
PART IX. MACHINERY 

1. GENERAL  

1.1 SCOPE 

1.1.1 The requirements of this Part of the 

Rules apply to the following engines and machin-

ery: 
.1 main internal combustion engines; 

.2 main steam turbines; 

.3 main gas turbines; 

.4 gears and couplings; 

.5 engines driving electric generators or aux-

iliary and deck machinery, units assembled; 
.6 pumps included into the systems covered 

by Part VI “Fire Protection”, Part VIII “Systems 

and Piping” and Part XII “Refrigerating Plants”; 
.7 air compressors; 

.8 fans of main boilers, turboblowers (turbo-

chargers) and fans of internal combustion engines; 
.9 fans included into the systems covered by 

Part VIII “Systems and Piping”; 
.10 steering gear; 

.11 anchor machinery; 

.12 towing winches; 

.13 mooring machinery; 

.14 hydraulic drives; 

.15 centrifugal fuel and lubricating oil sepa-

rators. 
    1.1.5 Compliance of passenger ships marked 

А, А-R1, А-R2, А-R2-RSN, В-R3-RSN, 

С-R3-RSN and D-R3 in their class notation 

with the Council Directive 98/18/EC of 

March 17, 1998 on safety rules and standards for 

passenger ships on domestic voyages shall be con-

firmed in accordance with Section 2.6.1 “Confir-

mation of compliance with the Council Directive” 

of the General Regulations for the Classification 

and Other Activity and special requirements of this 

Part of the Rules, depending on the mark in ship’s 

class notation, both for new (built on July 1, 1998 

and later) and existing (built before July 1, 1998) 

ships: 

— new ships with mark В - R 3 - R S N , 

С - R 3 - R S N  and D - R 3 , and existing 

ships with mark В - R 3 - R S N  —  5.4.1, 

6.2.1.1, 6.2.1.4;  
— n e w  s h i p s  w i t h  m a r k  В -

R 3 - R S N ,  С - R 3 - R S N  a n d  D -

R 3  — 2.2.5, 2.2.10, 2.3.10, 2.6.3, 5.1.2, 

6.2.1.7, 6.2.7, 7.3.4; 
— n e w  s h i p s  w i t h  m a r k  В -

R 3 - R S N ,  С - R 3 - R S N  a n d  D -

R 3 ,  a t  l e a s t  2 4  m  l o n g  — 7.1.1; 

— s h i p s  w i t h  m a r k  В - R 3 -

R S N ,  С - R 3 - R S N  a n d  D - R 3  

b u i l t  o n  J a n u a r y  1 ,  2 0 0 3  o r  

l a t e r  — 2.2.10, 2.6.3, 2.6.4; 

— existing ships with mark В - R 3 -

R S N  — 2.6.3*); 

*) shall meet the requirements not later 

than July 1, 2003. 

1.2 SCOPE OF SURVEYS 

1.2.1 The provisions specifying the proce-

dure of survey conducted by the Register during 

the manufacture of the machinery and equipment, 

as well as the procedure of consideration and ap-

proval 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 manually driven machin-

ery. 
1.2.3 Prior to manufacturing of the machin-

ery, the following documents shall be submitted to 

the Register for approval: 
.1 on internal combustion engines: 

.1.1 engine particulars as per data sheet or 

specification; 
.1.2 general view plans with engine longi-

tudinal and transverse sections; 
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.1.3 drawings of bedplate, columns, engine 

bed, crankcase, cylinder block and other parts, cast 

or welded, with welding details and instructions 

including requirements for of pre- and postweld 

heat treatment of details, requirements for welding 

consumables, parameters and welding conditions; 
.1.4 assembly drawing of thrust bearing as 

well as thrust bearing casing, cast or welded, with 

welding details and instructions (if thrust bearing 

is integral with engine but not integrated in bed-

plate); 
.1.5 assembly drawing of cylinder cover; 

.1.6 drawing of the rods; 

.1.7 drawings of cylinder jacket or engine 

block as well as cylinder liner; 
.1.8 drawings of connecting rod, crosshead 

and rod; 
.1.9 drawings of crankshaft as an assembly 

and details; 
.1.10 drawings of counterweights including 

their fastening (if not integral with crankshaft); 
.1.11 drawing of thrust shaft or intermedi-

ate shaft (if integral with engine); 
.1.12 drawing of piston as an assembly; 

.1.13 drawings of shaft coupling bolts; 

.1.14 assembly drawing of camshaft and its 

drive; 
.1.15 specification of main details material 

with indication of test pressure values (where re-

quired); 
.1.16 drawings of securing engine structure 

to the foundation; 
.1.17 drawings of main piping and systems 

associated with engine: 
starting air, 

fuel oil system, 

lubricating oil system, 

cooling system, 

control, governing and protection 

systems, 

shielding and insulation of the gas 

exhaust pipes; 

.1.18 drawings of fuel injection pumps, 

nozzles, high pressure delivery fuel oil piping and 

their protection in case of damage, the documenta-

tion containing specification of the maximum 

allowable pressure, dimensions and materials of 

the fuel injection system parts, subject to high-

pressure action; 
.1.19 drawings of the crankcase safety 

valves and scavenging air manifold and their ar-

rangement as well as schematic layout of engine 

crankcase oil mist detection/monitoring and alarm 

system (having regard to 2.3.9.7 and 2.3.11); 
.1.20 strength calculations pertaining to 

machinery parts regulated by the Rules; 
.1.21 test program for prototype and pro-

duction models of engines; 
.1.22 engine operation and service manual 

containing the maintenance and repair require-

ments, and information on any tool and gauges, 

which shall be used during assembly and adjust-

ments while the above requirements are fulfilled; 
.1.23 drawing of the torsional vibration 

damper or anti-vibrator (if provided), description 

and operation manual; 
.1.24 drawings of camshaft gear and chain 

drive; 
.1.25 drawings of hydraulic system for en-

gine valve control; 
.1.26 where engines incorporate the elec-

tronic control system, the failure mode and effects 

analysis shall be submitted to demonstrate that the 

failure of electronic control system will not result 

in the loss of essential services for the operation of 

the engine and that operation of the engine will not 

be lost or degraded beyond the stated performance 

criteria of the engine; 
.2 on all other machinery regulated by the 

present part of the Rules except for internal com-

bustion 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, en-

gine 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, rods and 

pistons; 
.2.6 drawings of cylinder covers and cylin-

der liners; 
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.2.7 drawings of pinions, gear wheels and 

their shafts; 
.2.8 drawings of driving and driven parts of 

hydraulic gears, disengaging and flexible cou-

plings; 
.2.9 drawing of thrust block built in the ma-

chinery; 
.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 pip-

ing 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; 
.2.14 drawings of machinery hydraulic pip-

ing systems with hydraulic drives; 
.2.15 drawings of securing machinery struc-

ture 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 pres-

sure values (if required);  
.2.18 operation and service manuals; 

.2.19 test programs for prototype and pro-

duction models of machinery. 
1.2.4 Drawings of machinery parts listed in 

Table 1.2.4 but not mentioned in 1.2.3 are subject 

to agreement with the Register. 
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 XIII “Mate-

rials” and Part XIV “Welding”. 

Table 1.2.4 

Ser. 

No. 
Item Material 

Chapter of Part XIII 

“Materials” 

1 2 3 4 

1 Internal combustion engines 

1.1 Bedplate, crankcase, frames, thrust 

bearing casing, main bearing caps of 

suspended crankshafts 

Cast iron  

Cast steel  

Forged steel 

Rolled steel  

Aluminium alloy 

3.9, 3.10 

38 

37 

32 

52 

1.2 Cylinder block, cylinder covers, valve 

housings 

Cast iron  

Cast steel 

  Forged steel 

3.9, 3.10 

38 

37 

1.3 Cylinder liners and their parts 

 

Cast iron  

Cast steel  

Forged steel 

3.9, 3.10 

38 

37 

1.4 Piston Cast iron  

Cast steel  

Forged steel  

Aluminium alloy 

3.9, 3.10 

38 

37 

52 

1.5 Piston rod, crossheads, gudgeon pins Forged steel 

 

37 

 

1.6 Connecting rod with crank bearing co-

vers 

Forged steel  

Cast steel 

38 

37 
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Table continued 1.2.4 

1 2 3 4 

1.7 Crankshaft, thrust shaft of the built-in 

thrust bearing 

Forged steel  

Cast steel  

Cast iron 

37 

38 

39 

1.8 Crankshaft detachable couplings Forged steel  

Cast steel 

37 

38 

1.9 Bolts and studs of the crossheads, main 

and connecting rod bearings, cylinder 

covers 

Forged steel 37 

 

1.10 Tie rods Forged steel 37 

1.11 Inlet and outlet valves Forged steel 37 

1.12 Connecting bolts of crankshaft sections Forged steel 37 

1.13 Supercharger — shaft and rotor includ-

ing blades (turbochargers and starting 

compressors (inclusive of Roots blow-

ers) except auxiliary blowers)  

Forged steel 

 

37 

1.14 Camshaft, camshaft drive gears Forged steel 37 

1.15 Speed governors and overspeed devices – – 

1.16 Safety valves of the crankcase (for en-

gines having a bore exceeding 200 mm) 

– – 

1.17 Counterweights if they are not integral 

with the crankshaft 

Forged steel 

Cast steel  

Cast iron 

37 

38 

39 

1.18 Main, connecting-rod, crank bearings – – 

1.19 High pressure fuel oil pumps – – 

1.20 Nozzles – – 

1.21 High-pressure oil fuel injection pipes Rolled steel 34 

2 Steam turbines 

2.1 Casings of turbines Cast iron  

Cast steel  

Rolled steel 

3.9, 3.10  

38  

33 

2.2 Manoeuvring gear casings, nozzle box-

es 

Cast steel 38 

2.3 Solid-forged rotors, shafts and disks Forged steel 37 

2.4 Blades Forged steel  

Cast steel 

37  

38 

2.5 Shrouds and lashing wire – – 

 

 

Table continued 1.2.4 

1 2 3 4 

2.6 Nozzles and diaphragms Cast iron  

Forged steel 

Cast steel 

3.9, 3.10  

37  

38 

2.7 Gland seals – – 
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2.8 Couplings Forged steel 

Cast steel 

37  

38 

2.9 Bolts for joints of rotor parts, split cas-

ings and couplings 

Forged steel 37 

3 Gears, elastic and disengaging couplings 
3.1 Casing Forged steel  

Rolled steel  

Cast steel  

Cast iron  

Aluminium alloy 

37  

32  

38  

3.9, 3.10  

52 

3.2 Shafts Forged steel 37 

3.3 Pinions, wheels, wheel rims Forged steel  

Cast steel 

37  

38 

3.4 Coupling components transmitting the 

torque:  

  

.1 rigid components Rolled steel  

Forged steel  

Cast steel  

Cast iron  

Aluminium alloy  

32  

37  

38  

39  

5.1, 5.2 

.2 elastic components Rubber, synthetic  

material 

Spring steel 

– 

3.5 Coupling bolts Forged steel 37 

4 Compressors and piston-type pumps 
4.1 Crankshaft Forged steel  

Cast steel  

Cast iron 

37  

38  

39 

4.2 Piston rod Forged steel 37 

4.3 Connecting rod Forged steel  

Cast iron  

Aluminium alloy 

37 

3.9, 3.10  

52 

4.4 Piston Cast iron  

Cast steel  

Forged steel  

Copper alloy  

Aluminium alloy 

3.9, 3.10  

38  

37  

4.2  

52 

4.5 Cylinder block, cylinder covers Cast iron  

Cast steel 

3.9, 3.10  

38 

4.6 Cylinder liner Cast iron 3.9, 3.10 

Table continued 1.2.4 

1 2 3 4 

5 Centrifugal pumps, fans and air blowers 

5.1 Shaft Rolled steel  

Forged steel 

32 

37 
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52 Impeller Cast steel  

Copper alloy  

Aluminium alloy 

38 

4.2 

52 

5.3 Casing Cast iron  

Cast steel  

Rolled steel  

Copper alloy  

Aluminium alloy 

3.9, 3.10 

38 

32 

4.2 

52 

6 Steering gear 
6.1 Tiller of main and emergency gear Forged steel  

Cast steel 

37 

38 

6.2 Rudder quadrant Cast steel 38 

6.3 Rudder stock yoke Forged steel 37 

6.4 Pistons with rods Forged steel  

Cast steel 

37 

38 

6.5 Cylinders Cast iron  

Steel tube  

Cast steel 

3.9, 3.10 

34 

38 

6.6 Drive shaft Forged steel 37 

6.7 Pinions, gear wheels, tooth rims Forged steel  

Cast steel  

Cast iron 

37 

38 

39 

7 Windlasses, capstans, mooring and towing winches 

7.1 Drive, intermediate and output shafts Forged steel 37 

7.2 Pinions, gear wheels, tooth rims 

 

Forged steel  

Cast steel  

Cast iron 

37 

38 

39 

7.3 Sprockets Cast steel  

Cast iron 

38  

3.9, 3.10 

7.4 Claw clutches Forged steel  

Cast steel 

37 

38 

7.5 Band brakes Rolled steel 32 

8 Hydraulic drives, screw, gear and rotary pumps 

8.1 Shaft, screw, rotor Forged steel 

Cast steel 

Copper alloy 

37 

38  

4.1, 4.2 

8.2 Rod Forged steel  

Copper alloy 

37  

     4.1 

8.3 Piston Forged steel 

Cast steel 

37  

38  

 

End of Table 1.2.4 

1 2 3 4 

8.4 Casing, cylinder and housing of screw 

pump 

Cast steel  

Cast iron  

Copper alloy 

38 

3.9, 3.10 

4.2 
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8.5 Pinions Forged steel  

Cast steel  

Cast iron  

Copper alloy 

37 

38 

3.9, 3.10 

4.1 

9 Centrifugal fuel and lubricating oil separators 

9.1 Bowl shaft Forged steel 37 

9.2 Bowl body, bowl discs Forged steel 37 

9.3 Drive pinions Forged steel  

Copper alloy 

37 

4.1 

10 Gas turbines 

10.1 Casings of turbines and compressors, 

diaphragms and combustion chamber 

casings 

Rolled steel  

Cast steel 

33 

38 

10.2 Rotors and discs of turbines Forged steel 37 

10.3 Rotors and discs of compressors Forged steel 37 

10.4 Blades Rolled steel  

Forged steel  

Cast steel 

33 

37 

38 

10.5 Compressor blades Forged steel 

Cast steel 

37 

38 

10.6 Shrouds and lashing wire – – 

10.7 Flame tubes of combustion chambers  Rolled steel 33 

10.8 Heat-exchanging surfaces of regenera-

tors  

Rolled steel 33 

10.9 Gland seals  – – 

10.10 Flanges of couplings  Forged steel  

Cast steel 

37 

38 

10.11 Bolts for joints of rotor parts, turbine 

and compressor split casings 

Forged steel 37 

    Note. The materials shall be selected in accordance with the requirements of 1.6. 

