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1 GENERAL

1.1 APPLICATION

1.1.1 The requirements of the present Part of the Rules apply to the following engines
and machinery:

A main internal combustion engines;

.2 main steam turbines;

3 main gas turbines;

.4 gears and couplings;

.5 engines driving electric generators or auxiliary and deck machinery, units in
assembly;

.6 pumps included into the systems covered by Part VI "Fire Protection”, Part VIII
"Systems and Piping" and Part Xl "Refrigerating Plants";

.7 air compressors;

.8 fans of main boilers, turboblowers (turbochargers) and fans of internal combustion
engines;

.9  fans included into the system covered by Part VIl "Systems and Piping";

.10 steering gear;

.11 anchor machinery;

.12 towing winches;

.13 mooring machinery;

.14 hydraulic drives;

.15 centrifugal separators for fuel oil and lubricating oil.
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1.2 SCOPE OF SURVEYS

121 The provisions specifying the procedure of survey conducted by the Register
during the manufacture of the machinery and equipment, as well as the procedure of
consideration and approval of technical documentation are contained in General Regulations
for the Classification and Other Activity.

1.2.2 The Register carries out the survey during the manufacture of engines and
machinery listed in 1.1, except for auxiliary manually driven machinery.

1.2.3 Prior to manufacturing of the machinery, the following technical documentation
shall be submitted to the Register for review:

.1 oninternal combustion engines:

for information — in compliance with Table 1.2.3.1-1;

for approval — in compliance with Table 1.2.3.1-2;

for gas engines the documents in compliance with Table 1.2.3.1-3 shall be submitted
additionally.

Table 1.2.3.1-1

Technical documentation to be submitted for information, as applicable
1 Internal combustion engine particulars (refer to Appendix 3 "Internal Combustion Engine Type Approval
Application Form and Basic Data Sheet" to Section 5 "Machinery", Part IV "Technical Supervision during
Manufacture of Products" of the Rules for Technical Supervision during Construction of Ships and
Manufacture of Materials and Products for Ships in compliance with Annex 3 to IACS UR M44 (Rev.9,
Corr.2, Nov. 2016)) or Technical Specification
2 | Engine cross section
3 | Engine longitudinal section
4 | Bedplate and crankcase of cast design
5 | Thrust bearing assembly?*
6
7
8

Frame/framebox/gearbox of cast design?

Tie rod

Connecting rod

9 | Connecting rod, assembly®

10 | Crosshead, assembly?®

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 a fuel system failure, assembly

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)®

26 | Production specifications for castings and welding (sequence)

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

29 | Type approval certification for environmental tests, control components®
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1 Ifintegral with engine and not integrated in the bedplate.

2 Only for one cylinder or one cylinder configuration.

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

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

5 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. The
FMEA reports required will not be explicitly approved by the Classification Society.

6  Tests shall demonstrate the ability of the control, protection and safety equipment to function as intended
under the specified testing conditions per Section 12 "Automation Equipment" of the Rules for Technical
Supervision during Construction of Ships and Manufacture of Materials and Products for Ships.

Table 1.2.3.1-2
Technical documentation to be submitted for approval, as applicable

Bedplate and crankcase of welded design, with welding details and welding instructions®2

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

Bedplate/oil sump welding drawings*

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

Engine frames, welding drawings?'?

Crankshaft, details, each cylinder No.

Crankshaft, assembly, each cylinder No.

XN |0 |WIN|F-

Crankshaft calculations (for each cylinder configuration) according to the attached data sheet and
requirements of Chapter 2.4

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
tests®
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 (for electronically controlled engine)

21 | Construction of common accumulators for electronically controlled engine

22 | Arrangement and details of the crankcase explosion relief valve in compliance with requirements of
2.3.4 of Part IX "Machinery"®

23 | Calculation results for crankcase explosion relief valves in compliance with requirements of 2.3.4 of Part
IX "Machinery"

24 | Details of the type test program and the type test report)’

25 | High pressure parts for fuel oil injection system6

26 | Oil mist detection and/or alternative alarm arrangements in compliance with requirements of 2.3.3.8 —
2.3.3.22

27 | Details of mechanical joints of piping systems (refer to 2.4.5, Part VIl "Systems and Piping")

28 | Documentation verifying compliance with inclination limits (refer to 2.3, Part VII "Machinery
Installations")

29 | Documents as required in Chapter 7.10, Part XV "Automation”, as applicable

1 For approval of materials and weld procedure specifications. The weld procedure specification is to include
detalls of pre and post weld heat treatment, weld consumables and fit-up conditions.

For each cylinder for which dimensions and details differ.

For comparison with the Register requirements for material, NDT and pressure testing as applicable.

All engines.

Only for engines of a cylinder diameter of 200 mm or more or a crankcase volume of 0,6 m3 or more.

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

o g M w
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7 The type test report may be submitted shortly after the conclusion of the type test (refer to 5.14, Part IV
"Technical Supervision during Manufacture of Products" of the Rules for Technical Supervision during
Construction of Ships and Manufacture of Materials and Products for Ships).

Table 1.2.3.1-3
The following documents shall be submitted for the approval of Dual Fuel (DF) and Gas Fuel
(GF) engines?

1 Schematic layout or other equivalent documents of gas system on the engine

2 Gas piping system (including double-walled arrangement where applicable)

3 Parts for gas admission system (the documentation to contain specification of pressures, pipe
dimensions and materials)
4 | Arrangement of explosion relief valves (crankcasel, charge air manifold, exhaust gas manifold) as
applicable
5 | List of certified safe equipment and evidence of relevant certification
6 | Safety concept?
7 | Report of the risk analysis?
8

9

Gas specification?

Schematic layout or other equivalent documents of fuel oil system (main and pilot fuel systems) on the
engine.?

10 | Shielding of high pressure fuel pipes for pilot fuel system, assembly®

11 | High pressure parts for pilot fuel oil injection system (the documentation to contain specification of
pressures, pipe dimensions and materials)?

12 | Ignition system*

1 taking into account the design features of the engine, the Register may request the provision of additional
documentation;

2 for information;

3 required for DF engine;

4 required for GF engine.

Procedure for submission and review of technical documentation on internal combustion
engines (refer to Appendix 2 "Procedure Documentation Flow" to Section 5 "Machinery", Part
IV "Technical Supervision During Manufacture of Products" of the Rules for Technical
Supervision During Construction of Ships and Manufacture of materials and Products for
Ships).

.2 on all other machinery regulated by the present part of the Rules except for internal
combustion engines:

.2.1 machinery particulars as per data sheet or specification;

.2.2 general view plans with machinery longitudinal and transverse sections;

.2.3 drawings of bedplates, crankcases, engine beds, casings, covers and other parts,
cast or welded, with welding details and instructions;

.2.4 drawings of crankshafts, thrust shafts, output and other shafts as well as their drives
(gears);

.2.5 drawings of connecting rods, piston rods and pistons;

.2.6 drawings of cylinder covers and cylinder liners;

.2.7 drawings of pinions, gear wheels and their shafts;

.2.8 drawings of driving and driven parts of hydraulic gears, disengaging and flexible
couplings;

.2.9 drawing of thrust block built in the machinery;

.2.10 drawings of rotors of steam and gas turbines and compressors as well as discs and
impellers;

.2.11 drawings of high pressure fuel oil piping and their protection in case of damage;

.2.12 drawings of insulation and lining of gas exhaust piping associated with machinery;

.2.13 drawings of main pipings and fuel oil, lubricating oil, cooling, gas exhaust,
scavenging, air control, governing, alarm, protection and other systems, associated with
machinery;
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.2.14 drawings of machinery hydraulic piping systems with hydraulic drives;

.2.15 drawings of securing machinery structure to bedplate and arrangement of
foundation bolts (only for main machinery, electric generator drives, steering gears; anchor,
mooring and towing machinery);

.2.16 strength calculations of machinery parts, regulated by the Rules;

.2.17 list of main parts of machinery with material specification and all details for test
pressure values (if required);

.2.18 operation and service manuals;

.2.19 test programs for prototype and production models of machinery.

.2.20 additional requirements for the scope of documentation for ICE turbochargers —
refer to 2.5.7.6.

.2.21 additional requirements for the scope of documentation for anchor machinery —refer
t0 6.3.1.1.

1.2.4 Drawings of machinery parts listed in paras 2 — 10 of Table 1.2.4 but not mentioned
in 1.2.3 are subject to agreement with the Register.

Table 1.2.4
. Chapter of Part
Nos Item Material Xl "Materials”
1 Internal combustion engines
1.1 Bedplate, crankcase, frames, thrust bearing casing, Cast iron 3.9, 3.10
main bearing caps of suspended crankshafts Cast steel 3.8
Forged steel 3.7
Rolled steel 3.2
Aluminium alloy 5.2
1.2 Cylinder block, cylinder covers, valve housings Cast iron 3.9, 3.10
Cast steel 3.8
Forged steel 3.7
1.3 | Cylinder liners and their parts Cast iron 3.9,3.10
Cast steel 3.8
Forged steel 3.7
1.4 Piston Cast iron 3.9, 3.10
Cast steel 3.8
Forged steel 3.7
Aluminium alloy 5.2
1.5 | Piston rod, crossheads, gudgeon pins Forged steel 3.7
1.6 | Connecting rod with crank bearing covers Forged steel 3.7
Cast steel 3.8
1.7 | Crankshatft, thrust shaft of the built-in thrust bearing Forged steel 3.7
Cast steel 3.8
Cast iron 3.9
1.8 | Crankshaft detachable couplings Forged steel 3.7
Cast steel 3.8
1.9 | Bolts and studs of the crossheads, main and Forged steel 3.7
connecting rod bearings, cylinder covers
1.10 | Tie rods Forged steel 3.7
1.11 | Inlet and outlet valves Forged steel 3.7
1.12 | Connecting bolts of crankshaft sections Forged steel 3.7
1.13 | Supercharger, i.e. shaft and rotor including blades Forged steel 3.7
(turbochargers and starting compressors (inclusive of
Roots blowers) except auxiliary blowers)
1.14 | Camshaft, camshaft drive gears Forged steel 3.7
1.15 | Counterweights if they are not integral with the Forged steel 3.7
crankshaft Cast steel 3.8
Cast iron 3.9
1.16 | High-pressure oil fuel injection pipes Rolled steel 34
2 Steam turbines
2.1 Casings of turbines Cast iron 3.9, 3.10
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Chapter of Part

Nos Item Material Xl "Materials”
Cast steel 3.8
Rolled steel 3.3
2.2 | Manoeuvring gear casings, nozzle boxes Cast steel 3.8
2.3 | Solid-forged rotors, shafts and disks Forged steel 3.7
2.4 | Blades Forged steel 3.7
Cast steel 3.8
2.5 | Shrouds and lashing wire - -
2.6 | Nozzles and diaphragms Cast iron 3.9,3.10
Forged steel 3.7
Cast steel 3.8
2.7 | Gland seals - -
2.8 | Couplings Forged steel 3.7
Cast steel 3.8
2.9 | Bolts for joints of rotor parts, split casings and Forged steel 3.7
couplings
3 Gears, elastic and disengaging couplings
3.1 | Casing Rolled steel 3.2
Forged steel 3.7
Cast steel 3.8
Cast iron 3.9,3.10
Aluminium alloy 5.2
3.2 | Shafts Forged steel 3.7
3.3 Pinions, wheels, wheel rims Forged steel 3.7
3.4 | Coupling components transmitting the torque: Cast steel 3.8
.1 rigid components Rolled steel 3.2
Forged steel 3.7
Cast steel 3.8
Cast iron 3.9
Aluminium alloy 5.1,5.2
.2 elastic components Rubber, synthetic material -
Spring steel -
3.5 | Coupling bolts Forged steel 3.7
4 Compressors and piston-type pumps
4.1 | Crankshaft Forged steel 3.7
Cast steel 3.8
Cast iron 3.9
4.2 | Piston rod Forged steel 3.7
4.3 | Connecting rod Forged steel 3.7
Cast iron 3.9
Aluminium alloy 5.2
4.4 | Piston Forged steel 3.7
Cast steel 3.8
Cast iron 3.9, 3.10
Cooper alloy 4.1
Aluminium alloy 5.2
4.5 | Cylinder block, cylinder covers Cast steel 3.8
Cast iron 3.9,3.10
4.6 | Cylinder liner Cast iron 3.9.3.10
5 Centrifugal pumps, fans and air blowers
5.1 | Shaft Rolled steel 3.2
Forged steel 3.7
5.2 | Impeller Cast steel 3.8
Copper alloy 4.1
Aluminium alloy 5.2
5.3 | Casing Rolled steel 3.2
Cast steel 3.8
Cast iron 3.9, 3.10
Copper alloy 4.1
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Chapter of Part

