end of the face width Krg is given by the following equations:

Keg = (Kug)" (4.2.3.4.1)
where:
Wm0 i (22,2)
1 (3) " e

Note: For double helical gears, the face width of only one helix shall be used. When b/h < 3, the value b/h = 3 shall
be used.

.2 In case of gears where the ends of the face width are lightly loaded or unloaded (end relief
or crowning):

Krp = Kng.

4.2.3.5 Transverse load distribution factors, Ky, and K,

Transverse load distribution factors such as:
— Ky, - for contact stress,
— Krq - for tooth root bending stress,

involve the effects of pitch and profile errors on the transverse distribution of the load between
two or more pairs in mesh.

Factors Ku, and Kr, depend mainly on:

— total mesh stiffness;

— total tangential load (Fr, Ka', Ky, Kvr, Kup);
— Dbase pitch error;

— toprelief;

— running in allowances.

Transverse load distribution factors Ku, - for contact stress and Kr, - for tooth root bending stress
shall be determined in accordance with the requirements specified in standard ISO 6336-1:2019
- method B.

4.2.3.6 Factor selection methods other than those specified in sub-chapter 4.2.3 may be used
subject to PRS approval in each particular case.

4.2.4 Surface Durability (pitting)

4.2.4.1 The criterion for surface durability is specified using Hertzian formulae for calculation
of interface pressure at the active mesh point (or at the internal mesh point) of a single pair of teeth.
The contact stress oy shall not exceed the permissible contact stress oyp.

4.2.4.2 The basic formula of contact stress oy is as follows:

O—H = O—HO\/KA : Ky - KU : KH(X ) KHB S O—HP [N/mmz] (4.2.4.2)
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where:

oo — basic value of contact stress for pinion and wheel found from the following formulae:

Ono=2Zp ZyZe ZpZg- di—fb-uTH [N/mmz2] - for pinion,

Ono =Zp Zy-Ze ZpZg - df—t_b-uTH [N/mm?] - for wheel,

where:

F, b, di, u (see sub-chapter 4.2.2);

Zg - single tooth pair contact factor - for pinion (see paragraph 4.2.4.4);
Zp - single tooth pair contact factor - for wheel (see paragraph 4.2.4.4);
Zn - zone factor (see paragraph 4.2.4.5);

Zp - elasticity factor (see paragraph 4.2.4.6);

Z. - contactratio factor (see paragraph 4.2.4.7);

Zs - tooth helix angle factor (see paragraph 4.2.4.8);

Ks - application factor (see paragraph 4.2.3.1);

K, - load sharing factor (see paragraph 4.2.3.2);

K, - internal dynamic factor (see paragraph 4.2.3.3);

Kno - transverse load distribution factor (see paragraph 4.2.3.5);

Kup- face load distribution factor (see paragraph 4.2.3.4).

4.2.4.3 Calculation of Permissible Contact Stress, oyr

Permissible load stresses, onp, shall be calculated separately for each gear pair (pinion and wheel)
using the following formula:

Oyp = "’;Z’m ZynZy ZyZn Zy + Zy [N/mm2] (4.2.4.3)
where:
ouim - endurance limit for contact stress, [N/mm?] (see paragraph 4.2.4.9);
Sy — safety factor for contact stresses (see paragraph 4.2.4.14);
Zy - life factor for contact stress (see paragraph 4.2.4.10);
Z, - factor of lubrication (see paragraph 4.2.4.11);
Z, - velocity factor (see paragraph 4.2.4.11);
Zr - roughness factor (see paragraph 4.2.4.11);
Zw - hardness ratio factor (see paragraph 4.2.4.12);
Zx - size factor (see paragraph 4.2.4.13).

4.2.4.4 Single Tooth Pair Contact Factors, Zz and Zp

Single tooth pair contact factors, Zp - for pinion and Zp - for wheel, take into account the tooth
flank curvature effect on the contact stress at the inner point of single pair of teeth with respect
to Zy.

These factors enable conversion of the contact stress determined at the pitch point into the
contact stresses taking into account the tooth flank surface curvatures at the inner point of a single
pair contact.

The single pair tooth contact factors: Z - for pinion and Zp - for wheel shall be determined as follows:
- for spur gearing (gz= 0):
Zp=max (My;1) (4.2.4.4-1)
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Zp =max (Mz;1) (4.2.4.4-2)
where:
tga
M, = 9w
dz\* d2,\"
(@) -1-F| |38) —1- -
dbl Z1 de Zy

tgaey

M2:
d_éz)z_ _2nf. (d_él)z_ . 21
[J(diz |\ ety

- for helical gearing where,

ifgg>1
Zp=Zp=1

if g5 < 1, the values of Zg and Zp shall be determined by linear interpolation from the corresponding
values of Zz and Z)p for spur gears and for helical gears, for which ¢z > 1.

Therefore:
Zg =M, — sﬁ(Ml —1andZz>1 (4.2.4.4-3)
Zp=M; —g (M, —1)and Zp>1 (4.2.4.4-4)

For internal gears, Z shall be taken as equal to 1.

4.2.4.5 Zone Factor, Zy

Zone factor, Zy, takes into account the effect of tooth side curvature at the pitch point on the
interface pressure defined by Hertzian formulae and transforms the tangential load at the
reference cylinder to the normal load at the pitch cylinder.

Zone factor, Zy, shall be calculated using the following formula:

_ 2-cosfp
Zn = \/ cos2atanay,, (4.2.4.5)

4.2.4.6 Material Elasticity Factor, Z;

Factor of elasticity, Zg, considers the effect of elasticity properties of material defined by Young's
modulus of elasticity, E, and Poisson's number von the contact stress.

Factor Zg for steel gears (E =206 000 N/mmz, v =0.3), is equal to:

Zp=189.8 N/mm’
In other cases, Standard ISO 6336-2:2019 shall be used to determine the value of Zg.
4.2.4.7 Contact Ratio Factor, Z.

Contact ratio factor, Z., takes into account effect of transverse contact ratio, &,, and pitch overlap
ratio, &z, on the specific teeth contact load.
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Contact ratio factor, Z., shall be calculated as follows:
— for spur gears using the following formula:

4—&q,

Ze= |5 (4.2.4.7-1)
— for helical gears using an appropriate alternative formula:
if g<1
_ |4—&q £p
Z, = J — (1-¢) +o (4.2.4.7-2)
if &p 21

Z. = \/:ia (4.2.4.7-3)

Helix angle factor, Zs, takes into account the effect of helix angle on the surface durability,
considering such variables as load distribution along the contact line. Factor Zs depends on the
helix angle only.

4.2.4.8 Helix Angle Factor, Zs

Helix angle factor, Zs, shall be calculated using the following formula:

1
cosf3

Zg = (4.2.4.8)

4.2.4.9 Endurance Limit for Contact Stress, ciiim

The value of omim represents the permissible continuously repeated contact stress for a certain
material. This value may be considered a level of contact stress which the material can endure
throughout at least 5-107 load cycles with no pitting effect.

For this purpose, the pitting may be determined:

— for not hardened surfaces of teeth, if the pitting area exceeds 2% of the total active flank area,

— for hardened surfaces of teeth, if pitting area is greater than 0.5% of the total active flank area
or exceeds 4% of a single tooth flank area.

The values of omim shall correspond to 1% (or lower) failure probability.

The endurance limit for contact stress depends mainly on:

— material composition, cleanliness and defects;

— mechanical properties;

— residual stress;

— hardening process, hardened layer depth, hardening gradient;
— material structure (forged, rolled bar, cast).

The allowable value of contact stress, omim, shall be determined in accordance with the test results
of the material used for the construction. If such results are unavailable, the contact stress shall
be determined in accordance with the requirements of standard ISO 6336-5:2016 - Quality Class

MQ.
4.2.4.10 Life Factor for Contact Stress, Zy

Life factor for contact stress, Zy, takes into account higher allowable contact stress where limited
durability (i.e. lower number of load cycles) is required.

The factor depends mainly on:
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— material and heat treatment;
— number of load cycles;
— Zp Zy, Z1, Zw, Zx factors.

Life factor for contact stress, Zy, shall be determined in accordance with the requirements
specified in standard ISO 6336-2:2019 - method B.

4.2.4.11 Lubrication, Velocity and Roughness Factors Z;, Z, and Z

Lubrication factor, Z;, takes into account the lubricant type and viscosity. The velocity factor, Z,,
takes into account the effect of pitch line velocity, while the roughness factor, Zz, takes into
account the effect of surface roughness on its durability. 1 set per boiler

These factors may be calculated for the softer material where the intermating teeth have different
hardness.

These factors depend mainly on:

— the lubricant viscosity in the teeth contact area;

— the sum of momentary velocities on the tooth surfaces;
— theload;

— the relative radius of curvature at pitch point;

— roughness of teeth flanks;

— hardness of pinion and wheel.

These factors shall be determined as follows:

.1 Lubrication factor Z; shall be calculated using the following formula:

7, = Cgp + 5752 (4.2.411.1)
(12+422)
Va0
where:

vao — nominal kinematic viscosity of the oil used in the gear at temperature of 40°C, mm?/s.

Oylim—850

Cz = (0.08 72

) +0.83 for850 < oinm< 1200 [N/mm?]

Note:
If omim <850 N/mm?, then Cz = 0.83. If omim >1200 N/mm?, then Cz = 0.91.

.2 Velocity factor, Z,, shall be calculated using the following formula:

Zy = Cyy + 2220 (4.2.4.11.2)
/0.8+%
where:
CZV = CZL +0.02 for 850 < OHlim <1200 [N/mmz]
Note:

If omiim <850 MPa, then Czy =0.85.If owiim > 1200 MPa, then Czv = 0.93.

.3 Roughness factor, Zz, shall be calculated using the following formula:

(3 Czr
Zp = (Rm) (4.2.4.11.3)
where:
_Rz1+ Ry
z = T
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The peak-to-valley roughness determined for the pinion, Rz1' and for the wheel, RZ2 ,are mean
values for the peak-to-valley roughness, R, measured on several tooth flanks (RZ as defined in
the reference standard ISO 6336-2:2019).

R;10 - mean amplitude of roughness in intermating wheels referred to the relative radius of
teeth curvature, [um],

10

Prea

w

R0 =R,

Pred — relative radius of teeth curvature in intermating gear wheels,
rog = P1 P2
ad — )
" prt 2

where:
P12 = 0.5 dp1z " tgayy,.
Note: d» is negative for inner gearing.

If the roughness is given as an arithmetic mean value - R, (= CLA value) (=AA value):
R,=CLA=AA=R,/6,
where:

R,1 - pinion roughness height, [um];
R.> - wheel roughness height, [um];

Czgr = 0.32 —0.0002 - 013, for 850 < omim < 1200 [N/mm?2]
Note: If omim < 850 N/mm?, then Czr = 0.150. If omim >1200 N/mm?, then Czz= 0.080.
4.2.4.12 Hardness Ratio Factor, Zy

Hardness ratio factor, Zw, takes into account the durability effect of teeth made of soft steel,
intermating with much harder teeth with smooth surface, in the following cases:

a) Surface-hardened pinion with through-hardened wheel

3 1015
If HB < 130 Zy=12-(Z) (4.2.412-1)
zH
_ HB-130 3 \015
If 130 < HB < 470 Zy = (1.2 e ) (R ) (4.2.4.12-2)
zH
3 1015
If HB > 470 Zy = () (4.2.4.12-3)
zH
where:

HB - Brinell hardness of the tooth flanks of the softer gear of the pair,

R — Rz1°(10/prea)®33-(Rz1/Rz2)% 66
zH (V049/1500)0-33

Rzy - mean amplitude of roughness in intermating wheel referred to the relative radius of teeth
curvature (um),

pred — relative radius of curvature (see 4.2.4.11),

R;; - peak-to-valley roughness determined for the pinion,
R, - peak-to-valley roughness determined for the wheel,
va - nominal kinematic viscosity of the oil at 40°C, mm?/s,
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b) Through-hardened pinion and wheel

When the pinion is substantially harder than the wheel, the work hardening effect increases the
load capacity of the wheel flanks. ZWapplies to the wheel only, not to the pinion.

If HB;/HB;< 1.2 Zw=1 (4.2.4.12-4)
If1.2<HBi/HB, <17 Zy =1+ (0.00898% - 0.00829) (u—-1) (4.2.4.12-5)
2
If HB,/HB, > 1.7 Zw=1+0.00698 - (u - 1) (4.2.4.12-6)

If gear ratio u > 20, then the value u = 20 shall be used.

In any case, if calculated ZW< 1 then the value ZW: 1.0 shall be used.

4.2.4.13 Size Factor, Zx

Size factor, Zx, takes into account the tooth size effect on permissible contact stress as well as
inhomogeneity of the materials’ properties.

This factor depends mainly on:

— material and heat treatment;

— teeth and gear dimensions;

— case depth ratio to tooth size;

— case depth ratio to equivalent radius of curvature.

For through-hardened teeth and surface-hardened teeth with case depth appropriate to teeth size and
the relative radius of curvature Zyx = 1. If case depth is relatively low, then lower values of Zy shall be
taken.

4.2.4.14 Contact Stress Safety Factor, Sy

The magnitude of safety factor for contact stress, Sy, depends on the intended use of a gear box, as
well as whether it is intended to be used as a single unit or as an element of a set consisting of two
or more gear boxes. The safety factor shall be selected from Table 4.2.4.14.

Table 4.2.4.14

Gear type Su
Multiple set Single set
Main propulsion gear 1.2 1.4
Auxiliary gear 1.15 1.2

For gearing of independent duplicated propulsion or auxiliary machinery installed onboard the
vessel in the number greater than required by the Rules, a reduced value of Sy may be assumed
subject to PRS acceptance in each particular case.

4.2.5 Bending Stress in Gear Wheel Tooth Root

4.2.5.1 Acriterion for bending stress in tooth root determines the permissible level of local tensile
stress in the tooth root. The root bending stress, o, and the permissible root bending stress, or,
shall be calculated separately for the pinion and wheel. The value of or shall not exceed that of orp.
The following formulae apply to gears with toothed rim thickness greater than 3.5 m, for normal
pressure angles o, < 25° and reference helix angles < 30°. For greater values of o, and g, the
calculation results shall be confirmed experimentally or verified in accordance with the
requirements specified in standard ISO 6336-3:2019 - Method A.
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4.2.5.2 The basic formula for bending stress calculation is as follows:

O = 'Y:g'YB 'YB .YDT.KA.K]/.KU.KF(I.KFB < Orp [N/mmz] (4.2.5.2)

bmy,
where:

F¢, b, m, (see paragraph 4.2.2.2);

Yr tooth-form factor (see paragraph 4.2.5.4);

Ys - stress correction factor (see paragraph 4.2.5.5);

Ys - helix angle factor (see paragraph 4.2.5.6);

Ys - rim thickness factor (see paragraph 4.2.5.7);

Yor - deep tooth factor (see paragraph 4.2.5.8);

K4 - application factor (see paragraph 4.2.3.1);

K, - load sharing factor (see paragraph 4.2.3.2);

K, - internal dynamic factor (see paragraph 4.2.3.3);

Kro — transverse load distribution factor (see paragraph 4.2.3.5);
Krp - face load distribution factor (see paragraph 4.2.3.4).

4.2.5.3 The basic formula for allowable bending stress calculation crpis as follows:

Orp = JFE;dYN “Ysrerr * Yereir " Yx [N/mm?] (4.2.5.3)
where:
ore - endurance limit for bending stress, [N/mm?] (see 4.2.5.7);
Ya - design factor (see 4.2.5.8);
Yn - life factor for tooth root (see 4.2.5.9);
Sk - safety factor for tooth root bending stress (see 4.2.5.13);
Yser — relative notch sensitivity factor (see 4.2.5.10);
Yrreir =  relative surface finish factor (see 4.2.5.11);
Yx - size factor (see 4.2.5.12).

4.2.5.4 Tooth Form Factor, Yr

Tooth form factor, Y5, takes into account an effect of the tooth form on the nominal bending stress
caused by the force applied at the outer point of the single tooth pair contact. Factor Yr shall be
determined separately for the pinion and wheel. For helical gears, the tooth form factor shall be
determined for the normal section, i.e. for the virtual spur gear with virtual number of teeth Z,.

Tooth form factor, Y, shall be determined using the formula below:

6 —E. S COSARen

Yr = for ¢ < 25°and f<30° (4.2.5.4)
(i’;’;) cosay,
where:
hr - bending moment arm for tooth root bending stress for application of load at the outer
point of single tooth, [mm];
Srn — tooth root normal chord in critical section, [mm];

aren — pressure angle at the outer point of single tooth pair contact at normal section, [°].

Note: The quantities used to determine Yr, s, and aren are shown in Fig. 4.2.5.4.
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Fig. 4.2.5.4. Dimensions of hr, s, and aren for external gear

To determine hr, sk, and aren, the guidelines specified in standard ISO 6336-3:2019 (Method B)
shall be applied.

4.2.5.5 Stress Correction Factor, Ys

Stress correction factor, Ys, is used for conversion of the nominal bending stress into local stress
in the tooth root at the assumption that not only bending stress occurs in the tooth root.

Factor Ys concerns the force applied in the outer point of single tooth pair contact and shall be
determined separately for the pinion and wheel.

Stress correction factor, Ys, shall be determined using the formula below:

< ; )
2.3
1.2 1+T

Ys = (12 +0.13-L) - qq

forl1<gs<8, (4.2.5.5)

where:
gs — notch parameter determined using the formula below,
go =2
s 2pF
where:

pr — tooth root fillet radius in the critical section, [mm].
L - tooth bending factor determined using the formula below:

_ Srn

L =—"
hg
hr, sra See paragraph 4.2.5.4

To determine pr, the guidelines specified in standard ISO 6336-3:2019 shall be applied.

4.2.5.6 Helix Angle Factor, Y3

Helix angle factor. Yz, converts the stress calculated for a point loaded cantilever beam
representing the substitute gear tooth to the stress induced by a load along an oblique load line
into a cantilever plate which represents a helical gear tooth.

The helix angle factor depends on ¢z as well as £, and shall be determined in accordance with the
formula below:

_ B
where:

p - reference helix angle in degrees. It shall be taken that:
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&=1where > 1, and
£ =30°where 5> 30°.
4.2.5.7 Rim Thickness Factor, Yz

The rim thickness factor, Y3, is a simplified factor used to de-rate thin rimmed gears. For critically
loaded applications, this method should be replaced by a more comprehensive analysis. Factor Yz
shall be determined as follows:

a) for external gears:

if sp/h>1.2 Yp=1 4.25.7-1

if 0.5 <sp/h<1.2 Yp = 1.6-In(2.242) 4.2.5.7-2
R

where:

sg - rim thickness of external gears, mm

h - tooth height, mm.
The case sg/h < 0.5 shall be avoided.

b) for internal gears:

if sg/mn > 3.5 Ye=1 4.2.5.7-3

if 1.75 <se/my <35  Yp = 1.15-In(8.3242) 4.2.5.7-4
R

where:

sg - rim thickness of internal gears, mm.

The case sg/ m, < 1.75 shall be avoided.
4.2.5.8 Deep Tooth Factor, Ypr

The deep tooth factor, Ypr, adjusts the tooth root stress to take into account high precision gears
and contact ratios within the range of virtual contact ratio 2.05 < g, < 2.5, where

Ea

4.2.5.8

€an = cos2 By

Factor Ypr shall be determined as follows:

if ISO accuracy grade < 4 and g4 > 2.5Ypr= 0.7

if ISO accuracy grade < 4 and 2.05 < £, <2.5Ypr = 2.366 - 0.666 £ax

in all other cases Ypr=1.0

4.2.5.9 Endurance Limit For Bending Stress, or:

Endurance limit for bending stress, orz, for the particular material represents the value of local
tooth root stress limit for long life.

According to ISO 6336-5:2016 standard, the strength determined for 3 x 106 stress cycles is
considered as the lowest limit for the bending stress endurance limit.

The quantity of orr is determined as unidirectional pulsating stress of the minimum value equal
to zero (the residual stress due to heat treatment is neglected). Other conditions, such as
alternating stress, prestressing etc., are taken into account by the design factor Ya.

The quantity of orr corresponds to the probability of damage not exceeding 1%.

The endurance limit depends mainly on:
— material composition, purity and defects;
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— mechanical conditions;

— residual stresses;

— hardening procedure, hardened zone depth, hardness gradient;
— material structure (forged, rolled bar, cast).

Endurance limit for bending stress orz shall be determined in accordance with the results of the
tests of actual materials applied. Where such test results are unavailable, the value of the
endurance limit for bending stress, org, shall be determined in accordance with the requirements
specified in standard ISO 6336-5:2016 - quality grade MQ.

4.2.5.10 Design Factor, Yy

Design factor, Yq, takes into account the influence of load reversing and shrinkage fit prestressing
on the tooth root strength, relative to the tooth root strength with unidirectional load as defined
fOI' OFE.

Design factor, Yg, for the load reversing shall be determined in accordance with Table 4.2.5.10.

Table 4.2.5.10

Ya

In general 1
For gears with occasional part load in reversed direction, such as main wheel in reversing gearboxes 0.9
For idle running gear wheels 0.7

4.2.5.11 Life Factor for Tooth Root, Yy

Life factor for tooth root, Yy, takes into account the possibility of increased allowable bending
stress where the gear box limited life (number of stress cycles) is required.

This factor depends mainly on:

- material and heat treatment;

- number of stress cycles (service life);
- factors Yswer, Yrrer, Yx.

The life factor for tooth root shall be determined in accordance with the requirements specified
in standard ISO 6336-3:2019 - Method B.

4.2.5.12 Relative Notch Sensitivity Factor, Ys.r

Relative notch sensitivity factor, Ys«r, indicates the range where theoretical stress concentration
is greater than the fatique endurance limit.

This factor depends mainly on the material and relative gradient of stress.

The factor shall be calculated as follows:

1+.0.2p"(1 + 2q5)

Y, -
érelT 1+ /120

where:

qs - notch parameter (see 4.2.5.5)

p’ - slip-layer thickness, mm, from the following table
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Material p’ [mm]
case hardened steels, flame or induction hardened steels 0.0030
2

through-hardened steelsn, yield point R = 500 N/mm 0.0281
¢ 600 N/mm? 0.0194

800 N/mm? 0.0064

1000 N/mm? 0.0014

nitrided steels 0.1005

1
) The given values of p’ can be interpolated for values of Renot stated above

4.2.5.13 Relative Surface Finish Factor, Yg.r

Relative surface finish factor, Yz, takes into account the relation between the tooth root strength
and the surface finish of the tooth root fillet, mainly the roughness amplitude.

Relative surface finish factor, Yzrer, shall be determined in accordance with Table 4.2.5.13.

Table 4.2.5.13
Rz<1 1<Rz<40 Material
1.120 1.674-0.529 - (Rz+1)01 case hardened steels, through - hardened steels (o > 800 N/mm?)
1.070 5.306 - 4.203 - (Rz +1)0.01 normalized steels (o < 800 N/mm?2)
1.025 4.299 - 3.259 - (Rz +1)0.0058 nitrided steels

Note:

1. Rz - average maximum height of the roughness profile of the tooth root fillet, pm.
2.08 - tensile strength, N/mm?2

If the roughness stated is an arithmetic mean roughness, i.e. Rqs value (= CLA value) (= AA value) the following
approximate relationship can be applied: Rs = Rz/6

This method is applicable only where scratches and similar surface defects are not greater than 2Rz

4.2.5.14 Size Factor, Yy
Size factor, Yy, takes into account the reduction in the strength as the tooth size increases.

This factor depends mainly on:
- material and heat treatment;
- tooth and gear dimensions;
- case depth to tooth size ratio.

Size factor Yy shall be determined in accordance with Table 4.2.5.14.

Table 4.2.5.14
Size factor Yx

Yx =1.00 formn<5
In general

Yx =1.03 - 0.06 mn for 5 <mn<30

normalized and through-hardened steels
Yx =0.85 for mn 230
Yx =1.05-0.010 ma for 5 <mn<25

surface hardened steels
Yx =0.80 for mn > 25

4.2.5.15 Safety Factor for Tooth Root Bending Stress, Sr

The quantity of safety factor for tooth root bending stress, Sr, depends on the gear box intended
service and also on whether it is applied in a single unit, or in two or more units.
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Safety factor for tooth root bending stress, Sr, shall be determined in accordance with Table 4.2.5.15.

Table 4.2.5.15

Factor Sr
Sk
Drive type
Two and more units Single unit
Main drive 1.55 2
Auxiliary drive 1.4 1.45

4.2.6 Shafts

Shafts which are not subjected to variable bending loads shall fulfil, to the applicable extent, the
requirements specified in sub-chapters 15.2, 15.3, 15.4, 15.6 of this Part VII (where applicable).

Main propulsion gears provided for ice-strengthened ships shall also fulfil the requirements specified
in Publication 122 /P-Requirements for Baltic Ice Class Ships and Polar Class for Ships under PRS
Supervision.

4.2.7 Gear Wheels’ Manufacture - General Notes
4.2.7.1 Welded gear wheels shall be in the stress-relieved condition.

4.2.7.2 Shrink fitted toothed wheel rims shall be so designed to transmit double maximum
dynamic torque.

Friction factors for the calculation of shrink fit shall be taken in accordance with Table 4.2.7.2.

Instead of the shrink fit calculations, the results of shrink fit tests with the proofload (in the full
range) may be accepted; the testing procedure and proof load selection are subject to PRS
acceptance in each particular case.

Table 4.2.7.2
Friction factors for shrink-fit calculation

steel/cast iron,

Fitting method steel/steel including nodular iron
0il heated rim 0.13 0.10
Rim heated in gas furnace (but not protected against oil 0.15 0.12

penetration to the rim-wheel contact surface)

Contact surfaces degreased and protected against oil penetration 0.18 0.14

4.2.8 Bearing System

4.2.8.1 Thrust bearing and its foundation shall have sufficient stiffness to prevent adverse
deflection and longitudinal vibration of shaft.

4.2.8.2 In general, roller bearings of the main propulsion gear shall be calculated to life time L1
equal to:

- 40 000 hours for propeller thrust bearings;

- 30000 hours for other bearings.

Shorter lifetime may be considered where bearing condition monitoring equipment is provided
or operating instructions require inspection of bearings with proper frequency.
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The required lifetime of astern propulsion bearings shall be taken as 5% of the above specified
values.

4.2.9 Gearcases

4.2.9.1 Gearcases and their supports shall be designed sufficiently stiff so that movements of the
external foundations and the thermal effects under all conditions of service do not disturb the
overall tooth contact.

Inspection openings shall be provided in gearcases to enable the teeth of pinions and of wheels to
be readily examined.

4.2.9.2 Gearcases fabricated by fusion welding or casting shall be stress relieved before
machining operations.

4.2.10 Lubrication

4.2.10.1 Lubrication system shall ensure proper supply of oil to the bearings, teeth and other
parts which need lubrication. Relevant requirements specified in Part VI - Ship and Machinery Piping
Systems, chapter 13 shall be fulfilled.

4.2.10.2 In gears with medium loads and speeds provided with roller bearings, splash lubrication
is permitted.

4.2.10.3 In pressure oil systems, adequate filtering arrangements shall be provided.

Filters in lubrication systems of single main gears shall be so designed as to enable their cleaning
without stopping the propulsion system.

4.2.10.4 In pressure oil systems, arrangements for measurement of input and output pressure
and temperature as well as alarms giving warning of reaching low oil pressure shall be provided.

In splash lubrication systems, arrangements shall be provided for measurement of oil level in the
gearcase.

For the gears with total output exceeding 20 000 kW or single shaft output exceeding 12 000 kW,
high temperature alarm system shall be provided for all journal and thrust bearings.

4.3 Disengaging and Flexible Couplings
4.3.1 General Requirements

4.3.1.1 The requirements specified in this sub-chapter apply to disengaging and flexible
couplings.

4.3.1.2 Documentation concerning flexible couplings (see paragraph 1.3.3.9) shall include the
following characteristics:

Tkv - rated torque for continuous operation;
Txkmax — maximum torque for operation in transient conditions;
Txw - allowable dynamic torque for the full range of torques from 0 to T ;

Crpyny - dynamic stiffness for the full range of torques Txv and Tkw;
- rotational speed limit;
- allowable torque transmitted by the angular displacement limiter (where provided).

Additionally - for information - the following data shall be provided:
- damping coefficient for the full variation ranges of torques Txy and Txw

82 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part VII - Main and Auxiliary Machinery and Equipment, Chapter 4 - Gears, Disengaging and Flexible ... January 2025

- allowable power loss, Py, in coupling;
- allowable axial and radial displacements as well as angular misalignment;
- allowable service time of flexible components until compulsory replacement.

4.3.1.3 Rigid elements transmitting torque (except for bolts) shall be made from a material with
tensile strength 400 < R, <800 MPa.

4.3.1.4 Flange connections and connecting bolts shall fulfil the requirements specified in sub-
chapter15.5 of this Part VII - Ship and Machinery Piping Systems and, in the case of keyless
connections - also to requirements specified in sub-chapter 15.7 of this Part VII.

4.3.2 Flexible Couplings

4.3.2.1 Flexible couplings intended for shafting of the ships with one main engine shall be
provided with proper arrangements to enable maintaining sufficient speed of ship to ensure her
steering qualities when flexible elements have been damaged.

4.3.2.2 Ifthe requirement specified in paragraph 4.3.2.1 is not fulfilled, the static torque breaking
elements made from rubber or other synthetic materials shall not be less than eight times the value
of the coupling rated torque.

4.3.2.3 The static torque breaking flexible elements in generating sets shall not be less than the
torque resulting from the short-circuit current. Where relevant data are unavailable, the breaking
torque shall not be less than 4.5 times as much as the coupling rated torque.

4.3.2.4 Flexible couplings shall endure long-lasting continuous load with the rated torque within
the range of temperatures from 5°C to 60°C.

4.3.3 Disengaging Couplings

4.3.3.1 Disengaging couplings of main engines shall be controlled from the main engine control
stand, and shall be fitted also with the arrangements for local control.

The control devices shall ensure so smooth engagement of the coupling that the momentary dynamic load
does not exceed the maximum torque specified by the manufacturer or double rated engine torque.

4.3.3.2 Where two or more main reversible engines drive one propeller shaft via disengaging
couplings, the control arrangements of the couplings shall be so designed as to exclude the
possibility of simultaneous engagement when the engine directions of rotation do not provide for
the same direction of ship motion.

4.3.4 Emergency Means

Where the propeller shaft is driven through:
- ahydraulic or electromagnetic transmission,
- ahydraulic or electromagnetic clutch,
provision shall be made for maintaining the ship motion with a speed necessary for its
steerability in case of failure of the above-mentioned couplings.
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5 AUXILIARY MACHINERY
5.1 Power-driven Air Compressors
5.1.1 General Requirements

5.1.1.1 Compressors shall be so designed that the air temperature at the air cooler outlet does not
exceed 90°C.

5.1.1.2 Each compressor stage or stub pipe at the immediate outlet from the compressor stage
shall be fitted with safety valve preventing the pressure rise in the stage above 1.1 times the rated
pressure when the delivery pipe valve is closed.

The safety valve design shall preclude any possibility of its adjustment or disconnection after
being fitted on the compressor.

5.1.1.3 Compressor crankcases of more than 0.5 m3 in volume shall be fitted with safety valves
which fulfil the requirements specified in paragraph 2.2.5.

5.1.1.4 Delivery stub pipe or the immediate outlet of compressor shall be fitted with a fuse or an
alarm with the activation temperature not exceeding 120°C.

5.1.1.5 Bodies of coolers shall be fitted with safety devices ensuring a free outlet of air in case of
the pipes’ breakage.

5.1.2 Crankshaft

5.1.2.1 The method of verifying calculations specified in paragraphs 5.1.2.3 and 5.1.2.4 applies to
the steel crankshafts of naval air compressors and refrigerant compressors with in-line, and V-
shaped arrangement of cylinders and with single and multi-stage compression.

5.1.2.2 Crankshafts shall be made of steel having tensile strength,, R, ranging from 410 to 780
MPa.

The use of steel having a tensile strength over 780 MPa is subject to PRS acceptance in each
particular case.

Crankshafts may be made of nodular cast iron with a tensile strength 500 < R, < 700 MPa, in
accordance with the requirements specified in Chapter 15, Part IX - Materials and Welding.
Crankshafts with other dimensions than those determined by the formulae given below may be
applied subject to PRS acceptance in each particular case, provided that complete strength
calculations are submitted.

5.1.2.3 Crank pin diameter (di) of the compressor shall not be less than that determined in
accordance with the formula below:

dy = O.ZSKi/DZp\/O.SLZ f+(Se)?2 [mm] (5.1.2.3-1)

where:

D - design diameter of cylinder, [mm], equal to:
- for single-stage compression
D=D¢ (D¢ - cylinder diameter),
- for two- and multi-stage compression in separate cylinders
D =Dw (Dw - diameter of high pressure cylinder),
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- for two-stage compression by a tandem piston
D =1.4 Dy,
- for two-stage compression by a differential piston

D = /D% — D, (D, - diameter of low pressure cylinder);
p - forair compressors - compression pressure in high pressure cylinder, [MPa];

for refrigerant compressors, the value of p shall be taken as equal to the design pressure at high-
pressure side in accordance with the requirements specified in paragraphs 17.2.2 and 17.2.3
of this Part VII,

L - design distance between main bearings, [mm], equal to:
— L=L",where one crank is arranged between two main bearings (L' - actual distance
between centres of main bearings),
— L =1.1L", where two cranks with 180° angle are arranged between two main bearings;

S - piston stroke, [mm];
K f, ¢ - coefficients determined in accordance with Tables 5.1.2.3-1, 5.1.2.3-2 and 5.1.2.3-3.

Table 5.1.2.3-1
Values of coefficient K

Tensile strength [MPa] 390 490 590 690 780 880
K 1.43 1.35 1.28 1.23 1.2 1.18

Table 5.1.2.3-2
Values of coefficient f

Angle between cylinder axes 0° (in line) 45° 60° 90°
f 1.0 29 1.96 1.21

Table 5.1.2.3-3
Values of coefficient ¢

Number of cylinders 1 2 4 6 8
@ 1.0 1.1 1.2 1.3 1.4

If shaft journals have co-axial holes with diameters exceeding 0.4ds, then the diameters of the
journal shall be determined in accordance with the formula below:

(5.1.2.3-2)

where:

drx - seeformula 5.1.2.3-1;
do — co-axial hole diameter, [mm];
d, - actual diameter of shaft [mm].

The edges of oil holes on journal surfaces shall be rounded to a radius not less than 0.25 times the
hole diameter with a smooth finish.

5.1.2.4 The thickness of the crank web, hx, shall be not less than that determined in accordance
with the formula below:
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+0.4)PC
hy = 0,105K,D /(‘”1"’2% [mm] (5.1.2.4-1)
where:

K1 - coefficient taking into account the shaft material effect and determined in accordance with
the formula below:

w

Rm

Kl = ——
2Rm—430

(5.1.2.4-2)

where:

a=0.9 for shafts with entire surface nitrided or submitted to other kind of heat treatment
accepted by PRS,

a =0.95 for die forged shafts with the fibre continuity being maintained,

a =1 for shafts without heat treatment;

yaand y2 - coefficients determined in accordance with Tables 5.1.2.4-1 and 5.1.2.4-2;

P - compression pressure taken in accordance with relevant provisions of paragraph 5.1.2.3;
C1 - distance from the centre of the main bearing to the mid-plane of the crank web, [mm]; where
two cranks are arranged between two main bearings, the distance to the midplane of the
web located further from the support under consideration shall be taken;
b - breadth of crank web, [mm];
fi - coefficient taken in accordance with Table 5.1.2.4-3;
Rn - tensile strength, [MPa].
Table 5.1.2.4-1
Values of coefficient y;
g
by 0 0.2 0.4 0.6 0.8 1.0 1.2
by
h.