1.2.5 Rotors, shafts and disks of steam tur-

bines 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 ultra-

sonic testing during manufacture. 

Parts of internal combustion engines 

of steel are also subject to ultrasonic test-

ing during manufacture in accordance 

with the requirements of Table 1.2.5. 

Ultrasonic testing shall be carried 

out in accordance with the requirements 

of 2.2.9.2, Part XIII “Materials”. 

1.2.6 For the internal combustion engines 

the steel case and forged parts listed in Ta-

ble 1.2.6, 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. 

Table 1.2.5 

Ser. 

No. 

Cylinder 

bore, mm 

Part No. acc. to Ta-

ble 1.2.4 

1 Up to 400  

inclusive 

1.1, 1.2, 1.4, 1.6 and 

1.7 

2 Over 400 1.1, 1.2, 1.4–1.7 

The rubber blades of main and auxiliary tur-

bines, guide blades of main turbines and turbine 
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blades of gas turbine engines shall also be subject-

ed to the above testing. 

Table 1.2.6 

Ser. 

No. 

Cylinder 

bore, mm 

Part No. acc. to Ta-

ble 1.2.4 

1 Up to 400 

inclusive 

1.1, 1.5, 1.6 

2 Over 400 All parts 

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. 

1.3 HYDRAULIC TESTS 

        1.3.1 The machinery parts, with the excep-

tion of the internal combustion engine parts, oper-

ating under excessive pressure shall be subjected 

to a hydraulic test by a pressure test after final 

machining and before protective coating is ap-

plied. The hydraulic test pressure test, in MPa, is 

found by the formula 

рtest = (l.5 + 0.1k)p, (1.3.1) 

where p is working pressure, MPa; 

 k is factor taken from Table 1.3.1. 

In all cases, the value of test pres-

sure 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 Ta-

ble 1.3.1, the value of test pressure shall 

be approved by the Register in each case. 

1.3.2 The machinery parts and assemblies 

may be tested separately along the spaces by test 

pressures prescribed in compliance with the work-

ing pressures and temperatures inside each space. 

Table 1.3.1 

Material Characteristic 
Working temperature, °C, up to 

120 200 250 300 350 400 430 450 475 500 

1 2 3 4 5 6 7 8 9 10 11 12 

 

Carbon steel 
р, MPa – 20 20 20 20 10 10 10 – – 

k 0 0 1 3 5 8 11 17 – – 

Molybdenum and molybdenum-

chrome steel with at least 0.4% mo-

lybdenum content 

р, MPa – – – – 20 20 20 20 20 20 

k 0 0 0 0 0 1 2 3.5 6 11 

End of Table 1.3.1 

1 2 3 4 5 6 7 8 9 10 11 12 

 

Cast iron 
р, MPa 6 6 6 6 – – – – – – 

k 0 2 3 4 – – – – – – 

 

Bronze, brass and copper 
р, MPa 20 3 3 – – – – – – – 

k 0 3.5 7 – – – – – – – 

1.3.3 Parts of internal combustion en-

gines shall be tested according to the require-

ments specified in Table 1.3.3. 
1.3.4 The machinery parts and assem-

blies filled with petroleum products or their 

vapours (reduction gear casings, sumps, etc.) 

under hydrostatic or atmospheric pressure shall 

be tested for oil-tightness by the method ap-

proved by the Register.  
Oil-tightness tests of welded struc-

tures may be confined to welds only. 
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Table 1.3.3 

Item Test pressure1 

Cylinder cover, cooling space² 

Cylinder liner over the whole length of cooling space 

Piston crown, cooling space after assembly with the piston rod, if the 

latter forms a sealing 

0.7 MPa 

Cylinder block, cooling space  

Exhaust valve (body), cooling space  

Turbocharger, cooling space  

Exhaust piping, cooling space  

Coolers (from both sides)³   

Engine-attached pumps (lubricating oil, water, fuel booster, bilge) — 

working spaces  

 

 

 

0.4 MPa but at 

least  

1.5p 

 

Engine-attached compressors including cylinders, covers and air cool-

ers:  

   water side 

air side 

 

0.4 MPa but at 

least   

1.5p  

1.5р 

Casings of the high pressure fuel pumps (pressure side), fuel valves 

and fuel pipes 

1.5р or р + 

30 MPa, the lesser 

of two 

Scavenging pump cylinder 0.4 MPa 

Hydraulic system pumps and pipings, valve hydraulic drive cylinders 1.5р 

1 The above-stated norms may be changed for separate types of engine on agreement with the Regis-

ter.  

2 In the case of steel forged cylinder cover, hydraulic testing may be substituted by a survey using 

non-destructive testing methods and by submitting detailed data on thickness and dimensions. 
             3 Air coolers of turbochargers shall be subjected to hydraulic test only from the water side. 

1.4 OPERATION TESTS 

1.4.1 Upon 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 ma-

chinery 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. 

1.5 GENERAL TECHNICAL RE-

QUIREMENTS 

1.5.1 Machinery indicated in 1.1 

shall remain operative under environ-

mental conditions specified in 2.3, 

Part VII “Machinery Installations”. 

1.5.2 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 
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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 XIII “Materials” 

and 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. 
1.5.5 The heated surfaces of machinery and 

equipment shall be insulated according to the re-

quirements of 4.6, Part VII “Machinery Installa-

tions”. 
1.5.6 The machinery parts that are in 

contact with a corrosive medium shall be 

made of an anti-corrosive material or 

shall have corrosion-resistant coatings. 

Sea water cooling spaces of engines 

and coolers shall be provided with pro-

tectors. 

1.5.7 The remote and automatic con-

trol and protection systems, the warning 

alarms included, shall comply with the 

requirements specified in Part XV “Au-

tomation”. 

1.5.8 Pumping and piping of ma-

chinery shall comply with the relevant 

requirements of Part VIII “Systems and 

Piping”. 

1.5.9 Electrical equipment of en-

gines and auxiliaries shall comply with 

the relevant requirements of Part XI 

“Electrical Equipment”. 

1.6 MATERIALS AND WELDING 

1.6.1 Materials intended for manu-

facture of the machinery parts stated in 

column 4 of Table 1.2.4 shall comply 

with the requirements of the appropriate 

chapters of Part XIII “Materials”.  

Materials of parts stated in 

items 1.13, 2.5, 2.7 to 2.9, 3.4, 3.5, 5.3, 

6.3 to 6.5, 7.3 to 7.5, 8.1 to 8.5, 9.1 to 

9.3, 10.6, 10.8 to 10.11 of Table 1.2.4 

may be also selected according to the 

standards. In this case, the use of materi-

als is subject to agreement with the Reg-

ister 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 sub-

ject 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 Ta-

ble 1.6.2. 

Table 1.6.2 

Ser. 

No. 

Cylinder 

bore, mm 

Part No. acc. to Ta-

ble 1.2.4 

1 
Up to 300 

inclusive 

1.1, 1.5, 1.6, 1.9 

2 

From 301 

to 400 in-

clusive 

1.1, 1.2, 1.3, 1.5, 1.6, 

1.8, 1.9, 1.11, 1.13 

3 Over 400 
All parts from 1.1 to 

1.13 

At the discretion of the Register the 

survey may also be required during man-

ufacture of pipes and valves of the pres-

sure systems associated with the engine. 

1.6.3 When the alloy steels, includ-

ing heat resistant, high temperature oxi-

dation resistant and high strength steels, 

or alloy cast iron is used for the machin-

ery 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 
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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 re-

quire to submit the information on the 

material fatigue limit at the design tem-

perature. 

1.6.5 Spheroidal or nodular graphite 

cast iron is allowed for use up to the tem-

perature 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”. 

2. INTERNAL COMBUSTION ENGINES 

2.1 GENERAL INSTRUCTIONS 

2.1.1 The requirements of the pre-

sent Section are applicable to all internal 

combustion engines of power output 

55 kW and above. 

Application of these requirements to 

the internal combustion engines of power 

output less than 55 kW is subject to spe-

cial consideration by the Register in each 

case. 

The requirements for dual-fuel in-

ternal combustion engines are specified 

in Section 9. 9. 

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 de-

veloped by the Register. 

2.2 GENERAL REQUIREMENTS 

2.2.1 The engines shall be capable 

of working with an overload exceeding 

the rated power by at least 10% for not 

less than one hour. 

2.2.2 The engines intended to be 

used as main engines shall also comply 

with the requirements of 2.1, Part VII 

“Machinery Installations”. 

2.2.3 Irregularity of speed of a. c. 

diesel generating sets intended for paral-

lel operation shall be such that the ampli-

tude of angle oscillations of the generator 

shaft does not exceed 3.5°/P, where P is 

the number of pairs of generator poles. 

2.2.4 The crosshead-type engines, 

which scavenge spaces are in open con-

nection with the cylinders, shall be pro-

vided with the fire extinguishing system 

approved by the Register, which is entire-

ly separate from the fire extinguishing 

system of the engine room (refer to Ta-

ble 3.1.2.1, Part VI “Fire Protection”). 

The scavenge spaces of the main 

engines in ships with unattended machin-

ery 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 in-

tended as emergency units shall be pro-

vided 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 lubri-

cating oil filters, as well as with monitor-
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ing equipment, alarm and protective de-

vices as required for prime movers of the 

main sources of electrical power when in 

unattended operation. 

 Along with that, their oil fuel sup-

ply tanks shall be fitted with a low level 

alarm arranged at a level ensuring suffi-

cient oil fuel capacity for the emergency 

services (refer to 13.8.5, Part VIII “Sys-

tems and Piping”). 

Besides, such engines shall be de-

signed for continuous operation and shall 

be subjected to a planned maintenance 

scheme ensuring that it is always availa-

ble 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 “Ma-

chinery Installations”. 

2.2.8 In the crankshaft speed range 

(0–1.2) nr, where nr 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 In-

stallations” 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 Installa-

tions”) is prevented. 

2.2.10 Where special tools and 

gauges are required for maintenance pur-

poses in compliance with 1.2.3.1.22, 

these shall be supplied by the manufac-

turer.  

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 lubrica-

tion) are performed by means of hydrau-

lic (pneumatic) systems controlled by 

programmable electronic devices upon a 

signal from the crankshaft-position sen-

sor, a single failure of any component of 

the electronic control system shall not 

result in the loss of manoeuvrability or in 

spontaneous stoppage of the engine (refer 

to 1.2.3.1.26). 

2.3 ENGINE FRAME 

2.3.1 The mating surfaces of the 

frame parts forming the engine crankcase 

shall be close-fitting and oil- and gas-

tight as well as be fixed together by 

means of calibrating pieces. 

2.3.2 The engine frame and conju-

gated parts shall be provided with drain-

ing arrangements (drain grooves, pipes, 

etc.) and other facilities preventing pene-

tration of fuel and water into the circulat-

ing oil. 

The cooling spaces of the cylinder 

blocks shall be fitted with drain arrange-

ments providing complete drainage. 

2.3.3 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. 

2.3.4 Protection of internal com-

bustion engines against crankcase ex-

plosions. 
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2.3.4.1 Crankcase construction and 

crankcase doors shall be of sufficient 

strength to withstand anticipated crank-

case pressures that may arise during a 

crankcase explosion taking into account 

the installation of explosion relief valves 

required by 2.3.5.  

Crankcase doors are to be fastened 

sufficiently securely for them not to be 

readily displaced by a crankcase explo-

sion. 

2.3.4.2 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 m³ (consider-

ing 2.3.5.2 and 2.3.5.3). 

2.3.4.3 Scavenge spaces in open 

connection to the cylinders shall be fitted 

with explosion relief valves. 

2.3.4.4 Design, arrangement and lo-

cation of explosion relief valves shall 

comply with the requirements of 2.3.5. 

2.3.4.5 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 venti-

lation shall be provided in accordance 

with 9.3.2.  

2.3.4.5.1 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 flame-arresting devices and ar-

ranged so as to prevent water from get-

ting into engine. 

Ventilation pipes shall be laid to the 

weather deck to locations preventing the 

suction of vapours into accommodation 

and service spaces. 

For engines with power output up to 

750 kW suction of gas from the crank-

case 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. 

2.3.4.5.2 If a forced 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. 

2.3.4.5.3 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 independ-

ent of any other engine. 

2.3.4.6 Lubricating oil drain pipes 

from the engine sump to the drain tank 

shall be submerged at their outlet ends. 

Crankcase drain outlets shall be fit-

ted with grates and grids preventing for-

eign objects from getting into the drain 

piping. 

 The above requirement is also ap-

plied to engines with dry crankcase.     

2.3.4.7 A warning notice shall be fit-

ted either on the control stand or, prefer-

ably, 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, suf-

ficient to permit adequate cooling after 

stopping the engine. 

2.3.4.8 Oil mist detection arrange-

ments (or engine bearing temperature 

monitors or equivalent devices) are re-

quired: 

.1 for alarm and slow down purposes 

for low speed diesel engines of 2250 kW 

and above or having cylinders of more 
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than 300 mm bore (refer also to Ta-

ble 4.2.10-1, Part XV “Automation”); 

 .2 for alarm and automatic shut-off 

purposes for medium and high speed die-

sel engine of 2250 kW and above or hav-

ing 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 Regis-

ter and comply with the requirements of 

2.3.4.9 and 2.3.4.20. 

Engine bearing temperature moni-

tors or equivalent devices used as safety 

devices shall be of a type approved by 

the Register for such purposes. 

Note. An equivalent device could be 

interpreted as measures applied to high-

speed engines where specific design fea-

tures to preclude the risk of crankcase 

explosions are incorporated. 

2.3.4.9 The oil mist detection system 

and arrangements shall be installed in 

accordance with the engine designer’s 

and oil mist detection arrangements man-

ufacturer’s instruc-

tions/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 detec-

tor; 

.2 evidence of study to justify the se-

lected location of sample points and 

sample extraction rate (if applicable) in 

consideration of the crankcase arrange-

ments 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 hav-

ing approved types of oil mist detection 

equipment. 

2.3.4.10 An engine installed on 

board ship shall be provided with a man-

ufacturer’s maintenance and test manual 

of oil mist detection arrangements ac-

cording to 2.3.4.9.  

The manual shall be developed by 

the manufacturer of the arrangements. 

2.3.4.11 Oil mist detection and 

alarm information shall be capable of 

being read from a safe location away 

from the engine.  

2.3.4.12 Each engine shall be pro-

vided with its own independent oil mist 

detection arrangement and a dedicated 

alarm. 

2.3.4.13 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 accord-

ance with test procedures approved by 

the Register. 

2.3.4.14 Alarms and shut-downs for 

the oil mist detection system shall be in 

accordance with the requirements of 

Part XV “Automation”. 

2.3.4.15 The oil mist detection ar-

rangements shall provide an alarm indi-

cation in the event of a foreseeable func-

tional failure in the equipment and instal-

lation arrangement. 

 2.3.4.16 The oil mist detection sys-

tem 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 
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will affect the reliability of the infor-

mation and alarm indication. 