Nos Item Material Xl "Materials”
Aluminium alloy 5.2
6 Steering gear
6.1 | Tiller of main and emergency gear Forged steel 3.7
Cast steel 3.8
6.2 | Rudder quadrant Cast steel 3.8
6.3 | Rudder stock yoke Forged steel 3.7
6.4 | Pistons with rods Forged steel 3.7
Cast steel 3.8
6.5 | Cylinders Steel tube 3.4
Cast steel 3.8
Cast iron 3.9, 3.10
6.6 | Drive shaft Forged steel 3.7
6.7 Pinions, gear wheels, tooth rims Forged steel 3.7
Cast steel 3.8
Cast iron 3.9
7 Windlasses, capstans, mooring and towing
winches
7.1 | Drive, intermediate and output shafts Forged steel 3.7
7.2 Pinions, gear wheels and tooth rims Forged steel 3.7
Cast steel 3.8
Cast iron 3.9
7.3 | Sprockets Cast steel 3.8
Cast iron 3.9, 3.10
7.4 | Claw clutches Forged steel 3.7
Cast steel 3.8
7.5 | Band brakes Rolled steel 3.2
8 Hydraulic drives, screw, gear and rotary pumps
8.1 Shaft, screw, rotor Forged steel 3.7
Cast steel 3.8
Copper alloy 4.1
8.2 | Piston rod Forged steel 3.7
Copper alloy 4.1
8.3 | Piston Forged steel 3.7
Cast steel 3.8
8.4 | Casing, cylinder and housing of screw pump Cast steel 3.8
Cast iron 3.9,3.10
Copper alloy 4.1
8.5 | Pinions Forged steel 3.7
Cast steel 3.8
Cast iron 3.9,3.10
Copper alloy 4.1
9 Centrifugal fuel and lubricating oil separators
9.1 | Bowl shaft Forged steel 3.7
9.2 | Bowl body, bowl discs Forged steel 3.7
9.3 | Drive pinions Forged steel 3.7
Copper alloy 4.1
10 Gas turbines
10.1 | Casings of turbines and compressors, diaphragms Rolled steel 3.3
and combustion chamber casings Cast steel 3.8
10.2 | Rotors and discs of turbines Forged steel 3.7
10.3 | Rotors and discs of compressors Forged steel 3.7
10.4 | Turbine blades Rolled steel 3.3
Forged steel 3.7
Cast steel 3.8
10.5 | Compressor blades Forged steel 3.7
Cast steel 3.8
10.6 | Shrouds and lashing wire - -
10.7 | Flame tubes of combustion chambers Rolled steel 3.3
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. Chapter of Part

Nos Item Material Xl "Materials”
10.8 | Heat-exchanging surfaces of regenerators Rolled steel 3.3
10.9 | Sealings - -
10.1 | Flanges of couplings Forged steel 3.7

0 Cast steel 3.8
10.1 | Bolts for joints of rotor parts, turbine and compressor Forged steel 3.7

1 split casings
Note. The materials shall be selected in accordance with the requirements of 1.6 considering 1.6.7.

In the process of manufacture all these parts are subject to survey by the Register
regarding their compliance with the approved technical documentation and the requirements
of Part XllIl "Materials" and Part XIV "Welding".

1.2.5 Rotors, shafts and disks of steam turbines and gas turbines engines, as well as
the bolts for joints of casings of high pressure turbines are subject to ultrasonic testing during
manufacture. Shafts of main gears more than 100 kg in mass, pinions, tooth rims more than
250 kg in mass are subject to ultrasonic testing during manufacture.

Ultrasonic testing shall be carried out in accordance with the requirements of 2.2.9.2, Part
XIIl "Materials".

1.2.6 For the internal combustion engines the steel case and forged parts, their
welded joints included, shall be tested during the manufacture for the absence of the surface
defects by the magnetic particle or dye penetrant method and they are also subject to
ultrasonic testing. The list of parts and components shall be set in accordance with the
requirements of Table 2.2.2 of Appendix 8 to Section 5, Part IV Technical Supervision During
Manufacture of Materials" of the Rules for Technical Supervision During Construction of Ships
and Manufacture of Materials and Products for Ships.

The runner blades of main and auxiliary steam turbines, guide blades of main turbines
and turbine blades of gas turbine engines shall also be subjected to the above testing.

1.2.7 If there are doubts about the absence of defects in the part material, the
Register may require to carry out non-destructive testing of other machinery parts and their
welded joints.
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1.3 HYDRAULIC TESTS

131 The machinery parts, with the exception of the internal combustion engine
parts, operating under excessive pressure shall be subjected to a hydraulic test by a pressure
Prese @fter final machining and before protective coating is applied. The hydraulic test pressure
Ptest» IN MPa, is found by the formula

Prest = (1,5 + 0,1k)p, (2.3.2)
where p = maximum working pressure, MPa;
k = factor taken from Table 1.3.1.

In all cases, the value of test pressure shall not be lower than the pressure setting with
the safety valve fully open, but not less than 0,4 MPa for cooled spaces of parts and various
seals and not less than 0,2 MPa in all other cases. If temperatures or working pressures
exceed the ratings indicated in Table 1.3.1, the value of test pressure shall be approved by
the Register in each case.

Table 1.3.1
. . Working temperature, °C, up to
Material Characterisic 1557200 [ 250 | 300 | 350 | 400 | 430 | 450 [ 475 | 500
Carbon steel p, MPa - 20 20 20 20 10 10 10 - -
k 0 0 1 3 5 8 11 17 — —
Molybdenum and p, MPa - - - - 20 20 20 20 20 20
molybdenumchrome k 0 0 0 0 0 1 2 3,5 6 11
steel with at least 0,4 %
molybdenum content
Cast iron p, MPa 6 6 6 6 — — — — — —
k 0 2 3 4 - - - - - -
Bronze, brass and p, MPa 20 3 3 - - - - - - -
copper k 0 3,5 7 — — — — — — —

1.3.2 The machinery parts and assemblies may be tested separately along the
spaces by test pressures prescribed in compliance with the working pressures and
temperatures inside each space.

1.3.3 Parts of internal combustion engines shall be tested according to the
requirements specified in Table 2.2.2 of Appendix 8 to Section 5, Part IV "Technical
Supervision during Manufacture of Products" of the Rules for Technical Supervision during
Construction of Ships and Manufacture of Materials and Products for Ships.

1.3.4 The machinery parts and assemblies filled with petroleum products or their
vapours (viz., reduction gear casings, sumps, etc.) under hydrostatic or atmospheric pressure
shall be tested for oil-tightness by the method approved by the Register. Oil-tightness tests of
welded structures may be confined to welds only.
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1.4 OPERATION TESTS

1.4.1 On completion of assembly, adjustment and running-in, each piece of
machinery shall be bench tested under the load conditions prior to installation aboard the ship.
The test program shall be approved by the Register.

In particular cases, bench tests may be substituted by tests aboard the ship on agreement
with the Register.

1.4.2 The pilot models of the machinery shall be tested under a program providing
for checking reliability and long-term operational capacity of certain unit components and of
the machinery as a whole.
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1.5 GENERAL TECHNICAL REQUIREMENTS

151 Machinery indicated in 1.1 shall remain operative under environmental
conditions specified in 2.3, Part VII "Machinery Installations".
15.2 The design of the main engines intended for installation aboard single-shaft

ships shall provide, as a rule, for a possibility of emergency operation at reduced power in
case of a failure of parts, the replacement of which cannot be carried out aboard the ship or
demands much time.

1.5.3 The forged, cast and welded steel parts, as well as cast iron parts of the
machinery shall be heat treated during manufacture in compliance with the requirements of
3.7.4,3.8.4, 3.9.4, 3.10.4, Part XlIl "Materials" and 2.1.15 — 2.1.16, Part XIV "Welding".

1.5.4 The fasteners used in moving parts of machinery and gears, as well as
fasteners difficult for access shall be properly designed or shall have special arrangements
aimed at preventing their self-loosening and self-releasing.

155 The heated surfaces of machinery and equipment shall be insulated according
to the requirements of 4.6, Part VII "Machinery Installations".

156 The machinery parts that are in contact with a corrosive medium shall be made
of an anticorrosive material or shall have corrosion-resistant coatings.

Sea water cooling spaces of engines and coolers shall be provided with protectors.

1.5.7 The remote and automatic control and protection systems, the warning alarms
included, shall comply with the requirements specified in Part XV "Automation".

1.5.8 Pumping and piping of machinery shall comply with the relevant requirements
of Part VIl "Systems and Piping".
15.9 Electrical equipment of engines and auxi-liaries shall comply with the relevant

requirements of Part XI "Electrical Equipment".
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1.6 MATERIALS AND WELDING

16.1 Materials intended for manufacture of the machinery parts stated in column 4
of Table 1.2.4 shall comply with the requirements of the appropriate chapters of Part XllI
"Materials". Materials of parts stated in Table 1.2.4 may be also selected according to the
standards. In this case, the application of materials is subject to agreement with the Register
during consideration of the technical documentation.

1.6.2 Materials of parts listed in 2.1 to 2.4, 2.6, 3.2, 3.3,3.4.1,4.1,6.1, 6.6, 7.1, 10.1
to 10.5 of Table 1.2.4 are subject to survey by the Register during manufacture.

Materials of the parts of internal combustion engines are subject to survey by the Register
in accordance with Appendix 8 to Section 5, Part IV "Technical Supervision During
Manufacture of Materials" of the Rules for Technical Supervision During Construction of Ships
and Manufacture of Materials and Products for Ships.

At the discretion of the Register the survey may also be required during manufacture of
pipes and valves of the pressure systems associated with the engine.

1.6.3 When the alloy steels, including heat resistant, high temperature oxidation
resistant and high strength steels, or alloy cast iron is used for the machinery parts, the
information on chemical composition, mechanical and special properties confirming suitability
of the material for intended application shall be submitted to the Register.

1.6.4 The parts of steam turbines and gas turbine engines operating under the
conditions of high temperatures (400 °C and above) shall be subjected to tensile tests at the
design temperature and, if necessary, the Register may require to submit the information on
the average stress to produce rupture in 100000 hours at the design temperature.

1.6.5 Spheroidal or nodular graphite cast iron is allowed for use up to the temperature
of 300 °C, and grey cast iron — up to 250 °C.

1.6.6 Manufacture of the machinery parts with application of welding shall comply
with the requirements of Part XIV "Welding".

1.6.7 Application of materials other than steel may be assessed in relation to the risk
of fire associated with component and its installation (refer to 2.1.10 of Part VIII "Systems nd

Piping").
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2 INTERNAL COMBUSTION ENGINES

2.1 GENERAL PROVISIONS

211 The requirements of the present Section are applicable to all internal
combustion engines of power output 55 kW and above.

The scope of requirements to the engines of power output less than 55 kW may be
reduced regarding to their structural features and purpose.

The Register may impose additional requirements upon the design, scope of surveys and
tests of internal combustion engines with electronic control systems, based on the regulating
documents developed by the Register.
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2.2 GENERAL REQUIREMENTS

221 Additional requirements for gas internal combustion engines are given in
Section 9.

222 The engines intended to be used as main engines shall also comply with the
requirements of 2.1, Part VIl "Machinery Installations".
2.2.3 Irregularity of speed of a.c. diesel generating sets intended for parallel operation

shall be such that the amplitude of angle oscillations of the generator shaft does not exceed
3,5°/P, where P is the number of pairs of generator poles.

224 The crosshead-type engines, which scavenge spaces are in open connection
with the cylinders, shall be provided with the fire extinguishing system approved by the
Register, which is entirely separate from the fire extinguishing system of the engine room (refer
to Table 3.1.2.1, Part VI "Fire Protection").

The scavenge spaces of the main engines in ships with unattended machinery spaces of
category A shall be equipped with a timely fire alarm and fire detection system (refer to 4.2.3.1,
Part VI "Fire Protection™).

2.2.5 The diesel generating sets intended as emergency units shall be provided with
self-contained fuel supply, cooling and lubricating systems.