0.07 4.5 4.5 4.28 4.1 3.7 3.3 2.75

0.10 35 35 3.34 3.18 2.85 2.57 2.18

0.15 2.9 2.9 2.82 2.65 2.4 2.07 1.83

0.20 2.5 2.5 241 2.32 2.06 1.79 1.61

0.25 2.3 2.3 2.2 2.1 19 1.7 1.4
Explanations:
r - radius of the fillet of the crank web into the crank pin, [mm];
¢ - value of overlap, [mm].
For crankshafts without the crank pin overlap, coefficient y1 shall be taken as for &/ = 0.

Table 5.1.2.4-2
Values of coefficient y»
b/dxk 1.2 1.4 1.5 1.8 2.0 2.2
7] 0.92 0.95 1.0 1.08 1.15 1.27

For dk - see formula 5.1.2.3-1.

Intermediate values of the coefficients specified in Tables 5.1.2.4-1 and 5.1.2.4-2 shall be determined
by linear interpolation.
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Table 5.1.2.4-3
Values of coefficient f;

Angle between cylinder axes 0° (in line) 45° 60° 90°
f 1.0 1.7 1.4 1.1

5.1.2.5 The radius of fillet of the crank pin and crank web shall not be less than 0.05 the crank pin
diameter.

The radius of fillet of the crank pin and the coupling flange shall not be less than 0.08 the crank
pin diameter.

Surface hardening of crank pins and journals shall not be applied to fillets, except when the entire
shaft has been subjected to hardening.

5.2 Pumps
5.2.1 General Requirements

5.2.1.1 Unless the pumped liquid is used for lubrication of bearings, provision shall be made to
prevent the pumped liquid from penetration into the bearings.

5.2.1.2 [Itisrecommended that the pump sealing on the suction side be fitted with hydraulic seals.

5.2.1.3 Where the pump construction enables the rise of pressure above the rated value, a safety
valve shall be fitted on the pump casing or on the delivery pipe before the first stop valve.

5.2.1.4 In pumps intended for transferring inflammable liquids, an outlet pipe from safety valve
shall be connected to the pump suction side.

5.2.1.5 Provision shall be made to prevent water hammer. Application of overflow valves for this
purpose is not recommended.

5.2.1.6 Strength calculation
Critical speed of pump impeller shall not be less than 1.3 of the rated r.p.m.

5.2.1.7 Self-priming pumps

Self-priming pumps shall ensure operation under "dry-suction" conditions and it is recommended
that they be fitted with arrangements preventing the self-priming device against being damaged
as a result of impure water pumping.

5.2.2 Additional Requirements for Flammable Liquid Pumps

5.2.2.1 Pump seals shall be of such construction and materials, that no vapour/air explosive
mixture is generated in case of leakage.

5.2.2.2 The construction of dynamic seals shall prevent the possibility of overheating and self-
ignition of seals due to friction of the moving elements.

5.2.2.3 The construction of pumps made of low electrical conductivity materials (plastics, rubber,
etc.), shall prevent accumulation of electrostatic charges, or special means for electric charge
neutralisation shall be provided.
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5.3 Fans, Air Blowers and Turbochargers
5.3.1 General Requirements

5.3.1.1 Therequirements specified in this sub-chapter apply to fans intended for systems covered
by requirements specified in Part VI -Ship and Machinery Piping Systems, as well as to internal
combustion engine turbochargers and air-blowers. Detailed requirements for design, testing and
certification of are provided in Publication 5/P - Requirements for Turbochargers.

5.3.1.2 Impellers of fans and air blowers, including couplings, as well as the assembled rotors
of turbochargers shall be dynamically balanced in accordance with the requirements specified in
paragraph 4.1.2.

5.3.1.3 Suction ports shall be protected against the entry of incidental solids.

5.3.1.4 Lubrication system of the turbocharger bearings shall prevent the possibility
of penetration of oil into the supercharging air.

5.3.1.5 Strength calculation

The impeller parts shall be so designed that the equivalent stress at any section will not exceed
0.95 of the material yield point at rotational speed equal to 1.3 of the rated speed.

For turbochargers, other safety factors may be applied subject to PRS acceptance in each
particular case, provided that calculation methods determining the maximum local stress or
elastoplastic methods have been used.

5.3.2 Additional Requirements for Pump Room Fans

5.3.2.1 The air gap between the casing and rotor shall not be less than 0.1 of the rotor shaft
bearing journal diameter and not less than 2 mm, but it is not required for the air gap to be greater
than 13 mm.

5.3.2.2 Terminals of ventilation ducts shall be protected against the entry of foreign matter into
the fan casings by means of wire net, with square net mesh of the side length not exceeding 13 mm.

5.3.2.3 Pump room ventilation fans shall be of non-sparking design. The fan is not sparking if in
normal conditions as well as in abnormal conditions there is no risk of sparks generation. Casing
and rotating parts of fan shall be made of such materials, which do not cause electric charge
accumulation, and the fans installed shall be properly earthed to the hull of ship in accordance with
the requirements of Part VIII - Electrical Installations and Control Systems.

5.3.2.4 Exceptthe cases specified in paragraph 5.3.2.5, rotors and fan casings in way of rotor shall
be made of such materials which do not generate sparks, as confirmed by appropriate tests.

5.3.2.5 Thetests mentioned in paragraph 5.3.2.4 may be waived for the fans made of the following
combinations of materials:

.1 rotor and/or casing made of non-metallic materials with anti-electrostatic properties,

.2 impeller and casing made of non-ferrous metal alloys,

.3 rotor made of aluminium or magnesium alloy and steel casing (including stainless
austenitic steel), where a ring made of non-ferrous material of adequate thickness is used
inside the casing in way of rotor,

4 any combination of steel rotor and casing (including stainless austenitic steel) provided
that the radial clearance between them is not less than 13 mm.
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5.3.2.6 Rotors and fan casings made of the following materials are considered as sparking and
their application is not permitted:
.1 rotor made of an aluminium or magnesium alloy and steel casing, irrespective of the radial
clearance value,
.2 casing made of an aluminium or magnesium alloy and steel rotor, irrespective of the radial
clearance value,
.3 any combination of rotor and casing made of steel with the design radial clearance less
than 13 mm.

5.4 Oil and Fuel Separators
5.4.1 General Requirements

5.4.1.1 Separator drums shall be dynamically balanced. The position of removable parts shall be
reciprocally fixed and the separator shall be so designed as to exclude their wrong assembly.

5.4.1.2 The arrangement of case and drum set shall be such that the resonant rotational speed of
both empty drum and drum filled with liquid exceeds the rated number of revolutions.

The resonant speed lower than the rated one may be accepted, provided that long-time reliable
operation of the separator has been confirmed.

5.4.1.3 The construction of clutches shall preclude sparking and their heating in all operating
conditions and shall ensure effective heat transmission from the working surfaces.

5.4.2 Strength Calculations and Equipment of Separators

5.4.2.1 Strength of the separator rotating parts shall be checked by calculation for the rotational
speed exceeding by at least 30% the rated one. The reduced stresses occurring in such conditions
shall not exceed 0.95 of yield point.

5.4.2.2 The assembled prototype of separator shall be tested with oil by the manufacturer
at a rotational speed exceeding the rated one by 30%.

5.4.2.3 Control devices of separating process and of the drum rotational speed shall be provided.
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6 DECKMACHINERY
6.1 General Requirements

6.1.1 Deck machinery shall be designed for service in conditions specified in sub-chapter 1.16
of Part VI - Ship and Machinery Piping Systems.

6.1.2 Brake linings and their fixing arrangements shall be resistant to sea water and oil as well
as heat resistant at temperatures up to 250°C.

Heat resistance of the brake lining connection to the brake structure shall be greater than for the
temperature which may occur in combination of any working conditions of the mechanism.

6.1.3 Machinery items which are both manually-operated and power-driven shall be provided
with interlocking arrangements preventing simultaneous operation of these drives.

6.1.4 It is recommended that the deck machinery controls be so arranged that lifting will be
performed by rotating the handwheel clockwise or by moving the lever backwards, whereas
descending - by rotating the hand wheel anti-clockwise or by moving the lever forwards. Braking
shall be performed by rotating the hand wheel clockwise, whereas brake releasing - by rotating
anti-clockwise.

6.1.5 Measurement and control instruments and gauges shall be so located as to be capable of
being watched from the control station.

6.1.6 The machinery with hydraulic drive or control shall also fulfill the requirements specified
in Chapter 7.

6.1.7 Winch drums on which ropes are put in several layers and subjected to load shall have flanges
extending beyond the external layer of winding by not less than 2.5 times the rope diameter.

6.2 Steering Gears and Their Installation on Board Ship
6.2.1 General Requirements

6.2.1.1 The main steering gear” shall enable putting the rudder by 35° to each side and putting
the rudder over from 35° on either side to 30° on the other side in not more than 28 seconds, with
the steering gear rated torque applied to the rudder stock.

The main steering gear design shall ensure taking the load resulting from the ship motion "full
astern”, this, however, need not be confirmed by the sea trials.

6.2.1.2 The auxiliary steering gear™ shall enable putting the rudder by 15° to each side and
putting the rudder over within this range in a time not exceeding 60 seconds with rated torque
of this gear applied to the rudder stock.

The auxiliary steering gear shall be so arranged as to be capable of being brought into action
within no more than 2 minutes in case of failure of the main steering gear.

6.2.1.3 The main steering gear and auxiliary steering gear shall be so arranged that a failure in
one of them will not render the other one inoperative.

In steering gears with single actuator, the cut-off valves of hydraulic tubing shall be fitted directly
on the actuator.

) For definition of main steering gear,- see 1.2 of Part Il - Hull Equipment.
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6.2.1.4 The rated torque, Mz, of steering gear is the rudder stock torque at the following rudder
angle:

35° - for main steering gear,

15° - for auxiliary steering gear,

at rated parameters of steering gear power units”.

6.2.1.5 Hydraulic locking means all situations where two hydraulic systems (usually identical)
oppose each other in such a way that it may lead to loss of steering. It can either be caused by
pressure in the two hydraulic systems working against each other or by hydraulic “bypass” meaning
that the systems puncture each other and cause pressure drop on both sides or make it impossible
to build up pressure.

6.2.1.6 Where the main steering gear” comprises two or more identical power units, an auxiliary
steering gear™ need not be fitted, provided that:
.1 ina passenger ship, the main steering gear” is capable of operating the rudder as required
in paragraph 6.2.1.1 while any one of the power units" is out of operation;
.2 in a cargo ship, main steering gear is capable of operating the rudder as required in
paragraph 6.2.1.1 while operating with all power units”; and

the main steering gear” is so arranged that after a single failure in its piping system or in one of
the power units the defect can be isolated so that steering capability can be maintained or speedily
regained.

6.2.1.7 Hydraulic steering gear with mechanical drive shall be provided with:
.1 device for keeping the hydraulic oil clean adequate to type and design of the hydraulic
system,;
.2 low level alarm of hydraulic oil in each circulating tank (visual and audible alarm signals
shall be received in the wheelhouse and engine room).

A spare tank of hydraulic oil shall be provided, the capacity of which shall be sufficient for filling at
least one of the power units, including the circulation tank. The spare oil tank shall be equipped with
a gauge for measuring the tank content and permanently connected to hydraulic pipe in a way which
allows for easy filling of the hydraulic system from a post in steering gear compartment.

6.2.1.8 Each part of hydraulic power system, that can be separated from the system and subjected
to load from the drive source or by external forces (caused by water pressure exerted on the rudder
blade) shall be fitted with relief valves set to a pressure not exceeding the design pressure, but not
less than 1.25 times the rated pressure of the system. The minimum output of relief valve(s) shall
not be less than 1.1 of total capacity of pumps connected to it. In no case the pressure rise shall
exceed 1.1 times the setting of the relief valves, the change of oil viscosity in extreme ambient
conditions shall be taken into account. Means of sealing with lead shall be provided for the relief
valves.

PRS recommends to carry out the following tests of the relief valves:
- output (throughput),
- resistance to water (hydraulic) hammer.

6.2.1.9 The oil tight seals separating spaces under pressure shall be:
- made with metallic contact or equivalent between parts reciprocally fixed,

") For definition of auxiliary steering gear and power unit - see 1.2 of Part Il - Hull Equipment.
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- doubled between reciprocally movable parts so as to prevent abrupt drop of pressure in the
system in case of one of the seals being damaged; PRS may approve an alternative solution
ensuring equivalent protection against leakage.

6.2.1.10 Rudder Position Indicators

A rudder gear part rigidly coupled with the rudder stock (tiller, quadrant, etc.) shall be fitted with
a dial, calibrated for accuracy not less than 1°, to indicate the position of the rudder related to
ship's centre line.

6.2.1.11 Limit Switches

Each steering gear shall be provided with an arrangement for stopping its operation before the
rudder reaches its angle limiters, permanently fixed to the ship hull; the steering gear capability to
move the rudder immediately in the opposite direction shall be maintained.

6.2.1.12 The steering gear shall be fitted with a brake or any other device ensuring to keep the
rudder steady at any position when the latter exerts the design torque (without taking into account
the friction in the rudder stock bearings).

In case of hydraulic steering gears, which can be kept steady by closing valves on oil lines, the
special braking device may be omitted.

6.2.1.13 Requirements concerning the electric drive and signaling are specified in sub-chapter 5.5
of Part VIII - Electrical Installations and Control Systems, while the requirements for selection
of steering gear for a given type of ship - in sub-chapter 2.6 of Part IIl - Hull Equipment.

Note: Additional statutory requirements in respect of mechanical, hydraulic and electrical independency of steering
gear control systems according to SOLAS and interpretation given in IACS UI SC94 and Corr.1 may apply.

6.2.1.14 Operating instructions, including the block diagram and switching-over procedures for
control systems, power units and hydraulic cylinders of steering gear, shall be posted in
permanence and at well visible places in the wheelhouse and steering gear compartment.

Where applicable the given below standard warning label shall be fitted at steering post in the
wheelhouse or the statement ought to be included into ship “Procedures manual®.

Warning label in Polish:
UWAGA:

Gdy oba zespoly energetyczne maszyny sterowej pracujq jednoczesnie, w pewnych warunkach
ster moZe nie reagowac na zadane polecenie. NalezZy wéwczas wylqcza¢ kolejno pompy az
kontrola nad sterem zostanie przywrocona.

In case of warning label in English:
CAUTION:

In some circumstances when 2 power units are running simultaneously the rudder may not
respond to helm. If this happens stop each pump in turn until control is regained.

The label concerns the steering gears equipped with two identical power generators prepared for
simultaneous operation and generally equipped with own, separate control system or two separate
control circuits able to work in the same time.

6.2.1.15 Steering gear control system is also understood to cover “the equipment required to
control the steering gear power actuating system.
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6.2.2 Materials and Manufacturing of Hydraulic Systems

6.2.2.1 Hydraulic cylinder pressure casings, power hydraulics valves, flanges and fittings
of pipelines, as well as all parts transmitting forces to the rudder stock (rudder quadrant, tiller, etc.)
shall be made of steel or other PRS approved ductile material. The ultimate elongation As of such
materials shall be, as arule, notless than 12%, while their tensile strength shall not exceed 650 MPa.
Upon special agreement with PRS, grey cast iron may be used for doubled, slightly loaded parts.

6.2.2.2 Pipes of the hydraulic steering systems shall fulfil the requirements relevant to class I
piping and flexible joints specified in sub-chapter 1.6.2 of Part VI - Ship and Machinery Piping
Systems.

6.2.2.3 Piping shall be so made as to enable easy switching on and off individual cylinders and
units and shall additionally fulfil the requirements specified in Chapter 7.

A possibility of bleeding air from the pipelines shall be provided, where necessary.

6.2.2.4 Hydraulic steering gear pumps shall be provided with protective means to prevent
reverse rotation of an inoperative pump or with automatic arrangements to shut off the flow of
liquid through the inoperative pump.

6.2.2.5 Where simultaneous operation of more than one steering gear or power unit is provided,
then the risk of hydraulic lock shall be taken into account in the case of failure of singular power unit
or control system.

If such risk cannot be eliminated, a visual and audible alarm shall be provided in the wheelhouse
for warning against the loss of steering capability and for identification of damaged system.
Appropriate instructions for switching off the damaged system shall also be displayed in the
wheelhouse.

Such an alarm shall be activated (for instance) if:
- setting of variable capacity pump is different than the value set by the control system,
- three-way, full flow valve or a similar device of fixed capacity pump is in wrong position.

6.2.3 Construction and Strength Calculation

6.2.3.1 The steering devices shall be so designed as to reduce as far as possible the local
concentration of stress.

Welded parts and welding procedure are liable to PRS approval. All welded joints within hydraulic
cylinders or interconnected parts situated in lines of the force flux, shall, as a rule, be made with
full penetration of weld.

6.2.3.2 The parts of main and auxiliary steering gear situated in lines of the force flux shall be
checked by calculations for strength when affected by loads corresponding to the design torque M;
(see paragraph 2.2.3 of Part Il - Hull Equipment); pipelines and other parts submitted to the inner
pressure shall be checked for the load corresponding to the design pressure.

The design pressure shall not be less than the greater of the below values:
— 1.25 of rated pressure (i.e. this corresponding to Mzy torque), or
— assumed safety valve setting.

6.2.3.3 The casings of steering gear actuators and hydraulic batteries shall fulfil the requirements
for pressure vessels of class I specified in Chapter 8.

6.2.3.4 The stresses in considered part shall not exceed the following values, whichever less:
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Rn/A or R./B
where:
Rn»- minimum tensile strength of material at ambient temperature, [MPa];
R. - physical yield point or proof stress (Ro.2), [MPa].

The values of safety factors A and B are specified in Table 6.2.3.4.

Table 6.2.3.4
Values of safety factors A and B

Factor Steel Cast steel Nodular iron
A 3.5 4 5
B 1.7 2 3

PRS may demand fatigue strength calculations accounting for fatigue of materials caused by
pressure pulsation in hydraulic system.

6.2.3.5 The parts of steering gear situated in lines of the force flux not protected against overload
by means of limiters fastened to the ship hull (see paragraph 2.6.2.2 of Part III - Hull Equipment)
shall have strength not lower than that of the rudder stock.

6.2.4 Connection to Rudder Stock

6.2.4.1 Connection of the steering gear to the elements rigidly fixed to the rudder stock shall be
such as to preclude the steering gear damage due to axial displacement of the rudder stock.

6.2.4.2 The connection of the tiller, quadrant or yoke with the rudderstock shall be calculated for

transmission of torque not less than 2M; (see paragraph 2.2.3 of Part Il - Hull Equipment). For one-

piece hubs, fastened by shrink fitting to the rudderstock, the friction factor not exceeding 0.13 shall

be taken. The split hubs shall be fastened by at least two bolts at each side and shall have:

- two keys designed for transmission of torque not less than 2M,, if the friction is not taken into
account;

- single key, if the bolt tension is designed for friction transmission of torque not less than 2M;.

6.2.5 Hand Operated Steering Gear

6.2.5.1 The main steering gear shall be of self-locking type. The stand-by steering gear shall also
be of self-locking type or may be fitted with device locking the gear in desired position, provided
that there is a possibility to change this position.

6.2.5.2 The main hand-operated steering gear shall fulfil the requirements specified in paragraph
6.2.1.1 - when handled by one man with a force not exceeding 120 N applied to the steering wheel
handles and with the number of revolutions not greater than 9/R when putting the rudder from
hard over to hard over (R - radius of steering wheel handle measured from the wheel axis of rotation
to the mid-length of the handle [m]).

6.2.5.3 The stand-by hand-operated main steering gear shall fulfil the requirements specified in
paragraph 6.2.1.2 when handled by not more than four men with a force not exceeding 150 N per
helmsman, applied to steering gear handles.

6.2.5.4 For hand-operated main steering gear it is sufficient to provide the gear with buffer
springs instead of protection against overload required in paragraph 6.2.1.8.

For the stand-by hand-operated steering gear, the requirements specified in paragraph 6.2.1.8
need not be fulfilled.
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6.2.6 Pump Type Test

The pumps of hydraulic power units shall be subjected to type test. The test duration shall be 100
hours at least. The test stand shall be arranged for idle running of the pump, as well as for the
pump operation with maximum capacity at maximum working pressure. The idle running test
periods shall be performed alternately with the periods of full load operation. The transition from
one operating condition into the other one shall be performed at least as quickly as during the
operation on board the ship. No abnormal heating, vibration or other irregularities of pump
operation can occur during the whole time of test duration. Upon completion of the test the pump
shall be dismantled and its parts subjected to inspection.

This test may be omitted for the power units, for which the reliability has been confirmed by
operational trials during service of the ship.

6.2.7 Tests on Board Ship

6.2.7.1 The steering gear shall be subjected to tightness and operating tests after its installation
on board the ship.

6.2.7.2 The scope of at sea trials in the presence of PRS surveyor shall include:

.1 checking compliance with the requirements specified in paragraphs 6.2.1.1 and 6.2.1.2
regarding the rudder deflection, by main and standby steering gear. In the case of
controlled pitch propeller, the pitch shall be set to the maximum value for nominal engine
rotation speed full ahead.

Ifthe vessel cannot be tested at the deepest draught, steering gear trials shall be conducted
at a displacement as close as reasonably possible to full-load displacement as required by
Section 6.1.2 of ISO 19019:2005 on the conditions that either the rudder is fully
submerged (zero speed waterline) and the vessel is in an acceptable trim condition, or the
rudder load and torque at the specified trial loading condition have been predicted and
extrapolated to the full load condition.

In any case for the main steering gear trial, the speed of ship corresponding to the number
of maximum continuous revolution of main engine and maximum design pitch applies.
power units of the steering gear testing and their switching on/off;

.3 switching off and cutting off the working power unit, check of time to recover the steering
abilities;

4 hydraulic oil filling on system check;

.5 back up power supply as required in sub-chapter 5.5 of Part VIII - Electrical Installations
and Control Systems;

.6 control system operation, including control command transfer and local steering;

.7 checking communication means between wheelhouse, machinery room and steering gear
compartment;

.8 alarm system and indicators operation in accordance with the requirements specified in
paragraph 6.2.2.5 as well as in sub-chapters 5.5 and 8.4 of Part VIII - Electrical Installations
and Control Systems;

.9 checking where applicable if there is no hydraulic interlocking (hydraulic lock) and
signalling system check.

[N

6.3 Windlasses

6.3.1 Documentation requirements

The following plans showing the design specifications, the standard of compliance, engineering
analyses and details of construction, as applicable, shall be submitted for evaluation:
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— Windlass design specifications; anchor and chain cable particulars; anchorage depth;
performance criteria; standard of compliance.

— Windlass arrangement plan showing all of the components of the anchoring/mooring system
such as the prime mover, shafting, cable lifter, anchors and chain cables; mooring winches,
wires and fairleads, if they form part of the windlass machinery; brakes; controls; etc.

— Dimensions, materials, welding details, as applicable, of all torque-transmitting (shafts, gears,
clutches, couplings, coupling bolts, etc.) and all load bearing (shaft bearings, cable lifter,
sheaves, drums, bed-frames, etc.) components of the windlass and of the winch, where
applicable, including brakes, chain stopper (if fitted) and foundation.

— Hydraulic system, to include:

- piping diagram along with system design pressure,
- safety valves arrangement and settings,

- material specifications for pipes and equipment,

- typical pipe joints, as applicable, and

- technical data and details for hydraulic motors.

— Electric one line diagram along with cable specification and size; motor controller; protective
device rating or setting; as applicable.

— Control, monitoring and instrumentation arrangements.

— Engineering analyses for torque-transmitting and load-bearing components demonstrating
their compliance with recognized standards or codes of practice. Analyses for gears shall be in
accordance with a recognized standard.

— Plans and data for windlass electric motors including associated gears rated 50 kW and over.

— Calculations demonstrating that the windlass prime mover is capable of attaining the hoisting
speed, the required continuous duty pull, and the overload capacity shall be submitted if the
“load testing” including “overload” capacity of the entire windlass unit is not performed at the
shop (only in reasonable cases verified by PRS).

— Operation and maintenance procedures for the anchor windlass shall be incorporated in the
vessel operations manual.

Note: See requirements regarding Standards of Compliance of Anchor Windlasses given in subchapter 1.2 of IACS UR
A3 (Rev.1 June 2019).

6.3.2 Drive

6.3.2.1 Power of the windlass driving motor shall ensure continuous heaving up a chain cable
with an anchor of normal holding force for at least 30 minutes with a speed at least 9 m/min (0.15
m/s) and chain cable pull P; or P; on the cable lifter not less than that determined in accordance
with the formulae below:

- for all types of ships, except service ships:

P,=9.81ad” [N] (6.3.2.1-1)
where:

a - coefficient taking the following values:

3.75 for steel grade 1 chain cables,

4.25 for steel grade 2 chain cables,

4.75 for steel grade 3 chain cables,

(for chain cable steel grades - see Chapter 11 of Part IX - Materials and Welding);
d - chain cable diameter, [mm)].

The above formula is applicable when using ordinary stockless anchors for anchorage depth down
to 82.5 m. For anchorage depth deeper than 82.5 m, a continuous duty pull is:
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P, =P+ (D-82.5)%x0.27d2 [N] (6.3.2.1-2)
where:
D - anchor depth, [m].

For chain cables of less than 28 mm in diameter, the value of a factor may be reduced subject to
PRS acceptance in each particular case;
- for service ships assigned an additional mark SUPPLY VESSEL in their symbol of class:

P,=11.1 (gh + G) [N] (6.3.2.1-3)
where:

q - mass of 1 m of chain, [kg/m];

G - the anchor mass, [kg];

h - design anchoring depth, [m], however not less than:
200 - for ships with the equipment number not exceeding 720,
250 - for ships with the equipment factor exceeding 720 (for the equipment factor - see
sub-chapter 1.7 of Part IIl - Hull Equipment).

Mean speed of the chain cable heaving-in shall be measured over 2 shots of chain cable, beginning
with the moment when 3 shots of chain cable and the anchor submerged and hanging free.

6.3.2.2 The windlass drive shall provide the speed of hauling in the anchor to the hawse pipe not
exceeding 0.15 m/s. It is recommended that this speed be not greater than 0.12 m/s.

6.3.2.3 To extract the anchor from the bottom, the windlass power unit shall produce, in a rated
working cycle, a continuous pull of one cable lifter equal at least 1.5P; for a period not less than 2
minutes. However, the requirement specified in paragraph 6.3.2.1 concerning the heave-up speed
need not be fulfilled.

6.3.3 Brakes and Clutches

6.3.3.1 Windlasses shall be fitted with disengageable clutches between the cable lifter and the
drive shaft. Hydraulically or electrically operated clutches shall be capable of being disengaged
manually.

Windlass with a gear mechanism which is not of self-locking type shall be fitted with automatic
cable lifter brakes to prevent paying out of the chain in case of the power failure or power unit
failure.

The automatic cable lifter brake shall be capable of maintaining the cable lifter pull not less than
1.3P1 or 1.3P2.

6.3.3.2 Cable lifters shall be fitted with brakes which are capable to stop safely paying out of the
chain. This brake shall ensure holding the chain cable without slip on the brake when the cable lifter
is declutched and the chain cable loaded with a force:
.1 equal to 0.45 times the breaking load of the cable - for anchor gear with a stopper for
holding the chain cable of a ship lying at anchor;
.2 equal to 0.8 times the breaking load of the cable - for anchor gear without the stopper
mentioned in .1.

The force applied to the brake drive handle shall not exceed 740 N.
6.3.4 Cable Lifters

6.3.4.1 Cable lifters shall have not less than five cams. For horizontal axis cable lifters, the
wrapping angle shall not be less than 115°, whereas for vertical axis cable lifters — not less than 150°.
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6.3.4.2 Cable lifters shall be so designed that the detachable links (Kenter links) can pass both in
horizontal and vertical position.

6.3.5 Overload Protection

Where the maximum torque of the windlass motor may cause the (equivalent) stress in the
windlass components exceeding 0.95 the yield point of the material used, or a rise to the force on
the sprocket exceeding 0.5 the test load, a safety coupling shall be installed between the motor
and the windlass to prevent overload.

6.3.6 Protection of Mechanical Components

To protect mechanical parts including component housings, a suitable protection system shall be
fitted to limit the speed and torque at the prime mover. Consideration shall be given to a means
to contain debris consequent to a severe damage of the prime mover due to over-speed in the
event of uncontrolled rendering of the cable, particularly when an axial piston type hydraulic
motor forms the prime mover.

6.3.7 Welded Fabrication

Weld joint designs are to be shown in the construction plans and are to be approved in association
with the approval of the windlass design. Welding procedures and welders are to be qualified in
accordance with the PRS Rules requirements, chapter 23 of Part IX - Materials and Welding.
Welding consumables are to comply with the Rules requirements, chapter 24 of Part IX - Materials
and Welding. The degree of non-destructive examination of welds and post-weld heat treatment,
if any, are to be specified and submitted for consideration.

6.3.8 Strength Calculation

Stress of the windlass parts being in flux of the strain lines shall not exceed:

0.4R. — when loaded with rated power of driving motor,

0.95R. — when loaded with the maximum torque of driving motor,

0.95R. — when subjected to maximum load caused by anchor cable held by brake — in accordance
with paragraph 6.3.3.2; this requirement applies to those parts of windlass which are
subjected to the above mentioned load;

(Re —yield point of material of the parts in question).

When designing windlasses, special attention shall be paid to:

— notch stress concentration,

— dynamic loads caused by abrupt start or stop of driving motor,

— calculation methods and approximations applied for finding stress value and cycle,
— reliable fastening the windlass to the foundation.

6.3.9 Additional Requirements for Windlasses with Remote Control

6.3.9.1 Windlasses with remote control shall be fitted with an automatic brake so that the speed
of chain cable release, with the chain sprocket disengaged from the drive, does not exceed 3 m/s
and is not less than 1.33 m/s, except the initial run.

6.3.9.2 In ships with the equipment number 400 and less, the automatic brake is not required.

6.3.9.3 The sprocket brake shall ensure smooth stopping of chain cable in time not exceeding 5 s
and not less than 2 s from the moment of control station command.

6.3.9.4 The remote control station shall be fitted with indicator of released chain length and
indicator of releasing speed - maximum permissible speed 3 m/s shall be marked on the indicator.
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6.3.9.5 Remotely controlled windlasses shall be fitted with local manual control posts. In each
case of remote control failure the possibility of local control shall be maintained.

6.3.10 Strength Requirements to Resist Green Sea Forces

6.3.10.1 The requirements specified in this sub-chapter apply to the securing of windlasses
located on the exposed deck over the forward 0.25L, in ships of length 80 m or more, where the
height of the exposed deck in way of the windlass location is less than 0.1L or 22 m above the
summer load waterline, whichever is lesser.

6.3.10.2 Where mooring winches are integral with the anchor windlass, they shall be considered
as part of the windlass.

6.3.10.3 The following pressures and associated areas shall be applied (Fig. 6.3.10.3):

— 200 kPa normal to the shaft axis and away from the forward perpendicular, over the projected
area in this direction,

— 150 kPa parallel to the shaft axis and acting both inboard and outboard separately, over the
multiple of ftimes the projected area in this direction,

where:
f= 1+§ , however not greater than 2.5

B - width of windlass measured parallel to the shaft axis, [m]
H - overall height of windlass, [m].

Ship centre line

_\_xp¢ _________

Windlass

centre line

Fig. 6.3.10.3. Direction of forces and weight

Note: Force Py shall be examined from both inboard and outboard direction separately (see 6.3.10.5).

6.3.10.4 Forces in the bolts, chocks and stoppers securing the windlass to the deck shall be
calculated.

The windlass supported by N bolt groups, each containing one or more bolts is shown in Fig.
6.3.10.4.
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Fig. 6.3.10.4. Sign Convention

6.3.10.5 The axial force, R;, in bolt group i, positive in tension, shall be calculated in accordance
with the formula below:

Ry = 2258 kN (6.3.10.5-1)
Py'h-yi'Ai
Ry; = —=— [kN] (6.3.10.5-2)
y
Ri = in + Ryi - Rsi [kN] (63105'3)
where:
P, - force acting normal to the shaft axis, [kN],
P, - force acting parallel to the shaft axis, either inboard or outboard, whichever gives the
greater force in bolt group i, [kN],
h - shaft height above the windlass mounting, [cm],

X, yi - x and y coordinates of bolt group i from the centroid of all N bolt groups, positive in the
direction opposite to that of the applied force, [cm],

A; - cross-sectional area of bolt groups in group i, [cm?],

I, - ZAix?for N bolt groups, [cm?],

I, - ZA;y?for N bolt groups, [cm?],

Rs - static reaction at bolt group i, due to weight of windlass, [kN].

6.3.10.6 Shear forces, Fy, Fyi, applied to the bolt group i, and the resultant combined force F; shall
be calculated in accordance with the formula below:

Fyp = 2=29% [kN] (6.3.10.6-1)
Fyi =222 [kN] (6.3.10.6-2)

Fi = /F,?L-+Fy2i [kN] (6.3.10.6-3)
where:

a - friction factor, to be taken as 0.5,
M - mass of windlass, [t],

g - gravity acceleration, [m/s?],

N - number of bolt groups.
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6.3.10.7 The requirements specified in sub-chapter 6.3.10 do not apply to bulk carriers which are
subject to the requirements of Publication 84 /P — Requirements Concerning the Construction and
Strength of the Hull and Hull Equipment of Sea-going Bulk Carriers of 90 m in Length and Above.

6.3.11 Shop Inspection and Testing

Windlasses shall be inspected during fabrication at the manufacturers’ facilities by PRS Surveyor
for conformance with the approved plans. Acceptance tests, as specified in the specified standard
of compliance, shall be witnessed by PRS Surveyor and include the following tests, as a minimum:

No-load test

The windlass shall be run without load at nominal speed in each direction for a total of 30 minutes.
If the windlass is provided with a gear change, additional run in each direction for 5 minutes at
each gear change is required.

Load test

The windlass shall be tested to verify that the continuous duty pull, overload capacity and hoisting
speed as specified in subchapters 6.3.2, 6.3.3 can be attained. Where the manufacturing works
does not have adequate facilities, these tests, including the adjustment of the overload protection,
can be performed on board ship. In these cases, functional testing in the manufacturer’s works
shall be performed under no-load conditions (only in justified cases permitted by PRS).

Brake capacity test
The holding power of the brake shall be verified either through testing or by calculation.

Positive result of the tests at manufacturer works is the basis for issuing PRS Test Certificate,
which allows to install windlass onboard sea-going ship.

6.3.12 On-board Tests

After tests at manufacturer works under PRS survey, each windlass shall be tested under working
conditions after installation onboard to demonstrate satisfactory operation. Each unit shall be
independently tested for braking, clutch functioning, lowering and hoisting of chain cable and
anchor, proper riding of the chain over the cable lifter, proper transit of the chain through the
hawse pipe and the chain pipe, and effecting proper stowage of the chain and the anchor. It shall
be confirmed that anchors properly seat in the stored position and that chain stoppers function
as designed if fitted. The mean hoisting speed, as specified in 6.3.2.1, shall be measured and
verified. The braking capacity shall be tested by intermittently paying out and holding the chain
cable by means of the application of the brake. Where the available water depth is insufficient, the
proposed test method is subject to PRS consideration in each particular case.