   2.3.4.17 Where oil mist detection 

equipment includes the use of program-

mable electronic systems, the arrange-

ments are the matter of special considera-

tion by the Register. 

2.3.4.18 Plans showing details and 

arrangements of oil mist detection and 

alarm arrangements shall be approved by 

the Register. 

2.3.4.19 The equipment together 

with detectors shall be tested when in-

stalled 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. 

2.3.4.20 Where sequential oil mist 

detection arrangements are provided the 

sampling frequency and time shall be as 

short as reasonably practicable. 

2.3.4.21 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 shall be submitted for 

special consideration by the Register. In 

addition to 1.2.3.1.19, the following in-

formation shall be included in the details 

to be submitted for consideration: 

.1 engine particulars — type, power, 

speed, stroke, bore and crankcase vol-

ume; 

.2 details of arrangements prevent-

ing the build up of potentially explosive 

conditions within the crankcase, e. g.,  

bearing temperature monitoring, oil 

splash temperature, crankcase pressure 

monitoring and recirculation arrange-

ments; 

 .3 evidence to demonstrate that the 

arrangements are effective in preventing 

the build up of potentially explosive con-

ditions together with details of in-service 

experience; 

.4 operating instructions and the 

maintenance and test instructions.  

 2.3.4.22 Where it is proposed to use 

the introduction of inert gas into crank-

case to minimize a potential crankcase 

explosion, details of the arrangements 

shall be submitted to the Register for 

consideration. 

2.3.5 Engine crankcase explosion 

relief valves. 

2.3.5.1 Engines having a cylinder 

bore of 200 mm and above or a crankcase 

volume of 0.6 m³ and above shall be pro-

vided with crankcase explosion relief 

valves in accordance with 2.3.4.2, 2.3.5.2 

and 2.3.5.13 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 

crank throws, 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 crank throw, 

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 crank throw. 

2.3.5.2 The free area of each relief 

valve shall be not less than 45 cm2.  

2.3.5.3 The combined free area of 

the valves fitted on an engine shall be not 

less than 115 cm2 per 1 m3 of the crank-

case gross volume. In estimating the 

crankcase gross volume the stationary 

parts may be discounted (however, the 
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rotary and reciprocating components 

shall be included into the gross volume). 

2.3.5.4 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 in-

rush of air thereafter. 

2.3.5.5 The valve discs in crankcase 

explosion relief valves shall be made of 

ductile material capable of withstanding 

the shock of contact with stoppers at the 

full open position. 

2.3.5.6 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. 

2.3.5.7 Crankcase explosion relief 

valves shall be provided with flame ar-

resters that permits flow for crankcase 

pressure relief and prevents passage of 

flame following a crankcase explosion.  

2.3.5.8 Crankcase explosion relief 

valves shall be of type approved by the 

Register and be tested in a configuration 

that represents the installation arrange-

ments that will be used on an engine.  

2.3.5.9 Where crankcase explosion 

relief valves are provided with arrange-

ments 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. 

2.3.5.10 In a delivery set of crank-

case explosion relief valves a copy of the 

manufacturer’s installation and mainte-

nance manual shall be provided that is 

pertinent to the size and type of valve 

being supplied for installation on a par-

ticular engine. The manual shall contain 

the following information: 

.1 description of the valve with de-

tails of functional and design limits; 

.2 copy of Type Approval/Test Cer-

tificate; 

.3 installation instruction; 

.4 maintenance and in-service in-

structions including testing and replace-

ment of any sealing arrangements; 

.5 actions required after a crankcase 

explosion. 

The manual shall be developed by 

the manufacturer of the arrangements. 

2.3.5.11 A copy of the manual speci-

fied in 2.3.5.10 shall be kept on board 

ship together with the valve after its in-

stallation. 

2.3.5.12 Details of crankcase explo-

sion relief valves design and arrangement 

shall be submitted for the Register ap-

proval in addition to 1.2.3.1.19. 

2.3.5.13 Valves shall be provided 

with suitable marking including the fol-

lowing information: 

name and address of the manufac-

turer; 

designation and size; 

date of manufacture; 

approved installation orientation.   

  2.4 CRANKSHAFT 

2.4.1 The check calculation method 

as described below is applicable to solid-

forged and semi-built crankshafts of 

forged or cast steel intended for marine 

diesel engines having the cylinders either 

in line or in V-arrangement, with one 

crank throw between two main bearings. 

 Cast iron crankshafts may be ap-

proved on agreement with the Register, 

provided supporting calculations or ex-

perimental data are submitted. 



Part IX.  Machinery  449 

2.4.2 The outlets of oil bores into 

crank pins 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 re-

quested by the Register, shall submit 

documentation supporting his oil bore 

design. 

2.4.3 For the calculation of crank-

shafts, the documents and particulars 

listed in the following shall be submitted: 

crankshaft drawing, which shall con-

tain all dimensions required by the Chap-

ter; 

type designation and kind of engine 

(in-line engine or V-type engine with 

adjacent connecting rods, forked connect-

ing rod or articulated-type connecting 

rod); 

operating and combustion method 

(direct injection, pre-combustion cham-

ber, etc.);  

number of cylinders; 

rated power, kW; 

rated engine speed, min-1; 

sense of rotation (Fig. 2.4.3-1); 

 

Fig. 2.4.3-1. Fig. 2.4.3-1. Sense of crank-

shaft rotation: 
1 — counter-clockwise; 2 — clockwise; 3 — 

driving shaft flange 

firing order with the respective igni-

tion intervals and, where necessary, V-

angle αv, deg. (refer to Fig. 2.4.3-1), 

cylinder bore, mm; 

stroke, mm; 

maximum cylinder pressure Pmax, 

MPa; 

charge air pressure, in MPa, before 

inlet valves or scavenge ports, whichever 

applies; 

nominal compression ratio; 

connecting rod length LH, 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 equidis-

tant intervals and integrally divisible by 

the V-angle, but not more than 5°; 

bending moments, shearing forces 

and torques (refer to 2.4.4.2, 2.4.5.1); 

details of crankshaft material:  

material designation (according to 

standards, etc.); 

chemical composition; 

tensile strength Rm, MPa; 

yield stress RеН, MPa; 

reduction in area at break, Z, %; 

elongation, A5, %; 

impact energy, KV, J; 

method of material melting process 

(basic oxygen furnace, open-hearth fur-

nace, electric furnace, etc.); 

type of forging (free form forged, 

continuous grain flow forged, drop 

forged, etc.; with description of the forg-

ing process); 

heat treatment; 

surface treatment of fillets, journals 

and pins (induction hardened, open flame 

hardened, nitrided, rolled, shot peened, 

etc. with full details concerning harden-

ing); 

surface hardness HV; 

hardness as a function of depth, mm;  

extension of surface hardening. 
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For engines with articulated-type 

connecting rod (refer to Fig. 2.4.3-2), the 

following details shall be submitted addi-

tionally: 

distance to link point LA, mm; 

link angle αN, deg.; 

connecting rod length LH, mm; 

articulated-type connecting rod 

length LN, mm.  

2.4.4 Calculation of alternating 

stresses due to bending moments and 

shearing forces. 

2.4.4.1 Assumptions. 
The calculation is based on a stati-

cally determined system, so that only one 

single crank throw 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). 

 

  

Fig. 2.4.3-2. Articulated-type connecting 

rod 

 

 

Fig. 2.4.4.1-1. Crank throw for in-line 

engine 

The nominal bending moment is taken as a 

moment with the bending lever (distance L1 for 

fillets and L2 for oil bore, for semi-built crank-

shafts with recess of crank pin exceeding the value 

of the radius of that crank pin fillet, the distance 

L1 is specified as shown on Fig. 2.4.6.1-2), due to 

the radial components of the connecting rod force.  
 

 

Fig. 2.4.4.1-2. Crank throw for en-

gine with 2 adjacent connecting rods 

For crank throws with two connect-

ing rods acting upon one crank pin the 

nominal bending moment is taken as a 

bending moment obtained by superposi-

tion of two bending moment loads ac-

cording to phase.  
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       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 crank pin for pins 

which do not overlap (refer to 

Fig. 2.4.6.1-2). 

2.4.4.2 Calculation of nominal al-

ternating bending and shearing stress-

es. 
  The maximum and minimum bend-

ing moment values MB max, MBO max, MB min 

and MBO min, as well as the maximum and 

minimum shearing force values Qmax and 

Qmin shall be submitted to the Register, 

determined by calculating the radial forc-

es acting upon the crank pin 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 МBN, in N·m, shall be deter-

mined as 

).( minmax2

1
BBBN MMM   

(2.4.4.2-1) 

The nominal alternating bending 

stress in fillets σBN, in MPa, shall be de-

termined by the formula 

310σ  e

eq

BN
BN K

W

M
, (2.4.4.2-2) 

where Weq = BW2/6 is equatorial moment of 

resistance related to cross-sectional area of 

web, mm3; 

  Ке is factor equal to 0.8 for 2-stroke 

engines and 1.0 for 4-stroke engines. 

В and М — refer to 2.4.6; 

The nominal alternating shearing 

stress in fillets QN, MPa, shall be deter-

mined by the formula 

,N

Q N e

Q
K

F
 σ          (2.4.4.2-3) 

Where QN is nominal alternating shearing 

force, N; 

 QN = ± 0.5(Qmax − Qmin); 

F is area related to cross-section of 

web, mm², F = BW.  

Nominal alternating bending stress 

in outlet of crank pin oil bore, BON, MPa, 

shall be determined by the formula 

310 ,ВОN

ВО N

М

We

 σ          (2.4.4.2-4) 

where МBON is nominal alternating 

bending moment at the outlet of crank pin of oil 

bore, Nm; 

         МBON = ± 0.5(MBO max − MBO min); 

         MBO is vector sum of alternating bending 

moments MBTO and MBRO due to tangential and 

radial force, respectively, N·m, MBO = (MBTO 

cosψ + MBRO sinψ); 

      Ψ is angle between oil bore and horizontal 

measured in the sense of rotation of the crankshaft 

(refer to Fig. 2.4.4.2), deg; 

      We is section modulus related to cross-section 

of axially bored crank pin, mm3,    
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  D and DBH refer to 2.4.6; 
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Fig. 2.4.4.2. Sectional view of the crank 

pin in way of oil bore 

2.4.4.3 Calculation of alternating bending 

stresses in fillets. 
The alternating bending stress in a 

crank pin fillet BH, in MPa, shall be de-

termined by the formula 

σBH = ± (αB σBN), (2.4.4.3-1) 

where αB is stress concentration factor for 

bending in crank pin fillet (for determination, refer 

to 2.4.6). 1.2.6 

The alternating bending stress in a 

journal fillet BG, in MPa, shall be deter-

mined by the formula 

BG = ± (В ΒΝ + βQ QN), (2.4.4.3-2) 

where βΒ is stress concentration factor for bending 

in journal fillet (for determination, refer to 2.4.6); 

  βQ is stress concentration factor for shearing 

(for determination, refer to 2.4.6). 

        2.4.4.4 Calculation of alternating 

bending stresses in outlet of crank pin oil 

bore. 

The alternating bending stress σBO, 

MPa, on the edge of crank pin oil bore 

shall be determined by the formula 

σBO= ± (γBσBON) (2.4.4.4) 

where γΒ is bending stress concentra-

tion factor in outlet of crank pin oil bore (for de-

termination of value refer to 2.4.6). 1.2.6 

2.4.5 Calculation of alternating 

torsional stresses. 

2.4.5.1 Calculation of nominal alter-

nating torsional stresses. 

        The calculation for nominal alternat-

ing 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 alter-

nating torques shall be ascertained for 

each crank throw and for the entire speed 

range by means of a harmonic synthesis 

of the forced vibrations from the 1st or-

der up to and including the 16th order for 

2-stroke cycle engines and from 0.5th 

order 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 transi-

ent response can be recorded with suffi-

cient accuracy. 

The nominal alternating torsional 

stress τN, in MPa, referred to crank pin or 

journal shall be determined by the formu-

la 

,10τ 3
p

Т
N

W

M
     (2.4.5.1) 

 where МТ is nominal alternating torque, N·m, to 

be determined by the formula 

  ; minmax ТТT MMM 
2

1
  

where MTmax, МТmin are extreme values of 

the torque with consideration of the mean torque, 

N·m;  

 Wp is polar moment of resistance related to 

cross-sectional area of bored crank pin or bored 

journal, in mm3, and determined by the formulae: 
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D, DBH and DBG refer to 2.4.6. 

2.4.5.2 Calculation of alternating 

torsional stresses in fillets. 

In the crank pin fillet, the alternating 

torsional stress τH, MPa, shall be deter-

mined by the formula 

  τH = ± (αT τN), (2.4.5.2-1) 

where αT is stress concentration factor for torsion 

in crank pin fillet (for determination, refer to 

2.4.6).   1.2.6 

In the journal fillet, the alternating 

torsional stress τG, in MPa, shall be de-

termined by the formula 

τG = ± (βT τN), (2.4.5.2-2) 

where βT is stress concentration factor for torsion 

in journal fillet (for determination, refer to 2.4.6).  

1.2.6 

      2.4.5.3 Calculation of alternating tor-

sional stresses in outlet of crank pin oil 

bore. 

The alternating torsional stress σBO, 

MPa, on the edge of crank pin oil bore 

shall be determined by the formula 

σТО= ± (γТ τN) (2.4.5.3) 

where γТ is torsional stress concentration 

factor in outlet of crank pin oil bore (for determi-

nation of value refer to 2.4.6); 1.2.6 

2.4.6 Calculation of stress concen-

tration factors. 

2.4.6.1 Where the stress concentra-

tion factor cannot be furnished by relia-

ble measurements the values may be 

evaluated by means of the formulae ac-

cording to 2.4.6.2, 2.4.6.3 and 2.4.6.4 

applicable to the fillets and outlets of 

crank pin oil bores of solid-forged web-

type crankshafts and to the crank pin fil-

lets of semi-built crankshafts only. 

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. 

For the calculation of stress concen-

tration factors in crank pin and journal 

fillets and for outlet of the crank pin oil 

bore, the following related dimensions 

will be applied: 

s = S/D when s ≤ 0.5; 

w = W/D when 0.2 ≤ w ≤ 0.8 and ТН ≤ RН; 

w = Wred/D when 0.2 ≤ w ≤ 0.8 and ТН >RН; 

 

 

 

 

 



 Rules for the Classification and Construction of Sea-Going Ships 454 

 

Fig. 2.4.6.1-1 Crank dimensions necessary for the calculation of stress concentration 

factors: 
D is crank pin diameter, mm; DBH is diameter of bore in crank pin, mm; RH is fillet radius of crank 

pin, mm; ТH is recess of crank pin, mm; DG is journal diameter, mm; DBG is diameter of bore in jour-

nal, mm; DО is diameter of oil bore in crank pin, mm; RG is fillet radius of journal, mm; ТG is recess of 

journal, mm; E is eccentricity, mm; S is pin overlap, mm; S = (D − DG)/2 − E; W, В is web thickness and 

width, mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.4.6.1-2 Crank dimensions without web overlap necessary for calculation of 

stress concentration factors at ТН > RН: 

 Wred — design thickness of web, mm; Wred = Wred − ТН + RН

DО  
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b = B/D when 1.1 ≤ b ≤ 2.2; 

dG = DBG/D when 0 ≤ dG ≤ 0.8; 

dH = DBH/D when 0 ≤ dH ≤ 0.8; 

dO = DO/D when 0 ≤ dO ≤ 0.2; 

tH = TH/D; tG = TG/D; 

for crankpin fillets  

r = RH/D when 0.03 ≤ r ≤ 0.13; 

for journal fillets  

r = RG/D when 0.03 ≤ r ≤ 0.13. 