Cooling systems are considered to be self-contained if they are independent of the
equipment specified in 4.3, Part VIII "Systems and piping".

2.2.6 Engines intended to drive emergency generators, which may be also used as
sources of electrical power for non-emergency consumers (refer to 9.4.2, Part XI "Electrical
Equipment") shall be equipped with oil fuel and lubricating oil filters, as well as with monitoring
equipment, alarm and protective devices as required for prime movers of the main sources of
electrical power when in unattended operation. Along with that, their oil fuel supply tanks shall
be fitted with a low level alarm arranged at a level ensuring sufficient oil fuel capacity for the
emergency services (refer to 13.8.5, Part VIII "Systems and Piping").

Besides, such engines shall be designed for continuous operation and shall be subjected
to a planned maintenance scheme ensuring that it is always available and capable of fulfilling
its role in the event of an emergency at sea.

2.2.7 The rated power of the engines shall be determined under the following
conditions:

atmospheric pressure, kPa —100;

air temperature, °C — 45;

relative humidity, % — 60;

sea water temperature, °C — 32.

Other conditions may be specified in compliance with 2.3.1, Part VII "Machinery
Installations".

2.2.8 In the crankshaft speed range (0-1,2) n,, where n, is the rated speed, no
restricted speed areas shall be permitted. Along with that, the requirements of 8.8.3 to 8.8.5,
Part VII "Machinery Installations" shall be met.

2.2.9 Fuel oil and lubricating oil pipes, valves, flanged connections, filters shall be
screened or otherwise protected so that in case of their failure petroleum products falling onto
hot surfaces (refer to 4.6, Part VII "Machinery Installations") is prevented.

2.2.10 Where special tools and gauges are required for maintenance purposes in
compliance with item 24 of Table 1.2.3.1-1, these shall be supplied by the manufacturer.
Engine servicing shall be performed in compliance with the manufacturer's recommendations.

2.2.11  For engines with electronic control system where the basic operation processes
(fuel supply, gas exchange, starting and reversing, cylinder lubrication) are performed by
means of hydraulic (pneumatic) systems controlled by programmable electronic devices upon
a signal from the crankshaft-position sensor, a single failure of any component of the electronic
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control system shall not result in the loss of manoeuvrability or in spontaneous stoppage of
the engine (refer to item 25 of Table 1.2.3.1-1).
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2.3 ENGINE FRAME

23.1 The mating surfaces of the frame parts forming the engine crankcase shall be
close-fitting and oil- and gastight as well as be fixed together by means of calibrating pieces.

2.3.2 The engine frame and conjugated parts shall be provided with draining
arrangements (drain grooves, pipes, etc.) and other facilities preventing penetration of fuel
and water into the circulating oil.

The cooling spaces of the cylinder blocks shall be fitted with drain arrangements providing
complete drainage.

2.3.3 Protection of internal combustion engines against crankcase explosions.

2.3.3.1 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 required by 2.3.4. Crankcase doors are
to be fastened sufficiently securely for them not to be readily displaced by a crankcase
explosion.

2.3.3.2 Additional relief valves shall be fitted on separate spaces of crankcase such as
gear or chain cases for camshaft or similar drives, when the gross volume of such spaces
exceeds 0,6 m® (considering 2.3.4.2 and 2.3.4.3).

2.3.3.3 Scavenge spaces in open connection to the cylinders shall be fitted with
explosion relief valves.

2.3.3.4 Design, arrangement and location of explosion relief valves shall comply with
the requirements of 2.3.4.

2.3.3.5 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 engines
where crankcase ventilation shall be provided in accordance with 9.5.2.

2.3.3.5.1 Crankcase ventilation pipes, where provided, shall be as small as practicable
to minimize the inrush of air after a crankcase explosion. The ends of the ventilation pipes
shall be fitted with lame-arresting devices and arranged so as to prevent water from getting
into engine.

Ventilation pipes shall be laid to the weather deck to locations preventing the suction of
vapors into accommodation and service spaces.

For engines with power output up to 750 kW suction of gas from the crankcase by
turbochargers or blowers may be admitted, provided reliable oil separators are fitted to prevent
the oil from being carried into the engine with suction gas.

2.3.3.5.2 If aforced extraction of the oil mist atmosphere from the crankcase is provided
(for mist detection purposes, for instance), the vacuum in the crankcase shall not exceed 250
Pa.

2.3.3.5.3 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.

2.3.3.6  Lubricating oil drain pipes from the engine sump to the drain tank shall be
submerged at their outlet ends.

Crankcase drain outlets shall be fitted with grates and grids preventing foreign objects
from getting into the drain piping. The above requirement is also applied to engines with dry
crankcase.

2.3.3.7 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.

2.3.3.8 Oil mist detection arrangements (or engine bearing temperature monitors or
equivalent devices) are required:
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.1 for alarm and slow down purposes for low speed diesel engines of 2250 kW and
above or having cylinders of more than 300 mm bore (refer also to Table 4.2.10-1, Part XV
"Automation");

.2  for alarm and automatic shutoff purposes for medium and high speed diesel engine
of 2250 kW and above or having cylinders of more than 300 mm bore (refer also to Tables
4.2.10-2, 4.4.6-2, Part XV "Automation").

Oil mist detection arrangements shall be of a type approved by the Register and comply
with the requirements of 2.3.3.9 and 2.3.3.20. The type test procedure for the crankcase oil
mist detection arrangements are set forth in Appendix 11 to Section 5, Part IV "Technical
Supervision during Manufacture of Products” of Rules for Technical Supervision during
Construction of Ships and Manufacture of Materials and Products for Ships.

Engine bearing temperature monitors or equivalent devices used as safety devices shall
be of a type approved by the Register for such purposes.

Notes: 1. For the purpose of the requirements given in 2.3.3.8.1 and 2.3.3.8.2, the following
definitions apply.

Low-speed engines mean diesel engines having a rated speed less than 300 rpm.

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

High-speed engines mean diesel engines having a rated speed of 1400 rpom and above.

2. An equivalent device could be interpreted as measures applied to high-speed engines where
specific design features to preclude the risk of crankcase explosions are incorporated.

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

.1 schematic layout of engine oil mist detection and alarm system showing location of
engine crankcase sample points and piping or cable arrangements together with pipe
dimensions to detector;

.2 evidence of study to justify the selected location of sample points and sample
extraction rate (if applicable) in consideration of the crankcase arrangements and geometry
and the predicted crankcase atmosphere where oil mist can accumulate;

3 the manufacturer's maintenance and test manual;

.4 information relating to type or in-service testing of the engine with engine protection
system test arrangements having approved types of oil mist detection equipment.

2.3.3.10 An engine installed on board ship shall be provided with a manufacturer's
maintenance and test manual of oil mist detection arrangements according to 2.3.3.9.

2.3.3.11 Oil mist detection and alarm information shall be capable of being read from a
safe location away from the engine.

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

2.3.3.13 Oil mist detection and alarm systems shall be capable of being tested on the
test bed and board under engine at standstill and engine running at normal operating
conditions in accordance with test procedures approved by the Register.

2.3.3.14 Alarms and shutdowns for the oil mist detection system shall be in accordance
with the requirements of Part XV "Automation”.

2.3.3.15 The oil mist detection arrangements shall provide an alarm indication in the
event of a foreseeable functional failure in the equipment and installation arrangement.

2.3.3.16 The oil mist detection system shall provide an indication 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.
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2.3.3.17 Where oil mist detection equipment includes the use of programmable
electronic systems, the arrangements shall comply with 7.10 "Programmable electronic
systems”, Part XV "Automation” of the Rules for the Classification and Construction of Sea-
Going Ships.

2.3.3.18 Plans showing details and arrangements of oil mist detection and alarm
arrangements shall be approved by the Register.

2.3.3.19 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. The testing arrangements shall be approved by the Register.

2.3.3.20 Where sequential oil mist detection arrangements are provided the sampling
frequency and time shall be as short as reasonably practicable.

2.3.3.21 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 details, they shall
be agreed upon with the Register and provided with the technical substantiation submitted to
the Register. In addition to item 22 of Table 1.2.3.1-2, the following information shall be
included in the details to be submitted for consideration:

.1 engine particulars — type, power, speed, stroke, bore and crankcase volume;

.2  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 and recirculation arrangements;

.3 evidence to demonstrate that the arrangements are effective in preventing the build
up of potentially explosive conditions together with details of in-service experience;

.4 operating instructions and the maintenance and test instructions.

2.3.3.22 Where it is proposed to use the introduction of inert gas into crankcase to
minimize a potential crankcase explosion, details of the arrangements shall be submitted to
the Register for consideration.

234 Engine crankcase explosion relief valves.

2.3.4.1 Engines having a cylinder bore of 200 mm and above or a crankcase volume
of 0,6 m* and above shall be provided with crankcase explosion relief valves in accordance
with 2.3.3.2, 2.3.4.2 and 2.3.4.13 as follows:

.1 engines having a cylinder bore not exceeding 250 mm shall have at least one valve
near each end, but, if the crankshaft of these engines has over 8 crankthrows, an additional
valve shall be fitted near the middle of the engine;

.2 engines having a cylinder bore exceeding 250 mm but not exceeding 300 mm shall
have at least one valve in way of each alternate crankthrow, with at least two valves per the
crankcase in all cases;

.3 engines having a cylinder bore exceeding 300 mm shall have at least one valve in
way of each main crankthrow.

2.3.4.2 The free area of each relief valve shall be not less than 45 cm?.

2.3.4.3 The combined free area of the valves fitted on an engine shall be not less than
115 cm? per 1 m?® of the crankcase gross volume. In estimating the crankcase gross volume
the stationary parts may be discounted (however, the rotary and reciprocating components
shall be included into the gross volume).

2.3.4.4 Crankcase explosion relief valves 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.

2.3.45 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.

2.3.4.6 Crankcase explosion relief valves shall be designed to open quickly and be fully
open at an over-pressure in the crankcase of not greater than 0,02 MPa.
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2.3.4.7 Crankcase explosion relief valves shall be provided with flame arresters that
permits flow for crankcase pressure relief and prevents passage of flame following a
crankcase explosion.

2.3.4.8 Crankcase explosion relief valves shall be of type approved by the Register and
be tested in a configuration that represents the installation arrangements that will be used on
an engine. The requirements for type tests of valves are specified in Appendix 10 to Section
5, Part IV "Technical Supervision during Manufacture of Products" of the Rules for Technical
Supervision during Construction of Ships and Manufacture of Materials and Products for
Ships.

2.3.4.9 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.

2.3.4.10 In a delivery set of crankcase explosion relief valves a copy of the
manufacturer's installation and maintenance manual shall be provided that is pertinent to the
size and type of valve being supplied for installation on a particular engine. The manual shall
contain the following information:

.1 description of the valve with details of functional and design limits;

.2 copy of Type Approval/Test Certificate;

.3 installation instruction;

.4 maintenance and in-service instructions including testing and replacement of any
sealing arrangements;

.5 actions required after a crankcase explosion.

2.3.4.11 A copy of the manual specified in 2.3.4.10 shall be kept on board ship together
with the valve after its installation (refer also to0 5.2.3.3.2, Part IV "Technical Supervision during
Manufacture of Products" of the Rules for Technical Supervision during Construction of Ships
and Manufacture of Materials and Products for Ships).

2.3.4.12 Details of crankcase explosion relief valves design and arrangement shall be
submitted for the Register approval in addition to item 22 of Table 1.2.3.1-2.

2.3.4.13 Valves shall be provided with suitable marking including the following
information:

A name and address of the manufacturer;

.2 designation and size;

3 date of manufacture;

.4 approved installation orientation.
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2.4 CRANKSHAFTS

241 The check calculation method as described below is applicable to solid-forged
and semibuilt crankshafts of forged or cast steel intended for marine diesel engines having the
cylinders either in line or in V-arrangement, with one crankthrow between main bearings.

Cast iron crankshafts may be approved on agreement with the Register, provided
calculations considering the applicable requirements of Appendices lll, V and VI to Section 2
and experimental data obtained in compliance with the requirements of Appendix IV to Section
2 are submitted. Thus, the assumed safety factors shall be justified.

24.2 The outlets of oil bores into crankpins and journals shall be formed in such a
way that the safety margin against fatigue at the oil bores is not less than that acceptable in
the fillets. The engine manufacturer, if requested by the Register, shall submit documentation
supporting his oil bore design.