6.3.13 Marking

Windlass shall be permanently marked with the following information:

(2) Nominal size of the windlass (e.g. 100/3/45 is the size designation of a windlass for 100 mm
diameter chain cable of IACS Grade 3, with a holding load of 45 % of the breaking load of the
chain cable);

(b) Maximum anchorage depth [m].

6.4 Mooring Winches
6.4.1 Drives
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Mooring winch motor shall ensure uninterrupted heaving-in of a mooring line at a rated pull for
a period of not less than 30 minutes.

The heaving-in speed of the mooring line when reeling the first layer on the drum, with the rated
pull, shall be at least:

up to 80 kN - 0.25 m/s,

from 81 to 160 kKN - 0.20 m/s,

from 161 to 250 KN - 0.16 m/s,

above 250 kN - 0.13 m/s.

The speed of heaving-in the mooring line by mooring head shall not exceed 0.3 m/s at the rated
load.

Provisions regarding the choice of rated pull are specified in Part IlI - Hull Equipment.

Power transmission system of the mooring winch at the rated working cycle shall exert in the reeled
first layer line a continuous pull not less than 1.5 of the rated pull within not less than 2 minutes.

The pull in the line designed for the work with mooring winch, induced by the maximum torque
of the winch drive, shall not exceed 0.8 of the line breaking force.

Overload protection shall be provided if the maximum torque of the motor may bring about a load
in the mooring winch components exceeding that specified in sub-chapter 6.4.3.

6.4.2 Brakes

Mooring winch shall be provided with an automatic braking device holding the mooring line under
tension of not less than 1.5 times the rated pull at the power loss or drive failure.

Mooring winch drum shall be provided with a brake, whose braking torque will prevent unreeling
of the mooring line under the tension equal to 0.8 times the breaking load of the reeled first layer
of rope.

The force applied to the brake handle to exert such torque shall not exceed 740 N.

Where the winch drum is fitted with a pawl and ratchet or other locking device, then the braking
device shall be such that the winch drum can be released in a controlled manner while the mooring
line is under tension.

6.4.3 Strength Calculation

6.4.3.1 Stresses in the elements securing the mooring winch to the foundation and in load-bearing
parts of the winch under mooring line breaking load exerted in the drum and in the mooring head
at its mid-length shall not exceed 0.95 times the yield strength of their material.

Stresses in the winch components shall be determined taking account of all possible types and
geometrical directions of loads likely to occur in the service conditions.

6.4.3.2 The strength characteristics of the line designed for the work with the mooring equipment
shall be marked on the mechanism.

6.4.4 Additional Requirements for Mooring Winches with Pull Force Automatic Control

6.4.4.1 The mooring winches with automatic control of the pull force shall be provided with:
- indicator of the actual pull in the mooring line during the winch operation with automatic
control of pull;
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- device for automatic releasing the mooring line rendering tension which the winch can exert
on the mooring line (with first layer reeled on), and which shall not exceed 1.5 times nor be
less than 1.05 times the pre-set hauling tension.

Mooring winches with remote control shall be provided with alarm devices giving the signal in
the remote control station when the permissible pull has been exceeded. The alarm shall be given
irrespective of the length of released line.

6.5 Towing Winches

6.5.1 Where automatic devices are used for governing the tension of the towline, provision shall
be made for the continuous control of the tension. The tension indicators shall be fitted at the
towing winch and in the wheelhouse.

6.5.2 Alarm system giving the warning signal when the maximum permissible length of the
towline is veered out shall be provided.

6.5.3 The drums of towing winches shall fulfil the requirements specified in paragraph 6.1.7
and shall be provided with fairleads. Separate fairleads shall be used when there are two or more
drums. The rope drum shall be provided with clutches disengaging the drum from the driving
gear.

Geometrical dimensions of the towing winch drums shall ensure the possibility of free releasing
the towline.

6.5.4 The design of the towing winch shall provide for quick release of the rope drum brake for
a free veer of the towline.

6.5.5 Brakes of towing winches shall fulfil the following requirements:

.1 The towing winch shall be provided with an automatic braking device to stop the winch
when the pull is at least 1.25 times the rated pull in case of power decay or failure in the
driving system.

.2 Therope drum shall be fitted with the brake capable to stop the drum, disengaged from drive,
without slip, subjected to load not less than 2 times steady towline force (bollard pull). Power
operated drum brakes shall also be provided with a manual control system. The brake design
shall provide for quick release of the brake to ensure free heaving-in the towline.

6.5.6 The towline shall be so fixed to the winch drum that in the case of full release of the
towline, the towline is disconnected from the drum under the load equal to or slightly greater than
the rated pull of the towing winch.

6.5.7 The components shall be calculated for stress occurring when the drum is subjected to
loads corresponding to maximum torque of the motor, as well as when the drum is subjected to
load equal to the towline breaking load. The equivalent stresses occurring in the components
which may be subjected to acting forces caused by the above-mentioned loads shall not exceed
0.95 of this component material yield point.

6.5.8 The strength characteristics of the towline intended for working with the towing gear
shall be marked on the towing gear.

6.6 Towing winch emergency release systems

6.6.1 This rules define minimum safety standards for winch emergency release systems
provided on towing winches that are used on towing ships within close quarters, ports or
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terminals, including those ships normally not intended for towing operation in transverse
direction.

6.6.2 This rules are not intended to cover towing winches on board ships used solely for long
distance ocean towage, anchor handling or similar offshore activities.

Definitions

Emergency release system - refers to the mechanism and associated control arrangements that
are used to release the load on the towline in a controlled manner under both normal and black-
out conditions.

Maximum design load - is the maximum load that can be held by the winch as defined by the
manufacturer (the manufacturer’s rating).

TOWLINE FORCE
-+

Towline heeling arm
Tow tripping arm

HULL RESISTANCE
FORCE

BUOYANCY FORCE vy WEIGHT FORCE

Fig. 1 Forces during towing

Fleet angle - is the angle between the applied load (towline force) and the towline as it is wound
onto the winch drum, see Figure 2.

»Load

Fig. 2 Towline “fleet angle”

6.6.3 General requirements

6.6.3.1 The in-board end of the towline is to be attached to the winch drum with a weak link or
similar arrangement that is designed to release the towline at low load.

6.6.3.2 All towing winches are to be fitted with an emergency release system.

6.6.4 Emergency release system requirements
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6.6.4.1 Performance requirements

a

The emergency release system is to operate across the full range of towline load, fleet

angle and ship heel angle under all normal and reasonably foreseeable abnormal

conditions (these may include, but are not limited to, the following: vessel electrical

failure, variable towline load (for example due to heavy weather), etc.).

The emergency release system shall be capable of operating with towline loads up to at

least 100 per cent of the maximum design load.

The emergency release system is to function as quickly as is reasonably practicable and

within a maximum of three seconds after activation.

The emergency release system is to allow the winch drum to rotate and the towline to pay

out in a controlled manner such that, when the emergency release system is activated,

there is sufficient resistance to rotation to avoid uncontrolled unwinding of the towline

from the drum. Spinning (free, uncontrolled rotation) of the winch drum is to be avoided,

as this could cause the towline to get stuck and disable the release function of the winch.

Once the emergency release is activated, the towline load required to rotate the winch

drum is to be no greater than:

a) thelesser of five tonnes or five per cent of the maximum design load when two layers
of towline are on the drum, or

b) 15 per cent of the maximum design load where it is demonstrated that this resistance
to rotation does not exceed 25 per cent of the force that will result in listing sufficient
for the immersion of the lowest unprotected opening.

Emergency release of the towline is to be possible in the event of a blackout. For this
purpose, where additional sources of energy are required, such sources are to comply with
6.6.4.1.7.

The sources of energy required by 6.6.4.1.6 is are to be sufficient to achieve the most

onerous of the following conditions (as applicable):

a) sufficient for at least three attempts to release the towline (i.e. three activations of the
emergency release system). Where the system provides energy for more than one
winch it is to be sufficient for three activations of the most demanding winch connected
toit.

b) Where the winch design is such that the drum release mechanism requires
continuous application of power (e.g. where the brake is applied by spring tension
and released using hydraulic or pneumatic power), sufficient power is to be provided
to operate the emergency release system (e.g. hold the brake open and allow release
of the towline) in the event of a blackout for a minimum of five minutes. This may be
reduced to the time required for the full length of the towline to feed off the winch
drum at the load specified in 6.6.4.1.5 if this is less than five minutes.

6.6.4.2 Operational requirements

a

Emergency release operation must be possible from the bridge and from the winch control
station on deck. The winch control station on deck is to be in a safe location. A position in
close proximity to the winch is not regarded as “safe location”, unless it is documented that
the position is at least protected against towline break or winch failure.

The emergency release control is to be located close to an emergency stop button for
winch operation, if provided, and shall be clearly identifiable, clearly visible, easily
accessible and positioned to allow safe operability.

The emergency release function is to take priority over any emergency stop function.
Activation of the winch emergency stop from any location is not to inhibit operation of the
emergency release system from any location.
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t

6.6.5

Emergency release system control buttons are to require positive action to cancel, the
positive action may be made at a different control position from the one where the
emergency release was activated. It must always be possible to cancel the emergency
release from the bridge regardless of the activation location and without manual
intervention on the working deck.

Controls for emergency use are to be protected against accidental use.

Indications are to be provided on the bridge for all power supply and/or pressure levels
related to the normal operation of the emergency release system. Alarms are to activate
automatically if any level falls outside of the limits within which the emergency release
system is fully operational.

Wherever practicable, control of the emergency release system is to be provided by
a hard-wired system, fully independent of programmable electronic systems.

Computer based systems that operate or may affect the control of emergency release
systems are to meet the requirements for Category III systems of PRS Publication 9/P.
Components critical for the safe operation of the emergency release system are to be
identified by the manufacturer.

Test requirements

6.6.5.1 General

|
2

6.6.5.2

a

All testing defined within Section 6.6.4 is to be witnessed by a PRS surveyor.

For each emergency release system or type thereof, the performance requirements of
Section 6.6.3.1 are to be verified either at the manufacturer’s works or as part of the
commissioning of the towing winch when it is installed on board. Where verification solely
through testing is impracticable (e.g. due to health and safety), testing may be combined
with inspection, analysis or demonstration in agreement with the PRS.

The performance capabilities as well as instructions for operation of the emergency
release system are to be documented by the manufacturer and made available on board
the ship on which the winch has been installed.

Instructions for surveys of the emergency release system are to be documented by the
manufacturer, agreed by PRS-and made available on board the ship on which the winch
has been installed.

Where necessary for conducting the annual survey of the winch, adequately sized strong
points are to be provided on deck.

Installation trials

The full functionality of the emergency release system is to be tested as part of the
shipboard commissioning trials to the satisfaction of the surveyor. Testing may be
conducted either during a bollard pull test or by applying the towline load against a strong
point on the deck of the tug that is certified to the appropriate load.

Where the performance of the winch in accordance with Section 6.6.4.1 has previously
been verified, the load applied for the installation trials is to be at least the lesser of 30%
of the maximum design load or 80% of vessel bollard pull.
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7 HYDRAULIC DRIVES
Hydraulic drives installations shall comply with Part VI, 1.5, 1.6, 1.13, 10.1 and 10.3.
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8 BOILERS, PRESSURE VESSELS AND HEAT EXCHANGERS

8.1 General Requirements

Depending on the design and parameters, boilers, pressure vessels and heat exchangers are

divided into classes as indicated in Table 8.1.

Table 8.1
Kind of equipment Class I Class 11 Class III
Steam boilers, including exhaust gas heated economiser water p>0.35 p< 035 -
boilers for water temperature over 115°C, steam superheaters
and steam reservoirs, thermal oil heaters
Steam-heated steam generators p>1.6 p< 1.6 -
Pressure vessels and heat exchangers p>4.0 1.6<p<4.0 p< 1.6
or or and
t>350 120 <t <350 t <120
or or and
s>35 16 <s <35 s <16
Pressure vessels and heat exchangers containing toxic, irrespective of
inflammable or explosive media parameters - -

p - design pressure”), [MPa];
t - design wall temperature, [°C];
s — wall thickness, [mm].

8.2 Strength Calculations
8.2.1 General Requirements

8.2.1.1 Wall thicknesses determined by calculation are the lowest permissible values under
normal operating conditions. The formulae and strength calculation methods do not take into
account the manufacturer’s tolerances for thickness and these shall be added as special allowances
to the design thickness values.

Additional stresses due to external loads (axial forces, bending moments, torques) imposed on the
calculated parts (particularly loads due to dead mass or the mass of attached parts) shall be taken
into account on PRS’ request.

8.2.1.2 Thedimensions of structural components of boilers, pressure vessels and heat exchangers
for which no strength calculation methods are given in this Part of the Rules shall be determined on
the basis of experimental data and recognized theoretical calculations, and are subject to special
consideration by PRS in each particular case.

8.2.2 Design Pressure

8.2.2.1 Where hydrostatic pressure is greater than 0.05 MPa, the design pressure shall be
increased by that value.

8.2.2.2 For uniflow and forced-circulation boilers, the design pressure shall be determined taking
account of the hydrodynamic resistance in boiler components at the rated capacity.

) For definition of design pressure - see 1.5.2.8 of Part VI - Ship and machinery piping systems.
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8.2.2.3 For flat walls subjected to pressure from both sides, the design pressure shall be taken as
the greatest of the acting pressures. Walls in the form of curved surfaces which are subjected to
pressure from both sides shall be calculated for the greatest outer and inner pressures. If the
pressure on one side of the flat wall or the wall in the form of curved surface is lower than the
atmospheric pressure, then the maximum pressure on the other side of the wall increased by 0.1
MPa shall be taken as the design pressure.

8.2.2.4 The design pressure for economizers shall be taken equal to the total sum of the working
pressure in the steam manifold and the hydrodynamic resistance in the economizer, piping as well
as valves and fittings at boiler rated capacity.

8.2.3 Design Temperature

8.2.3.1 For the purpose of determining the allowable stresses depending on the temperature of
the medium and heating conditions, the design wall temperature shall not be taken lower than
indicated in Table 8.2.3.1

Table 8.2.3.1
Item Components of boilers, pressure vessels and heat exchangers Design
and operating conditions thereof wall temperature
1 Components exposed to radiant heat
1.1 Boiler tubes Tm + 50°C
1.2 Economizer tubes Tm + 50°C
1.3 Corrugated furnaces Tm + 75°C
1.4 Plain furnaces, headers, chambers, combustion chambers Tm +90°C
2 Components exposed to hot gases, protected from radiant heat?)
2.1 Ring segments, ends, headers, chambers, tube plates and tubes Tm + 30°C
2.2 Headers and tubes of steam superheaters at steam temperature up to 400°C Tm + 35°C
2.3 Headers and tubes of steam superheaters at steam temperature above 400°C Tm + 50°C
2.4 Utilization boilers with mechanical cleaning of heated surface Tm +30°C
2.5 Utilization boilers with burner for burning out the contamination of heated surface | Tv
3 Components heated with steam or liquid Ty
4 Not heated components?) Tm
Notes:

1) - see paragraph 8.2.3.4;
2) - see paragraph 8.2.3.3;
Tm - maximum temperature of heated medium, [°C];
Tv - maximum temperature of heating medium, [°C].

8.2.3.2 Design temperature for steam superheater tubes at steam temperatures over 400°C, as
well as for tubes and manifolds of superheaters exposed to radiant heat shall be determined by
calculation and is subject to PRS acceptance in each particular case.

8.2.3.3 Awallis considered to be non-heated if one of the following conditions is fulfilled:

- the wall is separated from the furnace or uptake by fire-resisting insulation and the distance
between the wall and insulation is 300 mm or more;

- the walls is covered with fire-resisting insulation not exposed to radiant heat.

8.2.3.4 A wall is considered to be protected from radiant heat effect if one of the following
conditions is fulfilled:
- the wall is covered with fire-resistant insulation;
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- the wall is shielded by a closely spaced row of tubes (with a maximum clearance between the
tubes in the row not exceeding 3 mm);

- the wall is shielded by two staggered rows of tubes with a longitudinal pitch equal to the
maximum of two outside tube diameters or by three or more staggered rows of tubes with a
longitudinal pitch not exceeding 2.5 times the outside tube diameter.

8.2.3.5 The design temperature of heated boiler walls and non-heated steam space walls of
boilers shall be taken not less than 250°C.

8.2.3.6 Non insulated boiler walls, exceeding 20 mm in thickness, heated by hot gas, may be used
only at gas temperature up to 800°C. If, with wall thickness of less than 20 mm and hot gas
temperature running higher than 800°C, there are areas unprotected by insulation or by tube rows,
exceeding in length 8 tube diameters, the design wall temperature shall be determined by thermal
stress analysis.

For wall protection from radiant heat - see paragraph 9.1.9.

8.2.3.7 Design temperature for tank walls and pressure vessel walls operating under refrigerant
pressure shall be taken equal to 20°C, if higher temperatures are not likely to occur.

8.2.4 Strength Characteristics of Materials and Allowable Stresses

8.2.4.1 For steels with (R./Rn) < 0.6, the strength characteristics shall be taken equal to physical
yield point or proof stress RSor Rj , as well as average creep strength R,/100000/ after 105 h, at design
temperature t.

For steels with (R./Rn) > 0.6, R.,, tensile strength at design temperature t shall also be taken into
account.

For steel loaded in the creep conditions (temperature exceeding 450°C), irrespective of (R./Rm)
ratio, average creep strength R1/100 000/ With 1% permanent elongation, after 100 000 h, at design
temperature ¢, shall be taken into account.

The minimum values of RS, R§ ,and Rf, and average values of Ri/100 000 and R;/100 000 shall be
taken for calculations.

8.2.4.2 For materials whose stress-strain curve does not show a specific yield stress, the tensile
strength at the design temperature shall be taken for calculations.

8.2.4.3 For cast iron and non-ferrous alloys, the minimum value of ultimate tensile strength at
normal temperature shall be taken for calculations.

8.2.4.4 When using non-ferrous materials and their alloys, it shall be taken into account that the
heating during processing and welding reduces the strengthening effect achieved by cold
processing. Therefore the strength characteristics to be used for strength calculations of the
components and assemblies made of such materials shall be those applicable to their annealed
condition.

8.2.4.5 Allowable stresses o assumed for strength calculations shall be determined as the
minimum out of the following three values:

RS R} RS
c="0=—"orog=—=
Nm Me Me
R =z R 1
Tooooo/t Tooooo’t
o= 100000 : o= 100000
Nz Mp
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where:

nm - safety factor for tensile strength, Ryt ;

n, - safety factor for creep strength, R, 1000000/
n. - safety factor for yield point, Ret i Ro2t;

np - safety factor for creep point, R1/100 000/t -

For values of factors - see sub-chapter 8.2.5.
8.2.5 Safety Factors

8.2.5.1 For components made of steel forgings or rolled steel, subjected to internal pressure, the
safety factors shall not be less than:

Ne= 1, =1.6; nm =2.7 and 7, = 1.0.

For components subjected to external pressure, safety factors 7., 77, and 7, shall be increased by 20%.

8.2.5.2 For components of boilers, heat exchangers and pressure vessels of Class Il and Class II],
made of steels with (R./Rm) < 0.6, the safety factors may be reduced, however they shall not be less
than:

Ne = 1, =1.5; nm =2.6.

8.2.5.3 For components of boilers, heat exchangers and pressure vessels made of cast steel and
subjected to internal pressure, the safety factors shall not be less than:

Ne = 1, =2.2; nm =3.0 and 7, =1.0.

For components exposed to outer pressure, the safety factors 7. and 7, shall be increased by 20%
(77. remains unchanged).

8.2.5.4 Safety factors, 7. and 7, for thermal loaded important parts of boilers shall be taken not

less than:

3.0 - for corrugated furnaces;

2.5 - for plain furnaces, combustion chambers, stay combustion tubes, as well as long and short
stays;

2.2 - for gas uptake pipes subjected to pressure and other similar gas heated walls.

8.2.5.5 Safety factors, 77m, for components made of cast iron shall be taken not less than 4.8 - for
internal and external pressure.

This factor for non-ferrous metals - shall not be less than 4.6 for internal pressure and 5.5 for
external pressure. For conical walls, in the latter case, 17, shall not be taken less than 6.0.

8.2.6 Strength Factors

8.2.6.1 Strength factors of welded joints, ¢, shall be determined in accordance with Table 8.2.6.1-
1 depending on the joint type and welding process. For particular classes of boilers, pressure vessels
and heat exchangers (see Table 8.1), strength factor, ¢, shall not be less than that specified in Table
8.2.6.1-2.

Table 8.2.6.1-1

Welding process Joint type Weld type ®
Double-sided 1.0

Butt joints Single-sided with backing 0.9

Automatic Single-sided without backing 0.8
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Welding process Joint type Weld type @
o Double-sided 0.8
Overlap joint - -
Single-sided 0.7
Double-sided 0.9
Semi-automatic and manual | Butt joints Single-sided with backing 0.8
Single-sided without backing 0.7
o Double-sided 0.7
Overlap joint - -
Single-sided 0.6

Notes:

1. Full penetration shall be achieved in each case.
2. For welded joints made in electroslag process, ¢ = 1 shall be taken.

Table 8.2.6.1-2

Factor ¢
Kind of equipment Class 1 Class II Class III
Boilers, steam superheaters and reservoirs 0.9 0.8 -
Steam-heated steam generators 0.9 0.8 -
Pressure vessels and heat exchangers 0.9 0.7 0.6

8.2.6.2 Strength factor of cylindrical walls weakened by holes with identical diameter shall be
taken equal to the least of the following three values:
.1 strength factor of cylindrical walls weakened by a longitudinal row or a field of equally
spaced holes (Fig. 8.2.6.2-1), as determined using the formula below:
0= aT—d (8.2.6.2.1)
.2 strength factor, reduced to the longitudinal direction, of cylindrical walls weakened by a
transverse row or a field of equally spaced holes (Fig. 8.2.6.2-1), as determined using the
formula below:
a,—d

=2 (8.2.6.2.2)

a,
.3 strength factor, reduced to the longitudinal direction, of cylindrical walls weakened by a field
of equally spaced staggered holes (Fig. 8.2.6.2-2 and Fig. 8.2.6.2-3), as determined using the

formula below:
¢ = k™5, (8.2.6.2.3-1)
2
where:
¢ - strength factor of walls weakened by holes;
d - diameter of the hole for expanded tubes or inner diameter of welded-on tubes and
extruded branch pieces, [mm];
a - spacing between axes of two adjacent holes arranged along the wall, [mm];
a1 - spacing between axes of two adjacent holes in the transverse (circumferential)
direction, taken as the mean circumference arc length, [mm];
a; - spacing between axes of two adjacent holes in staggered rows [mm], as
determined using the formula below:
a, =+/12+1? [mm] (8.2.6.2.3-2)
I - spacing between axes of two adjacent holes in the longitudinal direction (see Fig.

8.2.6.2-2 and Fig. 8.2.6.2-3), [mm)];
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I1 - spacing between axes of two adjacent holes in the transverse or circumferential
direction (see Fig. 8.2.6.2-2 and Fig. 8.2.6.2-3), [mm];
k - factor depending on the ratio /1 /I taken from Table 8.2.6.2.3.

Table 8.2.6.2.3

hy/l 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
k 1.76 1.73 1.70 1.65 1.60 1.51 1.41 1.27 1.13 | 1.00

Note: Intermediate values of k shall be determined by linear interpolation.

|
e |
a

i/
a
Longitudinal axis Longitudinal axis Longitudinal axis
et e A e —————
Fig. 8.2.6.2-1 Fig. 8.2.6.2-2 Fig. 8.2.6.2-3

8.2.6.3 Where rows or fields of equally spaced holes contain holes of different diameters, value d
in the formulae for strength factor determination (8.2.6.2.1, 8.2.6.2.2, 8.2.6.2.3-1, 8.2.6.2.3-2) shall
be taken as the value equal to the arithmetic mean of the two largest adjacent holes. In the case of
uneven spacing between the holes of equal diameters, the lowest values of a, ai or az, respectively,
shall be applied in the formulae for strength factor determination.

8.2.6.4 In the case of weld seams with holes, the strength factor shall be taken as the product of
the seam strength factor and the strength factor of the wall weakened by the holes.

8.2.6.5 For seamless cylindrical walls not weakened by a weld seam or row/field of holes,
strength factor ¢ shall be taken as equal to 1.0. In no case factor ¢ shall be taken greater than 1.0.

8.2.6.6 Strength factor of walls weakened by holes for expanded tubes, as determined in
accordance with formulae 8.2.6.2.1, 8.2.6.2.2, 8.2.6.2.3, shall not be taken less than 0.3. Calculations
with the lesser value of the strength factor are subject to PRS acceptance in each particular case.

8.2.6.7 For walls of cylindrical components made of sheets with different thickness, joined by
longitudinal weld seam, the thickness calculation shall be done separately for each sheet, taking
account of the actual weakenings.

8.2.6.8 For tubes with longitudinal weld seam, the strength factor is subject to PRS acceptance in
each particular case.

8.2.6.9 Strength factors for walls weakened by openings requiring full or partial strengthening
shall be determined in accordance with sub-chapter 8.2.19.

8.2.6.10 Strength factors for flat flue sheets shall be determined in accordance with formula
8.2.6.2.1 for tangential and radial spacings respectively. The lesser obtained strength factor shall be
taken for calculation of the flat flue sheet thickness.
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8.2.7 Design Thickness Allowances

8.2.7.1 Inevery case where the design wall thickness allowance c is not expressly specified, it shall
be taken at least 1 mm. For steel walls with more than 30 mm in thickness, as well as for walls of
corrosion-resistant non-ferrous metals or high alloy materials, and for materials adequately
protected against corrosion, e.g. by cladding or coating with a protective compound, the design
thickness allowance may be waived subject to PRS acceptance in each particular case.

8.2.7.2 For pressure vessels and heat exchangers inaccessible for internal examination and for
those whose are subjected to heavy corrosion or wear, PRS may require an increased allowance ¢
to the design thickness.

8.2.8 (Cylindrical and Spherical Elements and Tubes Subjected to Internal Pressure

8.2.8.1 The requirements specified in this sub-chapter apply where the following conditions are
fulfilled:

% < 1.6 - for cylindrical elements;
% < 1.7 - for tubes;
% < 1.2 - for spherical elements.

Cylindrical elements with a diameter D, < 200 mm shall be considered as tubes. For Dy, D - see
paragraph 8.2.8.2.

8.2.8.2 Thickness of cylindrical walls and tubes shall not be less than that calculated in accordance
with the formulae below:
_  Dgp

= Zootp +c [mm] (8.2.8.2-1)
or
Dp

S = Soop +c [mm] (8.2.8.2-2)
s - wall thickness, [mm];
p - design pressure, [Mpa];
D, - outside diameter, [mm];
D - inside diameter, [mm];
¢ - strength efficiency factor (see sub-chapter 8.2.6);
o - allowable stress (see paragraph 8.2.4.5), [MPa];
¢ - design thickness allowance (see sub-chapter 8.2.7), [mm].

8.2.8.3 Spherical wall thickness shall not be less than those obtained from the formula:
Dgp

S = ootp +c¢ [mm] (8.2.8.3-1)
or
_ _Dbp -
iy +c¢ [mm] (8.2.8.3-2)

For symbols - see paragraph 8.2.8.2.

8.2.8.4 Irrespective of the values obtained in accordance with formulae 8.2.8.2-1, 8.2.8.2-2,
8.2.8.3-1 and 8.2.8.3-2, the thickness of spherical and cylindrical walls and tubes shall not be less
than:

.1 5 mm - for seamless and welded elements;
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.2 12 mm - for tube plates with radial hole arrangement for expanded tubes;
.3 6 mm - for tube plates with welded-on and soldered-on tubes;
4 specified in Table 8.2.8.4 - for tubes.

Thickness of tube walls heated by gas with temperature exceeding 800°C shall not be less than
6 mm.

Table 8.2.8.4
Tube outside <20 >20 >30 >38 >51 >70 >95 >102 >121 >152 [ >191
diameter, [mm] <30 <38 <51 <70 <95 <102 | <121 | <152 | <191

Minimum wall

: 1.75 2.0 2.2 2.4 2.6 3.0 3.25 35 4.0 5.0 5.4
thickness, [mm]

Note: The decrease in wall thickness due to expanding or bending shall be compensated by allowances.

8.2.8.5 The minimum wall thickness of pipes made of non-ferrous alloys and stainless steel may
be less than those specified in paragraph 8.2.8.4, however not less than those determined in
accordance with formulae 8.2.8.2 and 8.2.8.3.

8.2.9 Elements Subjected to External Pressure

8.2.9.1 The requirements specified in this sub-chapter apply to cylindrical walls with:
Dacys
o =1

Wall thickness of pipes with D, < 200 mm in diameter shall be determined in accordance with
paragraph 8.2.8.2.

8.2.9.2 Plain wall thickness of cylindrical elements, with or without stiffeners including plain
furnaces of boilers shall not be less than that determined in accordance with the formula below:

50(B \/Bz 0,04AC
s = ( i A+ )+ ¢ [mm] (8.2.9.2-1)
where:
g D 5D
A= zoom@ +2) (1 4 Zm) (8.2.9.2-2)
B=p(1+3m) (8.2.9.2-3)
€ =0.045-p - D, (8.2.9.2-4)

- wall thickness, [mm];

design pressure (see sub-chapter 8.2.2), [MPa];

m — mean diameter, [mm];

- allowable stress (see paragraph 8.2.4.5), [MPa];

design thickness allowance (see sub-chapter 8.2.7), [mm];

- design length of cylindrical portion between stiffeners, [mm].

oT @
I

NqQ
|

End plates, furnace connections to end plates and combustion chamber as well as stiffening rings
(Fig. 8.2.9.2) or similar structures may be considered as stiffeners.
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51228

Z
/

Fig. 8.2.9.2

8.2.9.3 Corrugated furnaces shall have a thickness not less than that determined in accordance
with the formula below:
s=24¢ (8.2.9.3)

20

- wall thickness, [mm];

- minimum inner diameter of the corrugated portion of furnace, [mm];
design pressure (see sub-chapter 8.2.2), [MPa];

- allowable stress (see paragraph 8.2.4.5), [MPa];

- design thickness allowance (see sub-chapter 8.2.7), [mm].

r‘:q"cgm
|

8.2.9.4 Where the length of the straight portion of a corrugated furnace from the front-end wall
to the commencement of the first corrugation exceeds the corrugation length, the wall thickness
over this portion shall not be less than that calculated in accordance with formula 8.2.9.2-1.

8.2.9.5 Thickness of plain furnaces shall not be less than 7 mm however not more than 20 mm.
The thickness of corrugated furnaces shall not be less than 10 mm however not more than 20 mm.

8.2.9.6 Plain furnaces up to 1400 mm in length need not be fitted with stiffening rings. Where
a boiler has two or more furnaces, the stiffening rings of adjacent furnaces shall be arranged in
alternate planes.

8.2.9.7 Holes and openings in cylindrical and spherical walls shall be compensated for in
accordance with the requirements specified in sub-chapter 8.2.19.

8.2.9.8 Thickness s; of the vertically loaded ring formed by connection of combustion chamber
with vertical boiler shell (see Fig. 8.2.9.8), shall not be less than that determined in accordance with

the formula below:
51 =22\pD;(D; = D) +1  [mm] (8.2.9.8)
p - design pressure, [MPa].

g Oo
s % S
N
N o
N
% =25 (1) -At least 4 holes
§ @ 10 evenly located
§ on the perimeter
mn
t
Fig.8.2.9.8
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8.2.10

Conical Elements

8.2.10.1 Wall thickness of conical elements subjected to internal pressure shall not be less than:

.1 at @< 70° - the greater value out of those determined in accordance with the formulae
below:
_ Dgpy _
S = toe +c¢ [mm] (8.2.10.1.1-1)
and
_ Dapy .
S = Gop-p)cosa [mm] (8.2.10.1.1-2)
.2 at > 70° - the value determined in accordance with the formula below:
— _ pr . @
s =0.3[D, — (r +s)] /pr 5T ¢ [mm] (8.2.10.1.2)
s - wall thickness, [mm];
D. - design diameter (Figures 8.2.10.1.2-1 to 8.2.10.1.2-4), [mm];
D, - outside diameter (Figures 8.2.10.1.2-1 to 8.2.10.1.2-4), [mm];
p - design pressure (see sub-chapter 8.2.2), [MPa];
y - shape factor (see Table 8.2.10.1);
a, o, oz, oz - angles (Figures 8.2.10.1.2-1 + 8.2.10.1.2-4), [°];
o - allowable stress (see paragraph 8.2.4.5), [MPa];
¢ - strength factor (see sub-chapter 8.2.6). In formulae 8.2.10.1.1-1 and 8.2.10.1.2, the
strength factor for circumferential weld seam shall be applied, whereas in formula
8.2.10.1.1-2 - for longitudinal weld seam. For seamless conical shell segments, and
also where circumferential seam is at the distance from the edge exceeding:
Dgs
0,5 [—
cosa
strength factor ¢ = 1 shall be taken;
r - edgeradius (Figures 8.2.10.1.2-1, 8.2.10.1.2-2 and 8.2.10.1.2-4), [mm];
¢ - design thickness allowance (see sub-chapter 8.2.7), [mm];
Table 8.2.10.1
a, Shape factor, y, as function of r / Da ratio
[degsl  [0.01 [ 002 | 003 [ 004 | 006 | 008 | 0.10 | 015 | 020 | 030 | 0.40 | 0.50
1 2 3 4 5 6 7 8 9 10 11 12 13
10 1.4 1.3 1.2 1.1 11 11 11 11 11 11 1.1 1.1
20 2.0 1.8 1.7 1.6 1.4 1.3 1.2 11 11 11 1.1 1.1
30 2.7 2.4 2.2 2.0 1.8 1.7 1.6 14 1.3 1.1 1.1 1.1
45 4.1 3.7 3.3 3.0 2.6 2.4 2.2 1.9 1.8 1.4 1.1 1.1
60 6.4 5.7 5.1 4.7 4.0 3.5 3.2 2.8 2.5 2.0 1.4 1.1
75 13.6 11.7 10.7 9.5 7.7 7.0 6.3 5.4 4.8 3.1 2.0 1.1

Note: For welded joints (see Fig. 8.2.10.1.2-3), shape factor, y, shall be determined for r / Da = 0.01.
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Fig.8.2.10.1.2-1

Fig. 8.2.10.1.2-3 Fig. 8.2.10.1.2-4

I - distance from the edge of the wide end of conical shell, along the generatrix, taken as
tenfold wall thickness, however not greater than half the length of the conical shell
generatrix segment (Figures 8.2.10.1.2-1, 8.2.10.1.2-2 and 8.2.10.1.2-4), [mm].

8.2.10.2 The wall thickness of conical elements subjected to external pressure shall be
determined in accordance with paragraph 8.2.10.1, provided the following conditions are fulfilled:
.1 strength factor of welded joint ¢ = 1 shall be taken;
.2 allowance c shall be taken equal to 2 mm;
.3 design diameter D, shall be determined in accordance with the formula below:

=4 ) (8.2.10.2.3)

€ 2cosa

di, d> - thelargest and the smallest diameter of the cone, respectively, [mm];
4 for a<45°itshall be demonstrated that the walls are not subject to plastic strain. Pressure
p1, at which plastic strain occurs, shall be determined in accordance with the formula

below:
—o)12 _
py = 26E1076 %[22 /10";5 9 [MPa] (8.2.10.2.4)
1 Cc c

E - modulus of elasticity, [MPa];
I; - the maximum length of the cone or distance between its supports, [mm].