The factor ft, which accounts for 

the influence of a recess in the fillets 

is not considered if ft< 1 (ft = 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.  

         2.4.6.2 Crank pin fillet.  

The stress concentration factor 

for bending αB is determined by the 

formula 

            ,69142 tfdfdfrfbfwfw,sf, HGB 

         (2.4.6.2-1) 

where

 f (s, w) = −4.1883 + 29.2004w − 77.5925w2 

+ 

+ 91.9454w3 − 40.0416w4 + (1 − s)(9.5440 − 

− 58.3480w + 159.3415w2 − 192.5846w3 + 

+ 85.2916w4) + (1 − s)2(−3.8399 + 25.0444w

 − 

− 70.5571w2 + 87.0328w3 − 39.1832w4), 

 f(w) = 2.1790w0.7171,  

 f (b) = 0.6840 − 0.0077b + 0.1473b2,  

 f(r) = 0.2081r (−0.5231),  

 f(dG) = 0.9993 + 0.27dG − l.0211 2
Gd  + 

0.5306 3
Gd , 

 f(dH) = 0.9978 + 0.3145dH − l.5241 2
Hd

 + 2.4147 3
Hd , 

 ft = 1 + (tH + tG)(1.8 + 3.2s). 

 

The stress concentration factor for 

torsion shall be determined by the formu-

la 

αT = 0.8f(r, s) f(b) f(w), (2.4.6.2-2) 

where f(r, s) = r (−0.332 +  0.1015(1−s)), 

 f(b) = 7.8955 − 10.654b + 5.3482b2 − 0.857b3, 

 f(w) = w(−0.145). 

2.4.6.3 Journal fillet. 

The stress concentration factor 

for bending βΒ shall be determined by 

the formula 

 1-3642,)()(

)()()()(71462

...fdfdf

rfbfwfws,f,

  
tHBGB

BBBBB



β

 

where

 fΒ(s, w) = −1.7625 + 2.9821w − l.5276w2 + 

+ (l − s)(5.1169 − 5.8089w + 3.1391w2) + 

+(1 − s)2 × (−2.1567 + 2.3297w − 1.2952w2), 

 fΒ (w) = 2.2422w0.7548,  

 fΒ (b) = 0.5616 + 0.1197b + 0.1176b2,  

 fΒ (r) = 0.1908r(−0.5568), 

 fΒ (dG) = 1.0012 − 0.6441dG + 1.2265
2

G
d ,  

 fΒ(dH) = 1.0012 − 0.1903dH + 0.0073
2

H
d , 

 ft = 1 + (tH + tG)(1.8 + 3.2s). 

The stress concentration factor for 

shearing βQ is determined by the formula 

β Q = 3.0128f 

Q(s) fQ(w) fQ(b) fQ(r) fQ(dH) ft, 

(2.4.6.3-2) 

where fQ 

(s) = 0.4368 + 2.1630(l − s) − 1.5212  
(1 − s)2,  

         fQ (w) = w/(0.0637 + 0.9369w),  

 fQ (b) = −0.5 + b,  

 fQ (r) = 0.5331r(−0.2038),  

 fQ (dH) = 0.9937 − 1.1949dH + 1.7373 2
Hd , 

 ft = 1 + (tH + tG)(1.8 + 3.2s).  
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The stress concentration factor for 

torsion βΤ is: 

  βΤ = αΤ, (2.4.6.3-3) 

if the diameters and fillet radii or crank 

pin and journal are the same and  

 βΤ = 0.8f(r, s) f(b) f(w), (2.4.6.3-4) 

if crank pin 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 = RG/DG. 

       2.4.6.4 Outlet of oil bore. 

The stress concentration factor for 

bending γΒ shall be determined by the 

formula 

   γΒ = 3 − 5.88dO + 34.6dO².   (2.4.6.4-1) 

The stress concentration factor for 

torsion γΤ shall be determined by the 

formula 

 γΤ = 4 − 6dO + 30 dO².  (2.4.6.4-2) 

2.4.7 Additional bending stresses. 

In addition to the alternating bend-

ing stresses in fillets (refer to 2.4.4.3) 

further bending stresses due to misalign-

ment and bedplate deformation as well as 

due to axial and bending vibrations shall 

be considered by applying σadd, as given 

in Table 2.4.7. 

For crosshead type engines the addi-

tional stress (30 MPa) includes stress due 

to axial vibrations (20 MPa) and stress 

due to misalignment and bedplate defor-

mation (10 MPa). 

Table 2.4.7 

Type of engine σadd, MPa 

Crosshead ± 30 

Trunk piston ± 10 

It is recommended that a value of 

20 MPa be used where axial vibration 

calculation results of the complete dy-

namic system (en-

gine/shafting/gearing/propeller) are not 

available.  

Where axial vibration calculation re-

sults of the complete dynamic system are 

available, the calculated figures may be 

used instead.  

2.4.8 Calculation of equivalent al-

ternating stresses. 
For the crank pin fillet, the equiva-

lent alternating stress σVH, in MPa, shall 
be determined by the formula 

  ,τ3σσσ 22
HaddBHVH      

 (2.4.8
-1) 

          for the journal fillet, the equivalent 
alternating stress σVG, in MPa, shall be 
determined by the formula 

  .τ3σσσ 22

GaddBGVG   ,

(2.4.8-2) 

for the outlet of crank pin oil bore, 

the equivalent alternating stress σVO, in 

MPa, shall be determined by the formula 

 
21

[1 2 1 2,25 / ]
3

VO ВО TO BO       , 

(2.4.8-3) 
 

For other parameters, refer to 
2.4.4.3, 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 re-
liable measurements, the fatigue 
strength σDWH, σDWG, and σDWO, in 
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MPa, may be evaluated by means of 
the following formulae: 

for the crank pin diameter 

  0,2
σ 0,42 39,3 (0,264 1,073

785 196 1
) , (2.4.9 1)

4900

DWH

H

m

m

m

K R D

R

R R

   


  

         for the journal diameter 

  0,2
σ 0,42 39,3 (0,264 1,073

785 196 1
) , (2.4.9 2)

4900

DWG G

G

m

m

m

K R D

R

R R

   


  

         for the crank pin on the edge of 
the crank pin oil bore 

  0,2
σ 0,42 39,3 (0,264 1,073

785 196 2
) , (2.4.9 3)

4900

DWO G

O

m

m

m

K R D

R

R D

   


  

where К is 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.  

Rm is tensile strength of crankshaft material, 

MPa. 

For other parameters refer to 2.4.6.1. 

However, it shall be considered that for 

calculation purposes RH, RG and DO/2 

shall not be taken less than 2 mm. 

Where the results of the fatigue tests 

conducted on full size crank throws or 

crankshafts, which have been subjected 

to surface treatment are available, the К 

factors shall be used based on the tests. 

In each case the experimental values 

of fatigue strength testing carried out 

with full size crank throws or crankshafts 

are subject to special consideration by the 

Register in each case. The survival prob-

ability 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. 

2.4.10.1 All crank dimensions nec-

essary for the calculation of the shrink-fit 

are shown in Fig. 2.4.10.1. 

The radius of the transition from the 

journal to the shrink diameter shall not be 

less than the greater of the two values: 

RG ≥ 0.015DG and RG ≥ 0.5 (DS − DG). 

The actual oversize Z of the shrink-

fit shall be within the limits Zmin and Zmax 

calculated in accordance with 2.4.10.2 to 

2.4.10.4. 

The necessary minimum oversize is 

determined by the greater value calculat-

ed in accordance with 2.4.10.2 and 

2.4.10.3. 

 

Fig. 2.4.4.2. Fig. 2.4.10.1 Crank throw of 

semi-built crankshaft: 
DS — shrink diameter, mm; LS — length of 

shrink-fit, mm; DA — 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 ≥ 0.05DS. 

   Where y is less than 0.1DS, special con-

sideration shall be given to the effect of 
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stress due to the shrink on the fatigue 

strength at the crank pin fillet. (For other 

parameters refer to 2.4.6.1). For other 

parameters refer to 2.4.6.1.   

2.4.10.2 The calculation of the min-

imum oversize Zmin shall be carried out 

for the crank throw with the maximum 

torque MTmax (refer to 2.4.5.2) using the 

formula 

  

3

max

min

2 2

2 2

4 10

πμ

1
, (2.4.10.2)

1 1
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where Zmin is minimum oversize, mm; 

  SR is safety factor against slipping to be tak-

en not less than 2; 

 μ is coefficient for static friction equal to 

0.20 where LS/DS  0.40; 

 ЕM is Young’s modulus, MPa; 

  QA = DS/DA; QS = DBG/DS. 

2.4.10.3 In addition to 2.4.10.2 the 

minimum oversize Zmin, in mm, shall also 

be calculated according to the following 

formula 

Zmin ≥ RеНDS/EM, (2.4.10.3) 

where RеН is minimum yield stress of material for 

crank web, MPa. 

 

2.4.10.4 The maximum permissible 

oversize Zmax, in mm, is calculated in ac-

cordance with the following formula 

1000

8,0
max

S

M

SeH D

E

DR
Z  .     (2.4.10.4) 

2.4.11 Acceptability factor. 

Adequate dimensioning of a crank-

shaft is ensured if the acceptability fac-

tors (the ratio of the fatigue strength to 

the equivalent alternating stress) for both 

the crank pin and journal fillets as well as 

for outlet of crankcase oil bore satisfy the 

criteria: 

QH = σDWH/σVH ≥ 1.15, 

QG = σDWG/σVG ≥ 1.15, 

QО = σDWO/σVO ≥ 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 crank-

shafts, no keys or pins are permitted for 

joining a crank pin 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 VII “Machinery Installations”. 

2.5 SCAVENGING AND SUPER-

CHARGING 

2.5.1 The operation and manoeuvra-

bility of main engine shall be guaranteed 

in the case of failure of one or all turbo-

chargers under running conditions per-

mitted by the engine manufacturer (refer 

to 2.1.7, Part VII “Machinery Installa-

tions”). 

2.5.2 For main engines, which tur-

bochargers do not provide a sufficient air 
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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 nec-

essary degree of supercharging would be 

ensured. If one of the blowers of the aux-

iliary supercharging system fails, the oth-

er one that remains intact shall ensure the 

operation of the system. 

2.5.3 Where supercharging air is 

cooled, the scavenge manifolds shall be 

fitted with thermometers and condensate 

drain arrangements after each air cooler. 

2.5.4 Scavenge manifolds shall be 

provided with relief valves set for a pres-

sure exceeding that of scavenging air by 

not more than 50%. 

The free area of the relief valves 

shall not be less than 30 cm2 per cubic 

metre of the manifold volume including 

the volume of the under-piston spaces in 

crosshead engines fitted with diaphragms 

if these spaces are not used as scavenging 

pumps. 

2.5.5 Scavenge manifolds and un-

der-piston spaces shall be provided with 

draining arrangements for removing ac-

cumulations of sludge and water. 

2.5.6 The air intake pipes of engines 

and scavenging-and-supercharging units 

shall be fitted with safety gauzes. 

2.6 FUEL SYSTEM 

2.6.1 The fuel injection pumps or 

their prime movers shall ensure quick 

shutting off the fuel supply to any cylin-

der of the engine. Exemption from this 

requirement is allowed for engines with 

cylinders not over 180 mm in bore hav-

ing grouped fuel pumps. 

2.6.2 The high-pressure fuel oil in-

jection pipes shall be made from thick-

walled seamless steel pipes without 

welded or soldered intermediate joints 

(refer to item 1.21 of Table 1.2.4). 1.2.4 

2.6.3 External high-pressure fuel de-

livery 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 out-

er pipe, into which the high-pressure fuel 

pipe is placed, forming a permanent as-

sembly.  

The jacketed piping system shall in-

clude a means for collection of leakages 

and arrangements and shall be provided 

with an alarm in case of a fuel line fail-

ure. 

When in return piping the propul-

sion 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 fluc-

tuation or special means shall be provid-

ed to reduce it even to the point of disap-

pearance. 

2.6.5 For the main engine provision 

shall be made for an arrangement to limit 

the fuel supply by the rated power mode.  

2.7 LUBRICATION 

2.7.1 The lubricators supplying oil 

for lubricating the cylinders shall be fit-

ted with an arrangement enabling to con-

trol the amount of oil delivered to each 

point. To supervise the oil supply to all 

points to be lubricated, flow indicators 

shall be provided in position convenient 

for observation. 

2.7.2 Every union supplying lubri-
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cating oil to the two-stroke engine cylin-

ders, 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 gover-

nors with ball or roller bearings shall 

have independent lubricating oil systems. 

Departure from this requirement may be 

allowed only on special agreement with 

the Register. 

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. 

2.8 COOLING 

2.8.1 Where telescopic devices are 

employed for cooling pistons or for sup-

plying lubricating oil to moving parts, 

protection from hydraulic shocks shall be 

provided. 

2.9 STARTING ARRANGEMENTS 

2.9.1 The manifold supplying start-

ing 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 pro-

tect the starting air manifold from the 

effects of inner explosions is also admit-

ted (refer to 16.3.3, Part VIII “Systems 

and Piping”). 

2.9.2 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. 

2.9.3 The starting arrangements of 

electrically-started engines shall meet the 

requirements of 13.7, Part XI “Electrical 

Equipment”. Furthermore, it is recom-

mended to equip electrically-started en-

gines with engine-driven generators for 

automatic charging of the starting storage 

batteries. 

2.9.4 In emergency diesel genera-

tors, the starting system and drive motor 

characteristics shall comply with the re-

quirements of 16.1.8, Part VIII “Systems 

and Piping”, and 9.3.4.2, 9.5 and 

19.1.2.4.2, Part XI “Electrical Equip-

ment”. 

Emergency diesel generators shall 

be capable of being readily started in 

their cold condition at the ambient tem-

perature of 0 °C.  Emergency diesel gen-

erators shall be capable of being readily 

started in their cold condition at the am-

bient temperature of 0 °C. Where such 

starting is impractical or at lower temper-

atures at the space, provision shall be 

made for heating devices to ensure safe 

starting and taking up the load by the die-

sel 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 genera-

tors 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, provi-

sion shall be made to prevent broken pis-

ton rings and valves from entering the 

turbine casing. 

2.11 CONTROL, PROTECTION AND 

REGULATION 

2.11.1 The starting and reversing ar-

rangements 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 pow-

er-driven turning gear engaged. 