24.3 For the calculation of crankshafts, the documents and particulars listed in the
following shall be submitted:

crankshaft drawing, which shall contain all scantlings required by the Chapter;

type designation and kind of engine (in-line engine or V-type engine with adjacent
connecting rods, forked connecting rod or articulated-type connecting rod);

operating and combustion method (direct injection, precombustion chamber, etc.);

number of cylinders;

rated power, kW;

rated engine speed, min™;

sense of rotation (Fig. 2.4.3-1);

Fig. 2.4.3-1
Sense of crankshaft rotation:
1 — counter-clockwise; 2 — clockwise; 3 — driving shaft flange

firing order with the respective ignition intervals and, where necessary, V-angle «,,, deg.
(refer to Fig. 2.4.3-1);

cylinder diameter, mm;

stroke, mm;

maximum cylinder pressure By,.x, MPa;

charge air pressure, in MPa, before inlet valves or scavenge ports, whichever applies;

nominal compression ratio;

connecting rod length Ly, mm;

oscillating weight of one crank gear, in kg (in case of V-type engines, where necessary,
also for the cylinder unit with master and articulated-type connecting rod or forked and inner
connecting rod);

digitalized gas-pressure-versus-crank-angle curve presented at equidistant intervals and
integrally divisible by the V-angle, but not more than 5°.

For bending moments, shearing forces and torques, refer to 2.4.4.2, 2.4.5.1.
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Details of crankshaft material:

material designation (according to standards, etc.);

chemical composition;

tensile strength, oz, MPa;

yield stress, o5, MPa;

reduction in area at break, Z, %;

elongation, As, %;

impact energy, KV, J;

method of material melting process (basic oxygen furnace, open-hearth furnace, electric
furnace, etc.);

type of forging (free form forged, continuous grain flow forged, drop forged, etc.;

with description of the forging process);

heat treatment;

surface treatment of journal and crankpin fillets and oil bore outlets (induction hardening,
flame hardening, nitriding, rolling, shot peening and so on with description of hardening
process) (refer to Appendix V to Section 2);

hardness at surface, HV ;

hardness as a function of depth, mm;

extension of surface hardening.

For engines with articulated-type connecting rod (refer to Fig. 2.4.3-2), the following
details shall be submitted additionally:

distance to link point L,, mm;

link angle ay, deg.;

connecting rod length Ly, mm;

articulated-type connecting rod length Ly, mm.

Fig. 2.4.3-2
Articulated-type connecting rod
244 Calculation of alternating stresses due to bending moments and shearing
forces.

2441 Assumptions.

The calculation is based on a statically determined system, so that only one single
crankthrow is considered of which the journals are supported in the centre of adjacent bearings
and which is subject to gas and inertia forces (refer to Figs. 2.4.4.1-1 and 2.4.4.1-2).

The nominal bending moment is taken as a moment with the bending lever (distance L;
for fillets and L, for oil bore, for semi-built crankshafts with recess of crankpin exceeding the
value of the radius of that crankpin fillet, the distance L; is specified as shown on Fig. 2.4.6.1-
2), due to the radial components of the connecting rod force. For crankthrows with two
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connecting rods acting upon one crankpin the nominal bending moment is taken as a bending
moment obtained by superposition of two bending moment loads according to phase.
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Fig. 2.4.4.1-1
Crank throw for in-line engine
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Fig. 2.4.4.1-2
Crank throw for engine with 2 adjacent connecting rods

The nominal alternating stresses due to bending moments and shearing forces shall be
related to the cross-sectional area of the crank web in the centre of the overlap of the pins
(refer to Fig 2.4.6.1-1) or passing though the centre of the fillet radius of the crankpin for pins
which do not overlap (refer to Fig. 2.4.6.1-2).

2.4.4.2 Calculation of nominal alternating bending and shearing stresses.

The maximum and minimum bending moment values Mgy ax: Mpomaxs Memin @Nd Mgomin
as well as the maximum and minimum shearing force values Q,,x and @i, shall be submitted
to the Register, determined by calculating the radial forces acting upon the crankpin owing to
gas and inertia forces.

On agreement with the Register, a simplified calculation of the radial forces may be
submitted.

The nominal alternating bending moment Mgy, in N-m, shall be determined as

1
Mgy = iE(MB max— Mp min)- (2442'1)
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The nominal alternating bending stress in fillets ogy, in MPa, shall be determined by the
formula

opy = £ 22 10%K,, (2.4.4.2-2)

eq

where W, = BW?/6

Weq = equatorial moment of resistance related to cross-sectional area of web, mm3;
Band W = referto 2.4.6;
K, = factor equal to 0,8 for 2-stroke engines and 1,0 for 4-stroke engines.

The nominal alternating shearing stress in fillets gy, MPa, shall be determined by the
formula

oon = T2 K,, (2.4.4.2-3)

_?

where QN = iOrS(Qmax_ Qmin);

Qn nominal alternating shearing force, N;
F = BW,
F = area related to cross-section of web, mm?2

Nominal alternating bending stress in outlet of crankpin oil bore, g5y, MPa, shall be
determined by the formula

oo = £ 2210, (2.4.4.2-4)

e

where Mpoy =nominal alternating bending moment at the outlet of crankpin of oil bore, N-m;
Mpon = £0,5(Mpo max~ Mpo min);
Mgy =vector sum of alternating bending moments Mg, and Mgy, due to tangential and radial
force, respectively, N-m,
Mgo = (Mprocos ¢ + Mggo sin ), _ _ _
gy =angle between oil bore and horizontal measured in the sense of rotation of the crankshaft

(refer to Fig. 2.4.4.2), deg;

W, =section modulus related to cross-section of axially bored crankpin, mms3;

w. _m D*-DEy\ .
e 7 32 D ’

D and Dy = refer to 2.4.6.
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Fig. 2.4.4.2
Sectional view of the crankpin in way of oil bore

2.4.4.3 Calculation of alternating bending stresses in fillets.
The alternating bending stress in a crankpin fillet o, in MPa, shall be determined by the
formula

ogy = t(agogy), (2443-1)
where ap = stress concentration factor for bending in crankpin fillet (for determination, refer to 2.4.6).

The alternating bending stress in a journal fillet ap;, in MPa, shall be determined by the
formula

Ogg = i(BBGBN + BQO-QN)’ (2443'2)

stress concentration factor for bending in journal fillet (for determination, refer to 2.4.6);
stress concentration factor for shearing (for determination, refer to 2.4.6).

where fg

Bo

2.4.4.4 Calculation of alternating bending stresses in outlet of crankpin oil bore.
The alternating bending stress a4, MPa, in outlet of crankpin oil bore shall be determined
by the formula

oo = (VB Ggon): (2.4.4.4)

where yr = bending stress concentration factor in outlet of crankpin oil bore (for determination of value —
refer to 2.4.6).

245 Calculation of alternating torsional stresses.

2.45.1 Calculation of nominal alternating torsional stresses.

The calculation for nominal alternating torsional stresses shall be undertaken by the
engine manufacturer according to the information below. The maximum values obtained from
such calculations shall be submitted to the Register.

The maximum and minimum alternating torques shall be ascertained for each crankthrow
and for the entire speed range by means of a harmonic synthesis of the forced vibrations from
the 1st order up to and including the 16th order for 2-stroke cycle engines and from 0,5th order
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up to and including the 12th order for 4-stroke cycle engines. Whilst doing so, allowance shall
be made for the dampings that exist in the system and for unfavourable conditions (misfiring
in one of the cylinders). The speed ranges shall be selected in such a way that the transient
response can be recorded with sufficient accuracy.

The nominal alternating torsional stress ty, in MPa, referred to crankpin or journal shall
be determined by the formula

Ty = + 27103, (2.4.5.1)

Wp
where My = nominal alternating torque, N-m, to be determined by the formula
My = %2 (Mg max = Mrmin);
M7 maxs Mrmin = €xtreme values of the torque with consideration of the mean torque, N-m;

Wp = polar moment of resistance related to cross-sectional area of bored crankpin or bored journal,
in mm3, and determined by the formulae:

_ m (D*-Diy).
Wp = —(——22);
16 D

_ T (DS‘DEG).
P~ 16\ pg /)

D, Dy and Dg; — refer to 2.4.6.
2.4.5.2 Calculation of alternating torsional stresses in fillets.

In the crankpin fillet, the alternating torsional stress, MPa, shall be determined by the
formula

Ty = +(arty), (2.4.5.2-1)
where a; = stress concentration factor for torsion in crankpin fillet (for determination, refer to 2.4.6).

In the journal fillet, the alternating torsional stress, in MPa, shall be determined by the
formula

Tg = i(BTTN), (2452'2)
where ;= stress concentration factor for torsion in journal fillet (for determination, refer to 2.4.6).
2.45.3 Calculation of alternating torsional stresses in outlet of crankpin oil bore.

The alternating torsional stress a1y, MPa, in outlet of crankpin oil bore shall be determined
by the formula

O-TO = i(yTTN), (2453)

where y; = torsional stress concentration factor in outlet of crankpin oil bore (for determination of value
— refer to 2.4.6).

2.4.6 Calculation of stress concentration factors.

2.4.6.1 Where the stress concentration factor cannot be furnished by reliable
measurements the values may be evaluated by means of the formulae according to 2.4.6.2,
2.4.6.3 and 2.4.6.4 applicable to the fillets and outlets of crankpin oil bores of solid-forged web-
type crankshafts and to the crankpin fillets of semi-built crankshafts only.
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All crank dimensions necessary for the calculation of stress concentration factors are
shown in Fig. 2.4.6.1-1 and Fig. 2.4.6.1-2.
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Fig. 2.4.6.1-1
Crank dimensions necessary for the calculation of stress concentration factors:
D = crankpin diameter, mm; Dgy = diameter of bore in crankpin, mm; Ry =fillet radius of crankpin, mm;
Ty = recess of crankpin, mm; D; = journal diameter, mm; Dg; = diameter of bore in journal, mm; D, =diameter of
oil bore in crankpin, mm; R = fillet radius of journal, mm; T; = recess of journal, mm; E = pin eccentricity, mm;
S = pin overlap, mm; S = (D-D;)/2-E; W, B = web thickness and width, mm
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Fig. 2.4.6.1-2
Crank dimensions without web overlap necessary for calculation of stress concentration factors at Ty > Ry:
W,eq = design thickness of web, mm; W,.., = W-Ty + Ry

For the calculation of stress concentration factors in crankpin and journal fillets and for
outlet of the crankpin oil bore, the following related dimensions will be applied:

s=S5/D with s < 0,5;

w=W/D with 0,2 <w < 0,8 and Ty < Ry;

w = Wyeq/D with 0,2 <w < 0,8 and Ty > Ry;
b=B/Dwith1,1<b <22

dG = DBG/D W|th O S dG S 0,8,
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dy = Dgy/D with 0 < dy < 0,8;
dop = Dy/D with 0 < d, < 0,2;
ty = Tu/D; t; =T /D;

for crankpin fillets, r = Ry /D with 0,03 < r < 0,13;

for journal fillets,r = R;/D with 0,03 < r < 0,13.

The factor f;, which accounts for the influence of a recess in the fillets is not considered if
the values of f; < 1 (f; = 1).

The factors f (s,w) and f (r, s) at the relative overlap of pins s <-0,5 shall be evaluated
replacing actual value of s by —0,5.

The alternative calculation procedure for the stress concentration factor with the use of
the finite-element method shall be agreed upon with the Register (refer to Appendices Ill and
IV to Section 2).

2.4.6.2 Crankpin fillet (refer to Appendix | to Section 2).

The stress concentration factor for bending (ag) is

ag =2,6914 f(s,w) f(w) f(b) f(r) f(d¢) f (dp) ft, (2.4.6.2-1)

where  f(s,w) = - 4,1883 + 29,2004w - 77,5925w? + 91,9454w3 - 40,0416w* + (1 - s)

(9,5440 - 58,3480w + 159,3415w? - 192,5846w? + 85,2916w*) + (1 - 5)? x (- 3,8399 +
+25,0444w - 70,5571w? + 87,0328w> - 39,1832w*);

fw) = 2,1790w%7171,

f(b) = 0,6840 - 0,0077b + 0,1473b?;

f(r) = 0,2081r-05231),

f(dg) = 0,9993 + 0,27d; - 1,0211d% + 0,5306d3;

f(dy) = 09978 + 0,3145dy, - 1,5241d% + 2,4147d3;

f, =1+ (ty +t:)(1,8 + 3,25).