Fulfilment of inequality p1 > p (p - design pressure, [MPa]) is the condition of absence of plastic
strain of the cone walls.

8.2.10.3 Welded joints (see Fig. 8.2.10.1.2-3) are permitted only with the values of angle a3 < 30°
and wall thickness s < 20 mm. The joints shall be double-side welded. In conical shell segments with
a>70° welded joints may be made without edge bevelling provided that the requirements specified
in paragraph 8.2.10.2 are fulfilled.
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Such joints are not recommended in boilers.

8.2.10.4 In way of holes and openings in conical walls, adequate strengthening shall be provided
in accordance with the requirements specified in sub-chapter 8.2.19.

8.2.11 Flat End Plates and Covers

8.2.11.1 The thickness of the flat end plates unsupported by stays, as well as of welded or bolted
covers (Figures 8.2.11.1-1 + 8.2.11.1-8 and Fig. 1.2 in the Annex 1) shall not be less than that
determined in accordance with the formula below:

s =KD, \/§+c [mm)] (8.2.11.1-1)

s - wall thickness, [mm];

K - design factor for the design patterns shown in Figures 8.2.11.1-1 to 8.2.11.1-8 and items 1.1
to 1.6 in the Annex 1), [mm];

D. - design diameter (Figures 8.2.11.1-2 t0 8.2.11.1-7 and item 1.2 in the Annex 1), [mm]. For such
end plates as shown in Fig. 8.2.11.1-1 and Fig. 1.1 in the Annex 1, the design diameter shall be:

Dc=D-r [mm] (8.2.11.1-2)

For rectangular or oval covers, the design diameter shall be determined in accordance with
the formula below:

[mm] (8.2.11.1-3)

Dy - pitch circle diameter of bolts (Fig. 8.2.11.1-6), [mm];

D - inner diameter, [mm];

nand m - the maximum and minimum length of the axis or the side of the opening respectively,
measured to the axis of the packing arrangement (Fig. 8.2.11.1-8), [mm];

inner curvature radius of the dished end plate, [mm];

design pressure (see sub-chapter 8.2.2), [MPa];

allowable stress (see paragraph 8.2.4.5), [Mpa];

design thickness allowance (see sub-chapter 8.2.7), [mm];

length of cylindrical portion of end plate (Fig. 8.2.11.1-1 and Fig. 1.1 in the Annex 1), [mm].
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K=0.30
Fig.8.2.11.1-1
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K=0.41 K=0.45
Fig.8.2.11.1-2 Fig.8.2.11.1-3
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8.2.11.2 Thickness of the plates shown in item 1.2 of the Annex 1 shall not be less than that
determined in accordance with formula 8.2.11.1-1. Additionally, the following conditions shall be
fulfilled:

.1 For circular end plates

0775y = 5, 2 22 (% = 7) (8.2.11.2.1)
.2 For rectangular end plates
0.555; > 5, 2 =L i (8.2.11.2.2)
s - end plate thickness, [mm];

s1 — shell thickness, [mm];
s; — end plate thickness within the relieving groove, [mm].

For explanation of other symbols - see sub-chapter 8.2.11.

Thickness s; shall never be less than 5 mm.

The above conditions are applicable to end plates of not more than 200 mm in diameter or side
length. The dimensions of relieving grooves in end plates with diameters or side lengths over
200 mm are subject to PRS acceptance in each particular case.
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8.2.12 Flat Walls Strengthened by Stays

8.2.12.1 Flat walls (Figures 8.2.12.1-2 and 8.2.12.1-3) strengthened by long and short stays,
corner stays, stay tubes or other similar structures shall have a thickness not less than that
determined in accordance with the formula below:

K -

Dc_

s = KDC\/§+ c (8.2.12.1-1)

design factor (see Figures 8.2.12.1-1 + 8.2.12.1-3 and 5.1 + 5.3 in the Annex 1); if the part of
the wall area in question is reinforced by stays having variable values of K factor, the
formula shall be used with K value equal to the arithmetic mean of these factors.

calculation diameter (Figs. 8.2.12.1-2 and 8.2.12.1-3), [mm];

With even arrangement of stays:

D. = \Ja? + a2 (8.2.12.1-2)

with uneven arrangement of stays:
as+a,

D, =% (8.2.12.1-3)

In all other instances, the values of D. shall be taken as equal to the diameter of the largest
circle which can be drawn through the centres of three stays or through the centres of stays
and the commencement of the wall flanging curvature if the radius of the latter satisfies the
requirements specified in sub-chapter 8.2.13; in this case, the flanging shall be regarded as
a point of support. A manhole flanging shall not be regarded as a point of support;

ai, az, as, as - pitch or stay-to-stay distance (Fig. 8.2.12.1-1), [mm].

For other symbols - see sub-chapter 8.2.11.

. é—-d‘ﬁ/’e%

K=0.45
Fig.8.2.12.1-1

o
<
e

\\7)

K=0.50
Fig.8.2.12.1-2
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Bracket

K= 0.35 (for the bracket)

Fig. 8.2.12.1-3
8.2.13 Flanging Flat Walls

8.2.13.1 In flat wall and end plate calculations, the flanging can be taken into account when the
inner flanging radius is not less than that specified in Table 8.2.13.1.

Table 8.2.13.1

End plate outer diameter Flanging radius
[mm] [mm]
up to 350 25
from 350 to 500 30
from 500 to 950 35
from 950 to 1400 40
from 1400 to 1900 45
over 1900 50

The inner flanging radius shall not be less than 1.3 times the wall thickness.

8.2.13.2 The length of cylindrical portion of a flanged flat end plate shall not be less than
determined in accordance with the following formula: I = 0.5,/D; (see Fig. 8.2.11.1-1).

8.2.14 Strengthening of Openings in Flat Walls

8.2.14.1 Inflat walls, end plates and covers, openings with diameters greater than four times the
thickness shall be strengthened by means of welded-on branch pieces or pads, or by increasing the
design wall thickness. The openings shall be arranged at a distance not less than 0.125 times the
design diameter from the design diameter outline.

8.2.14.2 If the actual wall thickness is greater than that determined in accordance with formulae
8.2.11.1-1and 8.2.12.1-1, the maximum diameter of a not strengthened opening shall be determined
in accordance with the formula below:
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— s7
d=8s (152 1) (8.2.14.2)
d - diameter of not strengthened opening, [mm];
s, — actual wall thickness, [mm];
s - determined in accordance with formulae 8.2.11.1-1 and 8.2.12.1-1, [mm].

8.2.14.3 Edge reinforcement shall be provided for openings of larger diameters than those
specified in paragraphs 8.2.14.1 and 8.2.14.2.

The dimensions of reinforcing elements of branches shall fulfil the following condition:
2
sk (% —0,65) 2 0.65d — 1.4s, (8.2.14.3)

sk — branch piece wall thickness [mm], (see Fig. 8.2.14.3) [mm];
d - branch piece inside diameter [mm];

S, — see paragraph 8.2.14.2 [mm];

h=h; + hz, [mm], (see Fig. 8.2.14.3).

4 Sk
=N !
k.'
by i
|
h=h1 *hz
Fig. 8.2.14.3

8.2.15 Tube Plates

8.2.15.1 Thickness s of flat tube plates of heat exchangers shall not be less than that determined
in accordance with the formula below:

S = O.9KDW\/U_% +c¢ [mm] (8.2.15.1)
K - factor depending on the ratio of shell wall thickness s to tube plate thickness si; for tube

plates welded to the shell, K shall be determined in accordance with diagram 8.2.15.1 on
the preliminary assumption of s; thickness, and the calculation shall be corrected if the
difference between assumed value of s; and that determined in accordance with formula
8.2.15.1 exceeds 5%;
for the tube plate fastened by bolts or stud-bolts between the body and cover flanges,
K=0.5;

Dw - shell inner diameter, [mm];

P - design pressure (see sub-chapter 8.2.2), [MPa];

o - allowable stress (see paragraph 8.2.4.5), [MPa];
for heat exchangers of rigid structure where the thermal elongation factors of shell and
pipe materials are different, o shall be reduced by 10%;

¢ - strength factor of tube plate weakened by holes for pipes (see paragraph 8.2.15.2);

¢ - design thickness allowance (see sub-chapter 8.2.7), [mm)].
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Fig. 8.2.15.1

8.2.15.2 Where 0.75 >d / a > 0.4 and Dw/ s1 > 40, the strength factor of a tube plate shall be
calculated in accordance with the following formulae:

— where holes are arranged in an equilateral triangle pattern:

¢ =0.935-0.65> (8.2.15.2-1)
- where holes are arranged in a row or in transposition:
¢ = 0975 — 0.68— (8.2.15.2-2)
2
d - diameter of tube plate holes, [mm];
a - spacing of hole-axes arranged in triangle pattern, [mm];

a; - spacing of hole-axes arranged in a row or in transposition (as well as arranged
concentrically), whichever is lesser, [mm].

8.2.15.3 For quotientsd / a=0.75 =+ 0.80, the tube plate thickness determined in accordance with
formula 8.2.15.1 shall fulfil the condition below:

fmin >5d
fmin — minimum allowable cross sectional area of bridge in tube plate, [mm?].

d D o e
For values of - and S—W other than those specified above, as well as for heat exchangers with rigid
1

structure when the difference in mean temperatures exceeds 50°C, the thickness of tube plates is
subject to PRS acceptance in each particular case.

8.2.15.4 In addition to the requirement specified in paragraph 8.2.14.1, the thickness of tube
plates with expanded tubes shall fulfil the condition below:
s>10+0.125d (8.2.15.4)

Expanded connections of tubes to tube plates shall also fulfil the requirements specified in
paragraphs 8.2.20.6, 8.2.20.7 and 8.2.20.8.
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8.2.15.5 If tube plates are strengthened by welded or expanded pipes in accordance with the
requirements specified in sub-chapter 8.2.20, then the calculations of such tubes may be performed
in accordance with the requirements specified in sub-chapter 8.2.12.

8.2.16 Dished Ends

8.2.16.1 Thickness of dished ends, whether unpierced or pierced, subjected to internal or external
pressure (see Fig. 8.2.16.1) shall not be less than that determined in accordance with the formula
below:

_ Dapy
S = oe +c (8.2.16.1)

s - end wall thickness, [mm];
p - design pressure, [MPa];
D, - end outer diameter, [mm].

The end shall be flanged within the distance not less than 0.1D, measured from the outer edge of
the end cylindrical portion (see Fig. 8.2.16.1);

¢ - strength factor (see sub-chapter 8.2.6);

o - allowable stress (see paragraph 8.2.4.5), [MPa];

y - shape factor determined in accordance with Table 8.2.16.1, depending on the ratio of the

height to outside diameter of the end and on the value of weakening by holes; for

d . . : .

o shape factor y may be determined by linear interpolation.

To determine y in accordance with Table 8.2.16.1, the preliminary value s shall be taken from the

standardized thickness series. The final value of s shall not be less than that determined in

accordance with formula 8.2.16.1.

. . h
intermediate values of F“ and

For elliptical and basket shaped ends, Rw is the maximum radius of curvature.

Table 8.2.16.1

Shape factor
Ratio ya — for dished part of end with not
5 y - for flanged | strengthened holes with respect to Ye - for dished
End shape 4 area and d part of end with
D unpierced = strengthened
ends Ds holes
05 | 1.0 | 20 | 3.0 | 40 | 5.0
Dished elliptical or basket
shaped ends with R = D 0.20 2.9 29 | 29 | 3.7 | 46 | 55 | 65 2.4
Dished elliptical or basket
shaped ends with R = 0.8 D 0.25 2.0 20 | 23 | 32 | 41 | 50 | 59 1.8
Dished spherical ends with 0.50 1.1 1.2 | 16 | 22 | 3.0 | 37 | 435 1.1
RW = 05 Da
¢ - design thickness allowance, to be taken equal to:

2 mm - if subjected to internal pressure;
3 mm - if subjected to external pressure;
for wall thickness exceeding 30 mm, the above values of allowance may be reduced by
1 mm.
d - thelargest diameter of not strengthened hole, [mm].

Formula 8.2.16.1 is applicable if the following conditions are fulfilled:
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h —

12> 0.18; == > 0.0025; Ry, < Dy; 7= 0,1D,; | <150 mm,

Dq Dq

where: [>25mm for s <10 mm,

[>15 + s [mm)] for 10 <5< 20 mm,
[>225+0.5s[mm] fors>20mm.

The symbols for dimensions of dished end elements are shown in Fig. 8.2.16.1.

D _Dg
=10 zd =0
"
. AN
d2 : dy -C°
o <
l ~
1
Dq
Fig.8.2.16.1

8.2.16.2 Unpierced ends as well as ends with holes whose diameter is not greater than 4s and not
greater than 100 mm arranged at a distance not less than 0.2D, from the outer cylindrical portion
of the end are also considered as unpierced ends. Not strengthened holes with the diameter less
than the end thickness, however not exceeding 25 mm, are permitted in way of the end curvature.

8.2.16.3 Wall thickness of dished ends in combustion chambers of vertical boilers may also be
calculated as for unpierced ends where the flue gas outlet branch passes through the end.

8.2.16.4 Dished ends subjected to external pressure, except for those of castiron, shall be checked
for shape stability using the following formula:

36.6E7 (s—c)?

R, ' 100p

> 3.3 (8.2.16.4)

Er - modulus of elasticity at design temperature, [MPa];
for modulus of elasticity for steel - see Table 8.2.16.4, for non-ferrous materials the modulus
of elasticity value is subject to PRS acceptance in each particular case;

Rw - maximum inner radius of curvature [mm].

For other symbols - see paragraph 8.2.16.1.
Table 8.2.16.4

Design temperature, T [°C] 20 250 300 400 500
Modulus of elasticity, E7, for steel [MPa] 206 000 186 000 181 000 172 000 162 000

8.2.16.5 The minimum wall thickness of dished steel ends shall be not less than 5 mm. For ends
made of non-ferrous alloys, the minimum wall thickness may be reduced subject to PRS acceptance
in each particular case.

8.2.16.6 Application of dished ends of welded construction is subject to PRS acceptance in each
particular case.

8.2.17 Flanged End Plates

Thickness of unpierced flanged end plates (see Fig. 8.2.17) subjected to internal pressure shall not
be less than that determined in accordance with the formula below:
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3D
s=—+c (8.2.17)

s - wall thickness, [mm];
p - design pressure (see sub-chapter 8.2.2), [MPa];
D - inside diameter of end plate, taken equal to shell internal diameter, [mm];
o - allowable stress (see paragraph 8.2.4.5), [MPa];
¢ - design thickness allowance (see sub-chapter 8.2.7), [mm].
28
|~
| < %
I !
1L 0 I
Fig. 8.2.17

Flanged end plates are allowed within a range of diameters, D, up to 500 mm and for working
pressures not higher than 1.5 MPa. The end plate curvature radius, Rw, shall not be less than 1.2
D, and the distance, [, shall not exceed 2s.

8.2.18 Headers of Rectangular Section

8.2.18.1 The wall thickness of rectangular headers (Fig. 8.2.18.1-1) subjected to the internal
pressure shall not be less than that determined in accordance with the formula below:

__pn 4.5Kp ]
$ = 5200 T 1/1_260(,,2 (8.2.18.1-1)
- wall thickness [mm],

- design pressure (see sub-chapter 8.2.2) [MPa],

half of the width of the header side normal to that being calculated [mm)],

- half of the width of the header side being calculated [mm],

o - allowable stress (see paragraph 8.2.4.5) [MPa],

¢1 and ¢, - strength factors of headers, weakened by holes, determined as follows:
@1 - in accordance with formula 8.2.6.2.1,

@2 - in accordance with formula 8.2.6.2.1, if d < 0.6 m,

=1-2°" ir4>0.6m 8.2.18.1-2
P2 2

53'@"’
|

d - diameter of holes [mm]. For oval holes, d shall be taken as equal to the size of holes at the
longitudinal axis, however, in formulae 8.2.6.2.1 and 8.2.18.1-2 the size at the axis
perpendicular to the header centre line shall be taken as d for oval holes.

Where the holes are arranged in staggered pattern, a; (see Fig. 8.2.18.1-2) shall be substituted for a
in formula 8.2.18.1-2. Where the rectangular headers have longitudinal welds (see Fig. 8.2.18.1-1),
strength factors, ¢ and ¢, shall be taken as equal, respectively, to the joint factors of weld seams
selected as required in sub-chapter 8.2.6.

Longitudinal welded joints shall be arranged, as far as possible, within the area I, for which K= 0.
Where the header wall is weakened in several different locations, the lowest value of strength
factor shall be taken for calculations.
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Fig. 8.2.18.1-1 Fig. 8.2.18.1-2
K - design factor for bending moment at the centre of side wall or at the centre line of the row
of holes, calculated from the formula:

for the centre line of the header wall

m3+n® m

m = 3onn) 2 [mm?] (8.2.18.1-3)
for rows of holes or longitudinal welds
3,,3 2_;2
= S~ [mm?] (8.2.18.1-4)

n 7 3(m+n) 2

If the above formulae give negative results, then their absolute values shall be used; where
the holes are arranged in a staggered pattern, factor K shall be multiplied by cos ¢;

a - angle between diagonal pitch line of holes and header axis, [°];
I; - distance between the row of holes under consideration and the centre line of header wall
(Fig. 8.2.18.1-2), [mm].

If fillet welds are accepted by PRS in rectangular headers, then the wall thickness of such headers shall not
be less than that determined in accordance with the formula below:

Vm2+n?
S = P

+ J 45Kep (8.2.18.2-1)

2.520¢, 1.260¢,

K. - design factor for bending moment at the edges, [mm?], determined in accordance with the
formula below:
m3+n3

K, =2 (8.2.18.2-2)

e 3(m+n)

For other symbols used - see paragraph 8.2.18.1.

8.2.18.2 Fillet radius of rectangular header side edges shall not be less than 0.33 times the wall
thickness, however not less than 8 mm. The minimum thickness of header wall with expanded tubes
shall not be less than 14 mm. The width of bridges between the holes shall not be less than 0.25
times the spacing of the hole centres. The wall thickness in way of the fillets shall not be less than
that determined in accordance with formulae 8.2.18.1-1 and 8.2.18.2-1.

8.2.19 Openings in Cylindrical, Spherical, Conical Walls and in Dished Ends

8.2.19.1 Strengthening arrangements shall be provided in way of openings. The following
strengthening methods are permitted:
.1 wall thickness increased above the design thickness (Figs. 8.2.19.1-1 and 8.2.19.1-2);
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.2 disk-shaped strengthening plates welded on the wall being strengthened (Figs. 8.2.19.1-3
and 8.2.19.1-4);
.3 welded-on pipe elements, such as branch pieces, sleeves etc. (Figs. 8.2.19.1-5 + 8.2.19.1-7).

d
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°
Q ] Q
Fig.8.2.19.1-1 Fig. 8.2.19.1-2
m}s 5
| (o' v?? Py by b, v?
4 L :
» i A n ﬂ
d by d
; ;{%;\ S . g
Fig. 8.2.19.1-3 Fig. 8.2.19.1-4
,\ Sk, . d
&2 !
NI\ R Amzmim
. 'S v
'CE Cd ! B p-—{ }_‘ 'CE
) _,::] ' ) [ l__
— | 1!
d 00 —J +——
3 Y, 5
hm > st
Fig. 8.2.19.1-5 Fig. 8.2.19.1-6
S
9, from curve B < l .
—

Dg

[ e s

Fig. 8.2.19.1-7

[t is recommended that opening strengthening elements, as shown in Figures 8.2.19.1-5 + 8.2.19.1-
7,be welded with temporary backing or using other techniques ensuring proper penetration of the
welded joint.
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8.2.19.2 Thickness of pierced walls shall fulfil the requirements specified in sub-chapters 8.2.8
and 8.2.9 for cylindrical walls, in sub-chapter 8.2.10 - for conical walls and in sub-chapter 8.2.16 -
for dished ends.

8.2.19.3 Materials used for the walls being strengthened and for strengthening elements shall
have identical strength characteristics, if possible. Where the materials of strengthening elements
have worse strength characteristics than the wall material, the cross-sectional area strengthening
elements shall be increased accordingly. Strengthening elements shall be properly connected to the
wall being strengthened.

8.2.19.4 Openings in walls shall be located at a distance equal at least triple wall thickness,
however not less than 50 mm from the welded joints. The arrangement of openings at the distance
less than 50 mm from the welded joints is subject to PRS acceptance in each particular case.

8.2.19.5 Opening diameter (or the largest dimension of an opening other than circular) shall not
exceed 500 mm. Application of openings greater than 500 mm and their strengthening methods are
subject to PRS acceptance in each particular case.

8.2.19.6 In general, wall thickness of tubular elements (branch pieces, sleeves or nozzles) welded
to the walls of boilers, pressure vessels and heat exchangers shall not be less than 5 mm. Application
of elements less than 5 mm in thickness is subject to PRS acceptance in each particular case.

8.2.19.7 Opening may be strengthened by increasing design thickness of the wall. In that case,
increased wall thickness, s, shall not be less than the value determined in accordance with the
following formulae:

for cylindrical shells

S = % +c (8.2.19.7-1)
for spherical shells
Sy = # . (8.2.19.7-2)
for conical shells
I L E—— (8.2.19.7-3)

- (2Qopa—p) cosa

sa — required wall thickness without compensating elements, [mm];
¢@a - strength factor of wall weakened by opening which is being strengthened, determined for

the pattern curve A (see diagram in Fig. 8.2.19.7) depending on dimensionless parameter
d

VDal(sa—c)
formulae 8.2.19.7-1 to 8.2.19.7-3 shall be taken;

d - diameter of the opening (inner diameter of a branch piece, sleeve) or the dimension of an
oval or elliptical opening along the longitudinal axis, [mm].

, and to determine this parameter, the value of s obtained in accordance with

For other symbols - see paragraphs 8.2.8.2 and 8.2.10.1.
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Fig. 8.2.19.7

8.2.19.8 Where disk-shaped plates are used to strengthen openings in cylindrical, spherical or
conical walls, the dimensions of the strengthening plates shall be determined in accordance with the
following formulae:

by : /Dg(sq — ) (8.2.19.8-1)
Spo = Sa — Sr (8.2.19.8-2)

by, - maximum effective width of the plate (see Figures 8.2.19.1-3 and 8.2.19.1-4), [mm];

spo — plate thickness (see Figures 8.2.19.1-3 and 8.2.19.1-4), [mm];

sa — total thickness of wall being strengthened and strengthening plate, determined in
accordance with the requirements specified in paragraph 8.2.19.7, [mm];

s - actual thickness of wall being strengthened, [mm)].

For other symbols - see paragraph 8.2.19.7.

Where the actual width of strengthening plate is less than that resulting from formula 8.2.19.8-1,
the plate thickness shall be increased respectively, in accordance with the formula below:

Spr = Spo —2E (8.2.19.8-3)

spr — actual thickness of plate, [mm];
bp-— actual width of the plate, [mm].

Thickness of weld seam connecting the strengthening plate to the wall shall not be less than 0.5
syr (Fig. 8.2.19.1-3).
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8.2.19.

9 Dimensions of welded tubular elements used to strengthen openings in cylindrical,

spherical and conical walls shall not be less than those determined as follows:

.1 Wall thickness, si, of a tubular element (branch piece, sleeve, etc.), [mm], shall be

determined as a function of the following dimensionless parameter
d
vV Da(sA - C)

and the strength factor, ¢y, from curves, C, shown in Fig. 8.2.19.7. Values ¢- and s, shall be

substituted for @4 and s4 shown in Fig. 8.2.19.7, where.

Sr — actual wall thickness, [mm];

- — actual efficiency factor of a wall having thickness, s, as determined by formulae
8.2.8.2-1,8.2.8.2-2,8.2.8.3-1, 8.2.8.3-2 and 8.2.10.1.2 by solving the equations of the
said formulae for ¢.

Ratio zk_z, determined from the diagram in Fig. 8.2.19.7 shall be used to determine the

e

minimum thickness, si, [mm] of a branch piece or sleeve. In this ratio, actual thickness s

shall be substituted for sa.

.2 The minimum design height, hy, [mm] of a tubular strengthening element shall be
determined in accordance with the formula below:

ho = +/d(s —¢) (8.2.19.9.2-1)

If the actual thickness, h;, of a tubular strengthening element is less than that determined

in accordance with formula 8.2.19.9.2-1, thickness, sk, shall be increased respectively as

follows:
Skr = Sk (8.2.19.9.2-2)
8.2.19.10 Openings in dished ends shall be compensated for as follows:

.1 For openings strengthened by increasing the dished end wall thickness, factor y, obtained
from Table 8.2.16.1 shall be substituted for factor y in formula 8.2.16.1.

.2 For openings strengthened by means of disk-shaped strengthening plates, the plate
dimensions shall be determined as required in paragraph 8.2.19.8, and the total thickness of
the strengthened end wall, s4, shall be determined in accordance with the formula below:

_ PRw+5)¥o
SA = " opn +c (8.2.19.10.2)

Rw - inner radius of curvature in the way of the opening, [mm];

Yo - shape factor determined in accordance with Table 8.2.16.1;

For other symbols - see paragraphs 8.2.16.1 and 8.2.19.7.

.3 The dimensions of tubular elements strengthening openings shall be determined in
accordance with paragraph 8.2.19.9, except that the expression 2(0.5D, +s) shall be
substituted for D, in the following dimensionless parameter

d
v Da(s =)

and the actual strength factor, ¢, for the dished end wall thickness, s, shall be determined

in accordance with formula 8.2.16.1, assuming ¢ = @4,y = yo and s = s, (see paragraph

8.2.16.1).
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8.2.19.11 For through tubular strengthening elements with the inward projecting portion h,, > s,
(Figures 8.2.19.1-5 and 8.2.19.1-6), thickness of the tubular element may be reduced by 20%,
however its thickness shall not be less than that required for the design pressure.

8.2.19.12 The ratio of a tubular strengthening element thickness, s, to the thickness of wall being
strengthened, s, shall not be greater than 2.4. If this ratio is taken as more than 2.4, for construction
reasons, then tubular strengthening element thickness six shall be assumed not greater than 2.4
times the thickness of the wall being strengthened in the calculation.

8.2.19.13 Disk-shaped strengthening plates and tubular strengthening elements may also be
used in combination (Fig. 8.2.19.13). In that case, the dimensions of strengthening elements shall be
determined taking account of the requirements for both the disk-shaped and tubular strengthening
elements.

d
o H—
N
2| 2N~
E1
-y
hm> §r
Fig. 8.2.19.13

8.2.19.14 For branch pieces drawn from the wall being strengthened (Fig. 8.2.19.1-7), wall
thickness s4 shall not be less than that determined in accordance with formulae 8.2.19.7-1 to
8.2.19.10-2.

Strength factor, ¢, for the wall weakened due to a drawn branch piece shall be obtained from
diagram 8.2.19.7 as follows:

for Di < 0.4 - from curve B,

a

for Di = 1.0 - from curve By,

a

for 0.4 < Di < 1.0 -by interpolation of curves B and Bs.

For curves B and B1 - see Fig. 8.2.19.7 diagram.

Thickness of a drawn branch shoulder, s;, shall not be less than that determined in accordance
with the formula below:

Sk ZSam  [mm] (8.2.19.14)
however not less than that required for the design pressure.

8.2.19.15 The effect of adjacent openings may be disregarded provided that:

(I + Sgr1 + Skr2) = 24Dy (sy — ) (8.2.19.15-1)
(I + Sgrq + Skr2)- distance between two adjacent openings (Figures 8.2.19.15-1 and 8.2.19.15-2),

[mm];
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D, - outside diameter of wall being reinforced, [mm];
s - actual thickness of wall being reinforced, [mm];
¢ - design thickness allowance, [mm], (see sub-chapter 8.2.7).

Where (I + Sgrq + Skr2) <+/Dq(s; — €), the stress occurring in the section between the openings
due to design pressure shall be checked. Both longitudinal and lateral stresses in that section shall
not exceed the allowable values determined in accordance with the formula below:

}? <o (8.2.19.15-2)

o - allowable stress (see paragraph 8.2.4.5), [MPa];

F - load exerted by the design pressure upon the cross-section between openings (see
paragraph 8.2.19.16), [N];

fe - cross sectional area between openings (see paragraph 8.2.19.17), [mm?Z].

Skr1

N Skr2
N\ TRE - .
SN o A
= 5
e -
S d1 d2 |,
Fig. 8.2.19.15-1 Fig. 8.2.19.15-2

8.2.19.16 Load exerted by the design pressure on the cross-sectional area between two openings
shall be determined as follows:

.1 for openings arranged longitudinally along a cylindrical wall:

Fp =222 [N] (8.2.19.16.1)

.2 for openings arranged circumferentially in cylindrical or conical walls, as well as in the
spherical walls:

Fy =222 [N] (8.2.19.16.2)
.3 for openings in dished ends
Fy = 222 N] (8.2.19.16.3-1)
a - spacing between two adjacent openings, measured at the outside circumference, as shown

in Fig. 8.2.19.15-2, [mm];
D - inside diameter (for conical walls measured at the centre of the opening), [mm];
p - design pressure, [MPa];
Rp - inner radius of curvature (see paragraph 8.2.19.10), [mm];
y - shape factor (see 8.2.16.1).

Where openings are arranged in cylindrical walls with a diagonal pitch, the load in question shall
be determined in accordance with formula 8.2.19.16.2, and the obtained results shall be
multiplied by the following factor:

K=1+ cos?a (8.2.19.16.3-2)

o - angle between the line of a row of openings and longitudinal axis, [deg].
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8.2.19.17 For tubular strengthening elements, cross sectional area, f;, [mm?] between two
adjacent openings shall be determined in accordance with the formula below:

c=1(s-c) +0.5[hi(Skr1 - ¢) + ho(Sk2 - €)] [mm?] (8.2.19.17-1)

h; and h; - height of strengthening elements, [mm], determined in accordance with the
following formulae:

for blind strengthening elements:

hi2=ho+s (8.2.19.17-2)

for through strengthening elements:

hi2="ho+s+ hp (8.2.19.17-3)
| - width of bridge between two adjacent openings (Figures 8.2.19.15-1 and 8.2.19.15-2),

[mm];
s - thickness of wall being reinforced, [mm];
Skr1 and sk2 — thicknesses of tubular strengthening elements (Figures 8.2.19.15-1 and 8.2.19.15-2),
[mm];

¢ - design thickness allowance, [mm], (see sub-chapter 8.2.7);

ho - design height of the tubular stiffener (see formula 8.2.19.9.2-1), [mm];
hm - design height of tubular strengthening element projecting inwards (see Figures 8.2.19.1-5,
8.2.19.1-6 and 8.2.19.13), [mm].

For openings to be strengthened by other means (combined or disk-shaped strengthening
elements, etc.), the values of f. shall be determined in accordance with the same procedure.

8.2.19.18 For drawn branch pieces arranged in a row, strength factor ¢, determined for this row
in accordance with formula 8.2.6.2.1, shall not be less than strength factor ¢4, obtained from curves
B and B1 in Fig. 8.2.19.7. For ¢ < ¢, the value of ¢ shall be used to determine the wall thickness in
accordance with paragraph 8.2.19.14.

This requirement also applies to welded branch pieces arranged in a row, whose thickness is
determined only for the internal pressure effect.

8.2.20 Stays

8.2.20.1 Cross-sectional area of long and short stays, corner stays and stay tubes, subjected to
tensile or compressive stresses shall not be less than that determined in accordance with the
formula below:

ok (8.2.20.1)

ocosa

- cross-sectional area of single stay, [mm?2];

design pressure (see sub-chapter 8.2.2), [MPa];

- allowable stress (see sub-chapter 8.2.4.5), [MPa];

- angle between the corner stay and the wall to which the stay is attached, [deg], (Fig. 8.2.12.1-3);
fs - maximum surface area of the wall to be reinforced per stay, [mm?2]. This area is bounded by
lines passing at right angles through the centres of the lines interconnecting the centre of
stay with the adjacent points of support (stays). The cross-sectional area of the stays and
tubes within this area may be determined according to the surface area per stay.

R Q™™
|

8.2.20.2 For stays subjected to bending, the allowable bending stress shall be determined with
a safety factor not less than 2.25.
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8.2.20.3 In the case of end plates with a single strengthening stay (Fig. 8.2.20.3), the stay shall be
so designed as to make it capable of bearing at least half the load acting on the end plate. Thickness
of such an end plate shall fulfil the requirements specified in paragraph 8.2.12.1.

v

ST | aS|s)s
zZzah il DA
. 2 JdJ o F
S ) P

Fig. 8.2.20.3

8.2.20.4 Stay and regular fire tubes shall have thickness not less than the values specified in Table
8.2.20.4.

Thickness of stay tubes with diameter over 70 mm shall not be less than:
6 mm - for peripheral tubes;
5 mm - for tubes arranged inside the tube nest.

Table 8.2.20.4

Outside diameterof tubes, Tube wall thickness [mm]
[mm] 3.0 | 3.5 | 4.0 | 45
Maximum working pressure [MPa]

50 1.10 1.85 - -
57 1.00 1.65 - -

63.5 0.90 1.50 2.10 -
70 0.80 1.35 1.90 -
76 0.75 1.25 1.75 2.25
83 - 1.15 1.60 2.10
89 - 1.05 1.50 1.90

8.2.20.5 Cross-sectional area of welds connecting stays shall be such as to fulfil the following
requirement:

ndge

> 1,25 (8.2.20.5)

d, - stay diameter or outside diameter for tubes [mm];
e - weld thickness (Figures 5.1 + 5.3 in the Annex 1) [mm];
f - cross-sectional area of the stay (see paragraph 8.2.20.1) [mm?2].

8.2.20.6 For flared tubes, the flared belt length in the tube plate shall not be less than 12 mm. The
flared joints for working pressures above 1.6 MPa shall be made with sealing grooves.

8.2.20.7 Flared joints shall be checked for secure seating of the tubes in the tube plates by axial
testing loads. The tubes may be considered securely seated, if the value obtained from the formula:

pfs
L (8.2.20.7)

does not exceed:
15 - for joints of plain tubes,
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30 - for joints with sealing grooves,

40 - for joints with tube flanging;

s - tube wall thickness, [mm];

I - flared belt length, [mm].

For other symbols - see paragraph 8.2.20.1.
The length of flared belt in tubes I shall not be taken greater than 40 mm.

8.2.20.8 The flared length of plain pipes shall be not less than that determined in accordance with
the formula below:

I = —”f;’{f [mm] (8.2.20.8-1)
K, = 5.0 safety factor of flared joint,
p,fs — see paragraph 8.2.20.1,
q - strength of pipe joint over | mm of flared belt, evaluated experimentally from the formula

given below, [N/mm]:
q=1 (8.2.20.8-2)
1

F - axial force necessary to extract the flared tube from the tube plate, [N];
I; - length of flared belt used for experimental determination the of value of g [mm)].

8.2.21 Top Girders

The section modulus of top girders with rectangular cross-section shall not be less than that
determined in accordance with the formula below:
1000M

= T30z (8.2.21-1)
W - section modulus for single girder, [mm3],
o - allowable stress (see paragraph 8.2.4.5), [MPa],
Z - rigidity factor for the wall being strengthened, for the structure as shown in Fig. 8.2.21,
z=1.33,
M - bending moment per one girder, [Nm]; for a rectangular section, the moment shall be
determined in accordance with the formula below:
2
M =24 (8.2.21-2)
8000
I - design length of the girder, [mm], (Fig. 8.2.21),
p - design pressure, [MPa],
a - spacing between axes of adjacent girders, [mm],

Fig. 8.2.21

s; - width of girder, [mm], (Fig. 8.2.21),
h - height of girder which shall not exceed 8s; [mm], (Fig. 8.2.21).
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9 BOILERS
9.1 Boiler Design

9.1.1 Boilers shall be designed for the conditions specified in sub-chapter 1.16 of Part VI - Ship
and Machinery Piping Systems.