2.11.2 Each main engine shall have 

a speed governor so adjusted that the en-

gine speed cannot exceed the rated (nom-

inal) 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 control-

lable-pitch propeller, shall be provided 

with a separate overspeed device so ad-

justed that the engine speed cannot ex-

ceed the rated speed by more than 20%. 

The overspeed device shall be acti-

vated 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), 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 suf-

ficient 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 (Fig. 2.11.3.2) 

and provided that this is already allowed 

for in the designing stage. This shall be 

verified in the form of system specifica-

tions to be approved and to be demon-

strated at ship’s trials. In this case the 

power required for the electrical equip-

ment to be automatically switched on 

after black-out 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. Limiting curves for loading 4-stroke diesel engines step by step 

from no load to rated power as function of the brake mean effective pressure: 1 — 1st 

load step, 2 — 2nd load step, 3 — 3rd load step. 

.3 where AC generators operate in 

parallel within 20–100% of the total load, 

the load distribution between the genera-

tors shall be in proportion to their power 

and shall not differ by more than 15% 

from the design load for the greater gen-

erator or by more than 25% from the de-

sign load for the generator considered, 

whichever is less; 

.4 at all loads between no-load and 

100% 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 s; 

.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 stated in 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 en-

gine 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 2.11.2. 

2.11.4 The characteristics of the 

speed governor for the emergency gener-

ator driving engine shall meet the re-

quirements 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 step-

wise loading shall be demonstrated dur-
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ing sea trials of the ship. 

2.11.5 Provision shall be made for 

local and remote control of speed varia-

tion within −20... +10% of the nominal 

value. 

2.11.6 In addition to the speed gov-

ernor each driving engine stated in 2.11.3 

having a power 220 kW and above shall 

be fitted with a separate overspeed pro-

tective device so adjusted that the speed 

cannot exceed the rated speed by more 

than 15%. 

2.11.7 The overspeed protective de-

vice 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 require-

ments of this Subsection, electric (elec-

tronic) 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”. 

The electric (electronic) speed gov-

ernors shall be of an approved type. 

2.11.9 Protection system of main 

and auxiliary engines (refer to 1.1.1.5), 

apart from the overspeed protective de-

vice, shall provide complete cut-off the 

fuel when the pressure of lubricating oil 

in the system drops below the allowable 

value.  

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 start-

ing 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 tem-

perature); 

.6 lubricating oil temperature at en-

gine inlet; 

.7 pressure (or flow) in the fuel in-

jector cooling system (where the system 

is independent); 

.8 fuel temperature at fuel injection 

pump inlets (where the fuel requires heat-

ing); 

.9 pressure (or flow) in the inde-

pendent piston cooling system; 

.10 oil pressure in way of main bear-

ings where lubricating oil is supplied in-

dependently and in way of thrust bearing 

(for thrust bearings built in the engine); 

.11 lubricating oil pressure at cross-

head 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 turbo-

charger 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 sys-

tems 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 inde-
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pendent 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 turbo-

charger outlet; 

.20 supercharging receiver pressure; 

.21 supercharging air temperature 

behind air coolers; 

.22 exhaust gas temperature in front 

of turbochargers and behind them. 

Note. Depending on the structural 

features of the engines, changes may be 

introduced to the list of measuring in-

struments on agreement with the Regis-

ter. 

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 cool-

ing system or water temperature rise at 

engine outlet; 

.2 drop of lubricating oil level in the 

gravity tank of turbochargers; 

.3 rise of temperature of thrust bear-

ing built in the engine. 

2.12.3 The local control stations of 

main engines shall be equipped with in-

struments in accordance with 2.12.1.1 to 

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 meas-

uring crankshaft speed, and where disen-

gaging couplings are fitted, with an in-

strument for measuring propeller shaft 

speed as well. 

The local control stations of main 

reversible engines and engines with re-

verse-reduction gear shall be provided 

with indicators of the direction of propel-

ler shaft rotation. 

2.12.4 Local control stations of aux-

iliary 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 in-

strument for measuring the crankshaft 

speed. 

2.13 TORSIONAL VIBRATION 

DAMPER, ANTI-VIBRATOR 

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 fit-

ted 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 VII “Machinery Installa-

tions”. 

3. STEAM TURBINES  

3.1 GENERAL REQUIREMENTS 

3.1.1 The main geared turbine instal-

lation shall be capable of reversing from 

full speed ahead at the rated power to 

astern speed, and reversing in the oppo-
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site direction by using backsteam. 

3.1.2 The turbine installation intend-

ed for propulsion shall comply also with 

the requirements of 2.1, Part VII “Ma-

chinery Installations”. 

In multi-screw ships with a fixed-

pitch propeller a turbine installation of 

each shaft shall be provided with an 

astern turbine. 

3.1.3 Auxiliary turbines shall be 

started without preheating. 

3.1.4 In single screw ships fitted 

with cross compound steam turbines, the 

arrangement shall be such as to enable 

safe navigation when the steam supply to 

anyone of the turbines is required to be 

isolated.  

For this emergency operation pur-

pose the steam may be led directly to the 

L. P. turbine, and either the H. P. or M. P. 

turbine can exhaust direct to the conden-

ser. 

Adequate arrangements and controls 

shall be provided for these operating con-

ditions so that the pressure and tempera-

ture of the steam will not exceed those, 

which the turbine and condenser can safe-

ly withstand. 

All piping and valves of these ar-

rangements shall be readily available and 

properly marked. 

A fit up test of all combinations of 

pipes and valves shall be performed prior 

to the first sea trials. 

The permissible power/speeds when 

deactivating one of the turbines; appro-

priate information shall be provided on 

board. The operation of the turbines un-

der emergency conditions shall be as-

sessed for potential influence on shaft 

alignment and gear teeth loading condi-

tions.       

3.2 ROTOR 

3.2.1 The strength of rotor parts 

shall be calculated for maximum power, 

as well as for other possible loads at 

which stresses may rise to maximum 

values. 

Moreover, a check calculation of 

stresses shall be made for the rotor and 

parts thereof at a speed exceeding the 

maximum values by 20%. 

3.2.2 The critical speed of the rotor 

shall be in excess of the rated speed cor-

responding to the rated power by not less 

than 20%. 

The critical speed of the rotor may 

be reduced, provided there is an ample 

proof of the reliability of the turbine un-

der all operating conditions. 

3.2.3 Each new design of blading 

requires a calculation of vibration with 

subsequent verification of vibration 

characteristics by experiments. 

3.2.4 The construction of blade ten-

on with detachable part of the disc side 

and other similar constructions, which 

may cause considerable local loosening 

of the rim are not allowed. 

3.2.5 Completely assembled turbine 

rotors shall be dynamically balanced in a 

machine of sensitivity appropriate to the 

size and the mass of the rotor. 

3.3 CASING 

3.3.1 In cast steel turbine casings it 

is permitted for some cast elements and 

branches for connecting receivers, pipes 

and valves to be joined by welding. 

3.3.2 The connection of the astern 

turbine steam inlet branch with the tur-

bine casing shall not be rigid. 

3.3.3 Gaskets between the flanges of 

horizontal and vertical joints of turbines 

shall not be used. Planes of the joints are 

allowed to be coated with graphite paste 
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for the purpose of sealing. 

3.3.4 The diaphragms fixed in the 

turbine casing shall have a possibility of 

radial thermal expansion within permissi-

ble misalignment. 

3.3.5 The diaphragms shall be de-

signed for a load corresponding to the 

maximum pressure drop in the stage. The 

actual deflection of the diaphragms shall 

be less than that, which may cause touch-

ing of the discs or of the rotor shaft seal-

ing. 

3.3.6 The low pressure turbine cas-

ing shall be provided with openings for 

the inspection of blading in the last stag-

es.  

The turbines with built-in condensers 

shall be provided with openings for the 

inspection of the upper rows of condenser 

tubes, and, where possible, for access in-

side the condenser. 

    3.3.7 The turbine shall be so de-

signed as to allow lifting bearing caps 

without dismantling the turbine casing, 

ends of sealing arrangements and pipe-

lines. 

3.4 BEARINGS 

3.4.1 In main turbines sleeve bear-

ings shall be used. For turbines designed 

for quick starting when in cold condition, 

it is recommended to use bearings with 

self-aligning shells. 

3.4.2 Thrust bearings of the main 

turbines shall, as a rule, be of a single-

collar type. The use of bearings of other 

types shall be approved by the Register. 

The bearings loaded with specific 

pressure of more than 2 MPa are recom-

mended to be fitted with pivoted races or 

with devices for automatic equalization of 

pressure exerted on the pads. 

       3.4.3 The thickness of anti-friction 

lining of thrust bearing pads shall be less 

than the minimum axial clearance in the 

turbine blading, but not less than 1 mm. 

3.5 SUCTION, GLAND-SEALING AND 

BLOWING SYSTEMS 

3.5.1 The main turbine installation 

shall be provided with a steam suction 

and gland-sealing system, with automatic 

control of pressure of the sealing steam. 

In addition to automatic control, 

provision shall also be made for manual 

control of the steam suction and gland-

sealing system. 

3.5.2 Each turbine shall have a 

blowing system to ensure complete re-

moval of condensate from all stages and 

spaces of the turbine. 

      The blowing system shall be so ar-

ranged as to prevent the condensate from 

entering the turbines being at standstill. 

3.6 CONTROL, PROTECTION AND 

REGULATION 

3.6.1 Each main turbine installation 

shall be provided with a manoeuvring 

gear designed for control and manoeu-

vring purposes. 

Manoeuvring valves for turbine in-

stallation of 7500 kW and over shall be 

power-driven, emergency manual control 

of the valves shall be provided as well. 

3.6.2 The time required for resetting 

the controls of the turbine installation 

manoeuvring gear from full ahead to full 

astern or vice versa shall not be in excess 

of 15 s. 

The manoeuvring gear shall be so 

designed as to exclude the possibility of 

simultaneous steam supply both to the 

ahead and astern turbines. 

3.6.3 The main and auxiliary tur-
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bines shall be provided with overspeed 

devices acting on an automatic safety de-

vice (quick-closing stop valve) automati-

cally shutting off the admission of steam 

into the turbine when the rotor speed is in 

excess of the speed corresponding to the 

maximum power by 15%. 

The quick-closing stop valve shall be 

actuated by the overspeed device directly 

connected with the turbine shaft. An oil 

actuator receiving impulse from an impel-

ler directly driven by the turbine shaft 

may be used as an overspeed device. 

In case of turbine installations with 

several cylinders each turbine shaft shall 

be fitted with an overspeed device. 

The turbine installations intended for 

use in the plants incorporating reverse 

gear, controllable-pitch propeller or other 

arrangements disengaging the turbine 

from the shafting, in addition to the over-

speed device, shall be fitted with a speed 

governor limiting the turbine speed when 

the load is changed before the overspeed 

device is put into operation. 

The speed governors of auxiliary 

turbines intended for driving electric gen-

erators shall comply with the require-

ments of 2.11.32.11.7. 

3.6.4 Each turbine shall be fitted 

with a hand-operated device to shut off 

the steam in emergency by closing the 

quick-acting stop valve. 

In case of main turbine installation, 

this device shall be operated from two 

positions, one located on one of the tur-

bines and the other in the control station. 

In case of auxiliary turbine installa-

tion, this device shall be located adjacent 

to the overspeed device. 

3.6.5 The steam pipelines between 

the manoeuvring gear and nozzle box 

shall be of the volume as small as practi-

cable to eliminate impermissible over-

speed of the turbine when the quick-

closing stop valve is shut in emergency. 

3.6.6 In extraction turbines, bleed 

pipelines shall be fitted with non-return 

stop valves to automatically close simul-

taneously with the quick-closing valve. 

Where exhaust steam from auxiliary 

systems is led to the turbines of the main 

turbine installation, it shall be cut off in 

case of emergency operation of the 

quick-closing stop valve. 

3.6.7 The main turbine installations 

and turbines for driving electric genera-

tors in addition to the overspeed device 

shall be fitted with devices capable of 

automatically actuating the quick-closing 

stop valve and shutting off the admission 

of steam into the turbine in the following 

cases: 

.1 drop of the lubricating oil pres-

sure in the system below the value speci-

fied by the manufacturer; 

.2 rise of pressure in the condenser 

above the value specified by the manu-

facturer; 

.3 maximum shifting of rotor in any 

turbine incorporated in the propulsion 

turbine set. 

For main turbine installations shut-

ting off the steam supply to the ahead 

turbines in case of lowering of pressure 

in lubricating oil system shall not prevent 

the admission of steam to the astern tur-

bine. 

3.6.8 To prevent inadmissible rise 

of the lubricating oil temperature in any 

of the main turbine bearings, provision 

shall be made for a warning alarm sys-

tem. 

3.6.9 Safety valve or an equivalent 

arrangement shall be provided at the ex-

haust end of all turbines. 
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The safety valve discharge outlets 

shall be visible and suitably guarded if 

necessary. 

3.6.10 Efficient steam strainers shall 

be provided close to the inlets to ahead 

and astern high-pressure turbines or alter-

natively at the inlets to the manoeuvring 

valves. 

3.6.11 For main turbine installations 

a slow-turning device, which operates 

automatically, shall be provided. 

 Discontinuation of this automatic 

turning from the bridge shall be possible. 

3.7 CONTROL AND MEASURING 

INSTRUMENTS 

3.7.1 The main turbine installation 

control stations shall be fitted with in-

struments for measuring: 

.1 speed of the turbine shaft and 

shafting; 

.2 steam pressure and temperature 

after the manoeuvring valve, in the nozzle 

boxes of ahead and astern turbines, in the 

governing stage chamber, bleed mains 

and the suction and gland-sealing system; 

.3 outlet lubricating oil temperature 

in each bearing (the use of remote tem-

perature indicators does not eliminate the 

necessity of fitting local thermometers); 

.4 conditions of pre-starting, revers-

ing, stand-by keeping and bringing to 

prolonged inoperative state; 

.5 lubricating oil pressure in the 

pressure pipelines after the oil cooler; 

.6 vacuum in compliance with 

19.4.1.2, Part VIII “Systems and Piping”. 

3.7.2 Apart from the instruments 

specified in 3.7.1, the main turbine in-

stallation shall be provided with: 

.1 instruments for checking lubricat-

ing oil supply to each bearing; 

.2 indicators for determining the ax-

ial position of the rotor; 

.3 regular devices for measuring the 

wear of white metal of shells and seg-

ments of each journal and thrust bearing; 

.4 bridge gauges or other instru-

ments for checking vertical and horizon-

tal positions of each rotor; 

.5 instruments for checking the 

steam pressure and temperature under 

emergency conditions with any turbine 

cylinder being shut off. 

3.7.3 The auxiliary turbines for driv-

ing generators shall be fitted with in-

struments in compliance with 3.7.1. 