The stress concentration factor for torsion (ar) is
ar = 0,8f(r,s) f(b) f(w), (2.4.6.2-2)
where f(T, S) - T(—0,322+0,1015(1—s));

f(b) = 7,8955 - 10,654b + 5,3482b% - 0,857h%;

f(W) — W(— 0,145)_

2.4.6.3 Journal fillet (refer to Appendix Section 2).
The stress concentration factor for bending (8z) is

Br = 2,7146fp(s,w) frW)fp(b) f5(r) fe(ds) fe(dn)fe, (2.4.6.3-1)

where  fz(s,w) = - 1,7625 + 2,9821w - 1,5276w? + (1 - 5)(5,1169 - 5,8089w + 3,1391w?) +
+(1 - $)%(- 2,1567 + 2,3297w - 1,2952w?);
fa(w) = 2,2422w%7548;
fz(b) = 0,5616 + 0,1197b + 0,1176b?;
fzB(r) = 0,19087(-0.5568);
fz(dg) = 1,0012 - 0,6441d; + 1,2265d%;
fz(dy) = 1,0012 - 0,1903d, + 0,0073d%;
fi =14 (ty +t5)(1,8 + 3,25).

The stress concentration factor for shearing (B,) is
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Bo = 3,0128f,(s) foW)fo(®) fo(Mfo(dm)f, (24.6.3-2)
where  f,(s) = 0,4368 +2,1630(1 - s)-1,5212(1 - 5)%

fo(w) = w/(0,0637 + 0,9369w);

fo(b) =-0,5+b;

fo(r) = 0,53317(~02038);

fo(dy) = 09937 - 1,1949dy, + 1,7373d%;

ft =1+ (tH + tc)(1,8 + 3,25).
The stress concentration factor for torsion (B7) is
BT =dar, (2463'3)
if the diameters and fillet radii or crankpin and journal are the same, and

Br = 0,8f(r,s) f(b) f(w), (2.4.6.3-4)
if crankpin and journal diameters and/or radii are of different sizes

where f(r,s); f(b); f(w) shall be determined by Formula (2.4.6.2-2);
in this case, r is the ratio of the journal fillet radius to the journal diameter r = R;/Ds;..

2.4.6.4 Ouitlet of oil bore (refer to Appendix Il to Section 2).
The stress concentration factor for bending y shall be determined by the formula:

¥s = 3-5,88d, + 34,6d3. (2.4.6.4-1)
The stress concentration factor for torsion y; shall be determined by the formula:

yr = 4-6d, + 30d3. (2.4.6.4-2)
2.4.7 Additional bending stresses.

In addition to the alternating bending stresses in fillets (refer to 2.4.4.3) further bending

stresses due to misalignment and bedplate deformation as well as due to axial and bending
vibrations shall be considered by applying 0,44, @s given in Table 2.4.7.

Table 2.4.7
Values of coefficient k'
Type of engine 044, MPa
Crosshead +30
Trunk piston +10

For crosshead type engines the additional stress (30 MPa) includes stress due to axial
vibrations (20 MPa) and stress due to misalignment and bedplate deformation (10 MPa).

It is recommended that a value of 20 MPa be used where axial vibration calculation results
of the complete dynamic system engine/shafting/gearing/propeller) are not available. Where
axial vibration calculation results of the complete dynamic system are available, the calculated
figures may be used instead.

2.4.8 Calculation of equivalent alternating stresses.

For the crankpin fillet, the equivalent alternating stress gy, in MPa, shall be determined
by the formula
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oyy = £+ (Opy + 0gaa)? + 375, (2.4.8-1)

For the journal fillet, the equivalent alternating stress gy, in MPa, shall be determined by
the formula

Oy = i\/(O-BG + Uadd)z + 3‘[(2; y (248'2)

For the outlet of crankpin oil bore, the equivalent alternating stress oy, in MPa shall be
determined by the formula

Oyo = i%O'BO [1 + 2\/1 + ZJZS(UTO/UBO)Z]' (248'3)

For other parameters, refer to 2.4.4.3, 2.4.4.4, 2.4.5.2 and 2.4.7.

2.4.9 Calculation of fatigue strength.

Where the fatigue strength for a crankshaft cannot be furnished by reliable
measurements, the fatigue strength opyy, opwe and apyo, In MPa, may be evaluated by
means of the following formulae:

related to the crankpin diameter:

Opwi = K(042Rpy, +39,3)(0,264 + 1,073D 702 4 Z22m 4 222 \/7) (2.4.9-1)

related to the journal diameter:

785 - 785 R | 196

opwe = K(0,42R,, + 39,3)(0,264 + 1,073D~ 024~ _m 2900 ) (2.4.9-2)
m
related to the crankpin in outlet of crankpin oil bore:
785-R 196
opwo = K(0,42R,, + 39,3)(0,264 + 1,073D~%% + oo T / ) (2.4.9-3)
where K = factor for different types of forged and cast crankshafts without surface treatment equal to:
1,05 for continuous grain flow forged or drop-forged crankshafts, applied only to fatigue
strength in a fillet;
1,0 for free form forged crankshafts;
0,93 for cast steel crankshafts;
1,3 for crankshafts subject for surface treatment;
og = minimum tensile strength of crankshaft material, MPa.

For other parameters refer to 2.4.6.1. However, it shall be considered that for calculation
purposesRy, R; and Dy /2 shall not be taken less than 2 mm.

Where the results of the fatigue tests conducted on full size crankthrows or crankshafts,
which have been subjected to surface treatment are available, the K factors shall be used
based on the tests (refer to Appendices IV and V to Section 2).

The experimental values of fatigue strength testing obtained during the fatigue tests shall
be agreed upon with the Register. The survival probability for fatigue strength values derived
from testing shall not be less than 80 % of the average value.

2.4.10 Calculation of shrink-fits of semi-built crankshafts.
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2.4.10.1 All crank dimensions necessary for the calculation of the shrink-fit are shown in
Fig. 2.4.10.1.
R A'Ll i
S

[}

FO et

Q _qu — B
Q =
Lg D,
Fig. 2.4.10.1

Crank throw of semi-built crankshatft:
D, = shrink diameter, mm; L, = length of shrink-fit, mm; D, = outside diameter of web or twice the minimum
distance x between centre-lines of journals and outer contours of web, whichever is less (mm);
y = distance between the adjacent generating lines of journal and pin (mm) y > 0,05D;:
Where y is less than 0,1Dg, special consideration shall be given to the effect of stress due to the shrink on the
fatigue strength at the crankpin fillet (For other parameters, refer to 2.4.6.1)

The radius of the transition from the journal to the shrink diameter shall not be less than
the greater of the two values:

R; = 0,015D; and R; = 0,5(D - Dy).

The actual oversize Z of the shrink-fit shall be within the limits Z,;,, and Z,,,.x calculated in
accordance with 2.4.10.2 to 2.4.10.4.

The necessary minimum oversize is determined by the greater value calculated in
accordance with 2.4.10.2 and 2.4.10.3.

2.4.10.2 The calculation of the minimum oversize Z,;, shall be carried out for the
crankthrow with the maximum torque M. (refer to 2.4.5.1) using the formula

4-10° SRMTmax 1- Q124Q§
Zmin = , 2.4.10.2
i TUEmDsLs  (1-Q7)(1-0Q3) ( )
where  Zin =mMinimum oversize, mm,;
Sg  =safety factor against slipping to be taken not less than 2;

u = coefficient for static friction equal to 0,20 where Lg/Ds = 0,40;
E,, =Young's modulus, MPa;

Qa = Ds/Dy, Qs = Dpg/Ds,

4000Sg My max

< -
where Dg; < Ds |1 = T

where R,y =minimum yield strength of material for journal pin, MPa.

2.4.10.3 In addition to 2.4.10.2 the minimum oversize Z.;,, in mm, shall also be
calculated according to the following formula:

Zmin 2 0sDg/Ep, (2.4.10.3)

where g = minimum yield stress of material for crank web, MPa.
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2.4.10.4 The maximum permissible oversize Z,,.x, in mm, is calculated in accordance
with the following formula:

osDs 0,8Dg
Em 1000 °

Zmax < (2.4.10.4)

2.4.11  Acceptability factor.

Adequate dimensioning of a crankshaft is ensured if the acceptability factors (the ratio of
the fatigue strength to the equivalent alternating stress) for both the crankpin and journal fillets
as well as for outlet of crankpin oil bore satisfy the criteria:

Qu = opwn/0oyn = 1,15;
Q¢ = dpwe/ove = 1,155
Qo = dpwo/0vo = 1,15.

2.4.12 At the junction of the web with the journal or pin, the radius of the fillet shall not
be less than 0,05D.

Where crankshafts have flanges, the radius of the fillet at the junction of the flange with
the journal shall not be less than 0,08D.

2.4.13  The edges of the oil holes shall be rounded to a radius of not less than 0,25 of
the diameter of the hole with a smooth finish.

2.4.14 In built and semi-built crankshafts, no keys or pins are permitted for joining a
crankpin or journal to the web. On the outer sides of junction of webs to pins or journals,
reference marks shall be provided.

2.4.15  Where the thrust bearing is built in the engine frame, the diameter of the thrust
shaft in way of the bearing shall not be less either than that of the crankshaft journal or the
shaft diameter determined in accordance with 5.2.2, Part VIl "Machinery Installations".
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2.5 SCAVENGING AND SUPERCHARGING

251 The operation and manoeuvrability of main engine shall be guaranteed in the
case of failure of one or all turbochargers under running conditions permitted by the engine
manufacturer (refer to 2.1.7, Part VIl "Machinery Installations").

252 For main engines, which turbochargers do not provide a sufficient air supply
when started and within low-load range, provision shall be made for an auxiliary supercharging
system generally comprising two air blowers, which would make it possible for the engine to
reach running conditions, under which the necessary degree of supercharging would be
ensured. If one of the blowers of the auxiliary supercharging system fails, the other one that
remains intact shall ensure the operation of the system.

253 Where supercharging air is cooled, the scavenge manifolds shall be fitted with
thermometers and condensate drain arrangements after each air cooler.

254 Scavenge manifolds shall be provided with relief valves set for a pressure
exceeding that of scavenging air by not more than 50 %.

The free area of the relief valves shall not be less than 30 cm? per cubic metre of the
manifold volume including the volume of the underpiston spaces in crosshead engines fitted
with diaphragms if these spaces are not used as scavenging pumps.

255 Scavenge manifolds and underpiston spaces shall be provided with draining
arrangements for removing accumulations of sludge and water.

2.5.6 The air intake pipes of engines and scavenging-and-supercharging units shall
be fitted with safety gauzes.

257 The requirements of the para are applicable to the turbochargers of internal
combustion engines. The requirements for type testing and survey of the turbochargers are
specified in Appendix 9 "Procedure for Survey, Testing, Approval of Turbochargers and their
Matching on ICE", Section 5 "Machinery", Part IV "Technical Supervision during Manufacture
of Products" of the Rules for Technical Supervision during Construction of Ships and
Manufacture of Materials and Products for Ships.

2.5.7.1 Turbochargers shall be type approved, either separately or as a part of an
engine considering (2.5.7). The requirements of 2.5.6 are written for exhaust gas driven
turbochargers, but apply in principle also for engine driven chargers.

2.5.7.2 Turbochargers shall be designed to operate under service conditions given in
2.3, Part VIl "Machinery Installations" and 2.2.7, Part IX "Machinery". The component lifetime
and the alarm level for speed shall be based on 45 °C air inlet temperature.

2.5.7.3 The air inlet of turbochargers shall be fitted with a filter.

2.5.7.4 The requirements escalate with the size of the turbochargers. The parameter
for size is the engine power (at MCR) supplied by a group of cylinders served by the actual
turbocharger, (e.g. for a V-engine with one turbocharger for each bank the size is half of the
total engine power).

2.5.7.5 Turbochargers are categorised in three groups depending on served power by
cylinder groups with:

Category A: <1000 kW ;

Category B: > 1000 kW and < 2500 kW;

Category C: > 2500 kWw.

2.5.7.6 Documentation to be submitted:

.1 Category A:

On the Register request:

containment test report;

cross sectional drawing with principal dimensions and names of components;

test program.