9.1.2 The thickness of tubes thinned in the process of bending shall not be less than the design
value.

9.1.3 The use of long and short stays and of stay tubes in places where they are exposed to
bending or shearing stresses, shall be avoided. Stays, strength walls, stiffeners, etc., shall have no
abrupt changes in cross sections.

Drilled holes shall be provided at short-stay ends, as shown in Fig. 5.3 in the Annex 1.

9.1.4 For walls reinforced by short stays and exposed to flame and high-temperature gases, the
distance between stay centres shall not be larger than 200 mm.

9.1.5 In fire-tube boilers, corner stays shall be arranged at a distance of not less than 200 mm
from the furnaces. Where flat walls are stiffened with welded girders, this shall be so done that
the load involved is transferred, as far as possible, directly on to the boiler shell or the most rigid
of its parts.

9.1.6 The distance between furnaces and boiler shell shall not be less than 100 mm. The
distance between any two furnaces shall not be less than 120 mm.

9.1.7 Branch pieces installed to the boiler shall be of rigid construction and of minimum length
sufficient for fixing and dismantling boiler mountings and fittings without removing the
insulation. Branch pieces shall not be subjected to excessive bending stresses and shall be
reinforced by stiffening fins if so required.

9.1.8 Flanges intended for installation of mountings, fittings and piping, as well as branches and
sleeves passing through the entire thickness of the boiler wall shall be attached by welding,
preferably from both sides. Branch pieces may also be welded from one side, using removable
backing strip or by some other method that ensures penetration throughout the entire thickness
of the boiler wall.

9.1.9 Boiler drums and headers of wall thickness greater than 20 mm, as well as superheated
headers shall be protected from direct heat radiation, unless conditions specified in 8.2.3.4 are met.

[tis recommended that the gas uptake pipes of vertical fire-tube boilers passing through the steam
space of the boiler be protected from direct exposure to hot gases.

9.1.10 Where use is made of non-metal sealing gaskets for closures of manholes and other
openings, the design shall prevent the possibility of gaskets being forced out.

9.1.11 Suitable design provisions shall be made to prevent steam formation in economizers of
boilers.

9.1.12 Aname-plate including all principal particulars of the boiler shall be provided in a visible
place on the boiler.

9.1.13 The fastening elements on boilers, except for the elements not being under load, shall
not be welded directly to the boiler shells but shall be attached to the welded pads.
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9.1.14 Tubes flue rolled on headers and tube plates shall be of seamless type.

9.1.15 Boilers with finned pipes shall be accessible for inspection from the flame side and shall
be fitted with effective soot blowers.

9.2 Boilers Mountings, Fittings and Gauges - General Requirements

9.2.1 All boiler mountings shall be fitted on special welded branches, nozzles or pads, and be
secured to these, as the rule, by flanged joints. The studs shall have a full thread holding in the pad
for alength atleast one external diameter of the thread. Screwed joints are allowed for mountings
in a range of bores up to 15 mm.

The construction of welded pads, branches shall fulfil the requirements specified in sub-chapter
8.2.19.

9.2.2 Valve covers shall be secured to valve cases by studs or bolts. Valves with bore diameters
of 32 mm and less may have screwed joints provided that there are means preventing them from
being loosened.

9.2.3 Valve covers and cocks shall be fitted with "on” and "off” position indicators. Position
indicators are not required where the design allows to see without difficulty whether the fittings
are open or shut.

Valves shall be so designed as to be capable of being shut with clockwise motion of the wheels.
9.3 Feed Valves

9.3.1 Each main boiler and each essential auxiliary boiler shall be equipped with at least two
feed valves. Auxiliary boilers for other services, and also waste-heat boilers may have one feed
valve each.

9.3.2 Feed valves shall be of non-return type. A shut-off valve shall be installed between the
feed valve and the boiler. The non-return and shut-off valves may be housed in one casing. The
shut-off valve shall be fitted directly to the boiler.

9.3.3 The requirements concerning the feed water system are specified in Chapter 13 of Part VI -
Ship and Machinery Piping Systems.

9.4 Water Level Indicators

9.4.1 Every boiler with a free water surface shall be provided with at least two independent
water level indicators with reflecting glass (see paragraph 9.4.3).

Subject to PRS acceptance in each particular case, one of water level indicators may be replaced by:

— suitable safety and indication means of lower and upper water level; (safety and indication
sensors shall be independent), or

— remote, independent water level indicator of an approved type.

Boilers of a capacity below 750 kg/h, as well as all steam heated steam generators and waste-heat
boilers with free water evaporating surface and steam reservoirs (steam separators) may be
provided with single water level indicators with reflecting glass.

9.4.2 Forced circulation boilers shall be provided with two independent alarms to signal
a shortage of water flow. The second alarm is not required, provided the requirements specified
in sub-chapters 4.2 and 4.3 and also in Table 21.3.1-1, Part VIII - Electrical Installations and
Control Systems are fulfilled. This requirement does not apply to waste-heat boilers.

Polish Register of Shipping 139




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
January 2025 Part VII - Main and Auxiliary Machinery and Equipment, Chapter 9 - Boilers

9.4.3 Flat prismatic reflecting glass shall be used in water level indicators for boilers with
a working pressure of less than 3.2 MPa. For boilers having a working pressure of 3.2 MPa and
upwards, sets of mica sheets shall be used instead of glass, or else plain glass with a mica layer to
protect the glass from water and steam effects, or some other materials resistant to destructive
action of the boiler water.

9.4.4 The water level indicators shall be fitted vertically on front of the boiler, at an equal and
possibly shortest distance from the vertical centre plane of the drum.

9.4.5 Water level indicators shall be provided with shut-off valves both on the water and steam
side. The design of the shut-off valve shall provide for the safe cut-off of water flow in case of glass
crack.

9.4.6 Water level indicators shall have the possibility of separate blowing-off the water and
steam spaces. Blow-down valves shall have an inside diameter of not less than 8 mm. The design
of water level indicator head shall prevent the gasket material from being forced into the ducts by
the boiler pressure and shall allow for replacing the glasses while the boiler is in operation.

9.4.7 Water level indicators shall be so installed that the lower edge of slot in the indicator
frame is positioned at least 50 mm below the lowest water level in the boiler, the centre line of
indicator frame slot (centre of sight) being above the lowest water level.

9.4.8 Water level indicators shall be connected to the boiler by means of independent branch
pipes. No tubes leading to these branches are allowed inside the boiler. The branches shall be
protected from exposure to hot gases, radiant heat and intense cooling.

If the gauge glasses are fitted on hollow casings, the space inside such gauges shall be divided by
partitions.

Water gauges and their branch pipes shall not be allowed to carry nozzles or branch pieces to be
used for other purposes.

9.4.9 The branch pieces for attachment of water level indicators to boilers shall have an inside
diameter not less than:

32 mm - for bent branches of main boilers;
20 mm - for straight branches of main boilers and for bent branches of auxiliary boilers;
15 mm - for straight branches of auxiliary boilers.

9.4.10 The design, dimensions, number, location and lighting of water level indicators shall
provide for adequate visibility and reliable control of the boiler water level. Where water level
visibility is inadequate, irrespective of the height of water level indicator location, or where the
boilers are remotely controlled, provision shall be made for highly reliable remote water level
indicators (placed at lower position) or other types of water gauges approved by PRS. This
requirement does not apply to waste-heat boilers and their steam receivers.

9.4.11 The indication error of the remote water level indicators shall not be greater than
120 mm as compared to the indications of water level indicators fitted directly on the boiler. The
difference in their simultaneous indications at the maximum possible rate of level changes shall
not exceed 10% of the distance between the lower and the upper level.
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9.5 Marking of Lowest Water Level and Highest Heating Surface Points

9.5.1 Each boiler with free water surface (evaporating surface) shall have its lowest water level
marked on the boiler water level indicator with a reference line drawn on the gauge frame or
body. Additionally, the lowest water level shall be marked on a special plate in the form of
horizontal reference line with inscription ,lowest water level”. The plate shall be fitted to the
boiler shell close to the water level indicators.

The lowest level reference line, as well as the plate shall not be covered with boiler insulation.
9.5.2 The lowest water level in the boiler shall not be less than 150 mm above the highest

heating-surface point. This distance shall also be maintained when the ship is listed up to 5° to any
side and under all possible trims in normal service conditions.

In the case of boilers with design capacity less than 750 kg/h, the said minimum distance between
the lowest water level and the highest point of heating surface may be reduced down to 125 mm.
9.5.3 The position of the upper ends of the uppermost downcomers is assumed to be the highest
point of heating surface of water-tube boilers.

For vertical fire-tube boilers with the fire tubes and gas uptake pipes passing through the steam
space of the boiler, the determination of the highest heating-surface point will be specially
considered by PRS in each particular case.

9.5.4 Each fire-tube boiler shall be fitted with a position indicator for the highest heating-
surface point, which shall be attached to the boiler wall close to the lowest water-level plate, and
to have an inscription "highest heating-surface point”.

9.5.5 The requirements concerning the position of the highest heating-surface point and the
relevant position indicator do not apply to waste-heat boilers, forced circulation boilers,
economizers and steam superheaters.

9.6 Pressure Gauges and T hermometers

9.6.1 Each boiler shall have at least two pressure gauges connected to the steam space by
separate pipes fitted with stop valves or stop cocks. Three-way valves or cocks shall be provided
between the pressure gauge and pipe, thus making it possible to shut off the pressure gauge from
the boiler, blow off the connecting pipe with boiler steam and install the control pressure gauge.

9.6.2 One of the pressure gauges shall be installed on the front of the boiler and the other in
main engine control station.

9.6.3 Boilers with the design capacity below 750 kg/h and waste-heat boilers are allowed to
have one pressure gauge.

9.6.4 A pressure gauge shall be provided at the feed water economizer.
9.6.5 Pressure gauges shall have a scale sufficient to allow for boiler hydraulic testing.
9.6.6 The pressure gauge scale shall have a red line to mark the working pressure in the boiler.

9.6.7 Pressure gauges shall be installed on the boilers in such a way that they are suitably
protected from the heat emitted by non-insulated boiler surfaces.

9.6.8 Steam superheaters and economizers shall be equipped with thermometers with suitable
range.

Where remote temperature control is installed, the local thermometers shall also be fitted.
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9.7 Safety Valves

9.7.1 Each boiler shall have not less than two spring-loaded safety valves of identical
construction and equal diameter of cross-sectional area, to be installed on the drum, as a rule, on
a common branch piece; additionally one valve shall be fitted on the superheater outlet header.
The superheater safety valve shall be so adjusted as to open before the safety valve installed on
the drum.

Safety valves of non direct-acting type are recommended for steam boilers having a working
pressure of 4 MPa and more.

One safety valve is sufficient for steam boilers with design capacity below 750 kg/h and steam
reservoirs (steam separators).

9.7.2 Aggregate cross-sectional area, f, of safety valves shall not be less than that determined in
accordance with the formula below:

for saturated steam
G

= _ 2 -
f KlO.ZpW+1 [mm?2] (9.7.2-1)
for superheated steam
—g—G /V_H 2 -
f=K ToZptiN Vs [mm?2] (9.7.2-2)
f - aggregate cross-sectional area of safety valves, [mm?2];
G - design capacity, [kg/h];
pw - working pressure, [MPa];
Vy - specific volume of superheated steam at the appropriate working pressure and temperature,
[m3/keg];
Vs - specific volume of saturated steam at the appropriate working pressure and temperature,
[m3/kg];
K - factoras per Table 9.7.2.
Table 9.7.2
Valve lift K factor
d d 22
20 <h< 1
d d 14
16 <h< IV
d d 10.5
IV <h< a
d d 5.25
2 <h< 3
; <h 3.3

d - minimum diameter of valve, [mm];
h - valve lift, [mm].

Safety valves shall not be less than 32 mm or more than 100 mm in diameter.

If specially approved by PRS, the use of valves with smaller areas than required in accordance
with formulae 9.7.2-1 and 9.7.2-2 may be allowed, provided it is proved experimentally that each
of these valves has a discharge capacity not lower than the design steam capacity of the boiler.

142 Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
Part VII - Main and Auxiliary Machinery and Equipment, Chapter 9 - Boilers January 2025

9.7.3 The cross-sectional area of the safety valve installed on the non-disconnectable superheater
may be included in the aggregate area of the valves to be determined in accordance with formulae
9.7.2-1 and 9.7.2-2. This area shall not amount to more than 25% of the aggregate cross-sectional area
of the valves.

9.7.4 The safety valves shall be so adjusted that the valve operating pressure does not exceed
the design pressure. Safety valves of main and essential auxiliary boilers, after being lifted shall
stop the steam escape at the pressure not less than 0.85 of the working pressure.

9.7.5 Each flue gas heated economizer shall be provided with spring-loaded safety valve not
less than 15 mm in diameter.

9.7.6 Where safety valves are fitted on a common branch, the cross-sectional area of the branch
shall not be less than 1.1 times the aggregate cross-sectional area of the valves installed.

9.7.7 The cross-sectional area of the outlet steam branch of the safety valve, as well as of the
pipe connected thereto, shall not be less than twice the aggregate area of the valves.

9.7.8 To remove the condensate, a drain pipe without any stopping devices shall be provided
on the valve body or on the outlet steam pipe if it is located below the valve.

9.7.9 The safety valves shall be connected directly to the boiler steam space without any
stopping devices.

Supply pipes leading to the safety valves are not allowed to be installed inside the boiler, nor can
any provision be made on the safety valve bodies or their connections for steam extraction or for
other purposes.

9.7.10 The safety valves shall be so arranged that they can be lifted by a special hand-operated
easing gear. The easing gear shall be operated from the boiler room, and from the upper deck or
any other readily accessible place outside the boiler room.

The remote control gear for safety valves of steam superheaters, waste-heat boilers and their
steam tanks (separators) shall be operated only from the boiler room.

9.7.11 The safety valves shall be so designed that they can be sealed or provided with an
equivalent safeguard to make it impossible for the valves to be readjusted without the knowledge
of the personnel.

The springs of the safety valves shall be protected from direct exposure to steam; these springs,
as well as the sealing surfaces of seats and valves shall be made of heat- and corrosion-resistant
materials.

9.8 Shut-off Valves

9.8.1 Each boiler shall be separated from all pipelines leading to it by means of shut-off valves
secured directly to the boiler.

9.8.2 Stop valves of the main and auxiliary steam lines shall be provided with remote control
gear for the operation from the upper deck or from other readily accessible position outside the
boiler room.

9.8.3 Where a single main boiler or a single essential auxiliary boiler is installed on board, the
superheater and economizer shall be so arranged as to be capable of being shut-off from the boiler.
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9.9 Blow-down Valves

9.9.1 Boilers shall be fitted with blow-down and scum arrangements and, where necessary,
with drain valves.

Blow-down and drain valves shall be fitted directly to the boiler shell. For boilers of working
pressure lower than 1.6 MPa, these valves may be installed on welded-on branch pieces.

Steam superheaters, economizers and steam accumulators shall be provided with blow-down
valves or drain valves.

9.9.2 The inside diameter of blow-down valves and pipes shall not be less than 20 mm or more
than 40 mm. For boilers with design capacity below 750 kg/h, the inside diameter of the valves
and pipes may be reduced down to 15 mm.

9.9.3 The scum arrangements in boilers with a free water surface (evaporating surface) shall
be such as to ensure scum and sludge removal from the entire evaporating surface.

9.10 Salinometer Valves

Each boiler shall be provided with at least one salinometer valve or cock. Installing such valves or
cocks on pipes and branches intended for other purposes is not allowed.

9.11 Deaeration Valves

Boilers, superheaters and economizers shall be equipped with sufficient number of valves or
cocks for deaeration.

9.12 Openings for Internal Inspection

9.12.1 Boilers shall be provided with manholes for inspection of internal surfaces. Where the
arrangement of manholes is not possible, provision shall be made for sight holes.

9.12.2 Manhole openings shall have dimensions not less than:

300 x 400 mm - for oval openings, or
400 mm - for round openings.

In separate cases, if specially approved by PRS, the dimensions of manhole openings may be
reduced to 280 x 380 mm for oval and 380 mm for round openings.

The oval manhole openings in cylindrical shells shall be positioned in a way that the minor axis of
the manhole is arranged longitudinally.

9.12.3 Vertical fire-tube boilers shall have at least two sight holes arranged opposite to each
other in the area of the working water level.

9.12.4 All boiler parts such as may prevent or hinder free access to and inspection of internal
surfaces shall be of removable type.

9.13 Incinerating Boilers

9.13.1 These provisions apply to auxiliary boilers utilized for incinerating garbage and oil
wastes of flash point above 60°C.

9.13.2 Automatic control systems of incinerating boilers for unmanned operation shall fulfil the
relevant requirements of Chapter 20 of Part VIII - Electrical Installations and Control Systems.
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9.13.3 Special furnace chamber shall be provided for incineration of garbage and oil wastes, the
chamber shall fulfil the following requirements:

.1 the chamber shall be entirely separated from the boiler furnace and lined with material

resistant to chemical effects of incinerated products;

.2 ducts interconnecting the furnace with chamber shall have sufficient cross-sectional area.

In all the cases, the working pressure in the chamber shall not exceed the furnace pressure
by more than 10%;

.3 a safety device, activated when the working pressure is exceeded by 0.02 MPa, shall be

provided preventing outburst of flame into the boiler-engine room;

4 aggregated free cross-sectional area of the safety device shall be not less than 115 cm? per

1 m3 of the chamber volume, however not less than 45 cm?;

.5 the chamber charging device shall be such as to prevent the simultaneous opening. Any
limitations concerning the garbage incinerating shall be posted on the warning plate;
chambers provided for incineration of garbage only can be installed in the boiler furnace;
if no garbage dump bunker is provided, the chute cover shall be provided with locking
device preventing its opening in case the temperature inside the chamber could cause self-
ignition of the garbage.

-

9.13.4 Oil wastes are, in general, to be incinerated in special system designed for this purpose.
It is possible to use for this purpose the boiler firing system including the burner, provided that
smokeless incineration is ensured as far as possible.

9.13.5 Incinerating boilers shall be provided with effective system of soot removal.
9.14 Thermal Oil Heaters

9.14.1 The provisions of this Section refer to heaters for thermal oils. Thermal oil heaters are,
in general, to be installed in separate spaces, equipped with exhaust ventilation, capable to
perform at least 6 air changes per hour.

9.14.2 Thermal oil heaters shall be so designed as to eliminate a possibility of thermal oil
overheating above its upper permissible temperature limit in the case its burners and thermal oil
circulating pumps are stopped.

The maximum working temperature of given thermal oil shall be maintained at least 50°C below
its upper permissible temperature limit.

9.14.3 The construction of combustion chambers and burners shall secure uniform heat
distribution.

Only such non-uniformity of heat distribution may be admitted at which the temperature in
thermal oil boundary layer at any place of the heating surface does not exceed the upper allowable
temperature limit for the thermal oil used.

The construction of combustion chamber and location of burners shall prevent direct exposure of
the heater surface to the flames. The burner shall be so designed as to eliminate the heat delivery
above its nominal rate.

The combustion chambers of thermal oil heaters with the capacity of 1000 kW and more shall be
provided with hermetization devices and a separate smothering system of type approved by PRS.

Polish Register of Shipping 145




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
January 2025 Part VII - Main and Auxiliary Machinery and Equipment, Chapter 9 - Boilers

9.14.4 Each thermal oil heater shall be fitted with:
shut-off valves at inlet and outlet of thermal oil. Such valves of oil fired and exhaust gas fired
thermal oil heaters shall be controlled from outside the compartment in which they are
situated. Alternatively an arrangement for quick gravity drainage of the thermal oil, contained
in the oil system, into a draining tank is acceptable provided that the requirement specified
in paragraph 10.2.16 of Part VI - Ship and Machinery Piping Systems is fulfilled;

— pressure gauge;

— at least two spring-loaded safety valves of closed type, of identical construction and
dimensions, the throughput of each one being not less than the capacity of circulating pump.
The cross-sectional area of safety valves shall not be less than that corresponding to the
diameter of 32 mm and not greater than that corresponding to the diameter of 100 mm;

— arrangements for taking samples of thermal oil;

— inspection openings in accordance with sub-chapter 9.12.

9.14.5 Each thermal oil heater shall be equipped with effective means for soot removal.
9.14.6 Thermal oil heater tubes shall be connected to headers and chambers by welding.

9.14.7 Bellows type valves shall be applied to thermal oil boilers. Application of gland type
fittings is subject to PRS acceptance in each particular case.

9.14.8 Thermal oil heaters shall be provided with alarm and safety system activated at limit
temperatures of thermal oil and exhaust gas, fitted at the outlet of the heaters.

9.14.9 Thermal oil heaters shall be provided with automatic combustion control, audible and
visual alarm, interlock device in accordance with the requirements specified in paragraph 11.2.1,
as well as protective device as specified in paragraph 11.2.2.

9.15 Water Heating Boilers
Construction and materials of water heating boilers shall fulfil the requirements for steam boilers.
9.16 Additional Requirements for Waste-heat Boilers

9.16.1 Waste-heat boilers shall be fitted with devices closing the supply of hot gas to the boiler
in the case of alarm system activation.

9.16.2 The boiler shall be so designed and installed that all tubes can be easily and readily
inspected for any signs of corrosion and leakage.

9.16.3 The boiler shall be fitted with temperature sensor(s) and fire detection alarm.

9.16.4 A fixed fire extinguishing and cooling systems shall be fitted. A sprinkler system of
sufficient capacity may be accepted.

The exhaust duct below the boiler shall be so arranged for adequate collection and drainage of
any fluid as to prevent it from flowing into the diesel engine. The collected fluid shall be properly
drained.

9.16.5 Except for the case mentioned in paragraph 9.16.6.1, only one safety valve may be
installed on waste-heat boilers.
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9.16.6 Waste-heat boilers that may be isolated from the steam plant system in a flooding
condition shall fulfil the following requirements:

a

shell type boilers having a total heating surface less than 50 m2 shall be provided with at

least one safety valve, and shell type boilers having a total heating surface of 50 m2 or more

shall be provided with at least two safety valves,

to avoid the accumulation of condensate on the outlet side of safety valves, the discharge

pipes and/or safety valve housing shall be fitted with drainage arrangements from the

lowest part, directed with continuous fall to a position clear of the economizer where it

will not pose threats to either personnel or machinery. No valves or cocks shall be fitted in

the drainage arrangements,

shell type boilers shall be provided with removable lagging at the circumference of the

tube end plates to enable ultrasonic examination of the tube plate to shell connection,

shell tube boilers shall be provided with a means of indicating the internal pressure.

A means of indicating the internal pressure shall be so located that the pressure can be

easily read from any position from which the pressure may be controlled,

shell tube boiler shall be provided with arrangements for pre-heating and deaeration,

addition of water treatment or combination thereof to control the quality of feed water to

within the manufacturer’s recommendations,

the manufacturer shall provide operating instructions for each boiler which shall include

reference to:

- feed water treatment and sampling arrangements,

- operating temperatures - exhaust gas and feed water temperatures as well as operating
pressure,

- inspection and cleaning procedures,

- records of maintenance and inspection,

- the need to maintain adequate water flow through the boiler under all operating
conditions,

- periodical operational checks of the safety devices to be performed by the operating
personnel and to be documented accordingly,

- procedures for using the waste-heat boiler in the dry condition,

- procedures for maintenance and overhaul of safety valves.

9.16.7 Full details of the proposed arrangements to fulfill the requirements specified in
paragraphs 9.16.6.1 and 9.16.6.2 shall be submitted for PRS approval.

Polish Register of Shipping 147



RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
January 2025 Part VII - Main and Auxiliary Machinery and Equipment, Chapter 9 - Boilers

10 CONTROL, SAFETY AND ALARM SYSTEMS OF BOILERS
10.1 General Requirements

10.1.1 The requirements specified this Chapter apply to permanently attended boilers.

The requirements for control system, alarm system and safety system of unattended boilers are
specified in sub-chapter 20.7 and Chapter 21 of Part VIII - Electrical Installations and Control
Systems.

10.2 Control Systems

10.2.1 Main water-tube boilers and auxiliary water-tube boilers of essential services shall be
provided with feed and combustion automatic control systems.

[t is recommended that other boilers be also provided with such control systems.

10.2.2 The control systems shall be capable of maintaining the water level, steam pressure and
other variable parameters within the predominated limits over the entire load range and to
ensure quick changes of boiler load.

10.3 Safety Systems

10.3.1 The boilers shall be provided with non-detachable system ensuring the water level in
the boiler (see sub-chapter 9.5) not to fall beneath the lowest permissible level.

10.3.2 The boilers with automatic control of combustion shall be provided with a safety system
in accordance with the requirements specified in sub-chapter 11.2.

10.4 Alarm Systems

10.4.1 Boilers with automatic control of feed and combustion shall be provided with audible
and visual alarm system at the control stand.

10.4.2 The audible and visual alarms shall be activated in the case of:

— the water level reaching its lowest limit,

— the water level reaching its highest limit,

— failures in the automatic control and safety systems,

— failures in the boiler firing installations (see paragraph 11.2.3),

— salinity of feed water exceeding the permissible level (see paragraph13.2.4 of Part VI - Ship
and Machinery Piping Systems).

10.4.3 The lowest water level alarms of the main boilers and essential auxiliary boilers shall be
activated prior to the activation of the safety system.

10.4.4 Provision shall be made for the audible alarm to be switched off manually after its
activation.
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11 OIL FUEL INSTALLATIONS OF BOILERS
11.1 General Requirements

11.1.1 All the components of oil fuel installation such as pumps, fans, quick closing valves and
electric drives, shall be of type approved by PRS and shall be manufactured and tested under the
survey of PRS or other competent technical inspection body.

Electric equipment, control, safety and alarm systems shall fulfil the relevant requirements
specified in Part VIII - Electrical Installations and Control Systems.

Piping systems and fittings of oil fuel installation shall fulfil the relevant requirements specified
in Part VI -Ship and Machinery Piping Systems.

11.1.2 The requirements specified in this Chapter apply to the equipment for firing the boilers
with fuel oil of flash point not less than 60°C.

Where crude oil or slops are used as the fuel for tanker boilers, in accordance with the
requirements specified in sub-chapter 22.5.6 of Part VI - Ship and Machinery Piping Systems, the
furnaces and smoke uptake pipes shall be gastight and tested for gas tightness before being taken
in use.

11.1.3 Burners shall be so designed as to ensure the possibility for the control of the flame jet
size and shape.

11.1.4 In the case of variable-delivery burners, provision shall be made to control the amount
of combustion air.

11.1.5 Proper design solutions shall be applied to preclude the possibility of turning and
removing the burners from their positions before cutting-off the fuel supply.

11.1.6 Where the fuel is atomized by means of steam or air, the construction of burners shall
preclude the possibility of penetration of steam or air to fuel oil and vice versa.

11.1.7 Where fuel preheating is applied, provision shall be made to preclude the possibility
of fuel overheating when the boiler capacity has been reduced or the burners have been cut off.

11.1.8 Proper drip trays shall be provided where fuel leaks may be expected.

11.1.9 Proper sight glasses shall be provided to monitor the combustion process in the furnace.
Means shall be provided to prevent flame and hot air outburst when the burner is removed.

11.1.10 Proper arrangement shall be provided for the storage and smothering of the manual
ignition torch.

[t is recommended that the inlets of boiler fans be protected against penetration of moisture and
solids.

11.2 Additional Requirements for Permanently Attended Boilers with Automatic Firing
Control

11.2.1 Firinginstallations of boilers shall be provided with an interlock to enable the fuel supply
to the furnace only when the following conditions are fulfilled:

.1 the burner is in the operating position,

.2 all electrical equipment is connected to the power supply,

.3 airis fed to the boiler furnace,
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4 the pilot burner is alight or electrical ignition switched on,
.5 the water level in boiler is normal.

In general, the shut-off of fuel supply shall be effected by two self-closing valves connected in
series. Where the daily service tank is situated below the furnace, one such valve is sufficient.

11.2.2 Firing installations of boilers shall be fitted with non-detachable protective devices to
operate within 1 second maximum (in the case of a pilot burner within 10 seconds maximum) and
automatically shut off fuel supply to the burners in case of:

.1 low pressure of combustion air or decay of combustion air flow,

.2 burner flame failure,

.3 water level in the boiler reaching its lower limit.

Activation of protective devices shall actuate visual and audible alarms.

11.2.3 Firinginstallations shall be equipped with a burner flame jet monitor. Such monitor shall
respond only to the flame of the burner under control.

11.2.4 Capacity of the pilot burner shall be such that the burner is not capable of maintaining,
by itself, the boiler under working pressure even with the steam consumption stopped.

If the pilot burner and the main burner are simultaneously in operation and the safety system is
activated in the cases mentioned in paragraph 11.2.2, both burners shall stop their operation at
the same time.

11.2.5 Firing installation of the main and essential auxiliary boilers shall be capable of being
started up and controlled manually. Manual control arrangements shall be located as close to the
boiler as possible.

While the firing installation is being manually controlled, all the automatic control arrangements
mentioned in paragraphs 11.2.1 and 11.2.2 shall be in operation.

11.2.6 Provision shall be made for the firing installation to be shut off from two different
stations, one of which shall be situated outside the boiler room.
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12 PRESSURE VESSELS AND HEAT EXCHANGERS
12.1 Construction of Pressure Vessels and Heat Exchangers

12.1.1 Components of pressure vessels and heat exchangers being in contact with sea water or
other possibly corrosive media shall be constructed from corrosion-resistant materials. In the
case of other materials, the method of their protection against corrosion is subject to PRS
acceptance in each particular case.

12.1.2 Construction of pressure vessels and heat exchangers shall provide their reliable
operation in the conditions specified in sub-chapter 11.16 of Part VI - Ship and Machinery Piping
Systems.

12.1.3 Pressure vessels and heat exchangers shall fulfil the requirements specified in paragraphs
9.1.2,9.1.3,9.1.4,9.1.7,9.1.8,9.1.10, as well as 8.2.14 and 8.2.19.

12.1.4 Where necessary, construction of pressure vessels and heat exchangers shall take
account of possible thermal expansion of the shell and other components.

12.1.5 Shells of heat exchangers and pressure vessels shall be fixed to their seatings by
supports. Upper fixing arrangements shall be provided if necessary.

Construction of the fixing arrangements for pressure vessels and heat exchangers to the
foundations shall also take account of the requirements specified in sub-chapter 1.13 of this
Part VII.

12.2 Fittings and Gauges

12.2.1 Pressure vessels and heat exchangers or their inseparable sets shall be fitted with non-
disconnectable safety valves. In the case of several non-interconnected spaces, safety valves shall
be provided for each space. Hydrophore tanks shall be fitted with safety valves located on the
waterside.

In justified cases, PRS may waive the above-mentioned requirements.

12.2.2 In general, safety valves shall be of a spring-loaded type. Safety diaphragms of a type
approved by PRS are permitted in fuel and oil heaters, provided they are installed on the fuel and
oil side.

12.2.3 The discharge capacity of safety valves shall be such that under no conditions the
working pressure is exceeded by more than 10 %.

12.2.4 Safety valves shall be so designed as to be capable of being sealed or fitted with an
equivalent means to prevent their unauthorised adjustment. Materials used for springs and
sealing surfaces of valves shall be resistant to corrosive effect of the medium.

12.2.5 Level indicators and sight glasses may only be installed on pressure vessels and heat
exchangers where required by the conditions of control and inspection. Level indicators and sight
glasses shall be of reliable construction and protected adequately. For steam, oil and refrigerants,
flat glass plates shall be used for level indicators and sight glasses.

12.2.6 Pressure vessels and heat exchangers shall be provided with flanges or flanged branch
pieces for installation of fittings and mountings.

In hydrophore tanks, threaded branch pieces may also be applied.
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12.2.7 Pressure vessels and heat exchangers shall be provided with adequate blowdown
arrangements as well as drain arrangements.

12.2.8 Pressure vessels and heat exchangers shall be provided with manholes for internal
examination. Where the manholes are impracticable, adequate sight holes shall be provided.
Pressure vessels and heat exchangers with more than 2.5 m in length shall be provided with the
inspection holes at both ends.

Where the pressure vessel or heat exchanger is of dismountable construction or where corrosion
and contamination of internal surfaces is precluded, manholes or inspection holes are not
required.

Manholes or sight holes are not required where the construction of pressure vessel or heat
exchanger precludes the possibility of inspection through such holes.

For the dimensions of manholes’ openings - see paragraph 9.12.2.

12.2.9 Pressure vessels and heat exchangers, as well as their inseparable units shall be equipped
with a pressure gauge or a compound pressure gauge. In heat exchangers divided into several spaces,
a pressure gauge or a compound pressure gauge shall be provided for each space.

Pressure gauges shall fulfil the requirements specified in paragraphs 9.6.1 and 9.6.5.

12.2.10 Fuel heaters where the fuel temperature may exceed 220°C shall be fitted - apart from
the temperature controller - also with sensor warning about high temperature or stopped flow of
fuel.

For electric heaters - see also sub-chapter 15.4 of Part VIII - Electrical Installations and Control
Systems.

12.3 Requirements for Particular Types of Pressure Vessels and Heat Exchangers

12.3.1 Air Receivers

12.3.1.1 Safety valves of starting air receivers for main and auxiliary engines, as well as of fire
protection systems, after being lifted, shall completely stop the air escape at the pressure inside the
receiver not less than 0.85 of the working pressure.

12.3.1.2 Where air compressors, reducing valves or pipes from which air is supplied to the
receivers are provided with safety valves so adjusted to prevent the receivers from being supplied
with air of the pressure higher than the working pressure, safety valves need not be fitted on such
receivers. In that case, fusible plugs shall be fitted on the receivers instead of the safety valves.

12.3.1.3 The fusible plugs shall have a fusion temperature within 100 - 130°C. The fusion
temperature shall be permanently marked on the fusible plug. Air receivers having a capacity over
0.7 m3 shall be fitted with plugs not less than 10 mm in diameter.

12.3.1.4 Air receivers shall be equipped with water-draining arrangements. In air receivers
positioned horizontally, the water draining arrangements shall be installed at both ends of the
receiver.

12.3.2 Cylinders for Compressed Gases

12.3.2.1 Cylinders for compressed gases are portable pressure vessels designed for the storage
of compressed gases, refrigerants or CO, which are stored on board the ship for her operational
purposes, but are incapable of being filled by means of the ship’s equipment.
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12.3.2.2 Strength calculations shall be performed in respect of the requirements specified in sub-

chapter 8.2.8 and the following:

- design pressure shall not be less than the pressure which may occur at temperature 45°C, at
the predetermined filling level;

- allowable stress, o; shall be determined in accordance with sub-chapter 8.2.4, whereas the
safety factor in accordance with paragraph 8.2.5.1;

- allowance, ¢, for cylinders being exposed to corrosion shall not be taken less than 0.5 mm.

Cylinders may be made of steel with the yield stress greater than 750 MPa but not exceeding
850 MPa, subject to PRS acceptance in each particular case.

12.3.2.3 Non-disconnectable safety devices of approved construction shall be provided to
prevent a dangerous overpressure in the cylinder in case of temperature increase. Safety valves or
burst disks activated at a pressure exceeding 1.1 times the working pressure but not higher than 0.9
times the test pressure are permitted.