3.7.4 The turbine installation shall 

be fitted with the warning alarms for the 

following parameters: 

.1 drop of the lubricating oil pres-

sure in the lubricating oil system; 

.2 rise of the lubricating oil tempera-

ture at each bearing outlet; 

.3 rise of the lubricating oil pressure 

at the turbine installation inlet; 

.4 rise of the pressure in the conden-

ser; 

.5 axial shift of rotors. 

4. GEARS, DISENGAGING AND ELASTIC COUPLINGS 

4.1 GENERAL REQUIREMENTS 

4.1.1 The reverse-reduction gearing 

intended for propulsion shall also comply 

with the requirements of 2.1, Part VII 

“Machinery Installations”. 

4.1.2 Parts rotating at speeds 5 to 

20 m/s shall be statically balanced, while 

those rotating at speeds over 20 m/s shall 

be dynamically balanced.  
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The accuracy of dynamic balancing 

shall be determined on the basis of the 

formulae: 

v = 24,000/п for υ > 300 m/s; (4.1.2-1) 

v = 63,000/n for υ = 20 m/s, (4.1.2-2) 

where v is distance between the centre of 

gravity and the geometrical axis of rotation of the 

part concerned, μm;  

n is rotational speed, min-1; 

υ is peripheral velocity, m/s. 

For peripheral velocities between 20 

and 300 m/s, v shall be determined by 

interpolation. 

The rigid elements of couplings 

shall be balanced together with the parts 

they rigidly adjoin. 

4.1.3 The design of the main gearing 

shall provide an access to all bearings. 

The gear cases shall have a suffi-

cient number of sight openings with easi-

ly detachable covers for carrying out in-

ternal inspection. 

The sight openings shall be so ar-

ranged as to allow an inspection of the 

teeth over their full length and of the 

bearings inside the gearing. 

The application of this requirement 

to the planetary gear is subject to special 

consideration by the Register in each 

case. 

4.1.4 The gear cases shall be provid-

ed with venting arrangements. 

The vent pipes shall be led to the 

upper weather deck or other positions 

where uptake is provided. 

The ends of the vent pipes shall be 

fitted with flame-arresting devices and 

arranged so as to prevent water from get-

ting into the gearing. 

4.1.5 Where the main thrust bearing 

is housed in the gearing case, the lower 

part of the case shall have proper 

strengthening.  

4.2 GEARING 

4.2.1 General instructions. 

4.2.1.1 The requirements of the 

Chapter cover external and internal cy-

lindrical involute spur, helical and double 

helical gears and bevel gears with 

straight, tangent and circular arc teeth, 

operating with lubrication and intended 

both as components of: 

main propulsion plants (main gear-

ing); 

auxiliary machinery (auxiliary gear-

ing). 

The above requirements shall be sat-

isfied in the case of units with parallel 

and intersecting shaft gears and multipli-

ers of train and epicyclic type applied for 

one or more machine plants with any 

type of engine, and also for marine auxil-

iary drives.  

4.2.1.2 Epicyclic gear shall be fitted 

with equalizers.  

The rim of epicyclic wheel with 

more than 3 planetary pinions shall be 

flexible in the radial direction. 

4.2.2 Gears. 
4.2.2.1 The pinions of main gearing 

shall be manufactured from alloy steel 

with the ultimate tensile strength of 

620 MPa and above. 

 For auxiliary gears, both construc-

tional steels with lower physical and 

chemical properties and cast iron, bronze 

and non-metallic materials may be used.  

4.2.2.2 The hardness of pinion teeth 

shall be at least 15% greater than that of 

wheel teeth. This requirement does not 

apply to surface hardened gears (carbu-

rized, nitrided, face-hardened, etc.). 

4.2.2.3 Tooth fillet radius shall not 

be less than 0.3mn. 
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4.2.2.4 The strength of teeth and 

other pinion and wheel elements shall be 

proved by calculations. These calcula-

tions of steel gear teeth for the basic cri-

teria of durability (contact surface endur-

ance and bending endurance) and for 

depth strength (for gears with chemically 

and thermally hardened teeth and with a 

large module) shall be based on the re-

quirements of this Section. In some cas-

es, for high loads and speeds a calcula-

tion of the scuffing load capacity may be 

required.  

For high power gearing, gears rotat-

ing at speeds higher than 30 m/s, epicy-

clic main propulsion gears and kinemati-

cally sophisticated gears specific calcula-

tion technique may be permitted, subject 

to agreement with the Register. 

In cases of unique geometry, ar-

rangement or manufacture of the gearing, 

the Register may permit a departure from 

the serviceability criteria determined by 

the formulae to be found in this Section 

on condition relevant calculations or ex-

perimental data are submitted as substan-

tiation. 

4.2.2.5 Technical documentation on 

gears to be submitted to the Register shall 

cover the following parameters: 

type of gearing, engine and cou-

pling; 

ар — number of engagements;  

load spectrum; 

Т1 — torque of pinion at the maxi-

mum long-acting load, Nm. 

For gears, during the operation of 

which a possibility exists for an action of 

instantaneous maximum loads 

Т1max > KAT1 with a number of stress re-

versal cycles not in excess of 103 

throughout the service period, the maxi-

mum torque of pinion at the maximum 

load, T1max, in Nm, shall be additionally 

indicated; 

n1 — pinion rotational speed, min-1;  

mп — normal module, mm; 

z1, z2 — number of teeth of pinion 

and wheel; 

b1 and b2 — face width of pinion 

and wheel, mm; 

bw — active face width, mm; 

ha
* — addendum ref. to module; 

с* — bottom clearance ref. to mod-

ule; 

β — helix angle at reference cylin-

der, deg.; 

αn — normal pressure angle at refer-

ence cylinder, deg.; 

х1 and х2 — addendum modification 

coefficient of pinion and wheel; 

Q — grade of accuracy; 

ff — profile form error in accordance 

with current standards, μm; 

fpb — base pitch error in accordance 

with current standards, μm; 

F — total tooth alignment tolerance 

in accordance with current standards, 

μm; 

а0 — tip radius of tool, mm; 

hk — buckling height of protuber-

ance profile, mm; 

0 — protuberance angle, deg.; 

da0 — tip diameter of teeth of gear-

shaper cutter for manufacturing internal 

gearing, mm; 

Z0 — number of teeth of gear-shaper 

cutter; 

х0 — addendum modification coeffi-

cient of cutter; 

materials of pinion and wheel teeth; 

B1 and B2 — ultimate tensile 

strength of tooth core, MPa; 

T1 and T2 — yield strength of 

tooth core, MPa; 

Е1 and Е2 — modulus of elasticity of 
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the pinion and wheel teeth materials, 

MPa; 

1 and 2 — Poisson’s ratio of the 

pinion and wheel teeth materials; 

method of heat treatment of pinion 

and wheel teeth; 

Ra1 and Ra2 — arithmetic average 

roughness of the pinion and wheel con-

tact surface and root fillet, μm; 

HV1 and HV2 — Vickers hardness of 

the pinion and wheel contact surface; 

HB1 and HB2 — Brinell hardness of 

the pinion and wheel contact surface; 

HBС1 and HBС2 — Brinell hardness 

of the pinion and wheel teeth core; 

ht1 and ht2 — depth of core hardness 

of pinion, wheel, mm; 

ν40 and ν50 — kinematic oil viscosity 

at 40 °C and 50 °C, mm2/s. 

Besides general parameters, the ini-

tial data for bevel gearing shall include: 

tooth form in longitudinal section; 

1(w1), 2(w2) — pitch cone angle, 

deg.; 

mte — outer transverse module, mm; 

Rwe — outer pitch cone dis-

tance, mm; 

m — middle helix angle, deg. 

4.2.2.6 The nominal tangential load 

Ft, in N, is calculated by the equation 
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4.2.2.7 The gear shall satisfy the fol-

lowing conditions: 

 contact tooth surface endurance 

σH  σHp 

 and tooth bending endurance 

σF  σFp, 

where σH and σF — refer to 4.2.2.7.1, 

4.2.2.7.3; 

σHp and σFp — refer to 4.2.2.7.2, 4.2.2.7.4. 

The rated stresses for bevel gearing 

are determined by formulae for equiva-

lent cylindrical gearing. The parameters 

of the equivalent gearing for midsection 

are given in 4.2.2.7.6. 

For gears subjected to peak loads the 

following conditions shall be satisfied: 

statical strength of contact tooth sur-

face 

maxmax HPH   

 and statical tooth bending strength 

maxmax FPF  , 

where Hmax and Fmax — refer 4.2.2.7.1, 

4.2.2.7.3; 

 HPmax and FPmax — refer to 4.2.2.7.2, 

4.2.2.7.4. 

 

4.2.2.7.1 The rated contact stresses, 

in MPa, for the pinion and wheel teeth 
are calculated by the following formula 

 αβγσσ HHAHOH KKKK , (4.2.2.7-1) 

where σНО — refer to 4.2.2.7.1.1; 
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 КА — refer to 4.2.2.7.1.7; 
 Кγ — refer to 4.2.2.7.1.8; 

 К — refer to 4.2.2.7.1.9;  

 КН — refer to 4.2.2.7.1.10; 

 КН — refer to 4.2.2.7.1.11. 
 

 The rated maximum contact stresses, 

in MPa, for the pinion and wheel teeth are 

calculated by the formula 

αβγmaxmax σσ HHHOH KKK , 

where σHOmax — refer to 4.2.2.7.1.1. 

4.2.2.7.1.1. 

4.2.2.7.1.1 At nominal load, the contact 

stress for the pinion teeth is calculated by the 

equation 

  ud/uwZZZZZZ tEHBKHO 11 1  , 

(4.2.2.7-2) 

 for wheel teeth 

12
σσ HO

B

D

HO Z

Z
 , 

where 

w
t

b

F
w


 1 , 

 = 1 — for spur gears; 

 = 0.85 — for bevel gears; 
u = Z2/Z1 — gear ratio; 

Z1, Z2, bw — refer to 4.2.2.5; 
F1, d1 — refer to 4.2.2.6; 

ZВ (ZD) — refer to 4.2.2.7.1.2; 
ZH — refer to 4.2.2.7.1.3; 

ZE — refer to 4.2.2.7.1.4; 

Z — refer to 4.2.2.7.1.5; 

Z — refer to 4.2.2.7.1.6; 

 ZK = 1 — for cylindrical gears, 
 ZK = 0.85 — for bevel gears. 
 

In Formula (4.2.2.7-2) and later the above 

“+” sign is for external meshing, the below “” 
sign — for internal meshing. 

The maximum contact stresses at 
T1max, in MPa, for the pinion teeth are 

calculated by the formula 

  ud/uwZZZZZZ tEHBKHO 11max1   , 

 for wheel teeth 

1maxmax22
σσ HO

B

D

HO Z

Z
 , 

 where the parameters involved shall be cal-

culated at Ft = Ftmax, KA = 1.0 and Kv = 1.0. 
 

4.2.2.7.1.2 The factors ZB (ZD) 

are used for converting contact 

stresses at the pitch point to con-

tact stresses at the inner point of 

single-pair contact of a pinion 

(wheel) and they are determined 

as follows: 
for spur gears 

 

,

π2
1ε1

1

π2
1

αtg

1
α

2

1

1

2

2

2

2

2

























































Zd

d

Zd

d

MZ

b

a

b

a

tw
D

 

where α is determined by the 

Formula (4.2.2.7-13); 

when ZB < 1, ZB = 1; 

when ZD < 1, ZD = 1; 
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,

π2
1ε1

1

π2
1

αtg

2
α

2

2

2

1

2

1

1
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Zd

d

Zd

d

MZ

b

a

b

a

tw
B

 

for helical gears when   1 

ZB = ZD = 1; 

when  < 1  

ZB = M1  (M1 − 1)  1; 

ZD = M2  (M2 − 1)  1, 

where  is determined by the Formu-

la (4.2.2.7-14). 

The transverse pressure angle at 

working pitch cylinder tw is determined 

by the equation 

 

12

12 tgα2
αinvαinv

ZZ

xx n
ttw




 , 

(4.2.2.7-3) 

where inv  = tg  ; 

t = arctg (tgn/cos). 

Tip diameters of the pinion and 

wheel are calculated by the equations: 

for external gearing 

da1 = d1 + 2(h*
a + x1  y)mn, (4.2.2.7-4) 

da2 = d2 + 2(h*
a + x2  y)mm . (4.2.2.7-5) 

for internal gearing 

da1 = d1 + 2(h*
a + x1 + y  y02)mn,  

(4.2.2.7-6) 

da2 = d2  2(h*
a  x2 + y  kx2)mn, 

(4.2.2.7-7) 

where d1 is determined by the 

Formula (4.2.2.6-1) and  

 d2 = Z2 mt, (4.2.2.7-8) 

where mt is determined by the 

Formula (4.2.2.6-1); 

 

Coefficients of displacement  

y = x2  x1  y 

and the displacement taken 

y = (aw  a)/mn, 
where aw = a cos t/cos tw, (4.2.2.7-9) 

a = 0.5(Z2  Z1)mt. 

Coefficients of displacement 

y02 = x2  x0  y02 

and the displacement taken 

y02 = (aw02  a02)/mn, 

for cutter and wheel meshing 

aw02 = a02 cost/costw02, 

(4.2.2.7-10) 

a02 = 0.5(Z2  Z0)mt; 

 

n

n
ttw

xx

ZZ

tg2
invinv

2

02
02




 ; 

kx2 = 0 when x  2 and  

kx2 = 0.25  0.125x2 when 

x2  2. 
Base diameters of the pinion and 

wheel 

 db1 = d1cost; (4.2.2.7-11) 

 db2 = d2cost. (4.2.2.7-12) 

Transverse contact ratio 
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13)-(4.2.2.7
cos

sin

cos

5050 2
2

2
2

2
1

2
1

tt

tww

tt

baba

m

a

m

dd,dd,













 

 
 

and overlap ratio 

 
n

w

m

b






sin
. (4.2.2.7-14) 

4.2.2.7.1.3 The zone factor, 

which accounts for the tooth 

flank curvature, is determined 

by the following formula 

twt

b
HZ

αtgcos

cosβ2
2

 , 

where the helix angle at base cylinder is 

 nb  cossinarcsin . 

4.2.2.7.1.4 The elasticity fac-

tor, which accounts for the ma-

terial properties of the pinion 

and wheel material is, for all 

cases, equal to  













 







2

2
2

1

2
1 11

1

E

v

E

v
ZE . 

For steel gears 

(Е1 = Е2 = 2.06105 MPa, 1 = 2 = 0.3) 

ZE = 189.8 MPa0.5. 

 4.2.2.7.1.5 The contact ratio factor, 

which accounts for the total contact line, 

is determined by the following formulae: 

 for spur gears 

 
3

4 



Z , (4.2.2.7-15) 

 for helical gears when   1 

 














 1

3

4
Z , (4.2.2.7-16) 

 if   1 







1
Z .                (4.2.2.7-17) 

 4.2.2.7.1.6 The helix angle factor is 

 cosZ . 