.2  Category B and C:
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cross sectional drawing with principal dimensions and materials of housing components
for containment evaluation;

documentation of containment in the event of disc fracture (refer to 3.2 of Appendix 9
"Procedure for Survey, Testing, Approval of Turbochargers and their Matching on ICE" to
Section 5 "Machinery", Part IV "Technical Supervision during Manufacture of Products", the
Rules for Technical Supervision of Ships under Construction and Manufacture of Materials);

operational data and limitations as:

maximum permissible operating speed (rpm);

alarm level for over-speed;

maximum permissible exhaust gas temperature before turbine;

alarm level for exhaust gas temperature before turbine;

minimum lubrication oil inlet pressure;

lubrication oil inlet pressure low alarm set point;

maximum lubrication oil outlet temperature;

Lubrication oil outlet temperature high alarm set point;

Maximum permissible vibration levels, i.e. self- and externally generated vibration (Alarm
levels may be equal to permissible limits but shall not be reached when operating the engine
at 110 % power or at any approved intermittent overload beyond the 110 %.);

arrangement of lubrication system, all variants within a range;

type test reports;

test program.

.3  Category C:

drawings of the housing and rotating parts including details of blade fixing;

material specifications (chemical composition and mechanical properties) of all parts
mentioned above;

welding details and welding procedure of above mentioned parts, if applicable;

documentation of safe torque transmission when the disc is connected to the shaft by an
interference fit (refer to 3.3 of Appendix 9 "Procedure for Survey, Testing, Approval of
Turbochargers and their Matching on ICE" to Section 5 "Machinery”, Part IV "Technical
Supervision during Manufacture of Products”, the Rules for Technicak Supervisionuring
Construction of Ships and Manufacture of Materials)?*;

information on expected lifespan, considering creep, low cycle fatigue and high cycle fatigue;

Operation and maintenance manuals?.

2.5.7.7 Applicable to Category C in cases where the disc is connected to the shaft with
interference fit, calculations shall substantiate safe torque transmission during all relevant
operating conditions such as maximum speed, maximum torque and maximum temperature
gradient combined with minimum shrinkage amount.

2.5.7.8 Turbochargers shall meet the following criteria of strength (taking into account
the requirements of 5.3.2):

.1 turbochargers shall fulfil containment in the event of a rotor burst. This means that
at a rotor burst no part may penetrate the casing of the turbocharger or escape through the air
intake. For documentation purposes (test/calculation), it shall be assumed that the discs
disintegrate in the worst possible way;

.2 for category B and C, containment shall be documented by testing. Fulfilment of this
requirement can be awarded to a generic range of turbochargers based on testing of one
specific unit. Testing of a large unit is preferred as this is considered conservative for all smaller
units in the generic range. In any case, it must be documented (e.g. by calculation) that the
selected test unit really is representative for the whole generic range.

1 Applicable to two sizes in a generic range of turbochargers.
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2.5.7.9 In addition to the requirements of 2.12.1 for all turbochargers of Categories B
and C, indications and alarms as listed in Table 2.5.7.9 are required. Indications may be
provided at either local or remote locations.

Table 2.5.7.9

Category of Turbochargers
No Monitored parameters Bln dicatio C Notes
Alarm n Alarm | Indication
1| Speed High! x1 High? x1
2 | Exhaust gas at each High? x2 High x High temp. alarms for each
turbocharger inlet, cylinder at engine is
temperature acceptable®
3| Lub. oil at turbocharger High x If not forced system, oil
outlet, temperature temperature near bearings
4 | Lub. oil at turbocharger Low x Low x Only for forced lubrication
inlet, pressure systems*

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

2 For Category B turbochargers, the exhaust gas temperature may be alternatively monitored at the
turbocharger outlet, provided that the alarm level is set to a safe level for the turbine and that correlation between
inlet and outlet temperatures is substantiated.

8 Alarm and indication of the exhaust gas temperature at turbocharger inlet may be waived if alarm and
indication for individual exhaust gas temperature is provided for each cylinder and the alarm level is set to a
value safe for the turbocharger.

4 Separate sensors are to be provided if the lubrication oil system of the turbocharger is not integrated with
the lubrication oil system of the diesel engine or if it is separated by a throttle or pressure reduction valve from
the diesel engine lubrication oil.
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2.6 FUEL SYSTEM

26.1 The fuel injection pumps or their prime movers shall ensure quick shutting off
the fuel supply to any cylinder of the engine. Exemption from this requirement is allowed for
engines with cylinders not over 180 mm in bore having grouped fuel pumps.

2.6.2 The high-pressure fuel oil injection pipes shall be made from thick-walled
seamless steel pipes without welded or soldered intermediate joints (refer to item 1.16 of Table
1.2.4).

2.6.3 External high-pressure fuel delivery lines between the high-pressure fuel
pumps and fuel injectors shall be protected with a jacketed piping system capable of containing
fuel from a high-pressure line failure. A jacketed pipe incorporates an outer pipe, into which
the high-pressure fuel pipe is placed, forming a permanent assembly. The jacketed piping
system shall include a means for collection of leakages and arrangements and shall be
provided with an alarm in case of a fuel line failure.

When in return piping the propulsion of pressure with peak to peak values exceeds
1,6 MPa, shielding of this piping is also required.

2.6.4 The fuel injection pumps and fuel delivery piping shall be so designed that they
can withstand the pressure fluctuation or special means shall be provided to reduce it even to
the point of disappearance.

2.6.5 For the main engine provision shall be made for an arrangement to limit the fuel
supply by the rated power mode.
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2.7 LUBRICATION

271 The lubricators supplying oil for lubricating the cylinders shall be fitted with an
arrangement enabling to control the amount of oil delivered to each point. To supervise the oll
supply to all points to be lubricated, flow indicators shall be provided in position convenient for
observation.

2.7.2 Every union supplying lubricating oil to the two-stroke engine cylinders, as well
as the unions arranged in the upper part of the cylinder liner shall be provided with a non-
return valve.

2.7.3 The turbochargers and governors with ball or roller bearings shall have
independent lubricating oil systems. If other constructions are used, a technical justification
confirming the reliability excellence must be submitted to the Register for review.

2.7.4 Provision shall be made to prevent penetration of water and fuel oil into the
circulating oil and the entry of oil into the cooling water.
2.75 Lubrication systems for drive motors of valve generating sets shall meet the

requirements of 23.6.1 of Part XI "Electrical Equipment".



Rules for the classification and construction of sea-going ships (Part 1X)

40
2.8 COOLING

28.1 Where telescopic devices are employed for cooling pistons or for supplying
lubricating oil to moving parts, protection from hydraulic shocks shall be provided.

2.8.2 The cooling systems of the drive motors of the valve generating sets shall meet
the requirements of 23.6.1 of Part XI "Electrical equipment".
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2.9 STARTING ARRANGEMENTS

29.1 The manifold supplying starting air from the master starting air valve to the
cylinder starting valves shall be fitted with one or more relief valves and with a device relieving
the manifold of pressure after the engine has been started.

The relief valve shall be loaded to a pressure not more than 1,2 times that in the starting
air manifold. The relieving device and the relief valve may be fitted directly on the master
starting air valve.

Alternative device designed to protect the starting air manifold from the effects of inner
explosions is also admitted (refer to 16.3.3, Part VIl "Systems and Piping").

29.2 Flame arresters or bursting discs shall be fitted on each branch pipe for air
supply to the starting valves of the reversing engine cylinder covers.

In case of non-reversing engines at least one flame arrester or bursting disc shall be fitted
on the manifold supplying starting air from the main starting air valve to the manifold.

Flame arresters or bursting discs may be omitted for the engines having a bore not
exceeding 230 mm.

293 The starting arrangements of electrically-started engines shall meet the
requirements of 13.7, Part XI "Electrical Equipment". Furthermore, it is recommended to equip
electrically-started engines with engine-driven generators for automatic charging of the
starting storage batteries.

294 In emergency diesel generators, the starting system and drive motor
characteristics shall comply with the requirements of 16.1.8, Part VIIlI "Systems and Piping",
and 9.3.4.2, 9.5 and 19.1.2.4, Part XI "Electrical Equipment".

Emergency diesel generators shall be capable of being readily started in their cold
condition at the ambient temperature of 0 °C. Where such starting is impractical or at lower
temperatures at the space, provision shall be made for heating devices to ensure safe starting
and taking up the load by the diesel generators.

If necessary, provision shall be made for heating devices to ensure safe starting and
taking up the load according to the requirements stated above.

Spaces for emergency diesel generators shall comply with the requirements of 9.2.6, Part
XI "Electrical Equipment".
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2.10 EXHAUST ARRANGEMENTS
2.10.1 In two-stroke engines fitted with the exhaust gas turboblowers, which operate

on the impulse systems, provision shall be made to prevent broken piston rings and valves
from entering the turbine casing.
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2.11 CONTROL, PROTECTION AND REGULATION

2.11.1  The starting and reversing arrangements shall eliminate the possibility of:

.1 running the engine in the direction opposite to the required one;

.2 reversing the engine when the fuel supply is cut in;

.3 starting the engine before reversal is completed;

.4 starting the engine with the power-driven turning gear engaged.

2.11.2 Each main engine shall have a speed gover-nor so adjusted that the engine
speed cannot exceed the rated (hominal) speed by more than 15 %.

In addition to the governor, each main engine of power output 220 kW and upwards, which
may be disengaged from the shafting or which is driving a con-trollable-pitch propeller, shall
be provided with a sepa-rate overspeed device so adjusted that the engine speed cannot
exceed the rated speed by more than 20 %.

The overspeed device shall be activated after the speed governor.

2.11.3  Each prime mover for driving a generator shall be fitted with a speed governor,
which shall meet the following requirements:

.1 when the maximum electrical load step of a generator is thrown off or on (refer to
Fig. 2.11.3.2 for maximum possible sudden power increase of four-stroke diesel engines), the
transient speed variations in the electrical network shall not exceed 10 % of the rated speed.
Refer also to 2.1.3.1, Part XI "Electrical Equipment;

.2 when a prime mover running at no-load is suddenly loaded to 50 % of the rated
power of the generator followed by the remaining 50 % after the interval sufficient to restore
the speed to steady state, the transient speed variations shall not exceed 10 % of the rated
speed. Application of electrical load in more than two load steps can only be permitted, if the
conditions within the ship's mains permit the use of such prime movers, which can only be
loaded in more than two load steps (refer to Fig. 2.11.3.2 for maximum possible sudden power
increase of four stroke diesel engines) and provided that this is already allowed for in the
designing stage. This shall be verified in the form of system specifications to be approved and
to be demonstrated at ship's trials. In this case the power required for the electrical equipment
to be automatically switched on after blackout as well as the sequence in which it is connected
shall fit the load steps. This applies analogously also to generators to be operated in parallel
and where the power has to be transferred from one generator to another in the event of any
one generator has to be switched off;
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Fig. 2.11.3.2

Maximum possible sudden power increases as a function of brake mean effective pressure, B,., at declared
power (four-stroke diesel engines:
Pme — declared power mean effective pressure (in kPa);
P — power increase referred to declared power at site conditions;
1 — first power stage; 2 — second power stage; 3 — third power stage; 4 — fourth power stage; 5 — fifth power
stage.
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.3 where a.c. generators operate in parallel within 20 — 100 % of the total load, the load
distribution between the generators shall be in proportion to their power and shall not differ by
more than 15 % from the design load for the greater generator or by more than 25 % from the
design load for the generator considered, whichever is less;

.4 at all loads between no-load and rated power the permanent speed variation shall
not exceed the rated speed by more than 5 % of the rated speed,;

.5 when the generator rated power is thrown off or on, as specified in 2.11.3.1 and
2.11.3.2, steady state conditions shall be achieved in not more than 5 seconds;

.6 steady state conditions are those, at which the envelope of speed variation does not
exceed 1 % of the declared speed at the new power;

.7 for main engines driving shaft-generators, the values of load-relief and load-on
statedin 2.11.3.1,2.11.3.2,2.11.3.4, 2.11.3.5 shall comply with the load of the engines. Speed
governor of the driving engine shall have the parameters to meet the requirements of 2.11.3;

.8 when 100 % of the generator rated power is thrown 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 as required by 2.11.6.

2.11.4  The characteristics of the speed governor for the emergency generator driving
engine shall meet the requirements of 2.11.3 (except for 2.11.3.2) when a 100 % load is taken
off and put on. At stepwise loading the full (100 %) load shall be provided in 45 s after power
loss on the main switchboard busbars.