12.3.2.4 Cylinders shall be permanently marked to include the following information:
manufacturer’s name,

serial number,

year of manufacture,

kind of gas,

capacity,

test pressure,

tare,

maximum load (pressure/weight),

stamp and date of testing.

CoNRWNR

12.3.2.5 Cylinders shall be hydraulically tested under pressure equal to 1.5 times the working
pressure.

12.3.2.6 Cylinders which are designed for the storage of compressed gases, refrigerants or
extinguishing agents shall be approved by PRS or shall be manufactured in accordance with the
relevant standards under the survey of a competent technical inspection body approved by PRS.

12.3.3 Condensers

12.3.3.1 Construction of condensers and their location on board shall be such as to enable tube
replacement.

In general, the main condenser shell shall be of steel welded construction.

Baffles shall be provided inside condensers, at excess pressure steam inlets, to protect the tubes
from the direct steam impact.

Tube fixing shall be so designed as to prevent sagging and dangerous vibration of the tubes.

12.3.3.2 Covers of condenser water chambers shall be provided with manholes in a number and
position as may be required to ensure access to the tubes for the purposes of flaring, packing
replacement or plugging of any tube.

Cathodic protection shall be provided to prevent electrolytic corrosion of the water chambers,
tube plates and tubes.

12.3.3.3 The main condenser shall be capable of operating in emergency conditions with any
turbine casing detached.
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12.3.3.4 Construction of condenser shall enable fixing of monitoring and measuring devices.

12.3.4 Pressure Vessels and Heat Exchangers of Refrigerating Installations

The requirements specified in sub-chapters 12.1, 12.2, 12.3.2 and 12.3, except for paragraphs
12.3.3.3 and 12.3.3.4, apply to pressure vessels and heat exchangers of the refrigerating and fire
extinguishing installations, whereas the requirements specified in sub-chapter 12.2.1 may be
considered as guidelines.

Pressure vessels and heat exchangers shall also fulfil the relevant requirements specified in
Chapter 17 and in Part V - Fire Protection.

12.3.5 Pressure Vessels for Processing Fishery Products

12.3.5.1 Pressure vessel covers opened periodically shall be fitted with devices preventing
a partial closing or spontaneous opening of the covers. Provision shall be made to preclude the
possibility of opening the cover in the case of excessive pressure or underpressure, as well as to
preclude the possibility of pressurizing the receiver when the cover is partially closed.

12.3.5.2 The internal equipment, such as mixers, coils, disks, partitions, etc., hindering the
internal inspection of the vessels shall be readily removable.

12.3.5.3 Sight glasses of not more than 150 mm in diameter, may be used to monitor the working
spaces of mixers, provided that the working pressure in such spaces does not exceed 0.25 MPa.

12.3.5.4 In pressure vessels operating at a pressure exceeding 0.25 MPa, the covers of loading
openings shall be so designed that, in the case of seal rupture, the hot medium escapes in a safe
direction without hazard for the personnel.

12.3.5.5 Pressure vessels operating under vacuum conditions, heated by steam or water of
a temperature over 115°C, shall be fitted with safety valves to prevent the pressure in the vacuum
space from rising (due to the heating system leakage) higher than 0.85 times the test pressure.

These vessels shall be designed for such an opening pressure of the safety valve that the design
stresses will not exceed 0.8 times the yield stress of the material at the design temperature.

12.3.5.6 For mixers heated by steam or water, as well as for the walls of vessels being in contact
with the rotating product, the design wall thickness allowance, c, shall not be taken less than 2 mm.

12.4 Filters and Coolers

12.4.1 Filters and coolers of the main and auxiliary engines shall fulfil the requirements for heat
exchangers and pressure vessels with respect to the materials and construction.

12.4.2 Oil fuel filters installed in parallel to enable their cleaning without cutting off the fuel oil
supply to engines (duplex filters) shall be provided with arrangements protecting the filter under
pressure against being opened inadvertently.

12.4.3 Oil fuel filters or filter chambers shall be provided with adequate means for:
— air venting when being put into operation,
— pressure equalisation before being opened.

Valves or cocks with drain pipes leading to a safe location shall be used for this purpose.
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13 THRUSTERS
13.1 Application

13.1.1 The requirements specified in Chapter 13 apply to the ship propulsion, steering or
manoeuvring devices? which in this Chapter are also referred to as "devices”. In particular, these
requirements cover:

- azimuthing thrusters,

- cycloidal propellers,

- retractable and foldable devices,

- devices for dynamic positioning of the ship,

- water-jet propulsion,

- tunnel thrusters.

13.1.2 Devices intended for the main propulsion and steering and for dynamic positioning of
the ship are considered as main thrusters and are also referred to as "main devices”.

Other thrusters are considered as auxiliary ones.

13.1.3 In case of devices used for dynamic positioning of the ship the requirements concerning
thrusters are provided in Publication 120/P - Requirements for Vessels and Units with Dynamic
Positioning (DP) Systems.

13.1.4 Thruster of ships navigating in ice shall comply with the requirements provided in
Publication 122 /P - Requirements for Baltic Ice Class Ships and Polar Class for Ships under PRS
Supervision.

13.1.5 For thrusters of alternative design the applicable requirements are evaluated individually
by PRS in compliance with 1.3.13.

13.2 General Requirements

13.2.1 For the ships propelled by thrusters only, at least two separate devices with independent
power supply shall be used. This requirement do not apply to water-jet propulsion.

The possibility of application of a single device or devices with common power supply is subject
to PRS acceptance in each particular case.

13.2.2 The devices shall withstand the loads occurring in stationary and transient operating
conditions.

13.2.3 Components of thrusters with turning columns which transmit a torque or revolving
force shall be calculated taking into account the maximum torque caused by the hydraulic motor
turning the column at the maximum difference in pressure of the hydraulic liquid or taking into
account the starting torque of the electric motor turning the column. These components shall
withstand stoppage of the column turning.

13.2.4 Adequate means to prevent sea water penetration into both the device and ship hull shall
be provided.

13.2.5 Dynamic seals preventing seawater penetration into the device or ship hull shall be type-
approved by PRS.

2 See also UI of SOLAS regulations (MSC.1/Circ.1416/Rev.1).
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13.2.6 Inspection holes shall be provided to enable the necessary periodical survey of the main
parts of thrusters.

13.2.7 Thrusters, which are so installed inside the ship hull as to enable their stretching out or
turning, shall be located in a separate watertight compartment unless double seals are arranged
in accordance with the requirement specified in paragraph 13.2.5. An alarm system warning of
water ingress between the seals as well as the possibility of inspection of the seals during dry-
docking shall be provided.

13.2.8 Construction of nozzles shall fulfil the relevant requirements specified in Chapter 2
of Part Il - Hull Equipment.

13.2.9 In the case of azimuth thrusters where reverse manoeuvre is effected through the
column turning by 180°, the time for such turning shall not exceed 30 s.

13.2.10 Main thrusters shall enable the thrust vector to be controlled from all the main propulsion
remote control stands and from the thruster compartment. In each of these locations, indication of the
propeller pitch and thrust vector direction, and also means to stop the propeller immediately as well
as communications with all other control stands shall be provided. The means for immediate stopping
of the propeller shall be independent of the thruster remote control system.

13.3 Drive

13.3.1 Internal combustion engines which drive thrusters directly shall fulfil the requirements
specified in Chapter 2. Installations serving engines shall fulfil the relevant requirements specified
in Part VI -Ship and Machinery Piping Systems, except for the requirement for application of stand-
by and spare pumps and other similar appliances.

13.3.2 Hydraulic motors, pumps and other hydraulic components shall be type-approved by PRS.

13.3.3 For main thrusters, a permanently connected spare hydraulic oil storage tank of the
capacity sufficient for full oil exchange in at least one thruster shall be provided.

13.3.4 Electric motors, irrespective of their power output, used for powering the main thrusters
are subject to PRS survey during their production.

13.3.5 Main thrusters driven by electric motors shall fulfil the relevant requirements specified
in Chapter 17 of Part VIII - Electrical Installations and Control Systems.

13.4 Gears and Bearings

13.4.1 Gearings applied in main thrusters shall fulfil the relevant requirements specified in
Chapter 4.

13.4.2 Gearings of auxiliary devices intended for short-time operation may be calculated for
a limited number of operating hours. Calculations of these gears, performed in accordance with
the standards in force, are subject to PRS acceptance in each particular case.

13.4.3 Basicratinglife L10 of rolling-element bearings in main thrusters shall be atleast 20 000
hours.

13.4.4 Basicratinglife L10 of rolling-element bearings in auxiliary devices shall not be less than
5000 hours.

13.4.5 Bearing of the turning column shall ensure compensation of axial forces in both
directions.
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13.5 Propulsion Shafting

13.5.1 Propulsion shafts shall fulfil the relevant requirements specified in Chapter 15 including
the requirements for ice class where applicable.

13.5.2 With respect to torsional vibrations, the requirements specified in Chapter 16. apply.
13.6 Propellers

13.6.1 Fixed pitch propellers and controllable pitch propellers shall fulfil the relevant
requirements specified in Chapter 14.

13.6.2 Screw propellers of non-conventional shape and propellers of other types are subject to
PRS acceptance in each particular case.

13.7 Steering gear
13.7.1 Steering gear of thrusters shall comply with requirements specified in Chapter 6.2.

13.7.2 Steering gear is to be capable of bringing the thruster back to neutral position from any
allowable angle at maximum service speed.

Notes:

1. According to definition given in IACS Ul SC242 steering gear is understood as the device with all its supporting

systems.
2. For ships operated in international voyages additional statutory SOLAS requirements may apply.

13.8 Control Systems

13.8.1 Remote control systems of the thrusters shall fulfil the relevant requirements specified
in sub-chapter 20.2 of Part VIII - Electrical Installations and Control Systems.

13.8.2 With respect to the main thrusters, the requirements of paragraphs 20.5.1; 2; 3; 8; 10;
11; 12; 13; 14; 15 of Part VIII are obligatory. It is recommended that all other requirements
specified in Chapter 20 of Part VIII be taken into account.

13.9 Monitoring

13.9.1 Indicating system shall fulfil the relevant requirements specified in sub-chapter 20.4.3
of Part VIII - Electrical Installations and Control Systems.

13.9.2 Indicating system shall clearly display, at every steering position, at least the following
data:

- rotating direction and rotational speed for fixed pitch arrangements;

- pitch and rotational speed for controllable pitch arrangements;

- thrust angle.

13.9.3 Alarm system shall fulfil the requirements specified in sub-chapter 20.4.1 of Part VIII -
Electrical Installations and Control Systems and the requirements specified in Table 13.9.3. The
alarm system of auxiliary devices with an installed power below 200 kW is subject to PRS acceptance
in each particular case.
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Table 13.9.3
Alarm system of thrusters

Item Component, installation, Parameter under control Alarm systerp: Notes
system parameter value signalled
1 level in spare hydraulic oil tank minimum -
2. Hydraulic drive of: hydraulic oil pressure minimum -
3. - proPeller, . pressure difference in hydraulic oil filter maximum
— device rotation, —— -
4 — propeller pitch change hydraulic oil temperature maximum if cooler
' is applied
5. Lubricating oil system oil pressure or oil level in gravity tank minimum
Electrical motor drive of:
6 — propeller, Acc. to Part VIII - Electrical Equipment and Automatic Control,
’ — device rotation, Table 21.3.1-1, item 2.5 -
— propeller pitch change
7. alarm system power supply minimum -
Thruster monitoring control system power supply minimum -
9 system emergency stop means acc. to emergency stop _
' paragraph 13.2.10
10. fire detection fire -
Thruster compartment — -
11. water level in bilge well” high level -

* Alarm system giving warning of water penetration into the device casing shall be used where practicable.
13.10 Survey, Testing and Certificates
13.10.1 Thrusters for ships classed with PRS shall be type-approved by PRS.

13.10.2 After consideration of the technical documentation, PRS may accept application of
a device that has approval certificate issued by other classification society.

13.10.3 In the case of a single delivery of device, PRS may accept, after consideration of the
technical documentation, application of a device, without a type-approval certificate.

13.10.4 Thrusters mentioned in paragraphs 13.10.1, 13.10.2 and 13.10.3 are subject to PRS
survey both in production and testing in accordance with the requirements specified in
paragraphs 13.10.6 and 13.10.7.

13.10.5 The scope of survey of auxiliary devices with the motors having power less than
200 kW is subject to PRS consideration in each particular case.

13.10.6 PRS survey of the production and testing of thrusters covers:

- checking of conformity of the applied materials and manufacturing procedures with the
approved documentation,

- checking the conformity of workmanship with the approved documentation,

- testing of thrusters’ installations including pressure tests of housings, piping and fittings as
well as operating tests at the manufacturer’s shop.

Operating tests shall be performed in accordance with the approved programme. Factory operating
tests shall be performed in the presence of PRS surveyor.

Other tests and check procedures may be conducted by the manufacturer if it has been provided
in the approved by PRS technical documentation of product type and the manufacturer has
introduced quality management system.
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13.10.6.1 The survey covers materials used in the production - in accordance with paragraph
1.4.3.13, as well as welding, heat treatment and other procedures which are subject to acceptance
within the process of the classification documentation approval.

13.10.6.2 All and any changes and exceptions with the approved documentation of type shall be
submitted, together with justification, to PRS for approval. Product testing shall start after the
changes and exceptions have been approved.

13.10.6.3 Pressure tests of casings shall be performed in accordance with the requirements
specified in paragraph 1.5.2.1. In the case of hydrostatic pressure acting inside and/or outside the
casing, working pressure, p, shall be taken for calculation as the highest hydrostatic pressure acting
on one side in the lowest point of the casing.

13.10.6.4 Functional Operating tests at the manufacturer’s shop shall be performed on a test
stand which allows the test to be performed at the rated rotational speed and full torque load on the
shaft and column, if any. PRS may consider performance of some or all operating tests on board the
ship.
Functional Operating tests include:

.1 start and stop tests of the drive, and reversing tests;

.2 operation tests of thruster as a steering unit;

.3 tests of control systems.

13.10.6.5 After the operating tests, a lubricating oil sample shall be checked for traces of metallic
and non-metallic particles.

13.10.6.6 After the operating tests, visual examinations of the whole thruster and, in justified
cases, also internal examination shall be performed with particular regard to gearing.

13.10.6.7 The producttesting is considered satisfactory if the test results comply with design data
and if all tests acceptance criteria are fulfilled.

13.10.6.8 The product certificate of thruster is issued by PRS after approval of the complete test
report of the product. PRS reserves the right to issue the certificate after sea trials.

13.10.7 Seatrials of a thruster shall be performed in accordance with the approved programme.

The ability of the device to provide the propulsion and steering in all considered modes of sailing
and manoeuvring shall be demonstrated during the sea trials.

Trials shall be performed at different operational vessel speeds, various positions and power
settings of the device and during rapid manoeuvring which starts of the most inconvenient
combinations of vessel speeds and position of the device.

When applicable, bollard pull test is to be performed according to PRS requirements.

13.10.7.1 In the case of the devices installed on board the particular ship for the first time, PRS
may request that measurements of the linear vibrations be performed.

13.10.7.2 During the trials of the monitoring systems, fulfilment of the requirements specified in
sub-chapter 13.9 shall be demonstrated.

13.10.7.3 After the sea trials, PRS may request examination of the device in open condition.

13.10.7.4 After the sea trials, a sample of lubricating oil shall be checked for content of solid
metallic and non-metallic particles.
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13.10.7.5 PRS may request submission of the sea trials report for consideration.
14 PROPELLERS

14.1 General Provisions

14.1.1 The design of propellers other than classical screw propellers is subject to PRS
consideration in each particular case.

14.1.2 Guidelines for the repair of propellers are specified in Publication 7/P - Repair of Cast
Copper Alloy Propellers.

14.1.3 The requirements for propellers of ships with ice class notation are specified in
Publication 122 /P - Requirements for Baltic Ice Class Ships and Polar Class for Ships under PRS
Supervision.

14.2 Blade Thickness

14.2.1 The blade thickness shall not be less than that determined in accordance with the formula
below:

3.65kA P

s = = |rozn [mm] (14.2.1)
(0312+3)

where:

s - maximum thickness of expanded cylindrical section of blade, measured perpendicularly
to the blade pressure side or geometrical chord of the section at the radius of 0.2R for
solid propellers, 0.25R or 0.3R for built-up propellers, 0.35R for CP propellers and 0.6R
for all propellers, irrespective of their design, [mm];

k = 1; for ships with ice strengthening - see Publication 122/P Requirements for Baltic Ice
Class Ships and Polar Class for Ships under PRS Supervision;

A - coefficient determined from Table 14.2.1 for the radius of 0.2R, 0.25R, 0.3R, 0.35R or
0.6R, respectively, and also for the required rake at blade tip; if the rake differs from the
values shown in the Table, coefficient 4 shall be assumed as for the nearest maximum
value of that rake;

P - propeller shaft power at the rated output of main engine, [kW];

n - rated number of propeller shaft revolutions, [rpm];

Z - number of blades;

b - width of expanded blade at the radius of 0.2R, 0.25R, 0.3R, 0.35R or 0.6R, respectively, [m];

D - propeller diameter, [m];

R - propeller radius, [m];

H/D - pitch ratio at the radius of 0.7R;

M = 0.6Rm(s) + 180, but no more than 570 MPa for steel and no more than 610 MPa for non-ferrous

alloys;
Rm) — ultimate tensile strength of the blade material, [MPa].
Table 14.2.1
Values of coefficient A

Radius of Rake at blade tip, as measured along the blade pressure side [deg]

blade [m] 0 2 4 6 8 10 12 14 16
0.20R 390 391 393 395 397 400 403 407 411
0.25R 378 379 381 383 385 388 391 394 398
0.30R 367 368 369 371 373 376 379 383 387
0.35R 355 356 357 359 361 364 367 370 374
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| 0.60R | 236 | 237 | 238 | 240 | 241 | 243 | 245 | 247 | 249 |

For ships of restricted service, having in their symbol of class additional mark II or III, the blade
thickness s may be reduced by 5%.

14.2.2 The thickness at the blade tip shall not be less than 0.0035D.

14.2.3 Intermediate thicknesses of blade shall be so chosen that the contour lines of the
maximum blade thickness sections run smoothly from the root, through intermediate profiles to
the tip.

14.2.4 Injustified cases PRS may consider proposals different from the requirements 14.2.1 and
14.2.2, provided that detailed strength calculations are submitted.

14.3 Bosses and Blade Fastening Parts

14.3.1 Fillet radii of the transition from blade to boss at the location of maximum blade thickness
shall be at least 0.04D at the blade suction side and at least 0.03D at the blade pressure side
(D - propeller diameter).

If the blade is not raked, the fillet radius at both sides shall be at least 0.03D.

The transition from blade to boss may be formed of variable radii, provided that the stress
concentration coefficient is not greater than for circular fillets with the radii mentioned above.

14.3.2 The propeller boss shall be provided with holes to fill the void spaces between the boss
and the shaft cone with grease. The grease shall also fill the void space inside the propeller cap.

The grease used for filling the above-mentioned spaces shall have solid consistency and not cause
corrosion.

14.3.3 Where propeller blades are bolted to the hub, the bolt diameter and thread core diameter
of these bolts shall not be less than dsdetermined in accordance with the formula below:

d, = ks /M [mm] (14.3.3)
lem(sm)

0.33 for 3 bolts used on blade pressure side,

0.30 for 4 bolts used on blade pressure side,

= 0.28 for 5 bolts used on blade pressure side;

- maximum thickness of blade, measured at the boss, in the section calculated acc. to
14.2.1, [mm];

b - developed blade width of the cylindrical section (calculated section) measured at the

boss, [m];

Rniy - tensile strength of the blade material, [MPa];

Rmsm) — tensile strength of the bolt material, [MPa];

dq - diameter of the fixing bolts’ circle; for of different arrangement of bolts, i.e. outside the

circle, di = 0.85] (where I - distance between the remotest bolts), [m].

where:

Vo ox X

14.4 Controllable Pitch Propellers

14.4.1 Hydraulic power operating system of the propeller blades pitch setting device shall be
served by two independent pumps of equal capacity - one service and one standby pump. One of
the pumps may be driven from the main engine; in that case this pump shall be capable of
operating the propeller blades under all operating conditions of the engine.
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Ships equipped with two CP propellers may be provided with one independent standby pump for
both propellers.

Where the power system is served by more than two pumps, their capacities shall be such that in
the case of failure of one of these pumps the combined capacity of remaining pumps will enable
reverse of the propeller blades in accordance with 14.4.4.

14.4.2 The propeller blades pitch setting device shall be so designed as to allow the positioning
of blades for running ahead in case of hydraulic power operating system failure.

14.4.3 Hydraulic power operating system of the propeller blades pitch setting device shall be
constructed and tested in accordance with the applicable requirements specified in Part VI, 1.5,
1.6,1.13,1.14,10.1 and 10.3.

14.4.4 Thetime of reversing the propeller blades from "full ahead” to "full astern” position, with
the main engine not running, shall not exceed:

— 20 s for propellers of diameter up to and including 2 m,
— 30 s for propellers of diameter above 2 m.

14.5 Balancing Screw Propellers and Propellers of Thrusters and Active Rudders

After final machining, screw propellers and propellers of thrusters and active rudders shall be
balanced in accordance with the requirements of relevant standards.

14.6 Testing of the control system of controllable pitch propellers intended for main
propulsion

14.6.1 Application

The requirements in this chapter apply to all new buildings and to all replacements, modifications,
repairs, or re-adjustments that may affect the pitch control or response characteristics for main
propulsion.

14.6.2 Scope of the tests

14.6.2.1 Pitch response test

A full range of tests is to be carried out to get the pitch response and verify that it coincides with
the combinator curve of the propellerl. The tests are to be carried out for at least three positions
of the control lever in ahead and astern directions (e.g., dead slow ahead/astern, half ahead/
astern, full ahead/astern).

The tests are to be carried out in normal and emergency operating conditions.

Tests that are not affected by the control position may be carried out from one control position
only.

Note: The combinator curve is the relationship between the propeller pitch setting and the propeller speed.
14.6.2.2 Test of the fail-to-safe characteristics

A test of the fail-to-safe characteristics of the propeller pitch control system is to be carried out to
demonstrate that failures in the pitch command and control or feedback signals are alarmed and
do not cause any change of thrust. Such failures are to be clearly identified and included in the test
procedure.

14.6.2.3 Testprocedure
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Test procedure is to be prepared and proposed by the pitch control system manufacturer or
integrator and agreed with PRS.

14.6.2.4 Parameters to be recorded

The list of the parameters to be recorded during the pitch response test within this chapter is to
be established by the pitch control system manufacturer or integrator and agreed with the PRS.
This should include at least the following parameters:

a)
b)
c)
d)

e)

Position of the control handle,

Actual pitch indication (local indication, remote indications),

Rotational speed of the propeller,

Response time between the pitch change order (modification of the lever position) and the
instant when the pitch and propeller speed have reached their final position,

Propelling thrust variation during the transfer of the control from one location to another
one.

14.6.2.5 Tests results

Tests are to demonstrate:

a)

b)

that the propelling thrust is not significantly altered when transferring control from one
location to another and in case of failures in the pitch command and control or feedback
signals.

that the pitch response times measured during the test do not exceed the maximum value to
be defined by the pitch control system manufacturer or integrator.
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15 MAIN PROPULSION SHAFTING
15.1 General Provisions

15.1.1 The requirements specified in Chapter 15 apply to propulsion shafts, such as
intermediate, propeller, as well as thrust shafts (external to engines) of traditional straight
forged design and which are driven by rotating machines such as diesel engines, turbines or
electric motors.

15.1.2 For shafts that are integral to equipment, such as gear boxes, podded drives, electrical
motors and/or generators, thrusters, turbines and which, in general, incorporate particular
design features, additional criteria related to acceptable dimensions, stiffness, high ambient
temperature shall be taken into account. Such design features are subject to PRS consideration in
each particular case.

15.1.3 Therequirements for shafts made of composite materials are subject to PRS consideration in
each particular case.

15.2 Alternative Calculation Methods

15.2.1 Alternative calculation methods may be considered by PRS. Any alternative calculation
method shall include all relevant loads on the complete dynamic shafting system under all
permissible operating conditions. Consideration shall be given to the dimensions and
arrangements of all shaft connections.

15.2.2 Alternative calculation methods shall take into account design criteria for continuous
and transient operating loads (dimensioning for fatigue strength) and for peak operating loads
(dimensioning for yield strength). The fatigue strength analysis may be carried out separately for
different load assumptions, as, for example, specified in 16.2.2.

15.3 Materials

15.3.1 Where shafts may experience vibratory stresses close to the permissible stresses for
transient operations, the material shall have a minimum ultimate tensile strength R, of 500 MPa.
Otherwise material having minimum ultimate tensile strength R, of 400 MPa may be used.

15.3.2 In formulae in Chapter 16 and sub-chapter 16.2.2, the value of Ry, shall be taken within

the following limits:

— for carbon and carbon manganese steels, a minimum specified tensile strength R, not
exceeding 760 MPa shall be used in formula 15.4.1-3 and not exceeding 600 MPa - in formulae
16.2.2.1.1 and 16.2.2.1.2;

— for alloy steels, a minimum specified tensile strength R, not exceeding 600 MPa;

— for propeller shafts, in general, a minimum specified tensile strength R, not exceeding 800 MPa
(for carbon, carbon manganese and alloy steels).

15.3.3 Where materials with tensile strength R, greater than the limits specified in 15.3.2 are
used, reduced shaft dimensions or higher permissible vibration stresses are not acceptable when
derived from the formulae specified in Chapter 16 and 16.2.2 unless PRS verifies that the material
exhibit similar fatigue life as conventional steels. A torsional fatigue test shall be performed in
accordance with Appendix I of UR M68 rev.3 in order to verify that the material exhibits similar
fatigue life as conventional steels.
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15.4 Shaft Diameter

15.4.1 Shaft diameter dpshall not be less than that determined in accordance with the following

formula:
d, = Fki/% [mm] (15.4.1-1)
where:
P - rated power of intermediate shaft, [kW];
n - rated speed of intermediate shaft, [rpm];
F - coefficient taking into account type of main propulsion:

F=95 - for turbine drive, for diesel engine drive with the slip type coupling and for
electric drive;

F =100 - for other types of drive;
k - shaft design factor (see 15.4.4 and Table 15.4.4).
A - correction coefficient of the coaxial hole in hollow shaft, determined in accordance with the

formula below:

4
a=1-(9) (15.4.1-2)

where:

d, - coaxial hole diameter, [mm];

d, - actual outside diameter of shaft, [mm];

ifd, < 0.4d, A =1 may be taken;

B - material coefficient, determined in accordance with the formula below:

560
B =
Rp+160

(15.4.1-3)

for intermediate and thrust shafts B > 0.5833;
R, - tensile strength of the shaft material, [MPa] - see 15.3.2.

15.4.2 The diameter of the propeller shaft located forward of the inboard stern tube seal may
be gradually reduced to the corresponding diameter required for the intermediate shaft using the
minimum specified tensile strength R, of the propeller shaft in the formula and taking into
account limitations given in subchapter 15.3.

15.4.3 In ships of restricted service assigned additional mark II or III, affixed to the symbol of
class, the calculated diameter dpof intermediate, thrust and propeller shaft may be reduced by 5%.

15.4.4 Factors k (for low cycle fatigue) and Ci (for high cycle fatigue) take into account the
influence of:
— the stress concentration factor Ry (scf) relative to the stress concentration for a flange with
fillet radius of 0.08d, (geometric stress concentration of approximately 1.45)
1.45

and
~ [T )
ke~ 2L (15.4.4-2)

where exponent x takes into account the low cycle notch sensitivity;

— the notch sensitivity; the assumed values of factors k and Cx are representative for soft steels
(Rm < 600 MPa), while the influence of steep stress gradients in combination with high strength
steels may be underestimated.
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The values of factors k and Ci, indicated in table 15.4.4, are rounded off.

Table 15.4.4
Values of k and Cj for different design features

Intermediate shafts Thrust shafts* Propeller shafts
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k=1.0 1.0 1.10 1.10 1.10 1.20 1.10 1.10 1.22 1.26 1.15
Cx=1.0 1.0 0.60 0.45 0.50 0.307 0.85 0.85 0.55 0.55 0.80

* External to engines.

1) Filet radius shall not be less than 0.08d,

2)  kand Cxrefer to the plain shaft section only. Where shafts may experience vibratory stresses close to the permissible
stresses for continuous operation, an increase in diameter to the shrink fit diameter shall be provided, e.g. a
diameter increase of 1% to 2% and a blending radius - see Note.

3) Atadistance of not less than 0.2dqs from the end of the keyway, the shaft diameter may be reduced to the diameter
calculated with k = 1.0.

4 Keyways shall not be used in installations with a barred speed range.

5) The diameter of radial bore dh shall not exceed 0.3da.

6) Subject to limitations as slot length 1/da < 0.8, slot width e/d, > 0.15 and do» /da <0.7, the end rounding of the slot
shall not be less than e/2. It is recommended that the edge rounding should preferably be avoided as this increases

the stress concentration slightly. The values of k and Ci are valid for 1, 2 and 3 slots, i.e. with slots at 360 °, 180° and
120° apart respectively.

7). Ck=0.30 is approximated taking account of the limitations specified above in ¢). More accurate stress concentration
factor (scf) calculation may be determined in accordance with 15.4.5. In that case:

Ck=1.45/scf

Note that the scffactor is defined as the ratio between the maximum local principal stress and v/3 times the nominal
torsional stress (determined for the bored shaft without slots).

8) Applicable to the portion of the propeller shaft between the forward edge of the aftermost shaft bearing and the
forward face of the propeller hub (or, if it is applicable, shaft flange), but not less than 2.5 d,.

Note: Each transition of diameter shall be designed with either a smooth taper or a blending radius. It is required that
a blending radius should be equal to the change in diameter.

15.4.5 The stress concentration factor scfat the end of slots may be determined by means of the
following empirical formula (the symbols as given in footnote 6) to Table 15.4.4):

(1-e)/dy

scf = Qtfnote] + 0.8
do). e
(1_@) dp

(15.4.5-1)

This formula applies to:

— slots at 360°, 180° and 120° apart;

— slots with semicircular ends; a multi-radii slot end can reduce the local stresses, but this is not
included in this empirical formula;
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— slots with no edge rounding (except chamfering), as any edge rounding increases the stress
concentration factor (scf) slightly.

@t[nhole] represents the stress concentration of radial holes (in this context e = hole diameter) and
may be determined as:

2 2 2
— _3.£ JL (L) (% -
Gnote) = 23 =3 =+ 15 (dp) +10 (dp) (d,,) (15.4.5-2)
or simplified to a;[pee) = 2.3
15.4.6 Shafts complying with the requirements specified in this Chapter satisfy low cycle fatigue

criterion (typically < 104)), i.e. the primary cycles represented by zero to full load and back to zero,
including reversing torque, if applicable. This requirement is addressed in formula 15.4.1-1.

15.5 Shaft Couplings

15.5.1 In general, all coupling bolts at the flanges of shafts shall be fitted. The number of fitted
bolts may be reduced to 50% of the total number; however, the number shall not be smaller than
three. The minimum diameter of plain coupling bolts shall not be less than the diameter d;
determined in accordance with formula 15.5.2.

Flange joints transmitting the torque by friction only (without fitted bolts) may also be used but
their use are subject to special consideration by PRS.

Coupling bolts nuts shall be protected against loosening.

15.5.2 The diameter d; of fitted coupling bolts shall not be less than that determined in accordance

with the formula below:
3
d, = 0.65 /W [mm] (15.5.2)

dp - design diameter of intermediate shaft, taking into account the ice strengthening, if
required, [mm]; when the diameter is increased due to torsional vibrations, d, shall be
taken equal to the actual diameter of the intermediate shaft;

I - number of fitted bolts in the coupling;

D - diameter of the pitch circle of the coupling bolts, [mm];
Rmp - tensile strength of shaft material, [MPa];

Rns - tensile strength of bolt material, [MPa], where:

Rmp < Rins < 1.7 Rmp, however not exceeding 1000 MPa.

The diameter of bolts coupling the propeller boss to the propeller shaft flange is subject to special
consideration by PRS.

15.5.3 The thickness of coupling flanges (under the bolt heads) of the intermediate shafts and
thrust shafts and of the forward coupling flange of the propeller shaft shall not be less than 0.2 d,
or d,, determined in accordance with formula 15.5.2 for the shaft material, whichever is greater.

The thickness of the coupling flange of the propeller shaft, by means of which the propeller shaft
is connected with the propeller, shall not be less than 0.25 of the actual shaft diameter.

The use of flanges having non-parallel external surfaces is subject to special consideration by PRS,
however their thickness shall not be less than d.
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15.5.4 Thefilletradius at the base of coupling shall not be less than 0.08 of the actual shaft diameter.
The fillet may be performed by the variable radii, provided however, that the coefficient of the stress
concentration is not greater than that obtained by one radius used to carry out the fillet. The fillet
surface shall be smooth and not affected by the recesses for heads and nuts of coupling bolts.

15.5.5 Dimensions of both the keyway and key for couplings shall be such as to ensure that the
unit interface pressure induced by the average torque at the rated number of revolutions and
rated output of the engine on the side surface of the keyway does not exceed 0.75 of the yield point
of the material of the shaft or flange, respectively. The lower keyway corners shall be rounded to
aradius of about 0.0125 of the shaft diameter, however not less than 1.0 mm.

15.6 Propeller Shaft Bearings

15.6.1 The length of the shaft bearing next to the propeller shall be determined as follows:

.1 for oil lubricated bearings lined with white metal - not less than 2.0 times the rule
diameter of the shaft in way of the bearing. The length of the bearing may be less provided
the nominal bearing pressure is not more than 8 bar as determined by 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. However, the
minimum length is to be not less than 1.5 times the actual diameter;

.2 for water lubricated bearings of synthetic material - not less than 4.0 times the rule
diameter of the shaft in way of the bearing. For a bearing of synthetic material
consideration may be given to a bearing length not less than 2.0 times the rule diameter
of the shaft in way of the bearing, provided the bearing design and material is
substantiated by experiments to the satisfaction of PRS. Synthetic materials for application
as water lubricated stern tube bearings are to be type approved;

.3 for oil lubricated bearings of synthetic rubber, reinforced resins or plastics materials — not
less than 2,0 times the rule diameter of the shaft in way of the bearing. The length of the
bearing may be less provided the nominal bearing pressure is not more than 6 bar as
determined by 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. However, the minimum length is to be not less than 1.5 times the actual
diameter. Where the material has proven satisfactory testing and operating experience,
consideration may be given to an increased bearing pressure. Synthetic materials for
application as oil lubricated stern tube bearings are to be type approved;

4 the length of a grease lubricated bearing is to be not less than 4,0 times the rule diameter
of the shaft in way of the bearing.

15.6.2 Where shut-off valve has been provided on the supply of bearing lubricating water, it
shall be fitted to the stern tube or afterpeak bulkhead. A flow indicator shall be provided in the
piping supplying water lubricating the bearing.

[t is recommended that a device preventing the stern tube freezing be fitted.

15.6.3 Oil lubricated bearings shall be provided with means of forced cooling of the oil, unless
the afterpeak tank is always filled with water.

Means shall be provided for measuring the temperature of loaded part of the bearing. For bearings
of less than 400 mm in diameter the measurement of oil temperature in way of the bearing may
be accepted.