 4.2.2.7.1.7 The factor КА, which 

accounts for externally generated over-

loads on the gearing, is chosen from Ta-

ble 4.2.2.7.1.7 in the absence of special 

procedures for its determination.  

For ships strengthened for ice navi-

gation, the factor КА for main gearing is 

determined as a product of КА, К’А, 

where К’А is obtained from Table 4.2.3.2. 

The maximum load T1max shall be 

determined by one of the following 

methods: 

 experimentally; 

 by dynamic calculation having re-

gard to elastic and dampening character-

istics of the system elements, on agree-

ment with the Register; 

 basing on technical documentation 

or testing data of devices restricting the 

limiting value of the torque to be trans-

mitted.  

        In the absence of the listed data, 

T1max value may be determined using the 

maximum load factor Kst max by the for-

mula 

effst TKT max1max1max  , 

where T1maxeff is maximum effective 
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torque delivered to the gearing from the 

engine or actuator (e. g. the maximum 

torque developed by a driving unit or the 

windlass shaft torque); 

 Kst max is maximum load factor obtained 

from Table 4.2.2.7.1.7. 

Table 4.2.2.7.1.7 

Type of 

gearing 
Type of 

engine 

Type of cou-

pling on input 

shaft 

KA Kst max 

Main 

gearing 

 

Electric 

motor Any 1 1.1 

Turbine 

ICE 

 

Hydraulic or 

equivalent 

1 1.1 

 

High-elastic 

(flexible) 

1.25  1.4 

 

Other  

type 

1.5 1.6 

Auxilia-

ry gear-

ing 

 

Electric 

motor 

Any 

 

1 1.1 

Turbine Any 1 1.1 

ICE Hydraulic 

or equivalent 

1 1.1 

High-elastic 

(flexible) 

1.2 1.3 

  Other type 1.4 1.5 

4.2.2.7.1.8 For multiple-path trans-

missions, the load sharing factor К, 

which accounts for the maldistribution of 

load among paths, is equal to 1.15.  

For double helical, high power main 

propulsion gearing the factor К shall be 

specified with due regard to the maldis-

tribution of load among helices of the 

gear.  

       In other cases, К = 1. 

 4.2.2.7.1.9 The value of factor K, 

which accounts for internal dynamic 

loading for spur gears is determined by 

the diagrams in Fig. 4.2.2.7.1.9-1, and for 

helical gears with   1 — by the dia-

grams in Fig. 4.2.2.7.1.9-2.  

         In these diagrams the numbers 3 to 

9 indicate the accuracy grade for opera-

tion smoothness specifications in accord-

ance with ISO 1328. 

 К can also be determined by the 

Formula  

1001 10 /vZKKv  , 

where К0 — from Table 4.2.2.7.1.9-1,  

 
19098

11nd
v    is peripheral velocity. 

 Table 4.2.2.7.1.9-1 

Accuracy 
grade Q 

3 4 5 6 7 8 9 

Spur 

gears 
0

.0
2
2
 

0
.0

3
0
 

0
.0

4
3
 

0
.0

6
2
 

0
.0

9
2
 

0
.1

2
5
 

0
.1

7
5
 

Helical 

gears 

0
.0

1
2
5
 

0
.0

1
6
5
 

0
.0

2
3
0
 

0
.0

3
3
0
 

0
.0

4
8
0
 

0
.0

7
0
 

0
.1

0
0
 

 

For helical gears with   1 

   KKKKv  

(4.2.2.7-18) 

where К and К are value of Кv acc. 

to Fig. 4.2.2.7.1.9-1 and Fig. 4.2.2.7.1.9-

2, which are determined for the same ac-

curacy grade. 

        For meshed gears with different ac-

curacy grade К is determined for the 

lower one. 

     The values of К are appropriate for 

all gear types if vZ1/100 < 3, and, also, 

when:  

        the wheels are of steel and their rims 

are of greater cross section;  

 F1/bw > 150 N/mm and Z1 < 50; 
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 the gear operates in sub-resonance zone 

(vZ1 / 100 < 14 — for helical gear and 

vZ1 /100 < 10 — for spur gear). 

          The factor К accounting for the 

internally generated dynamic loads in 

case where the pinion speed exceeds 

0.8nЕ1 shall be determined from Ta-

ble 4.2.2.7.1.9-2. 

 
Fig. 4.2.2.7.1.9-1. The value of К for 

spur gears 
 

 

Fig. 4.2.2.7.1.9-2. The value of К for 

helical gears (  1) 

         The value of К for bevel gears with 

tangent and circular arc teeth if v  1 and 

with straight teeth if  

  31/
100

221 uu
Z

vmt   m/s 

and in cases when steel wheels with disk 

thickness close to rim width, Z1 < 50 and 

  101/
100

221 uu
Z

vmt   m/s, 

where 
19098

11nd
v m

mt   

are determined by the formula 

  19)-(4.2.2.71
100

1

221

3
21

u/u
Z

vK
Kb/F

KK
K mt

eHt
v

A















  

The values of К1, К2, and К3 are taken 

from the Table 4.2.2.7.1.9-5.  

       If Ft /beH KA < 100 N/mm, then it is taken 

as 100 N/mm. 

 For bevel gears when  < 1 

K is determined by the Formula (4.2.2.7-

18), where К and К are corresponding 

values of К determined by the Formu-

la (4.2.2.7-19). 

Table 4.2.2.7.1.9-2 

Parameter Nota-

tion 

Method of determination 

1 2 3 

1. Resonance speed of pin-

ion (main resonance), min-1  

nE1 

redm

C

Z
nE








1

3

1

1030
 

 

 

 

 

main 

reso-

nance 
zone 

main 

resonance 
zone 
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.1 average specific trans-

verse stiffness of a gear 

pair N/(mmμm) 

С by the Formula (4.2.2.7-21) 

.2 specific normal stiffness 

of a gear pair N/(mm μm) 

С C = C/(0.75 + 0.25) 

.3 reduced mass, kg/mm mred 

   

   
w

bb

bb
red

b

/d/d

/d/d
m

1

22

22

2

2

2

2

1

1

2

2

2

2

1

1













 , 

where 1 and 2 are mass moments of inertia about 

axis of rotation of the pinion and gear, kgmm2. 

 For approximate calculations, the reduced mass may 

be determined from the formula 

mred = 3.2510−6 2
2d /(u2 + 1). 

If an additional mass is added to the pinion with a 

moment of inertia of  times greater than that of the 

pinion    

mred = 3.25.10−6
2
2d (1 + )/(u2 + 1 + ). 

Table continued 4.2.2.7.1.9-2 

1 2 3 

2. Actual speed to resonance 

speed ratio 
n1/nЕ1  




 

1

1
10253

2

2
26

u

d
,mred . 

Depending on the ratio n1/nE1 4 zones are identified: 

a) n1/nE1 < 0.85 — sub-critical zone determined ac-

cording to 4.2.2.7.1.9; 

b) 0.85  n1/nE1  1.15 — critical zone determined 

according to item 3 of this Table; 

c) 1.15 < n1/nE1 < 1.5 — intermediate zone deter-

mined according to item 5 of the Table;      

d) n1/nE1  1.5 — supercritical zone determined ac-

cording to item 4 of the Table. 

3. Factor accounting for the 

dynamic loads generated in 

the critical zone 

Кv By the formula 

kvfvpvv BCBCBCK 4211  , 

where С, С2 and С4 are determined from the Ta-

ble 4.2.2.7.1.9-3 
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.1 factor accounting for pitch 

error, running-in and tooth 

loading influence 

Bp By the formula       

 
  




KKbF

yfC
B

Awt

pb
p

/

'
, 

where fpb — is pitch error (if not specified, the per-

missible value of fpbr shall be taken), μm; 

ya is reduction in pitch error due to running-in, μm, 

determined according to 4.2.2.7.1.11. 

.2 factor accounting for pro-

file error, running-in and 

tooth loading influence 

Вf 

By the formula 
 

  




KKb/F

yf'C
B

Awt

f
f , 

where ff is profile error (if not specified, the permis-

sible value of ffr shall be taken), μm. 

.3 factor accounting for tip 

relief influence 

Bk 

By the formula 
  


KKb/F

C'C
B

Awt

a
k 1 , 

where Са = 1.5 + [(σ/97 − 18.45)2/18] 

N o t e .  I f  g e a r s  a r e  m a d e  o f  d i f f e r e n t  

m a t e r i a l s ,  t h e n     221 /CCC aaa   

4. Factor accounting for dy-

namic loads generated in the 

sub-critical zone  

К By the formula 765 vfvpvv CBCBCK  , 

where Сv5, C6 and C7 are determined from the 

Table 4.2.2.7.1.9-3 and Table 4.2.2.7.1.9-4 

5. Factor accounting for dy-

namic loads generated in the 

intermediate zone  

К К is determined by linear interpolation between the 

values in the critical zone for n1 = 1.15nE1 according 

to item 3 of this Table and in the supercritical zone 

for n1 = 1.5nE1 according to item 4 of this Table: 

 
 

 




































1

1151

1

1151

151

51
350

51
350

11

11

11

E

E

n

n
,

,

K

n

n
,

,

K
KK

n,nv

n,nv

n,nvv

 

Table 4.2.2.7.1.9-3 

Factor 
Total contact ratio 

1    2 γ > 2 

1vC  0.32 0.32 

2vC  0.34 
30,0

57,0
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4vC  0.90 
44,1

05,057,0








 

5vC  0.47 0.47 

6vC  0.47 
74,1

12,0


 

Table 4.2.2.7.1.9-4 

Factor 
Total contact ratio 

1 <   1.5 1.5 <  < 2.5   2.5 

7vC  0.75 0.125sin[( − 2)] + 0.875 1.0 

  
Table 4.2.2.7.1.9-5 

Accu-

racy 

grade 

Q 

К1 К2      К3 

3 4 5 6 7 8 9 39 

Straig

ht 

2
.1

9
 

3
.1

8
 

7
.4

9
 

1
5

.3
4
 

2
7

.0
2
 

5
8

.4
3
 

1
0

6
.6

4
 

1.0645 0.0193 

Circu-

lar and 

tan-

gent 

1.0000 0.0100 

 

         4.2.2.7.1.10 The face load distribu-

tion factor, which accounts for the effect 

of non-uniform distribution of load along 

the face width, is defined by the formula  

 
vt

y

KKKw

CF
K

A

H

γ

γ

2
1


   (4.2.2.7-20) 

where Fy — in μm, 

 Сg — in N/(mm·μm). 

 Fy is estimated by means of the 

formulas: 

    yFF xy ; 

  mashx ffF  33,1 ; 

  vtshosh KKKwff A  . 

 In general, fsho accounts for the 

bending and torsion deformation of pin-

ion and wheel and depends on many fac-

tors.  

If the wheel is placed symmetrically 

close between the seats, then: 

 fsho = 2.3Н 10−2 (μmmm)/N — for 

the gearing without helix correction and 

without end relief; fsho = 1.6Н 10−2 

(μmmm)/N — for the gearing with end 

relief,  

where: Н = (bw/d1)2 — for the helical 

and spur gearing; 

  Н = 3(bw/2d1)2 — for the dou-

ble helical gearing (bw is the total active 

face width);  

        for the gearings with helix correc-

tion, the following minimum values shall 

be applied: 

fsho = 510−3 (μmmm)/N — for spur 

gears; fsho = 1.310−2 (μmmm)/N for heli-

cal gears; 

        the last values of fsho are minimum 

design values for all cases. 

       For all the types of gearing without 

helix correction 

3/2  Ffma , 

but for the gearing with helix correction 
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3/ Ffma , 

where F — the greatest value of F1 and 

F2, respectively, for pinion and wheel. 

 In the case of contact of steel 

through-hardened teeth and the contact of 

surface hardened with through-hardened 

teeth, 

x
lim

Fy
H





320

 

(Н lim — refer to 4.2.2.7.2.1). 

        If v  5 m/s, then the maximum val-

ue of y is not limited. 

 If 5 m/s < v  10 m/s 

         
limH

y



25800

. 

 When v > 10 m/s, then  

            
limH

y



12800

. 

        For surface-hardened and nitrided 

teeth  

xFy  15,0 , 

at any speed y shall not exceed 6 μm.  
       If the pinion and wheel teeth are sur-

face-hardened by different procedures, 

then 

 215,0   yyy , 

where y1 and y2 are the values 

for pinion and wheel, respec-

tively. 

The average specific transverse stiffness 

of a gear pair is calculated by the follow-

ing formula 

 





 

 cos
31

BSC
q

C , 

where  

     n
* ,c,,CBS  20020120501

; 

;0091,002645,0
2094,1

00965,0
5827,0

03175,0

28955,17755,0
23615,0

2
2

2
1

2

2

2
1

1
1

21

xx
Z

x

x
Z

x
x

ZZ
q

v

v

vv







 




coscos2
1

1

b

v
Z

Z ; 
1

12
2

Z

ZZ
Z v

v  . 

(4.2.2.7-21) 

 For internal gearing Zv2 = . 

 If   100/ Awt KbF  N/mm, 

then  

   1 3 /
cos

100

A

BS

t wF b K
C C

q












. 

         For the cylindrical helical gears, by 

virtue of polar stress concentration (vari-

ability of stiffness along the contact line) 

КН  1.2 shall apply. 

 For bevel gears, the factor КН ac-

counting for pressure increase on the 

working surfaces of the teeth shall be 

determined by the following formula 

beHH K,K   51 , 

           where basic factor КНbe is taken from the 

Table 4.2.2.7.1.10. 

Table 4.2.2.7.1.10 

Pinion and 

wheel are be-

tween seats 

One of the 

gears is canti-

levered, the 

other is be-

tween seats  

Both gears are 

cantilevered 

1.1 1.20 1.5 



Part IX.  Machinery  481 

4.2.2.7.1.11 The transverse load dis-

tribution factor КН, for the simultane-

ously contacting teeth pares may be de-

termined by one of the formulae: 

 if   2 

 4450 K,KH   , (4.2.2.7-22) 

 if   2 

 
 











12
290 4K,KH ,(4.2.2.7-23) 

where  

 
 

Ht

pb

w

yfC
K

5
4

 
 ; 

  HAH KKKKww vtt ; 

 fpb is equal to the maximum 

of fpb1 and fpb2 for the pinion and 

wheel, respectively; if fpb < ff then 

fpb is substituted by the maxi-

mum value of ff 1 and ff 2;  
        for gears with tip relief 0.5 fpb shall 

be taken instead of fpb. 

  =  + , (4.2.2.7-24) 

where  — is determined by the 

Formula (4.2.2.7-13); 

 by the Formula (4.2.2.7-14) 

 

 For through-hardened teeth 

pb
lim

fy
H


160

, 

if v  5 m/s, the maximum value of ya is 

not limited. 

 If 5 m/s  v  10 m/s, then the max-

imum value is limited by the condition 

limH

y



12800

; 

 if v > 10 m/s it shall be 

limH

y



6400

. 

 For surface-hardened or nitrided 

teeth 

pbfy 075,0 , 

at any speed yα shall not exceed 3 μm. 