The time delay and successive stepwise loading shall be demonstrated during sea trials
of the ship.

2.11.5  Provision shall be made for local and remote control of speed variation within —
20 + +10 % of the nominal value.

Remote control of speed variation for generators to be operated in parallel shall be
arranged so to provide with possibility of controlling them by one operator.

2.11.6 In addition to the speed governor each driving engine stated in 2.11.3 having a
power 220 kW and above shall be fitted with a separate overspeed protective device so
adjusted that the speed cannot exceed the rated speed by more than 15 %.

2.11.7  The overspeed protective device stated in 2.11.2 and 2.11.6 including its driving
mechanism and emergency stop effector shall be independent of the speed governor.

2.11.8 In addition to the requirements of the Chapter, electric (electronic) speed
governors shall also comply with 2.1, Part XV "Automation”. If the electric (electronic) speed
governors comprise a part of the remote automatic control system they shall meet the
requirements of 3.1.8 and 3.1.10, Part VII "Machinery Installations" and also of 2.3, Part XV
"Automation”, in order to carry out this requirement, a separate speed governor shall be
additionally provided for the local control station.

The electric (electronic) speed governors shall be of an approved type and tested in
accordance with 12.3.1, Part IV "Technical Supervision During Manufacture of Products" of
Rules for Technical Supervision During Construction of Ships and Manufacture of Materials
and Products for Ships.

2.11.9  Protection system of main and auxiliary engines (refer to 1.1.1.5), apart from
the overspeed protective device, shall provide complete cut-off the fuel when the pressure of
lubricating oil in the system drops below the allowable value.

2.11.10 The speed controllers of the drive motors of valve generating sets shall have
specifications that meet the requirements of 2.11.3 considering 23.8.1 of Part XI "Electrical
Equipment".
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2.12 INSTRUMENTS AND ALARM DEVICES

2.12.1  Main and auxiliary engines shall be equipped with instruments for measuring:

.1 lubricating oil pressure at engine inlet and in way of camshaft (where lubricating oil
system is independent);

.2  freshwater pressure (or flow) in the engine cooling system;

.3 starting air pressure at main starting valve or starting device inlet;

.4 fuel pressure at fuel injection pumps inlets (where an oil-fuel priming pump is
installed);

.5 exhaust gas temperature at each cylinder (for engines with a cylinder bore of
180 mm and less, exhaust piping temperature);

.6 lubricating oil temperature at engine inlet;

.7 pressure (or flow) in the fuel injector cooling system (where the system is
independent);

.8  fuel temperature at fuel injection pump inlets (where the fuel requires heating);

.9  pressure (or flow) in the independent piston cooling system;

.10 oil pressure in way of main bearings where lubricating oil is supplied independently
and in way of thrust bearing (for thrust bearings built in the engine);

.11 lubricating oil pressure at crosshead bearings (where lubricating oil is supplied
independently);

.12 lubricating oil temperature in way of camshaft (where lubricating oil is supplied
independently);

.13 lubricating oil pressure at turbocharger inlet where circulating oil of the engine is
used;

.14 lubricating oil temperature and flow at the outlet of each turbocharger bearing
(where gravity lubrication systems are applied);

.15 cooling liquid temperature and flow at each piston outlet (for engines with controlled
piston cooling);

.16 fuel injector cooling medium temperature at outlet (where an independent system is
used);

.17 freshwater temperature at each cylinder outlet or at engine outlet (where the engine
has one cooling space);

.18 freshwater temperature at engine inlet;

.19 freshwater temperature at turbocharger outlet;

.20 supercharging receiver pressure;

.21 supercharging air temperature behind air coolers;

.22 exhaust gas temperature in front of turbochargers and behind them;

.23 Engines with a cylinder bore in excess of 230 mm shall be fitted with alarm devices
to give a signal indicating that the specified excess of the maximum combustion pressure in a
cylinder has been reached.

Note. Proceeding from the structural features of the internal combustion engines, changes may
be introduced to the list of measuring instruments provided the technical substantiation is submitted to
the Register.

2.12.2  Each driving above 37 kW shall be fitted with an alarm device with audible and
visual signals for the failure of lubricating oil system as well as an alarm to indicate leaks from
the high-pressure oil fuel injection pipes of diesel engines (refer to 2.6.3).

The following warning alarms are recommended:

.1 pressure drop in freshwater cooling system or water temperature rise at engine
outlet;

.2 drop of lubricating oil level in the gravity tank of turbochargers;
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.3 rise of temperature of thrust bearing built in the engine.

2.12.3  The local control stations of main engines shall be equipped with instruments
in accordance with 2.12.1.1t0 2.12.1.3, 2.12.1.7, 2.12.1.9 (where media other than circulation
oil are used), 4.2.5.3 and with an instrument for measuring crankshaft speed, and where
disengaging couplings are fitted, with an instrument for measuring propeller shaft speed as
well.

The local control stations of main reversible engines and engines with reverse-reduction
gear shall be provided with indicators of the direction of propeller shaft rotation.

2.12.4  Local control stations of auxiliary engines (refer to 1.1.1.5) shall be equipped
with instruments in compliance with 2.12.1.1 to 2.12.1.3 and with an instrument for measuring
the crankshaft speed.
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2.13 TORSIONAL VIBRATION DAMPER. ANTIVIBRATOR

2.13.1  The damper design shall make air removal possible when filling the damper
with oil or silicone liquid, and the silicone damper design shall also enable a sampling of the
liquid.

2.13.2  Lubrication of a spring damper shall, as a rule, be effected from the lubricating
oil circulation system of the engine.

2.13.3  The design of the damper fitted at the free end of the crankshaft shall make it
possible to connect devices for measuring torsional vibration to the crankshaft.

2.13.4  The damper shall be used with regard to the requirements of 8.8.3 to 8.8.5, Part
VIl "Machinery Installations".
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APPENDIX |

DEFINITION OF STRESS CONCENTRATION FACTORS IN CRANKSHAFT FILLETS (REFER TO IACS M53)
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APPENDIX Il

STRESS CONCENTRATION FACTORS AND STRESS DISTRIBUTION AT THE EDGE OF OIL DRILLINGS (REFER TO IACS M53)
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APPENDIX Il

GUIDANCE FOR CALCULATION OF STRESS CONCENTRATION FACTORS IN THE
WEB FILLET RADII OF CRANKCHAFTS BY USING FINITE ELEMENT METHOD (REFER
TO IACS M53)
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3.3.1 Method 1

3.3.2 Method 2
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1. GENERAL

The objective of the analysis is to develop Finite Element Method (FEM) calculated figures
as an alternative to the analytically calculated Stress Concentration Factors (SCF) at the
crankshatft fillets. The analytical method is based on empirical formulae developed from strain
gauge measurements of various crank geometries and accordingly the application of these
formulae is limited to those geometries.

The SCF's calculated according to the rules of this document are defined as the ratio of
stresses calculated by FEM to nominal stresses in both journal and pin fillets. When used in
connection with the present method in Chapter 2.4 of this Part or the alternative methods, von
Mises stresses shall be calculated for bending and principal stresses for torsion.

This procedure as well as the evaluation guidelines are valid for both solid crankshafts
and semibuilt crankshafts (except for journal fillets).

The analysis shall be conducted as linear elastic FE analysis, and unit loads of appropriate
magnitude shall be applied for all load cases.

The calculation of SCF at the oil bores is not covered by this Appendix.

It is advised to check the element accuracy of the FE solver in use, e.g. by modelling a
simple geometry and comparing the stresses obtained by FEM with the analytical solution for
pure bending and torsion.

The Boundary Element Method (BEM) may be used instead of FEM.

2. MODEL REQUIREMENTS

The basic recommendations and assumptions for building the FE-model are presented in
2.1. It is obligatory for the final FE-model to fulfil the requirement in 2.3.

2.1 Element mesh recommendations

In order to fulfil the mesh quality criteria, the FE model for the evaluation of Stress
Concentration Factors shall be built according to the following recommendations:

The model shall describe one complete crank, from the main bearing centreline to the
adjacent main bearing centreline.

Element types used in the vicinity of the fillets are:

10-node tetrahedral elements;

8-node hexahedral elements;

20-node hexahedral elements.

Mesh properties at fillet radii. The following requirements apply to £90-degree area in the
circumferential direction from the crank plane:

Maximum element size a = r/4 through the entire fillet as well as in the circumferential
direction. When 20-node hexahedral elements are used, the element size in the
circumferential direction may be extended up to 5a. In the case of multi-radii fillet, r is the local
fillet radius. (If 8-node hexahedral elements are used, even smaller element size is required
to meet the quality criteria.).

Recommended element sizes in fillet depth direction:

first layer thickness equal to element size of a;

second layer thickness equal to element size of 2a;

third layer thickness equal to element size of 3a.

Minimum of 6 elements across web thickness.

The rest of the crank should be suitable for the numeric stability of the solver.

Counterweights have to be modelled only when they significantly affect the total stiffness
of the crank.

Modelling of oil bores is not necessary, if they negligibly affect the total stiffness and the
proximity to the fillet is more than 2r (refer to Fig. 2.1).
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Drillings and holes for weight reduction have to be modelled.

Crankpin

}’
r /
Web

Fig. 2.1.
Oil bore proximity to fillet

Sub-modelling may be used as far as the software requirements are fulfilled.

2.2 Material

Chapter 2.4 of this Part does not cover material properties such as Young's modulus (E)
and Poisson's ratio (v). These material parameters are required for FE analysis, as strains are
primarily calculated and stresses are derived from strains using the Young's modulus and
Poisson's ratio. Reliable values for material parameters have to be used, either as quoted in
literature or as measured on representative material samples.

The following values are recommended for steel: E = 2,05-10° MPa and v = 0,3.

2.3 Element mesh quality criteria

If the actual element mesh does not fulfil any of the following criteria for the SCF evaluation
in the examined area, then a second calculation with a refined mesh shall be performed.

23.1 Principal stresses criterion

The mesh quality shall be assured by checking the stress component normal to the fillet
radius surface. ldeally, this stress shall be zero. With principal stresses o1, 02 and o3, the
following requirement shall be met:

min(|o1l, |02, |o3]) < 0,03 max(|o4|, |o2|, |03])

2.3.2 Averaged/unaveraged stresses criterion

This criterion is based on observing the discontinuity of stress results over the fillet
elements in calculation of SCFs:

unaveraged nodal stress results calculated from each element connected to a node shall
differ by less than 5 % from 100 % of averaged nodal stress results at this node in the
examined area.

3. LOAD CASES

To substitute the analytically calculated SCFs as described in Chapter 2.4 of this Part, the
following load cases have to be calculated.

3.1 Torsion

As with the testing used for the investigations made by FVV, the structure is loaded with
pure torsion. Model end face warp is suppressed.

Torque is applied to the central node located at the crankshaft axis. This node acts as the
master node with 6 degrees of freedom and is rigidly connected to all nodes of the end face.

Such boundary and load conditions are valid for both in-line and V-type engines.

For all nodes in both journal and crankpin fillets, the principal stresses are determined,
and the equivalent torsional stress is calculated according to the following formula:
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Boundary and load conditions for torsion load case

Teguiv — Max (lo1-021/2,|02-05|/2, |01~ 03]/2)
The maximum value taken for the subsequent calculation of the SCF is:
Ar = Tequiv, o/ Tn

Br = Tequiv, B'/TN

where 1), is the nominal torsional stress in the crankpin and journal as per 2.4.5.1 of this Part at torsional
torque T:
oy =T/W,

3.2 Pure bending (4 point bending)

As with the testing used for the investigations made by FVV, the structure is loaded with
pure bending. In the model, surface warp at the end faces is suppressed.

The bending moment is applied to the central node located at the crankshaft axis. This

node acts as the master node with 6 degrees of freedom and is rigidly connected to all nodes
of the end face.

Such boundary and load conditions are valid for both in-line and V-type engines.
For all nodes in both journal and crankpin fillets, von Mises equivalent stresses 0,4y, are

determined. The maximum value is used to calculate the SCF according to the following
formulae:

Up = Oequiv, a/O_N

BB = Ocquiv, B'/O_N
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Nominal stress oy is calculated as per 2.4.4.2 of Chapter 2.4 of this Part at the bending
moment M as per the following formula:

OoNy = M/Wequ

Multi-point constraint:
All nodes of cross section are
rigidly connected to the
central node (=master)
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Fig. 3.2.
Boundary and load conditions for pure bending load case
3.3 Bending with shear (3-point bending)

This load case is calculated to determine the SCF for pure transverse (radial) force Q
applied to the journal fillet.