15.6.4 For oil lubricated bearings the gravity tanks shall be located above the waterline and
shall be provided with level indicators and low oil level alarm.
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15.7 Keyless Shrink Fitting of Propellers and Shaft Couplings

15.7.1 In the case of keyless fitting of propellers and/or couplings, the taper of the shaft cone
shall not exceed 1:15. When the taper does not exceed 1:50, the fitting of coupling on the shaft
may be done without retaining nut or other way of securing the coupling.

15.7.2 Keyless shrink fitting of propeller on propeller shaft shall be done without an
intermediate sleeve between the propeller boss and the shaft. The arrangements with
intermediate sleeve are subject to PRS consideration in each particular case.

15.7.3 When fitting detachable keyless shrink joint (see Fig. 15.7.3), the axial shift of the boss
in respect to the shaft or intermediate sleeve from the moment of obtaining the metallic contact
on the cone surface after eliminating the clearance, shall not be less than that determined in
accordance with the formula below:

_ |soB [r1010PL3\% | | Du(ay-aw)(te—tm)
Ah = E\/( e ) +T2+ : K [cm] (15.7.3)
where:
Ah - assembly axial shift of the boss
B - material and shape factor of the joint:
_ 1 y2+1 1 1+w2_ -1
T Ey (y2—1+vy)+Ew (1—w2 VW) [MPa™"]

For connections with non-hollow steel shaft, factor B may be determined by linear interpolation
in accordance with Table 15.7.3.

Table 15.7.3
Factor B x105 [MPa-1]
Solid steel shaft: w = 0; Ew = 2.059 x 105 MPa; vw = 0.3
Cooper alloy boss vy = 0.34 Steel boss
Factor © « « © o © - « «
;| 85 | E= | B2 | 55 | B2 | B2 | §2 | oé:
"2 e = e e = = [
1.2 6.34 5.79 5.34 4.96 4.63 4.34 4.09 3.18
1.3 4.66 426 3.95 3.66 3.43 3.22 3.04 2.38
1.4 3.83 3.52 3.25 3.03 2.83 2.67 2.52 1.98
1.5 3.33 3.07 2.83 2.64 2.47 2.34 2.21 1.74
1.6 3.01 2.77 2.57 2.40 2.24 2.12 2.01 1.59
1.7 2.78 2.48 2.38 2.22 2.09 1.97 1.87 1.49
1.8 2.62 2.38 2.23 2.09 1.97 1.86 1.76 1.41
19 2.49 2.29 2.13 1.99 1.88 1.77 1.68 1.35
2.0 2.39 2.20 2.05 1.92 1.80 1.70 1.62 1.29
21 2.30 213 1.98 1.86 1.74 1.65 1.57 1.25
2.2 2.23 2.06 1.92 1.79 1.69 1.60 1.53 1.22
2.3 2.18 2.01 1.88 1.75 1.65 1.57 1.49 1.19
2.4 2.13 1.97 1.84 1.72 1.62 1.54 1.46 117

Ey - modulus of elasticity of boss material, [MPa];
Ew - modulus of elasticity of shaft material, [MPa];
vy — Poisson’s ratio for boss material;
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vw - Poisson’s ratio for shaft material; (for steel v = 0.3)
y - mean factor of external boss diameter;
w - mean factor of diameter of shaft hole.

Dy,

h
0.5h _,. 05h
3 2
JK
3
Sl =
2| o__QN :;QQ __.QN :;
Q __r___.Q s____Q__

Fig. 15.7.3

mean external diameter of shaft at the area of contact with the boss or intermediate
sleeve, [cm]:

- without intermediate sleeve:
Dw1 = Dyl; Dus = Dy3
Dw»2 = DyZ; Dy = Dy
- with intermediate sleeve:
le # Dyl; DW3 # Dy3
Dy # Dyz, D, # Dy
Dy1+Dy5+D
- for boss: y =22z
Dy1+Dy2+Dy3
— Do1+Dp2+Dp3
Dy1+Dy2+Dy3
_ le + Dw2 + Dw3
W 3
_ Dy, + Dyy + Dy
v 3

- for shaft:

effective height of cone at the contact area of the shaft or intermediate sleeve with the
boss with oil grooves deduced, [cm];

taper of cone at the contact area of the shaft or intermediate sleeve with the boss;
power transmitted by the joint, [kW];

1 (for ships with ice strengthening see Publication 122 /P Requirements for Baltic Ice Class
Ships and Polar Class for Ships under PRS Supervision);

number of the joint’s revolutions, [rpm];

propeller thrust for “ahead” revolutions with the ship moored, [kN];

thermal coefficient of linear expansion of the boss material, [1/°C];
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aw - thermal coefficient of linear expansion of the shaft material, [1/°C];

te - temperature of the joint in service conditions, [°C];

te - temperature at the time of fitting, [°C];

K = 1.0 for the joints without intermediate sleeve;

K = 1.1 for the joints with intermediate sleeve.

The calculation shall be made for the highest service temperature ¢t = 35°C.

15.7.4 The shrinkage allowance when fitting steel couplings to make a permanent shrink fit
shall not be less than that determined by the formula:

80B |(1910PL3)?
=22 ( o ) +T2 [cm] (15.7.4)
Ap - shrinkage allowance when fitting the coupling on diameter D..

For other symbols - see 15.7.3.

15.7.5 For the boss of a detachable or permanent keyless shrink joint, the following condition
shall be fulfilled:

Alc

= [D—y + (a, — aw)tm] < 0.75R,, (15.7.5-1)
where:
A - shape factor of the boss determined by the formula:

A= y21_1~/1 + 3y* (15.7.5-2)

Factor A may be determined by linear interpolation in accordance with Table 15.7.5.

Table 15.7.5
Factor 4

y 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4
A 6.11 4.48 3.69 3.22 2.92 2.70 254 | 242 2.33 2.26 | 2.20 2.15 211

C=AD, - forpermanent joints;

C=Ah.z - fordetachable joints;

Ah. - actual axial shift of the boss when fitting at temperature ¢, [cm]; Ah, 2 Ah

AD, - actual shrinkage allowance for permanent joint, [cm];

Rey - yield point of boss material, [MPa];

Dy - mean inside diameter of the boss at the contact area with the shaft or intermediate

sleeve, [cm].

For other symbols - see 15.7.3.

15.8 Braking Devices

The shafting shall be provided with a braking device. The following devices may be used: brake,
turning gear or other locking equipment precluding the shafting rotation in case of failure of the
main propulsion machinery.

15.9 Stern Tube Seal

15.9.1 In all cases, stern tubes shall be enclosed in a watertight space of moderate volume. In
passenger ships, the stern gland shall be situated in a watertight shaft tunnel or other watertight
space separate from the stern tube compartment and of such volume that, if flooded by leakage
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through the stern gland, the bulkhead deck will not be immersed. By way of derogation, in cargo
ships, other measures to minimize the danger of water penetrating into the ship in case of damage
to stern tube arrangements may be taken.

15.9.2 In cargo ships, a stern tube enclosed in a watertight space of moderate volume, such as
an after peak tank, where the inboard end of the stern tube extends through the afterpeak/engine
room watertight bulkhead into the engine room is considered to be acceptable solution satisfying
the requirement of Chapter II-1, Regulation 12.11 SOLAS 1974, as amended provided that the
inboard end of the stern tube is effectively sealed at the afterpeak/engine room bulkhead by
means of an approved, by PRS, watertight and oiltight gland system.

15.10 Shafting alignment

For proper arrangement of propulsion plant bearings, shafting alignment calculations shall be
performed and submitted to PRS Head Office for consideration and, in case of direct propulsion,
presented to main engine manufacturer. Upon PRS consent, such analysis may be waived for
propulsion plants with intermediate shaft of a diameter less than 300 mm.

15.10.1 Requirements concerning the scope of shafting alignment calculations:

— shafting alignment calculations shall always be performed when the intermediate shaft
diameter is 300 mm and above;

— shafting alignment calculations shall always be performed for propulsion plant with reduction
gear, where the output shaft is driven by two or more pinions for ahead run;

— shafting alignment calculations shall always be performed for the shaft generator or electrical
motor if they are an integral part of the low speed propulsion plant;

— the calculations results shall include bearings reactions, shear forces and bending moments
along the whole shaftline, details on aft sterntube bearing slope (if any), design deflection of
bearings off the (straight) base line and detailed procedure of shafting alignment. The
specification shall also include table and graph presentation of shaft deflection line in relation
to base line and presentation of bending stresses and shear forces;

— calculations shall be performed for hot and cold conditions of running, taking into account hot
offsets and maximum allowable alignment tolerances. Hot condition shall be calculated both
for design and ballast draught;

— the shafting alignment calculations shall include the influence of:

— buoyancy of propeller and propeller shaft;
— hydrodynamic propeller loads, both for design and ballast draught;
— thermal rise of machinery components (including rise caused by heated tanks in double
bottom and other possible heat sources);
— gear loads;
— bearing clearances and angular displacement of gear output shaft in its bearings;
— bearing stiffness (if substantiated by knowledge or evaluation, otherwise infinite);
— hull and structure deflections in the machinery region.
— evaluation of shafting alignment shall also include the influence of:
— thermal expansion of materials;
— shafting alignment forces;
— tooth coupling reaction forces;
— universal coupling (Cardan) forces.
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15.10.2 Requirements for shafting alignment calculation results:

— report on calculation results shall include all calculation input data, (including reference to
relevant drawings) and short description of drive components (manufacturer, type, main
parameters);

— the calculation shall include a list of operating conditions and the respective influence
parameters;

— the calculation shall include data on clearances in the bearings considered;

— bearingloads in all operating conditions shall be within allowable load range as determined by
bearing manufacturers;

— the calculation shall include the correction factors for bearing reactions if the bearing load is
measured with a jack located close to the bearing and not directly under it;

— zero or very low bearing loads are acceptable if these have no adverse influence on whirling
vibration;

— static load in the aft stern tube bearings shall be below 0.8 MPa for white metal lined bearings
and below 0.6 MPa for synthetic bearing materials at bearing length from 1.5 to 2 times the
actual propeller shaft diameters;

— shear forces and bending moments acting on propulsion plant components shall be within the
limits as determined by the component manufacturer; it is particularly important for the flange
of the engine crankshaft and output shaft at the working temperature of propulsion plant (hot
condition);

— relative nominal slope between propeller shaft and aft sterntube bearing shall not exceed
0.3-10-3 rad (0.3 mm/m), otherwise it shall be compensated by aft sterntube bearing slope or
a slope bore made in the bearing;

— the calculation shall include data for shafting alignment onboard with tolerances, such as sag
and gap between shafting flange and crankshaft flange or gearbox output flange as well as
bearing load tolerances;

— maximum bending stresses in shafts as limited by the shaft dimensions criteria contained in
the Rules;

— acceptance criteria defined by manufacturer of the reduction gear, e.g. limits for output shaft
bearing loads including their maximum difference in size, shall be fulfilled.

15.10.3 Prior to assembly of propeller shaft, position of aft stern tube bearing(s) axe(s) in
relation to other propulsion plant bearings shall be verified. The final verification of the shafting
alignment (confirmed by suitable measurements records) shall be performed afloat and
witnessed by PRS Surveyor.

15.10.4 In the event where alignment is suspected to be changed when external forces (e.g.
grounding, hull deformations due to welding works) may have influenced the alignment, the
appropriate measurements shall be carried out (e.g. intermediate bearings clearances, bearings
reaction forces, shafts run out close to the bearings, gear teeth contact patterns for detecting
misalignment, misalignment SAG, GAP in shaft connection with gear output flange ) and witnessed
by PRS surveyor.
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16 TORSIONAL VIBRATIONS
16.1 General Provisions

16.1.1 The scope and methodology of calculating the torsional vibrations of propulsion systems
shall be such as to enable a complete analysis of dynamic loads in all parts of the system in all
working modes expected during normal operation.

PRS shall be submitted with the calculations performed with the following assumptions:

— normal operation of the engine,

— no ignition (i.e. no injection but with compression) in this engine cylinder in which the failure
causes most unfavourable dynamic loads.

[t is recommended to carry out calculation analysis for emergency operations of the system (e.g.
damper failure, flexible coupling failure, breaking the propeller blade, etc.), which in the opinion
of the designer are the most probable and significant. In well-grounded cases, PRS may require
that the results of such analysis are submitted for consideration.

If changes have been introduced into the design of existing propulsion system which affect its
dynamical features and alternating torsional vibrations stresses, the above-mentioned
calculations shall be carried out again and submitted to PRS for consideration.

The torsional vibration stresses are the stresses that are added to the torsional stresses resulting
from mean torque at the considered engine speed and power output.

16.1.2 Calculations of torsional vibrations shall include:
.1 input data:
— mass moments of inertia and rigidity of particular components of a system;
— logic diagrams of all the applicable modes of system operation;
— type and rated parameters of the torsional vibration dampers, flexible couplings,
transmission gears and generators - where applied;

.2 tables of the successive forms of free vibrations with resonance within the range from
0.2nzto 1.2nz, with their harmonics as specified in .3;

.3 firing order in the engine cylinders and the values of vector sum of the relative amplitudes
of torsion angles of the cranks for all considered modes and harmonic orders within the
range from 1 to 16 for two-stroke engines and from 0.5 to 12 for four-stroke engines;

4 values of stresses caused by all significant harmonic excitation torques within the range
from 0.2n-to 1.05nzfor main engines and 0.5nz+1.1n-for power generating set engines at
the weakest cylindrical cross sections of the shafting;

.5 dynamic torques in flexible couplings and on the pinion of transmission gears within the
speed range as specified in .4;

.6 for power generating sets - dynamic torques on the generator’s rotor;

.7 vibration amplitudes taken at the assumed point of measurement (on the mass where
measurements are taken), corresponding to the calculated values of the 68ynthesized
stresses and dynamic torques as specified in .4, .5 and .6. The alternating torsional stress
amplitude shall be understood as (Tmax — Tmin)/2;

.8 graphical and tabular presentation of dynamic loads and parameters of the torsional
vibrations specified in items from .4 to .7. The graphs and tables shall include both
combined values and the most significant harmonic ones.

16.1.3 Torsional vibration calculations of the propulsion system for ships with Baltic Ice or
Polar Class notation, relevant dynamic ice loading resulting form ice milling and/or ice impact
must be considered to comply with the requirements of Publication 122 /P.
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16.2 Permissible Stresses
16.2.1 Crankshafts

16.2.1.1 The combined torsional stresses for continuous operation of the engines shall not exceed
those determined in accordance with the following formulae:

.1 within the range of crankshaft rpm:
0.7n,<n<1.05n, - for main engines of ships with ice class L1A and L1,
09n,<n<1.05n, - for main engines of other ships,
09n,<n<1.10n, - for engines driving generators or other auxiliary machinery,

- where the maximum value of variable torsional stresses TN max has been determined
by the crankshaft calculation method given in Publication 8/P - Calculation of
Crankshafts for I.C. Engines:

T1k < FThmax (16.2.1.1.1-1)
- where the above mentioned method has not been applied:
Ty < £30.36C)p (16.2.1.1.1-2)

.2 within the rpm ranges of crankshaft lower than those mentioned in .1, respectively:

rk[s—z(nlz)z]

Tak = & 1.38

(16.2.1.1.2-1)

or

2
Tae < £22C, [3 -2(2) ] (16.2.1.1.2-2)

Nz
where:
T1k T2k T3k Tak — permissible stresses, [MPa];

Cp - size factor determined using the formula below:

Cr=0.35+0.93d "%
d - shaft diameter at the weakest section, [mm];
d = min [djournal ) dcrankpin];

n - speed under consideration, [rpm];
n, - rated speed, [rpm].

In the propulsion systems operated for prolonged periods of time with rated torque in the range
of operational speed below the rated one (e.g. tug-boats, fishing trawlers, etc.) the stresses shall
not exceed those determined in accordance with formula 16.2.1.1.1-1 or 16.2.1.1.1-2.

16.2.1.2 The combined torsional stresses for the barred speed ranges, which shall be passed
quickly, shall not exceed the values determined in accordance with the following formula:

T1kz = i1-9T3k (16212'1)
or

Torz = £1.974; (16.2.1.2-2)
depending on the calculation method applied, where:

Tik; and T2k, - permissible stress for quick passing through the barred range, [MPa];
T3crand Ta - see 16.2.1.1.
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16.2.2 Intermediate, Thrust, Propeller and Generator Shafts

16.2.2.1 The combined torsional stresses for continuous operation shall not exceed, in any part
of the shaft, the values determined in accordance with the following formulae:

.1  within the range of shaft rpm:
0.7 n, < n <1.05 n, - for ships with ice class L1A and L1,
0.9 n, < n <1.05 n, - for other ships,
0.9 n, <n<1.10 n, - for generators,

T1w = +1.38C,,C Cp (16.2.2.1.1)

.2 within the rpm range lower than mentioned in .1:
2
Tyw = CoCiCp [3 —2 (nl) ] (16.2.2.1.2)

where:
T1iw, T2w — permissible stresses, [MPa];
Cw - material factor determined in accordance with the formula below:

= I <422
(Rm > 600 MPa shall not be taken into account);
R - shaft material tensile strength, [MPa];
Cx - shaft structure factor (see 15.4.4):
= 1.0 for intermediate shafts and generator shafts with flanges forged together with
a shaft,
0.6 for intermediate shafts and generator shafts in way of keyways,
0.85 for the parts of thrust shafts specified in 15.4,
= 0.55 for the parts of propeller shafts for which, in accordance with 15.5.1, the
coefficient value 1.22 or 1.26 shall be taken;
Cp,n, n,-see16.2.1.1.2.

Cw

In the propulsion systems operated for prolonged periods of time with the rated torque at speeds
below the rated one (e.g. tugboats, fishing trawlers, etc.), the stresses shall not exceed those
determined in accordance with formula 16.2.2.1.1.

16.2.2.2 The synthesized torsional stresses for the barred speed ranges, which shall be passed
quickly, shall not exceed the value determined in accordance with the formula below:

1.7Tw

Twz = 2 (16.2.2.2)

where:
Twz — permissible stress for quick passing through the barred range, [MPa];

For other symbols - see 16.2.2.1.

16.2.2.3 The stress values defined in 16.2.2.1 and 16.2.2.2 refer to the shafts with diameters equal
to those required in Chapter 15. Where actual diameters of the shafts are greater than required, PRS
may accept higher values of the combined torsional vibration stresses.

PRS may accept the stresses exceeding those determined in 16.2.2.1 and 16.2.2.2 where justified
by calculation.
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16.2.3 Permissible Dynamic Torques

16.2.3.1 Dynamic moments in flexible couplings and vibration dampers shall not exceed the
values specified by the manufacturer.

16.2.3.2 It is recommended that the dynamic torques occurring in any stage of a transmission
gear do not exceed 1/3 of the rated torque within the rpm range from 0.9n, to 1.05 n..

16.2.3.3 Dynamic moments occurring in generator rotor shall not exceed the values specified by
the manufacturer - depending on the employed construction of connection with the generator shaft.

16.3 Measurements of Torsional Vibration Parameters

16.3.1 The results of calculation of combined torsional vibration stresses shall be confirmed by
measurements taken on the first vessel of the series. When estimating these stresses, their
harmonic analysis shall be done.

16.3.2 The measured frequencies of free vibrations shall not differ from the calculated values
by more than 5%. Where this requirement is not fulfilled - the calculations shall be corrected
accordingly.

16.3.3 Where, as a result of calculations, it is not necessary to apply barred speed ranges, or in
other justified cases, PRS may allow taking measurements to be waived.

16.4 Barred Speed Ranges

16.4.1 Where the combined actual torsional stresses exceed the permissible values for
continuous operation, the barred speed ranges shall be determined. The barred speed ranges shall
not occur within the following ranges:

- n=0.7n, - for propulsion system of ships with ice class L1A and L1,

- n=0.8 n, - for propulsion system of other ships,

— n>0.85 n,— for power generating sets.

16.4.2 The limits of the barred speed range shall be determined as follows:

.1 the barred speed range shall cover all speeds where the permissible stresses 71, and 72w,
calculated in accordance with formulae (16.2.2.1.1) and (16.2.2.1.2) are exceeded;

.2 for controllable pitch propellers with the possibility of individual pitch and speed control,
both full and zero pitch conditions shall be considered.

.3 additionally the tachometer tolerance has to be added to the lower and upper limit of the

barred speed range;

at each end of the barred speed range the engine shall be stable in operation;

generally and subject to the requirements specified in .1 to .4, the following formula may

be applied for the barred speed calculations, provided that torsional stress amplitudes at

the border of the barred speed range are less than 71, or 72, under normal and stable

operating conditions:

4
.5

18-2k
e<n< % (16.4.2)

where:

n - barred speed range, [rpm];
n — resonance speed, [rpm];
n, - rated speed, [rpm].
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16.4.3 The limits of barred speed may also be determined by extending by 0.03n; to both sides
the range within which the combined torsional vibration stresses or torques in the flexible
couplings or transmission gear, exceed the permissible values.

16.4.4 Where normal operation of the engine is accompanied by calculated, and confirmed by
measurements, speed ranges in which the combined stresses or dynamic torques in couplings or
in transmission gears exceed the permissible values, then the ranges of barred speed shall be
marked in accordance with 1.17.1. Proper warning plates shall be located at the engine control
stations.

16.4.5 Where during the engine operation with one cylinder without ignition (see 16.1.1) the
stresses and torques defined in 16.4.4 exceed the allowable values, then:

.1 theengine shall be provided with an automatic alarm system, indicating the lack of ignition
in a cylinder, and the engine control stations shall be fitted with the plates indicating the
barred speed ranges, determined in accordance with 16.4.2 or 16.4.3 for such a condition
of engine;

.2 where the alarm system defined in .1 is not provided, the additional barred speed ranges
for the engine operation with one cylinder without ignition shall be marked on the
tachometers and warning plates.

Barred speed ranges in one-cylinder misfiring conditions of single propulsion engine ships shall
enable safe navigation.
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17 REFRIGERATING PLANTS

17.1 Application

17.1.1 Classed refrigerating plants shall fulfil all the requirements specified in this Chapter.

17.1.2 With regard to non-classed refrigerating plants the following requirements apply:

- 17.1.3.1;17.1.3.2; 17.1.3.5 (only for apparatus and vessels exposed to the refrigerant pressure);

- 17.1.3.6 (only for refrigerant system);

- 17.21;17.2.2;17.6.1; 17.6.3 to 17.6.7; 17.7.1 to 17.7.5; 17.8.4; 17.9.3; 17.10; 17.11.2; 17.12.1
to17.12.3;17.13.1and .2; 17.14;17.15.2and .3; 17.15.4.3; 17.15.8; 17.17.2 (only for equipment
exposed to the refrigerant pressure);

- 17.17.3 and .5, as well as in 1.4.9.2, .3, .5 and .7 (only for safety devices);

- 1.4.9.1 (only for machinery and apparatus in accordance with 17.1.3.1,.2 and .5);

- 1.5.6.1;17.14.8.
17.1.3 The following machinery and equipment installed in refrigerating plants shall be
approved by PRS:

.1 refrigerant compressors;

.2 refrigerant pumps;

.3 coolant pumps;

4 cooling water pumps;

.5 heat exchangers and other apparatus and vessels exposed to the pressure of refrigerant,

-3

coolant or cooling water;

pipes, valves and fittings intended for the pressure of 1.0 MPa and higher;

devices of automatic control, monitoring and safety systems, as well as temperature
measuring and recording instruments in refrigerated chambers.

The above mentioned machinery and equipment shall fulfil the relevant requirements specified
in this Part VII, in Part VIII - Electrical Installations and Control Systems and in Part IX - Materials
and Welding.

17.2 Refrigerants and Design Pressures

17.2.1 The refrigerants are subdivided into three groups:

I -
I -

I -

non-flammable;

toxic and flammable, having lower flammable limit (mixture of refrigerant vapours with
air) corresponding to 3.5% refrigerant content in the air by volume or more;

explosive or flammable refrigerants, having lower flammable limit (mixture of refrigerant
vapours with air) corresponding to less than 3.5% refrigerant content in the air by volume.

The refrigerants of group IIl may be used, upon agreement with PRS, only for refrigerating plants
of liquefied gas carriers where the cargo is used as refrigerant.

17.2.2 For the strength calculations of components exposed to the refrigerant pressure, the
design pressure shall be taken from Table 17.2.2.
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Table 17.2.2
Refrigerants and design pressures
Design pressure 1) [MPa]
Refrigerant group Symbol Chemical formula
High pressure side Low pressure side
I R-122 CF2Cl2 1.2 1.1
R-22 CHF2(l 2.0
R-502 azeotropic mixture 2.0 1.7
R22 + R115 1.9
11 R-717 NHs 2.0 1.8
11 R-290 CsHs 1.6 1.5

1 . . . )
)The design pressure is equal to the maximum working pressure.

2
) Not to be used in new plants.

The design pressure of refrigerating plant components exposed to the pressure of refrigerant having
low critical temperature (below +50°C) is subject to PRS consideration in each particular case.

17.2.3 Refrigerants not mentioned in Table 17.2.2 may be used subject to PRS agreement in
each particular case.

The value of design pressure shall be taken as the pressure of saturated vapours of the particular
refrigerant at the temperature +55°C, for high pressure side and +45°C, for low pressure side.

17.3 Output and Equipment of Refrigerating Plants

17.3.1 Refrigerating plant shall ensure, under normal service conditions of the ship, maintaining
an appropriate temperature in refrigerated chambers, depending on the nature of cargo carried
and the navigation area.

17.3.2 The refrigerating plant of ships of unrestricted service shall be capable of maintaining
the required temperature in refrigerated holds and of supplying other cold consumers under the
following conditions:

- sea water temperature +32°C,

- ambient air temperature +40°C.

17.3.3 The refrigerating plant shall comprise at least two refrigerating units capable of
maintaining the required temperature of the carried cargo, also with the largest unit switched off
for a whole day.

17.3.4 The capacity of refrigerating plant intended for cooling down of non-precooled cargo
shall be sufficient for lowering its temperature within a specified period of time, with all the units
running simultaneously.

17.3.5 In factory ships which, besides having a refrigerating plant for the cargo spaces, are also
provided with other plants like freezing, cooling, ice producing, etc. only one refrigerating unit
may be designated for cooling the cargo spaces, provided its output is such that when working
continuously throughout a day the requirements 17.3.1 are fulfilled.

In that case, one or more refrigerating units serving other purposes but being a part of the classed
plant, may be used as stand-by unit.
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17.3.6 The stand-by refrigerating unit shall comprise a compressor with prime-mover, a
condenser and, in the case of indirect cooling a brine cooler, as well as a control system and
necessary fittings, to ensure independent operation of the unit.

17.3.7 A freezing or cooling installation shall ensure freezing or cooling down the fishing
products within a specified period of time.

Where cooling or freezing installation, having capacity in excess of 10 t/day, is fitted, at least two
such installations, having total capacity equal to the required one, shall be provided.

17.3.8 The layout of cooling grids shall ensure uniform cooling in the space concerned. The grids
shall be arranged in not less than two separate sections, each of them capable of being shut off.

17.3.9 Cooling grids with direct expansion of group II agent shall not be used. Such grids may
only be used in freezing installations in factory ships (see subchapter 17.9).

17.3.10 Where pump unit is used in the refrigerant system, at least two circulating pumps shall
be fitted — one main and one stand-by pump.

Where circulation of the refrigerant is also ensured with the circulating pump not running,
a stand-by pump need not be installed, provided the refrigerating plant capacity still fulfils the
requirements 17.3.1 and the freezing installation capacity is not less than 0.8 of its rated value.

17.3.11 The cooling system serving one group of cold consumers shall be fitted with two
independent coolant pumps - one main and one stand-by pump.

Where there are two or more groups of cold consumers (different by temperatures) with their
own cooling systems, each of these groups shall be provided with at least two independent coolant
pumps - one main and one stand-by pump.

A common stand-by pump of adequate ratings may be provided for these groups.

17.3.12 Refrigerating plant shall be provided with two independent cooling water circulating
pumps - one main and one stand-by pump. Any sea-water pump serving any system may be used
as stand-by pump, provided it has adequate ratings.

17.3.13 Cooling water shall be supplied from at least two sea valves. When using general
service sea inlet valves, provision shall be made for sufficient supply of water from each valve
under normal service conditions of the ship.

17.4 Materials

17.4.1 The type and the basic properties of materials used for parts, assemblies and fastenings
of refrigerating equipment, operating under conditions of dynamic loads, under pressure, at
variable and low temperatures shall fulfil the relevant requirements specified in Part IX -
Materials and Welding. When selecting materials, the following principles shall be followed:

.1 materials for the equipment parts operating in contact with refrigerant and its mixtures,
lubricating oils, as well as cooling and cooled media shall be non-reactive and resistant to
their effect;

.2 materials for the equipment parts operating at low temperatures must not undergo
permanent structural changes and shall maintain sufficient strength in these conditions;

.3 materials for parts and structures of refrigerating equipment operating at low temperatures
down to -50°C shall be selected taking into account the relevant requirements specified in
2.2.1.4 of Part Il - Hull and Chapter 3 of Part IX — Materials and Welding;

4 materials for equipment parts operating at temperatures lower than -50°C are subject to
PRS consideration in each particular case.
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17.4.2 Parts of machinery and apparatus coming into contact with corrosive agents shall be
made of materials having sufficient resistance to the corrosive action or be protected by
corrosion-resisting coatings. Assemblies of machinery and apparatus made of materials having
different electric potential which may come into contact with sea-water shall be adequately
protected against electrolytic corrosion.

17.5 Electrical EQquipment

The electrical equipment of refrigerating and freezing plant, the system of automatic control, as
well as the lighting installation of the refrigerating machinery spaces, refrigerant storage spaces
and that of refrigerated chamber shall fulfil the relevant requirements specified in Part VIII -
Electrical Installations and Control Systems.

17.6 Refrigerating Machinery Spaces

17.6.1 The refrigerating machinery spaces shall fulfil the relevant requirements of subchapter
1.11 and the requirements of this subchapter.

Refrigerating plants operating on group Il or Il refrigerant shall be installed in separate gas-tight
spaces.

The arrangement of machinery and equipment shall fulfil the requirements of subchapters 1.12
and 1.13.

The drainage of the refrigerating machinery spaces shall fulfil the requirements of Part VI,
2.4.1.12.

17.6.2 The machinery, apparatus and piping shall be so arranged in the refrigerating machinery
space, as to permit free access for attendance and to enable the parts to be replaced without
having to dismantle the machinery and apparatus from their foundations. The machinery,
apparatus and other equipment shall be located at least 100 mm from bulkheads and vertical
surfaces of other equipment.

17.6.3 The refrigerating machinery space shall have two escape ways arranged as far apart as
practicable, with the doors opening outwards. Where the refrigerating machinery space is not
situated at the open deck level, each of the escape ways shall be fitted with steel ladders as widely
separated from each other as possible and leading to the spaces, which give the access to the open
deck.

Spaces of automated unattended refrigerating machinery, operating on group I refrigerants, need
not be provided with a second means of escape.

17.6.4 The escape ways from the refrigerating machinery space, operating on group II or III
refrigerant, shall not lead to accommodation or service spaces or spaces adjacent to that
mentioned before.

Where escape ways lead through corridors or casings, these shall be fitted with exhaust and
supply ventilation, the latter being mechanical. The starting arrangements of the ventilation shall
be arranged both inside the refrigerating machinery space and outside, in the vicinity of the exit.

17.6.5 Exits from refrigerating machinery spaces operating on group II refrigerant shall be
fitted with water screens (see also 3.4.9 of Part V - Fire Protection). The arrangement activating
water screens shall be situated outside the space next to the exit.

Fire hydrant with fire hose and nozzle connected to the water fire main system shall be provided
in the refrigerating machinery space or near entrance doors of the space.
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17.6.6 The refrigerating machinery space shall be fitted with independent exhaust ventilation
system, ensuring at least 10 air changes per hour in empty space. Supply ventilation may be
natural, however independent of the ventilation of other spaces. The ventilation system shall
ensure underpressure inside the machinery space.

17.6.7 In addition to the main ventilation system required in 17.6.6, each refrigerating
machinery space shall be fitted with independent emergency exhaust ventilation system ensuring:
.1 30 air changes per hour - in the case of refrigerating machinery operating on group II or
I1I refrigerants;
.2 20 air changes per hour - in the case of refrigerating machinery operating on group I
refrigerants.

Depending on the density of refrigerant vapours, the ventilation system shall ensure efficient
extraction of the vapours from the uppermost or the lowest parts of the space.

When calculating the emergency ventilating system, the capacity of the main ventilation system
fans may be included, provided they will operate together with the emergency ones, should the
switchboard of the refrigerating units be deenergized

17.6.8 Refrigerating machinery operating on group II refrigerant shall be provided with
ammonia detectors, giving an alarm inside and outside the space (see also Part VIII - Electrical
Installations and Control Systems).

17.6.9 Ammonia refrigerating machinery spaces shall be fitted with at least 2 escape breathing
apparatuses.

17.6.10 Infishing vessels of less than 55 m in length, the refrigerating plants operating on group
II refrigerant and other devices containing not more than 25 kg of ammonia may be located in the
engine room.

The area where such refrigerating unit or device is installed shall be ventilated through a hood
ensuring underpressure in the area so that any leak of ammonia could not spread to other spaces
within this compartment.

The requirements 17.6.8, 17.6.9 and 17.14.1 shall also be fulfilled.
17.7 Refrigerant Store Rooms

17.7.1 Refrigerant store rooms shall be separated from other spaces and their location in the
ship as well as construction, taking refrigerant group into account, is subject to PRS acceptance in
each particular case. The bulkheads and decks adjacent to accommodations and service spaces
shall be gastight.

17.7.2 The refrigerant cylinders shall be so secured that they will not move in stormy weather
conditions. Non-metallic distance pieces shall be placed between the steel plating of the store
room and the cylinders, as well as between the cylinders.

17.7.3 The refrigerant store rooms shall be provided with independent ventilation system and
so insulated that the temperature inside the space cannot exceed +45°C.

17.7.4 Cylinders containing other compressed gases as well as combustible materials shall not
be stored in the refrigerant store rooms. Insulation of the spaces shall be made of non-combustible
materials.

Polish Register of Shipping 183




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS
January 2025 Part VII - Main and Auxiliary |[Machinery and Equipment, Chapter 17 - Refrigerating Plants

17.7.5 Reserve of refrigerant may be stored in fixed receivers on the condition that the receivers
and spaces where they are located fulfil the requirements 17.6.5,17.6.7,17.12.1,17.12.2, 17.14.5 and
17.14.6. Delivery pipes from these receivers shall not pass through accommodations or service spaces.

17.7.6 Provision shall be made for sucking off group Il refrigerants from the delivery pipes after
filling or topping-up the system.

17.8 Refrigerated Cargo Spaces

17.8.1 Refrigerating machinery, apparatus and piping located in refrigerated cargo spaces shall
be properly secured in place and protected against damage by the cargo.

17.8.2 Where an air cooling system is used, the air coolers may be located either in separate
spaces or in the refrigerated cargo spaces.

Air coolers located in refrigerated cargo spaces shall be provided with trays to collect water
condensate. In spaces with minus temperatures, it is recommended that such trays be fitted with
heating appliances.

Direct expansion of group Il refrigerant shall not be applied in air coolers.

17.8.3 In the case of air cooling system, the air coolers shall be accessible also with the cargo
space being entirely loaded.

The access to air coolers shall enable replacement of fan rotor and electric motor.

17.8.4 Where ducts of indirect air cooling system pass through watertight bulkheads, gate
valves shall be fitted at the bulkheads and they shall be designed to withstand the same pressure
as the bulkheads. Controls of the gate valves shall be located in readily accessible positions, above
the bulkhead deck.