As with the testing used for the investigations made by FVV, the structure is loaded with
3-point bending. In the model, surface warp at both end faces is suppressed. All nodes are
rigidly connected to the central node; boundary conditions are applied to the central nodes.
These nodes act as master nodes with 6 degrees of freedom.

The force is applied to the central node located on the crankpin at the connecting rod
centreline. This node is connected to all nodes of the crankpin cross-section area. Cross-
sectional warping is not suppressed.

Such boundary and load conditions are valid for both in-line and V-type engines. One
connecting rod force only can be modelled for V-type engines. Using two connecting rod forces
will make no significant change to SCF values.

The maximum equivalent von Mises stress a3 in the journal fillet is calculated. The SCF
for the journal fillet can be determined by two methods as described below.

3.3.1 Method 1

This method is similar to the FVV investigation procedure. The 3-point and 4-point bending
calculation results are combined as follows:

o3p = on3pBp + 093pBo

where: a3;p is as found by the FE calculation;
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oysp IS the nominal bending stress in the web centre due to the force F;p [N] applied to the
centreline of the actual connecting rod (refer to Fig. 3.4);
Bosp is as determined in 3.2,

ogsp = Qsp /(BW), where Q3p is the radial (shear) force at the web due to the force F;p [N] applied

to the centreline of the actual connecting rod(also refer to Fig. 2.4.4.1-1 and 2.4.4.1-2 of this
Part).

3.3.2 Method 2

This method differs from the FVV investigation procedure. In a statically determined
system with one crank throw supported by two bearings, the bending moment and radial
(shear) force are proportional.

Toad: Boundary conditions:
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is constrained, uz = 0;
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Boundary and load conditions for 3-point bending load case of in-line engine
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Fig. 3.4.
Load applications for in-line and V-type engines

Therefore, the journal fillet SCF can be found directly by the 3-point bending FE
calculation. The SCF is calculated according to the following formula:

BBQ = 03p/0n3p

For symbols, refer to 3.3.1.

When this method is used, the radial force and stress determination as per Chapter 2.4
of this Part becomes superfluous. The alternating bending stress in the journal fillet as per
2.4.4.3 of Chapter 2.4 of this Part is then calculated according to the following formula:

Opc = i|BBQUBFN|
This method does not apply to the crankpin fillet, and this SCF must not be used in the

calculation methods other than those assuming a statically determined system as in Chapter
2.4 of this Part.
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APPENDIX IV

GUIDANCE FOR EVALUATION OF FATIGUE TESTS (REFER TO IACS UR M53)
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1. INTRODUCTION

Fatigue testing can be divided into two main groups: small specimen testing and full-scale
crank throw testing. Testing can be performed using the staircase method or a modified
version thereof. Other statistical evaluation methods may also be applied.

1.1 Small specimen testing

For crankshafts without any fillet surface hardening, the fatigue strength can be
determined by testing small specimens taken from a full-size crank throw. However, this
method shall not be applied, if the areas adjacent to the fillets are surface-hardened which
causes residual stresses in the fillets.

This testing features possibility of manufacturing fairly large number of specimens for
testing with various stress ratios R and in various load conditions (axial, bending and torsion),
with or without a notch to evaluate characteristics of used materials under multiaxial loading
conditions.

1.2 Full-size crank throw testing

For surface-hardened crankshafts, the fatigue strength can only be determined through
testing of fullscale crank throws. In case of 3- or 4- point bending, the load can be applied
using hydraulic actuators or an exciter in a resonance test rig which enables testing with R
stress ratio equal to —1.

2. EVALUATION OF TEST RESULTS

2.1 Principles

Prior to fatigue testing, the crankshaft must be checked as required by the quality control
procedures, including check for chemical composition of material, its mechanical properties,
surface hardness, hardness depth and extension, crankpin/journal surface finish.

The test specimens shall be prepared so as to represent the "lower end" of the acceptance
range; in particular, for induction hardened crankshafts this means the minimum acceptable
hardness depth, shortest extension through a fillet, etc. Otherwise the mean test results shall
be corrected in view of a confidence interval: a 90 % confidence interval may be used both for
the mean and for the standard deviation.

The test results, when applied for Chapter 2.4 of this Part, shall be evaluated for
compliance with the mean fatigue strength, with or without taking into account the 90 %
confidence interval as mentioned above. The standard deviation shall be determined with
taking the 90 % confidence interval into account. Subsequently the result to be used as the
fatigue strength will be equal to the mean fatigue strength minus one standard deviation.

If the evaluation aims to find relation between mechanical properties of material under
static load and fatigue strength, this relation must be based on the actual (i.e. measured)
mechanical properties, not on the specified minimum values of these properties.

The calculation procedure presented in 2.4 can be applied both to the staircase method
and to the modified staircase method.

2.2 Staircase method

In the staircase method, the first specimen is subjected to a stress corresponding to the
expected average fatigue strength. If the specimen withstands 107 cycles, it is removed, and
the next specimen is subjected to a stress that is one increment above the previous stress,
i.e. a survivor is always followed by the next one which is subjected to a stress with one
increment above the previous value. The increment shall be selected to correspond to the
expected level of the standard deviation.

When a specimen fails before 107 cycles are completed, the actual number of cycles is
noted, and the next specimen is subjected to a stress that is one increment below the previous
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one. With this approach, the sum of failed and successful tests is equal to the number of
specimens.

The original staircase method is only applicable when a large number of specimens are
available as about 25 specimens shall be used to obtain the sufficient accuracy of test result.

2.3 Modified staircase method

When the modified staircase method is applied, the first specimen is subjected to a stress
level that is most likely well below the average fatigue strength. When this specimen has
withstood 107 cycles, this same specimen is subjected to a stress level with one increment
above the previous value. The increment shall be selected to correspond to the expected level
of the standard deviation. The stepwise load increase process continues until the specimen
fails. After the specimen fails, the next specimen is subjected to a stress that is at least 2
increments below the level at which the previous specimen failed.

With this approach, the number of failed and successful tests (in view of the highest level
at which 107 cycles were reached) is usually equal to the number of specimens.

The acquired result of testing performed by the modified staircase method shall be used
with care, since itis probable that stepwise increase of load applied to the specimen, especially
at high mean stresses, tends to increase the fatigue limit. However, this "training effect" is less
pronounced in testing of high strength steels with UTS > 800 MPa.

If the confidence calculation is required, the minimum number of test specimens is 3.

2.4 Calculation of sample mean and standard deviation

This section covers an example of testing for 5 crank throws. When the modified staircase
method and the Dixon and Mood's evaluation method are applied, the number of specimens
is 10, meaning 5 successful results and 5 failures:

Number of specimens n = 10

Furthermore, this method distinguishes between two cases:

Less frequent result is failure C = 1

Less frequent result is success C =2

This method uses only the less frequent test results, i.e. if there are more failures than
successes, the number of successes is used and vice versa.

In the modified staircase method, the numbers of successes and failures are usually
equal. However, the testing can be unsuccessful, e.g. the number of successes can be less
than the number of failures if a specimen with 2 increments below the previous failure level
goes immediately to failure. On the other hand, if this unexpected premature failure occurs
after a rather large number of cycles, it is possible to define the stress level below this as a
success.

Dixon and Mood's approach derived from the maximum likelihood theory, which also may
be applied here, especially in tests with few specimens, presents some simple approximate
equations to calculate the sample mean and the standard deviation from the outcome of the
staircase test. The sample mean can be calculated as follows:

Sq=Sg+d(A/F-1/2)forC=1
Sq=Sgo+d(A/F +1/2)forC=2
The standard deviation can be found as follows

F-B-A?
FZ

s =1,62d ( + 0,029)

where: S,, is the lowest stress level for the less frequent result,
d is the stress increment,
F = Sfi
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A= Zi-fi

B = Xi%-fi

i is the stress level number,

fi is the number of specimens at stress level i

The formula for the standard deviation is an approximation and can be used when

F_A2
225> 03and 0,55 <d < 1,55

If any of these two conditions are not fulfilled, a new staircase test shall be considered or
the standard deviation shall be taken quite large in order to be on the safe side.

If increment d is much greater than the standard deviation s, this procedure results in a
lower standard deviation and a slightly higher sample mean, both compared to values
calculated when the difference between the increment and the standard deviation is relatively
small. Thereafter if increment d is much less than the standard deviation s, this procedure
results in a higher standard deviation and a slightly lower sample mean.

2.5 Confidence interval for mean fatigue limit

When the staircase fatigue test is repeated, the sample mean and the standard deviation
will most likely be different from the previous test. Therefore, it is necessary to assure with a
given confidence that the repeated test values will be above the chosen fatigue limit by using
the confidence interval for the sample mean.

The confidence interval for the sample mean value with unknown variance is known to
have t-distribution (also called Student's distribution) which is symmetric relative to the mean.

The confidence level normally used for the sample mean is 90 %, meaning that 90 % of
sample means obtained from repeated tests will be above the value calculated with the chosen
confidence level. The figure shows the t-value for (1 - a) - 100 % confidence interval for the
sample mean.

The confidence level normally used for the sample
mean is 90%, meaning that 90% of sample means
ys obtained from repeated tests will be above the

i value calculated with the chosen confidence level.
\,{' The figure shows the t-value for (1 - ) 100 %
A confidence interval for the sample mean.

Fig. 2.5.
Student's distribution

If Sa is the empirical mean and s is the empirical standard deviation for a series of n

specimens, in which the variable values are normally distributed with an unknown sample
mean and unknown variance, the (1- a)-100 % confidence interval for the mean is:

P(Sa_ta,n—l : S/\/T_l < SaX%) =1-a

The resulting confidence interval is symmetric relative to the empirical mean of the sample
values, and the lower limit can be found as:

SaX% = Sa_ta,n—l : S/\/T_l
which is the mean fatigue limit (aggregate value) to be used to obtain the reduced fatigue

limit where the failure probability limits are taken into consideration.
2.6 Confidence interval for standard deviation
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The confidence interval for the variance of a normal random variable is known to possess
a chi-square distribution with n- 1 degrees of freedom.

The standard deviation confidence level is used to ensure that the standard deviations for
repeated tests are below the upper limit obtained from the fatigue test standard deviation with
a given confidence level. The figure shows the chi-square for (1 - a)-100 % confidence interval
for the variance.

An assumed fatigue test result from n specimens is a normal random variable with a
variance of g2 and has an empirical variance s2. Then the (1 - a)-100 % confidence interval
for this variance is:

(n-1)s?
P(T5 <xen1) =1-a

The standard dewviation confidence level is used to ensure
P e ™Y that the standard deviations for repeated tests are below the
upper limit obtained from the fatigue test standard deviation

/ \ o with a given confidence level. The figure shows the chi-
N \‘/ square for {1 - ) 100% confidence interval for the variance.
| V.
/{: &r
Figure 2.6.

Chi-square distribution

The (1 — a)-100 % confidence interval for the standard deviation is equal to the square
root of the upper limit of the confidence interval for the variance and can be found as follows

n-1

2
Xa,n-1

S

Sxo =

This is the standard deviation (aggregate value) to be used to obtain the fatigue limit,
where the failure probability limits are taken into consideration.

3. SMALL SPECIMEN TESTING

A small specimen here means one of the specimens taken from a crank throw. Since the
specimens shall be representative for the fillet fatigue strength, they shall be taken out close
to the fillets, as shown in Figure 3.
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Fig. 3.
Specimen locations in a crank throw

It shall be made certain that the principal stress direction in the specimen testing is
equivalent to that in the full-size crank throw. The verification is recommended to be done by
utilizing the finite element method.

The static mechanical properties are to be determined as stipulated by the quality control
procedures.

3.1 Determination of bending fatigue strength

It is advisable to use unnotched specimens in order to avoid uncertainties related to the
stress gradient influence. Alternate stress testing method (stress ratio R =—1) is preferred, but
in view of testing peculiarities and for multiaxial loading conditions, other methods may be
applied.

In order to ensure the principal stress direction in alternate stress testing to represent the
principal stress direction at full-size crank throw and when no further information is available,
the specimen shall be arranged at 45 degrees as sho