17.8.5 Refrigerated spaces shall be fitted with instruments for remote measurement of temperature
(see also 17.15.2). Where such instruments are not provided, each refrigerated chamber shall be fitted
with at least two tubes of not less than 50 mm in diameter for temperature measuring. These parts of
the tubes that pass through non-cooled spaces shall be carefully insulated.

17.9 Freezing and Cooling Tunnels

17.9.1 The arrangement of refrigerating air coolers and fans in freezing tunnels shall fulfil the
requirements 17.8.1 and 17.8.2.

17.9.2 The refrigerating machinery spaces shall be provided with instruments for checking the
operation of freezing and cooling apparatus using direct expansion of refrigerant.

17.9.3 Where direct cooling with a group II refrigerant is used in freezing tunnel, the space
where the tunnel is installed shall fulfil the requirements of subchapter 17.6.

17.9.4 Valves and fittings of the piping going into the freezing tunnel shall be located outside
the tunnel.

17.10 Spaces Containing Processing Equipment

17.10.1 The arrangement of machinery, apparatus and receivers operating under the refrigerant
pressure outside the machinery space is subject to PRS acceptance in each particular case.

17.10.2 Spaces containing processing equipment using direct cooling with a group Il refrigerant
shall be provided with fire hose fitted with nozzle and connected to the water fire main system.
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17.10.3 Spaces containing processing equipment shall be provided with independent
ventilation. Spaces containing refrigerating equipment using direct cooling shall be provided,
apart from the main ventilation system, also with emergency ventilation system. The number of
air changes per hour of the main and emergency ventilation shall fulfil the requirements 17.6.6
and 17.6.7.

17.10.4 Spaces containing processing equipment using direct cooling with group II or III
refrigerants shall be provided with two escape ways, in accordance with the requirements 17.6.3
and 17.6.4. When group Il refrigerant is employed, the exits shall be fitted with water screens as
in refrigerating machinery spaces, in accordance with the requirement 17.6.5.

17.11 Compressors

17.11.1 The suction and delivery sides of the refrigerant compressors shall be fitted with
manually controlled stop valves apart from the automatically controlled valves. See also
requirements 17.14.3.

17.11.2 Refrigerant, oil and cooling water spaces shall be provided with draining arrangements
fitted in appropriate locations.

17.11.3 At the delivery side of intermediate and final stage of the compressor, between the
cylinder and cut-off valve, a pressure relief valve or other automatically operated safety device
shall be fitted, discharging to the suction side of the compressor in the case of excessive pressure
rise. Discharging capacity of the safety devices shall not be less than the maximum volume
capacity of the protected compressor stage. Pressure relief valves shall be of such discharging
capacity that, when fully open, the pressure will not rise by more than 10% of the lifting pressure.

No shut-off devices shall be fitted in the piping between the relief valve and the suction side.

The use of an arrangement discharging the refrigerant directly to the atmosphere is subject to
separate consideration by PRS.

17.12 Apparatus and Vessels

17.12.1 Shell-and-tube apparatus as well as refrigerant vessels of 50 | capacity and more shall
be fitted with safety arrangements, having such design discharging capacity that the pressure
inside the equipment will not exceed the design pressure by more than 10%, with the relief valve
fully open.

The discharging capacity G of safety valves shall not be less than that determined in accordance
with the formula below:

G=2 [kg/s] (17.12.1)
where:
q = 10kW/m’- heat flux density during fire;
S - external area of the vessel (apparatus), [m’];
r - latent heat of refrigerant vaporization at the relief valve lifting pressure, [k]/kg].

The safety arrangement shall consist of two relief valves and a change-over device so designed
that both relief valves or one of them is in any case connected to the apparatus or pressure vessel.
Each valve shall be calculated for the full required discharging capacity. No stop valves shall be
fitted between the apparatus or vessel and the safety arrangement.
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PRS may require that safety arrangements also be fitted on other apparatus having regard to their
dimensions.

The use of safety arrangements with one pressure relief valve or safety arrangements of other
type is subject to PRS acceptance in each particular case.

17.12.2 Apparatus and vessels containing liquid refrigerant of group II or I1I shall be fitted with
arrangements for emergency discharge of the refrigerant below the minimum draught waterline.
The design discharge time of the refrigerant shall not exceed 2 minutes, at a constant pressure in
the apparatus or vessel equal to the design pressure specified in 17.2.2.

17.12.3 The evaporators where direct expansion of refrigerant takes place shall be of welded
or brazed construction. Flange connections between the sections may be employed only where
indispensable and in such places, where they can be checked for tightness.

17.12.4 Where a single air cooler is used for cooling the cargo spaces, it shall comprise not less
than two individual sections, each of them capable of being disconnected.

17.13 Valves, Fittings and Safety Valves

17.13.1 Shut-off, control and safety valves applied in refrigerating plant systems shall be
designed for a pressure not less than 1.25 times the pressure determined in accordance with the
requirements 17.2.2.

Valves and fittings shall be made of steel. The cast iron built-in shut-off valves for inlet and outlet
spaces of the compressors and nodular cast iron valves and fittings may be used for group II and
[l refrigerants at an ambient temperature not lower than -40°C.

Valves and fittings of other materials are subject to PRS acceptance in each particular case.

17.13.2 Safety valves shall fully open at a pressure not exceeding 1.1 times the design pressure
determined in accordance with the requirements 17.2.2.

17.14 Piping

17.14.1 The piping of group I refrigerant belongs to class II piping, whereas the piping of group
IT and III refrigerants belong to class I (see Part VI, 1.6.2).

The refrigerant piping of group II and III refrigerant shall not be led through accommodation
spaces, refrigerated cargo spaces and provision spaces.

17.14.2 Piping for refrigerant as well as for coolant shall be made of seamless pipes. In the case
of refrigerant piping made of steel the pipes shall be connected by welding and in the case of
copper pipes - by welding or brazing. Detachable joints may be used where connecting the pipes
to valves, fittings, machinery, apparatus or vessels.

17.14.3 Delivery pipes of compressors and refrigerant pumps, apart from being fitted with
valves in accordance with the requirements 17.11.1, shall be provided with non-return valves.
Such valves need not be fitted at compressors operating with group I refrigerants and not
provided with pressure relief devices.

17.14.4 In the pipes of liquid freon and other refrigerants of group I, dryers shall be fitted to
remove moisture from the system. The dryers shall be installed together with additional or built-
in filters.
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17.14.5 The pipes discharging the refrigerant from safety valves, except those mentioned in
17.11.3 shall be led overboard below the minimum draught waterline. The pipes shall be provided
with refrigerant leak detectors and non-return valves fitted directly on the ship’s side.
Refrigerants of group I may be discharged to the open air at a place not endangering people.

17.14.6 The pipes for emergency discharge of the refrigerant from apparatus and vessels shall
be led to an emergency discharge manifold located outside the refrigerating machinery space, but
near to the access thereto. Shut-off valves shall be fitted on each pipe near the manifold and a
refrigerant leak detector shall be fitted after each valve. These valves shall be protected against
operation by persons and shall be capable of being sealed when closed. The discharge piping from
the manifold shall be fitted with non-return valve and shall be led overboard below the minimum
draught waterline. To permit the piping to be blown-through, a connection with compressed air
or steam system shall be provided.

The internal diameters of the pipes for emergency discharge of the refrigerant from individual
apparatus and pressure vessels shall not be less than that of the safety valve determined in
accordance with the requirements 17.12.1. The cross-sectional area of the emergency discharge
piping from the manifold shall not be less than the combined cross-sectional area of the three
largest pipes for emergency discharge of the refrigerant from apparatus and pressure vessels,
connected to the manifold.

17.14.7 The wall thickness of pipes mentioned in 17.14.5 and 17.14.6 discharging below the
minimum draught waterline shall not be less than that required in Part VI, 1.5.2.5.

17.14.8 Inaddition to the general requirements concerning insulation provided in Part VI, 1.11,
insulation of refrigerating pipes shall be protected against absorption of moisture. At bulkhead
and deck penetrations, the pipes shall not be in direct contact with these divisions, to avoid the
formation of heat leakage bridges.

17.15 Instrumentation

17.15.1 The compressors and apparatus of the refrigerating plant shall be fitted with
instruments necessary for the control of their working parameters. Requirements of subchapter
12.2 of this Part VII shall also be fulfilled. Furthermore provision shall be made for installing
additional instruments necessary for testing the plant.

17.15.2 Instruments shall be placed in readily accessible and visible positions. The scales shall
bear clear marks indicating the minimum and maximum permissible values of the parameters
controlled. The instruments shall be checked and accepted by a competent administration body
in accordance with the state rules in force.

17.15.3 The refrigerant compressors shall be provided with automatic arrangements for
stopping their drive in case of unacceptable:
.1 pressure drop of suction;
2 pressure rise of delivery;
.3 pressure drop of lubricating oil;
4 temperature rise of delivery (applicable to refrigerating plants using refrigerants of group
Il and I1I, as well as for automated unattended refrigerating plants).

17.15.4 Liquid separators, intermediate vessels and liquid refrigerant receivers (where pumps
are used for refrigerant circulation), as well as evaporators with free surface of the liquid shall be
fitted with automatic arrangements capable of:
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.1 maintaining constant level of the refrigerant necessary for proper operation of the
evaporator, or constant temperature of vapour superheating;

.2 stopping the delivery of liquid refrigerant in the case of compressor shut-down regardless
of the type of evaporators and intermediate vessels;

.3 stopping the compressor, should the level of refrigerant rise inadmissibly.

17.15.5 Plants incorporating shell-and-tube evaporators shall be fitted with automatic
arrangements capable of:
.1 stopping the compressor, should the circulation of the coolant inside the evaporator be
stopped or cutting off this evaporator from the refrigerant system;
.2 stopping the compressor, should the temperature of the coolant drop inadmissibly.

17.15.6 Refrigerating plants shall be fitted with alarm systems giving warning to the
refrigerating plant control station, should the automatic arrangements mentioned in 17.15.3 to
17.15.5 be activated.

At the local control post of refrigerating plant provision shall be made for identification of the
factor that activated the alarm system.

17.15.7 In ships with mark of automation, assigned in accordance with the requirements
specified in subchapter 3.4 of Part I - Classification Regulations, alarm system activating when
deviation of the temperature set for refrigerated chambers from those admissible for a particular
type of the cargo carried shall be provided.

17.15.8 Unattended automatic refrigerating plants, as well as arrangements operating on
refrigerants of group Il and III shall be provided with gas analysers giving an alarm to the
refrigerating plant control station in case of refrigerant leakage.

17.15.9 The following arrangements shall be provided for automatic refrigerating plants
control post without permanent watch:
.1 indicators informing about operation and condition of machinery, as well as temperatures
in refrigerated spaces;
.2 alarm signals of temperature deviations from those admissible for the particular type of
the cargo carried in refrigerated spaces.

17.16 Insulation of Refrigerated Spaces

17.16.1 All metal structures of ship’s hull inside the refrigerated cargo spaces shall be efficiently
insulated.

17.16.2 Insulation of refrigerated spaces shall be made of odourless materials resistant to
mould and mycelium growth.

17.16.3 The surfaces of bulkheads and inner bottom plating in way of structural and
independent oil fuel tanks shall be lined with oil resistant odourless materials.

17.16.4 These linings shall be laid prior to insulating these surfaces.

17.16.5 The insulation of refrigerated spaces shall be protected against infiltration of moisture,
or suitable means for drying it during service shall be provided. The insulation shall also be
protected against damage by rodents.

17.16.6 The insulation of refrigerated cargo chambers shall be suitably lined or shall have an
external protective layer suitable for the cargo to be carried.
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17.16.7 Insulation of freezing tunnels shall fulfil the requirements of Part VI, 7.3.8 and of this
Part VII,17.16.2,17.16.4 and 17.16.5.

17.17 Tests of Machinery and Equipment at the Maker’s Works

17.17.1 Tests of the refrigerating plant components at the maker’s works shall be performed in
the presence of PRS Surveyor.

17.17.2 The hydraulic tests of components working under the pressure of refrigerant shall be
performed to a test pressure of not less than 1.5p (where p - design pressure specified in 17.2.2),
except for piston compressor crankcases for which the test pressure shall not be less than 1p.

Components working under the pressure of liquid coolant or water shall be hydraulically tested
to a pressure equal to 1.5p, however not less than 0.4 MPa, and the box type components shall be
tested to a pressure equal to 1.5p.

17.17.3 Pneumatic tightness tests of components working under pressure of refrigerant shall
be performed to a test pressure of not less than 1p, except for piston compressor crankcases for
which the test pressure shall not be less than 0.8 MPa.

17.17.4 Complete valves, fittings and automatic control equipment provided with shut-off
devices, apart from the above specified tests, shall be subjected to pneumatic tests of closing
tightness to a test pressure equal to 1p.

17.17.5 Machinery and equipment other than specified above shall be tested in accordance with
the requirements 1.5.2 of this Part VII.
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Annex 1

EXEMPLARY WELDED JOINTS USED IN BOILERS,
PRESSURE VESSELS AND HEAT EXCHANGERS

Dimensions of the components prepared for welding shall be determined in accordance with the
national standards depending on the welding method. The examples of the most frequently used
joints are shown in the tables below.

Other welded joints may also be performed having regard to the mechanical properties of parent
materials and welding procedure. Such joints as well as necessary modifications to the exemplary
joints are subject to PRS acceptance in each particular case.

Item Drawing (example) Application
1 Flat end plates and covers
1.1 K=0.38

K
r=>—
3

7////13

however not less than 8 mm

I>s

1.2 K=0.45

r>02s

Syl

| r however not less than 5 mm

Q s2>5mm

-
Q;Z o (see Note 1)

1.3 e\‘,\ K=0.5
53 52 < 81
however not less than 6.5 mm

v ) s3> 1.24 51
N
N\ Sa (see Note 1)

1.4 K=0.45

(see Note 1)
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Item Drawing (example) Application
) v (see Note 1)
3
4]
Q
s
1.6 K=0.57
"y
1
S
2 Dished ends
21 The joint may be used in boilers

and pressure vessels of Class I,
I and III (see Notes 2 and 17)

2.2 The joint may be used in boilers
] o N and pressure vessels of Class II
dIII
1 AR R \
225 | \\

2.3 Not recommendable joint - it
Y may be used only for pressure
ny {\\\_\\\ \\_\\\\\\\\\ vessels of Class II not exposed to

1 0/ corrosion

s Ls St s1<16 mm
D <600
Z 155 =onmm
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[tem

Drawing (example)

Application

2.4

51

——t—y

NN
L

I 5

P!

!
3s | 35 |

max max | «
25mm  25mm

The joint may only be used for
pressure vessels of Class 111

s1 £16 mm

D <600 mm

Tube plates

3.1

NN
&

K=0.45
e =0.75
s1 £16 mm

(see Notes 3 and 4)

3.2

K=0.45

1
e=—s;
3

e>6 mm
s1 >16 mm

(see Notes 5 and 6)

3.3

70°

51 D

K=0.45
r>02s

however not less than 5 mm

3.4

K=0.45
e > 0.7 s1
if L > 13 mm variant 2,

where ; _ lsl

and
L > 6 mm is recommendable

(see Note 7)
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Item Drawing (example) Application
3.5 K=10.45
r>02s
however not less than 5 mm
4 Tubes
4.1 " © e=sk
e Y e>5mm
/ \ ‘ l % Sk = 2.5 mm
.%‘ [ ’ S (see Notes 8,9 and 10)
I~ +—N]
© I w1 e
4.2 300 900 d=sr; 11 =sr
d (’:D’ s s d - 15s-<I<2sr
N , T alternative 1: sr > 5 mm;
b | . =Sr
- “ i /A l=s
i | alternative 2: sr <5 mm
: P (see Note 12)
4.3 e=0.7 sk
Sk=>3 mm
N4 |
§ ] (see Note 12)
N
.
5 Long and tube stays
5.1 K=0.42
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Item Drawing (example) Application
5.2 40°.50° K=034
5.3 E K=0.38
2mm_. € by For short stays - see 9.1.3
S fe=sz=g=o- —a-
* 1
25 mm_ f
S
—— - ot
6 Branch pieces and joints

6.1 | Non-through welded branch pieces

6.1.1 sk<16 mm

1
L =—s
1= 35%

however not less than 6 mm

1
6.1.2 E sele L=ty
S 3

(see Note 13)

: A however not less than 6 mm
—

6.1.3 S L! L2 =15+2.5mm

1
L2 LI ZESk

however not less than 6 mm

(see Note 14)
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Item Drawing (example) Application
‘ L1
6.1.4 d . L> ésk
| 0
; however not less than 6 mm
i P
% (see Notes 15 and 16)
3 g l
o 1
After treatment
Before > 3mm
treatment
6.1.5 L1 =10+ 13 mm
(see Note 15)
7
6.2 | Welded penetrating branch pieces
6.2.1 Generally, used where
§ s (l s
| S {5
i e=sk
6.2.2 Sk Generally, used where
P’ =6+13
l I “ " e mm
|h" > e+ =5k
I 74
L
6.2.3 P Generally, used where
5
| F % S > ES
I ’ C/‘ ez is
- \ 9 10
,f ’ but not less than 6 mm
3
6.3 | Offset branch pieces
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Item Drawing (example) Application
6.3.1 —~
6.3.2 (see Note 17)
] :
6.4 | Branch pieces with reinforcing rings
6.4.1 b—1n Sk /2131(
7 so 3
l é / = however not less than 6 mm
AV
—
1 NN
' = 10mm »
6.4.2 30° _§ I> %sk
5
q (\; S (1 _.g_ ~ however not less than 6 mm
- FI i A L1 >10 mm
6.4.3 r—i Sk e+ 1=sk orspr
e . .
!), -‘6 (whichever is lesser)
I l“ > 1%l L1 >10 mm
27 N
| y o
= !
é—fa-“-.*— ;4\6 ®un
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Item Drawing (example) Application
6.4.4 [ e2+1>s

LS Liny 5o ? ‘
: A < L1 210 mm
Nz 3
\ w
’ l 2 2sk<(ez +1) plus
¥4 . (sor+e1) or L1
} &
(whichever less of the latest)
6.5
6.5.1 dz < di + 2 Smin
(see Note 18)
6.5.2 < N " s<10 mm
N | | | (see Notes 19 and 20)
I NN ¢ i
1 !
6.5.3 —l ' ; L 26 mm
b =~ s <20 mm
N
|
- )
6.5.4 s 220 mm
= M
o )
P
L H |
6.6 | Pads and branch pipes for screw joints
6.6.1
!
]
’
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Item Drawing (example) Application
6.6.2

6.6.3 e dss
d
Treatment de=2d
] e
allowance 4 = h <10 mm
I <
g 11 ¢ ///A
L h <0.5s
w
(see Note 21)
6.6.4

Notes to the drawings:

a

10
A1

A2
A3
14
15

16
17

.18

The joint may be used in boilers of not more than 610 mm in diameter and in such pressure
vessels, made of steel, for which R, <470 MPa or R.< 370 MPa.
The reduction of the thickness of the shell or of the flanged portion of the end plate may
be effected in the inside or on the outside.
The joint used when welding can be done at either side of the shell.
The shells of more than 16 mm in thickness shall have the edges for fillet welds beveled in
accordance with drawing 3.2.
The joints used when welding is possible at the outside of the shell only.
In the shells of no more than 16 mm in thickness the joints may be single-side welded. The
breadth of the ring shall not be less than 40 mm.
The distance between the internal shell diameter and the external tube plate-diameter
shall be as small as practicable.
The end of the tube projecting beyond the weld shall be milled or ground.
The spacing of the tubes shall not be less than 2.5s and not less than 8 mm.
In the case of manual electrical welding, the dimension s shall not be less than 2.5 mm.
Recommendable when maximum reduction of the tube plate deformation occurring in
the process of welding is necessary.
The tubes shall be welded manually by electric arc welding.
The backing ring shall fit tight and shall be removed after welding.
The joint used when welding can be done on the inside of the branch piece.
The joint used when the size of branch pieces is exceptionally small in respect to that of
the vessel.
After welding, the branch piece shall be machined to the final size.
The ring shaped portions, I, shall permit the examination of the joints by X-ray
radiography when necessary.
The distance between the ring pad and the shell shall not be greater than 3 mm.
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.19 The distance between the diameter of the opening in the shell and the external diameter
of the ring shall be as small as practicable and shall not be greater than 3 mm.
.20 The upper and lower bolt holes in the pad shall be shifted in respect to each other.

.21 Combined thickness of the ship’s shell and deposited welded material shall be sufficient for
necessary number of thread turns.
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Annex 2

SPARE PARTS
1 GENERAL PROVISIONS

1.1 The number, kind and location of spare parts in the ship are left to the Ship Operator’s decision.
The design and equipment of engine room, conditions of intended service, recommendations of the
machinery manufacturers as well as the requirements of the Flag Administration shall be taken into
account.

1.2 The spare parts for machinery and equipment, including suitable tools, materials and
instruments, shall be properly secured in easily accessible places and protected against corrosion.

1.3 Itis recommended to provide one complete set of flexible joints of each type and size used in
the ship.

1.4 In addition to the items specified in Table 2.8 for refrigerating plants, it is recommended that
spare parts be provided considering Tables 2.1 (as for auxiliary engines), 2.5, 2.7, as well as the
requirements of Chapter 23 of Part VIII - Electrical Installations and Control Systems.

1.5 The spare parts specified in the tables are not the condition for class assignment (renewal)
but shall be considered as guidelines for the Ship Operator.

1.6 The spare parts of I.C. engines should be manufactured and surveyed in compliance with PRS
requirements of Publication 4/P - IC Engines and Engine Components - Survey and Certification.

2 LIST OF SPARE PARTS

The number and kind of spare parts specified in the tables shall be considered as general guidelines.

Table 2.1
Internal combustion engines ’

Main engines Auxiliary engines
Item Spare parts Ships of un-| Ships of | Shipsof [Shipsofun-| Shipsof | Ships of
No restricted |restricted | restricted | restricted |restricted | restricted
service servicel | servicell | service service I | service Il
1 Main bearings or their shells of each 1 set per 1 set - 1 set per 1 set -
type and size fitted, complete with bearing per bearing per
bolts (studs) nuts and set of shims bearing bearing
2 Main thrust block - see Table 2.4, item
1
3 Cylinder liner complete with sealing 1 1 - Only Only -
rings and gaskets sealing sealing
rings and | rings and
gaskets gaskets
1 set 1 set
4 Cylinder head complete with valves, 1 1 - Only Only -
sealing rings and gaskets; for engines sealing sealing
without covers - the respective valves rings and | rings and
gaskets | gaskets 1
1 set set
41 Studs with nuts for securing cylinder Y% of set | %2 ofset - - - -
heads per one per one
cyl. head | cyl. head
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Main engines Auxiliary engines
Item Spare parts Ships of un-| Ships of | Ships of [Shipsofun-| Shipsof | Ships of
No restricted |restricted | restricted | restricted |restricted | restricted
service servicel | servicell | service servicel | service Il
5 Valves
5.1 Exhaust valves complete (casings, 2 sets per 1 set 1 set 2 sets per 1 set -
seats, springs and other parts) one per one | perone one per one
cylinder | cylinder | cylinder | cylinder | cylinder
5.2 Inlet valves complete (casings, seats, 1 set per 1 set 1 set 1 set per - -
springs and other parts) one perone | perone one
cylinder | cylinder | cylinder | cylinder
5.3 Starting air valve complete (casing, 1 1 - 1 - -
seat, springs and other parts)
5.4 Relief valve, complete 1 1 - 1 - -
55 Fuel valves of each type and size 1 set for Y4 set 1 Y2 set for 1 -
fitted, complete with all parts one for one one
engine 2) engine engine
Connecting rod bearings
6.1 Bottom end bearings or shells of each 1 set per 1 set - 1 set per 1 set -
type and size fitted, complete with one per one one per one
bolts, nuts and shims cylinder | cylinder cylinder | cylinder
6.2 Top end bearings or shells of each 1 set per 1 set - 1 set per 1 set -
type and size fitted, complete with one per one one per one
bolts, nuts and shims cylinder | cylinder cylinder | cylinder
7 Pistons:
7.1 of crosshead type: 1 1 - - - -
piston of each type and size fitted,
complete with piston rod, stuffing box,
skirt, rings, studs and nuts
7.2 of trunk type: 1 1 - only piston - -
piston of each type and size fitted, pin with
complete with skirt, rings, piston pin, bushes. per
studs and nuts one cylinder
set
8 Piston rings 1 set per 1 set 1 set 1 set per 1 set -
one perone | perone one per one
cylinder | cylinder | cylinder | cylinder | cylinder
9 Hinged or telescope cooling pipes of 1 set per 1 set - 1 set per - -
pistons with packing and other fittings one per one one
cylinder | cylinder cylinder
10 Lubricator of the largest size, 1 - - - - -
complete with drive
11 Fuel injection pumps
11.1 | Fuel pump complete or, if parts are 1 1 - 1 - -
replaceable on board, complete set of
parts for one pump (plunger, sleeve,
valves, springs, etc.)
11.2 | High pressure fuel pipe of each size 1 - - 1 - -
and shape fitted, complete with unions
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Main engines Auxiliary engines
Item Spare parts Ships of un-| Ships of | Shipsof [Shipsofun-| Shipsof | Ships of
No restricted |restricted | restricted | restricted |restricted | restricted
service servicel | servicell | service service I | service Il
12 Scavenging air blowers
12.1 | Complete rotors, nozzle arrangement, 1 set - - - - -
bearings, gear wheels or equivalent
working parts for other types of
blowers
12.2 | Suction and delivery valves for one 1 set - - - - -
pump of each type and size fitted
13 Gaskets and Packings
13.1 | Special gaskets and packings of each 1 set - -
size and type fitted, for cylinder
covers and cylinder liners for one
cylinder
14 Control, alarm and safety system
14.1 | Parts essential for safe engine 1 set - -
operation

1) For engines of one type, the above recommendations regarding the number of spare parts are applicable irrespective
of the number of engines installed on board (“engines of one type” mean such engines whose spare parts are
interchangeable).

2)  For engines with one or two fuel valves in one cylinder - full number of complete fuel valves. For engines with three
or more fuel valves in one cylinder - two complete fuel valves for each cylinder, and for the remaining number of fuel

valves - all parts except casings.

Not required for engines complying with requirements 2.4.1 of this Part VII.

Table 2.2
Steam turbines (main and auxiliary) ’
Number per ship
Item Spare parts Ships of Ships of Ships of
No. unrestricted restricted restricted
service service I service II
1 Main bearings bushes or shells of each type and size 1setperone | 1setperone | 1setperone
bearing bearing bearing
2 Thrust bearing pads of each type and size for one face”or 1 set 1 set 1 set
thrust rings of each type and size with assorted liners for
one turbine
3 Rolling bearings, of each type and size (where fitted) 1pc 1pc 1pc
4 Seals with springs, of each type and size 1 set 1 set 1 set
5 Strainers and other inserts for oil filters of special design, 1 set per 1 set per 1 set per
of each type and size filter filter filter
6 Control, alarm and safety system (parts essential for safe 1 set 1 set 1 set
turbine operation)

1

2)

For turbines of one type, the above recommendations are applicable irrespective of the number of turbines installed
on board (“turbines of one type” mean turbines whose spare parts are interchangeable).
Where the pads of one face differ from those of the other one, complete set of pads shall be provided for each face.

202

Polish Register of Shipping




RULES FOR CLASSIFICATION AND CONSTRUCTION OF SEA-GOING SHIPS

Part VII - Main and Auxiliary Machinery and Equipment, Annex 2 January 2025
Table 2.3
Gears and couplings ”
Number per ship
Item Spare parts Ships of Ships of Ships of
No. unrestricted restricted restricted
service service I service II
1 Main bearings bushes or shells of each type and size 1setperone | 1 setperone -
bearing bearing
2 Pads of the gear thrust bearing with liners or thrust rings 1 set 1 set -
of each type and size with liners for one bearing face 2)
3 Inner and outer race with rollers (where fitted) 1 set 1 set -

1) For gears and couplings of one type the above recommendations are applicable irrespective of the number of gears
and couplings installed on board (“gears and couplings of one type” mean gears and couplings whose spare parts are

interchangeable).
2)  Where the pads of one face differ from those of the other one, complete set of pads shall be provided for each face.
Table 2.4
Shafting and propellers
Number per ship
Item Spare parts Ships of Ships of Ships of
No. unrestricted restricted restricted
service service I service II
1 Thrust bearing 1) 1 set 1 set -
1.1 Thrust bearing pads for ahead running where pad type 1 set 1 set -
bearings are fitted
1.2 Thrust collars for ahead running where multiple collar 1 set 1 set -
bearings are fitted
1.3 Roller bearing where such bearings are fitted 1 set 1 set -
2 Propellers 2)
2.1 Cycloidal propeller blades complete with fastening elements 2 pcs per 2 pcs per -
propeller propeller
2.2 Bearings of blades, parts of pitch control gear and packing 1 set per - -
(rings, collars) for CP propellers and cycloidal propellers propeller
2.3 Spare parts for gears of CP propellers, for cycloidal propellers | on agreement - -
and for units to serve systems other than specified in 2.1 and with PRS
2.2, depending on propeller design

1) For bearings of one type the requirements are applicable irrespectively of the number of bearings installed on board.
2)  For ships with ice class L1A and L1 - see Publication 122 /P Requirements for Baltic Ice Class Ships and Polar Class for
Ships under PRS Supervision.
Table 2.5
Pumps and compressors

Number per ship 1)
Item Spare parts Ships of Ships of Ships of
No. unrestricted restricted restricted
service service | service II
1 Piston pumps 2).3)
1.1 Valve with seat and springs, of each type and size 1 set - -
1.2 Piston rings, each type and size 1 set 1 set 1 set
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2 Centrifugal pumps 2).3)
2.1 Bearings of each type and size 1pc 1pc 1 pc
2.2 Shaft sealing of each type and size 1pc 1pc 1pc
3 Rotary pumps (screw, gear and cam type) 2).3)
31 Bearings of each type and size 1pc 1pc 1 pc
3.2 Shaft sealing of each type and size 1pc 1pc 1 pc
4 Compressors
41 Suction and delivery valves, complete, each type and size ¥ set ¥ set -

for one compressor

4.2 Piston rings of each type and size for one piston 1 set 1 set -

1) The recommendations regarding spare parts apply also to pumps and compressors driven by the main and auxiliary
engines.

2)  For machinery of one type the recommendations regarding the number of spare parts are applicable irrespective of
the number of machinery installed ("machinery of one type” means machinery whose spare parts are
interchangeable).

3)  Where a particular system is provided with stand-by pump of sufficient capacity recommendations regarding spare
parts are not given.

Table 2.6
Shipboard equipment and deck machinery
Number per ship
retmced | resied | oo
service service I service II
1 Steering gear
1.1 Rudder stock rolling bearings 1pc 1pc -
2 Power driven quadrant steering gear
2.1 Bearings or shells for worm reduction gear, each type 1 set 1 set -
and size
2.2 Buffer springs 1 set 1 set -
3 Hydraulic steering gear
31 Seals of cylinder plungers/pistons 1 set 1 set -
3.2 Packing rings for pumps, each type and size 1 set 1 set -
3.3 Valve springs, each type and size 1pc 1pc 1pc
3.4 Safety and non-return valves, each type and size 1pc - -
35 Rolling bearings 1 set per pump - -
3.6 Special pipe connections of steering gear 1 set - -
4 Windlasses
4.1 Brake bands, complete 1 set 1 set -
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Table 2.7
Steam boilers, pressure vessels and heat exchangers
Number per ship
Item Spare parts Ships of Ships of Ships of
No. unrestricted restricted restricted
service service I service II
1 Steam boilers, main and auxiliary
1.1 Springs of safety valves, each type and size 1 pcper boiler | 1pcperboiler | 1 pcper boiler
1.2 Flat glasses of water gauges 2 pcs per boiler | 2 pcs per boiler | 2 pcs per boiler
1.3 Mica plates or glasses with mica plates, each type 2 sets per 2 sets per 2 sets per
and size (for boiler of steam pressure over 3 MPa) boiler boiler boiler
1.4 Oil fuel burners complete, each type and size 1 pcper boiler | 1 pcperboiler | 1 pcper boiler
1.5 Fuel atomizers complete with washers 1 set per boiler | 1 setper boiler | 1 setper boiler
1.6 Plugs for tubes of each diameter 4% of tubes, 4% of tubes, 4% of tubes,
but not more but not more but not more
than 20 pcs than 20 pcs than 20 pcs
1.7 Plugs for superhearter tubes 10% of tubes 10% of tubes 10% of tubes
1.8 Stoppers for smoke tubes 4% of tubes 4% of tubes 4% of tubes
per boiler per boiler per boiler
1.9 Boiler pressure gauges, each type and size 1 pcpersteam | 1pcpersteam | 1pcpersteam
generating generating generating
system system system
1.10 | Metal gaskets of special type for valves and fittings 1 set per boiler | 1 setperboiler | 1 setper boiler
of superheaters and economizers
1.11 | Gaskets for manholes and cleanouts, each type and 1 set per boiler | 1 set per boiler -
size
1.12 | Clamps, studs and gaskets for elements of 20% per boiler | 10% per boiler | 10% per boiler
superheaters of the fire tube boilers
2 Heat exchangers and pressure vessels
2.1 Inlet and outlet valves, (working part without body, 1pc - -
or valve complete) of air receivers, each type and
size
2.2 Glasses of level gauges, each type and size 1pc 1pc 1pc
2.3 Gaskets and seals of special type for covers, 1 set per heat 1 set per heat 1 set per heat
manholes, cleanouts, valves and fittings, each type exchanger or exchanger or exchanger or
and size pressure vessel | pressure vessel | pressure vessel
2.4 Pressure gauges, thermometers, each type and size 1 pc 1pc -
2.5 Packing rings for tubes 1) 2% 2% -
2.6 Ferrules of glands for tubes 1) 2% 2% -
2.7 Plugs for heat exchanger tubes 1) 5% 5% -

1) For boilers installed in ships of restricted service and in the case of auxiliary and exhaust gas boilers, regardless of the
ship service area, the amount of spare parts may be reduced.
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Table 2.8
Refrigerating plants
Item Spare parts Number of pieces
No
1 Compressor piston with connecting rod complete, each type 1
2 Gland U of compressor crankshaft, each type 1
3 Liner of compressor cylinder, each type and size 1
4 Fan impeller complete with shaft of refrigerated spaces and freezing tunnels, each type 1
5 Refrigerant control valve, each type and size 1
6 Various cocks, valves and fitting, each type and size 1
7 Gaskets, each type and size 1
8 Thermometers, pressure gauges and vacuum gauges, each type and size 1
9 Safety valve springs, each size 1
10 | Freon leakage detector 1
11 | Hydrometer (only when brine is the cooling medium) 1

1) Where practicable, due to the gland design, only items subject to quick wear-down need to be provided.

List of amendments effective as of 1 January 2025

Item Title Source
11.43 Update of requirements IMO MSC Circ. 1509 Rev.1
1.2 Additional definitions UR M78 Rev.2
2.10.6 Update of requirements regarding Electronic governors UR M3 Rev.7

212.1,2.12.2

212.8 212911 Update of requirements UR M78 Rev.2

New requirements regarding testing of the control system of

14.6 controllable pitch propellers intended for main propulsion UR M83

Annex 2 Table 2.1 . IACS Rec 27 Rev. 2
Update of requirements

Annex?2 Table 2.2 IACS Rec 29 Rev. 2
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