 If the pinion and wheel teeth are sur-

face-hardened by different procedures, 

then 

 215,0   yyy , 

where y1 — for the pinion; 

 y2 — for the wheel. 
 

 The calculation values of KН are 

limited by the condition 

2
1











Z
KH , 

where  — is determined by the 

Formula (4.2.2.7-24); 

      Z — by one of the Formulae (4.2.2.7-

15)(4.2.2.7-17). 

 4.2.2.7.2 The permissible contact 

stresses for pinion and wheel are deter-

mined by the following formula 

XWRL

H

NH
H ZZZZZ

S

Z
v

lim
p

min


 , 

 (4.2.2.7-25) 

where H lim — refer to 

4.2.2.7.2.1; 

  ZH — refer to 4.2.2.7.2.2; 

  SH min — refer to 4.2.2.7.2.3; 

  ZL — refer to 4.2.2.7.2.4; 

  Zv — refer to 4.2.2.7.2.5; 

  ZR — refer to 4.2.2.7.2.6; 
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  ZW — refer to 4.2.2.7.2.7; 

  ZX — refer to 4.2.2.7.2.8. 
 

 The permissible contact stresses at 

maximum load are determined by the 

following formula 

W

HST

NH
HP Z

S

Zlim
 max , 

where SHST − refer to 4.2.2.7.2.3. 

 4.2.2.7.2.1 In the absence of 

test results, the endurance limits 

for contact stress Н lim shall be 

taken from Table 4.2.2.7.2.1. 
4.2.2.7.2.1. 

Table 4.2.2.7.2.1 

Thermal or chemical and 

thermal treatment of teeth Hlim, MPa 

pinions wheel 

Through-

hardened Through 

hardened 

0.46В2 + 255 

Surface-

hardened 
0.42В2 + +41

5 

Carburized, 

induction-

hardened or 

nitrided 

Low-

temperature 

carbonitrided 

1000 

Surface-

hardened 

 

0.88HV2 + 67

5 

Carburized 

or nitrided 

Nitrided in gas 

environment 

 

1300 

Carburized 1500 

    N o t e .  W i t h  t h e  n u m b e r  o f  

c y c l e s  o f  a t  l e a s t  5 1 0 7,  t h e  

v a l u e s  o f  Н lim c o r r e s p o n d  t o  a  

f a i l u r e  p r o b a b i l i t y  o f  1 %  o r  

l e s s .   

        The criterion, which determines Н lim, is 

the pitting damage of not less than 2% for the 

total active flank area without surface-

hardening and not less than 5% for that with 

surface-hardening. 

 4.2.2.7.2.2 For the main opera-

tion modes, the life factor ZN = 1. 
 For astern running and in other cases 

of a limited life ZN is recommended to be 

taken as 1.1. 

 At the maximum load T1max, the life 

factor ZN equals to: 

 1.6 — for through-hardened or sur-

face-hardened steel; 

 1.3 — for gas-nitrided steel; 

 1.1 — for bath-nitrided steel. 

4.2.2.7.2.3 The minimum safe-

ty factors for contact stress SHmin, 

for bending stress SFmin, for static 

strength of contact teeth surfac-

es SHST and for bending teeth 

strength SFST are taken from Ta-

ble 4.2.2.7.2.3. 

Table 4.2.2.7.2.3 

Type of 

gearing 

 

Type of 

ship 

S
H

m
in

 

S
F

m
in

 

S
H

S
T

1
 

S
F

S
T

1
 

Main 

gearing 

 

All ships 

except 

pleasure 

craft 

1.4 1.8 1.4 1.8 

Single-

screw 

pleasure 

craft 

1.25 1.5 1.25 1.5 

Multiple-

screw 

pleasure 

craft 

1.2 1.45 1.2 1.45 

Auxiliary 

gearing 

All ships 
1.15 1.4 

1.1… 

1.352 

1.4… 

1.72 
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1 For forged or hot rolled steel 

wheels. For rolled blanks these values 

shall be increased by 15%, for castings — 

by 30%. 
2 The maximum values for gearing, 

the failure of which could have grave con-

sequences.  
N o t e .  “ P l e a s u r e  c r a f t ”  m e a n s  

s h i p s  u p  t o  2 4  m  i n  l e n g t h  n o t  

e n g a g e d  i n  t r a d e  a n d  p a s s e n g e r  

c a r r i a g e  o r  n o t  i n t e n d e d  f o r  c h a r -

t e r  s e r v i c e .  

4.2.2.7.2.4 The lubricant fac-

tor, which accounts for the ef-

fect of lubricant viscosity, is de-

termined by one of the formu-

lae: 

2

50

40
60

1














v
,

C
CZ ZL

ZLL  

or 

2

40

67
60

1














v
,

C
CZ ZL

ZLL ; 

   If 850 MPa  H lim  1200 MPa 








 


350

850
080830 limH

ZL ,,C  

4.2.2.7.2.5 The speed factor, which 

accounts for the linear speed effect, is 

determined by the following formula  

v/,

C
CZ v

vv
Z

Z
820

1




 . 

         In the range  

850 MPa  Hlim  1200 MPa 

020,CC ZLZv  . 

4.2.2.7.2.6 The roughness factor ac-

counting for the effects of surface rough-

ness is determined by the following for-

mula 

ZR

Z

R

C

R
Z 












100

3
. 

The condition ZR  1.15 shall be 

true. 

RZ100 is determined by means of 

equations: 

3 100100 wa/RR ZZ  ; 

aRRZ 6 ; 

 2150 aaa RR,R  . 

      If 850 MPa  Hlim  1200 MPa,  

then 
5000

1000
120 limH

ZR ,C


 . 

 If Hlim < 850 MPa then the follow-

ing values shall be taken: СZL = 0.83; 

СZv = 0.85; СZR = 0.15,  

       and if Hlim > 1200 MPa, then 

СZL = 0.91; СZv = 0.93; СZR = 0.08. 

 4.2.2.7.2.7 The hardness ratio factor, 

which accounts for the increase of sur-

face durability of teeth of lower hardness 

when meshing with surface-hardened 

smooth teeth (RZ < 6 μm), is determined 

by the following formula 

1700

130
2,1




HB
ZW , 

which is true in the range 

130  НВ  470, where НВ is the lesser 

of НВ1 and НВ2. 

 If НВ < 130, then ZW = 1.2, if 

НВ < 470, then ZW = 1. 
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 4.2.2.7.2.8 The size factor Zx, which 

accounts for the effect of tooth size, is 

chosen from Table 4.2.2.7.2.8 

Table 4.2.2.7.2.8 

Thermal or 

chemical and 

thermal treat-

ment of pinion 

teeth 

Mod-

ule, mm 
Zx 

Carburized 

or surface-  

hardened 

mn  10 

10 < mn < 30 

mn  30 

1 

1.05 − 0.005mn 

0.9 

Nitrided mn  7.5 

7.5 < 

mn < 30 

mn  30 

1 

1.08 − 0.011mn 

0.75 

Through- 

hardened 

– 1 

 

 4.2.2.7.3 The rated values of bend-

ing stress in the critical section, in MPa, 

are calculated separately for the pinion 

teeth and wheel teeth by the following 

formula 

 FFAFOF KKKK , (4.2.2.7-26) 

where FO — refer to 4.2.2.7.3.1; 

   КА — refer to 4.2.2.7.1.7; 

 К — refer to 4.2.2.7.1.9; 

 К — refer to 4.2.2.7.1.9; 

 КF — refer to 4.2.2.7.3.5; 

 КF — refer to 4.2.2.7.3.6. 
 

 The rated values of maximum bend-

ing stresses σFmax, in MPa, are calculated 

separately for the pinion and wheel teeth by 

the formula 

 FFFO KKKF maxmax , 

where σFOmax — refer to 4.2.2.7.3.1. 
 

 4.2.2.7.3.1 Bending stress under nominal 

loading 

 


 YYY
bm

F
SFFO

n

t
, (4.2.2.7-27) 

where b and mn — refer to 4.2.2.5; 

 Ft — refer to 4.2.2.6; 

 τ — refer to 4.2.2.7.1.1; 

 YF — refer to 4.2.2.7.3.2; 

 Ys — refer to 4.2.2.7.3.3; 

 Y — refer to 4.2.2.7.3.4. 

 

 the maximum bending stresses at T1max, in 

MPa, are calculated separately for the pinion teeth 

and wheel teeth by the following formula 




 YYY
bm

F
SFFO

n

tmax
max . 

 The values of the parameters in-

volved shall be determined at Ft = Ftmax, 

KA = 1.0 and Kv = 1.0. 

 4.2.2.7.3.2 The tooth form factor 

applied to the external gears, for   25о 

and   30о is calculated by the formula: 

  nFn

enF
F

S

h
Y






cos

cos6
2*

*

, 

where hF
* = hFe/mn, S*

Fn = SFn/mn; 

 hFe, SFn, en — refer to 4.2.2.7.3.2-1. 

 

 
 Fig. 4.2.2.7.3.2-1 Illustration to the 

definition of YF for external gearing 

         To determine *
Fh  and *

nFs  the fol-

lowing equation shall be used 
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ttbt
mp  cos , 

where t is determined by the Formu-

la (4.2.2.7-3); 

 and, also,  

   2
2

22 5,05,012 bbabte dddpd 





  , 

where  is determined by the Formu-

la (4.2.2.7-13); 

 da and db for the pinion are determined by 

the Formulae (4.2.2.7-4), (4.2.2.7-11), 

 for the wheel — by the Formulae (4.2.2.7-5), 

(4.2.2.7-12). 

 ebe dd /arccos ; 

;invinv

2tg2
2

1

et

smne xx
Z
















eeet  ; 

xhG aa  *
0

*
0 , 

where *
а0 = а0/mn, h*

a0 = h a0/mn = h*
a+ c*; 

 a0 and ha0 refer to Fig. 4.2.2.7.3.2-2; 

Fig. 4.2.2.7.3.2-3; 

 xsm is equal to zero for cylindrical gears, for 

bevel gears refer to 4.2.7.6; 

 
 

0
0

0
0

0

cos

sin1
tgtg

tg
4

ank

nasmnn

h

hxmme












, 

where ha0 and 0 — refer to Fig. 4.2.2.7.3.2-

3; 

 when the tool has no protuberance 

0kh , n0 ; 

32

2 
















nv m

e

Z
H , 

where Zv is determined by the Formu-

las (4.2.2.7-21); 

H
Z

G

v

 tg
2

; 

 when solving this equation about  

as an approximation take  = /6; 














 tg

cos
arctg

et

b
e

d

d
, 

where d for the pinion is determined by For-

mula (4.2.2.6-1); 

 for the wheel — by Formula (4.2.2.7-8); 

 eeten  costgarctg ; 
























 *

0
*

cos
3

3
sin avFn

G
ZS ; 























































*
0

*

cos3
cos1

1
cos

cos

cos2

1

av

et

t
F

G
Z

Z
h

.

 

 

 
Fig. 4.2.2.7.3.2-2. Initial production pro-

file of the mill without protuberance 

 In the case of internal gearing  

  nFn

enF
F

S

h
Y






cos

cos6
2*

2

*
2  

To determine h*
F2 = hF2/mn and 

S*
Fn2 = SFn2/mn  

(hF2 and SFn2 — refer to Fig. 4.2.2.7.3.2-

4.) the following equations are calculat-

ed: 

02 022 awf dad  , 
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where aw02 is determined by the Formu-

la (4.2.2.7-10); 

  nfnaa mddmhh 2// 2
*

20202
 ; 

  waf addc 
12

5,0 , 

where df 2 is determined by the Formu-

la (4.2.2.7-6); 

 w is determined by the Formula (4.2.2.7-9); 

 nn
a

m

c




sin1

*
02

; 

    ,505012 2
2

22
α 2222 bbabte d,dd,pd 









 

where da2 is determined by the Formu-

la (4.2.2.7-7); 

;50tg

tg
4cos2

02

022

22
2

*
an

n
*
a

n

*
e

*
f*

F

,

h
dd

h





















 

   

,503

tg2
cos

2

02

0202

02

2

0









,

hS

*
a

n
*
a

*
a

n

**
a*

Fn

where d*
f 2 = df2/mn, d*

e2 = de2/mn, *0 = 0/mn. 

 
 0

0

00
0 sin

cos

sin1













 n

akh
, 

refer to Fig. 4.2.2.7.3.2-3. 

 
Fig. 4.2.2.7.3.2-3. Initial production pro-

file of the mill with protuberance 

 

          If т = 20° 

 
;28586050

132470566240

02

02222

,,

h,dd,h

*
a

*
a

*
e

*
f

*
F




 

.,,

,h,S

*

*
a

*
a

*
Fn

57081939690

331630727940

0

02022




. 

       4.2.2.7.3.3 The stress correction factor, 

which accounts for stress concentration, is deter-

mined by the following formula 

  .qL,,Y L/,,
ss










 32211

1

13021  

        In the case of external gearing  

*

*
n

F

F

h

S
L 

*

*
n

s

F

FS
q




2
, (4.2.2.7-28) 

where 

  


cos2cos

2
2

2

0
GZ

G

v

*
a

*
F  

    In the case of internal gearing  
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*

*
n

F

F

h

S
L

2

2 ; 
*
a

*
n

s

FS
q

02

2


 . (4.2.2.7-29) 

        In case of external and internal  

gearing the following condition shall be 

met 

81  sq . 

For equivalent cylindrical gears of 

bevel gearing, the expression YFYS shall 

be substituted with the product YFAYSA YF 

in Formula (4.2.2.7-27), where YFA and 

YSA are determined on the basis of rela-

tionships valid for YF and YS, in which the 

index “e” at the parameters is replaced by 

the index “a” corresponding to the pres-

sure angle in case of load application to 

the tooth tip; Y = 0.25 + 0.75/.  

For standard basic racks, YFA and YSA 

may be determined on the basis of special 

diagrams.

 

Fig. 4.2.2.7.3.2-4. Illustration to the definition of YF for internal gearing 

 

         4.2.2.7.3.4 The helix angle fac-

tor is determined as follows 

120
1


 Y , 

where  is determined by the Formu-

la (4.2.2.7-14); 

  — in deg.; if  > 1, then  = 1. 

 The minimum value of Y is limited 

by the condition 

75,025,01  Y . 

 4.2.2.7.3.5 The factor КF is deter-

mined by the relationship 

 NHF KK   , 

where КН is determined by the Formu-

la (4.2.2.7-20); 

 

 2

2

//1

/

hbhb

hb
N


 .  (4.2.2.7-30) 

 The lesser value of b1/h and b2/h is 

taken when solving Formula (4.2.2.7-30), 

and in the case of double helical gears, b 

is half the wheel width;  

h = (2h*
a + c*)mn − Δymn is tooth height. 
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 For cylindrical gears with end relief 

and crowning and for bevel gears, N = 1 

shall be used. 

 4.2.2.7.3.6 The design values of 

KF = KH, where KH is determined by 

one of the Formulae (4.2.2.7-22) or 

(4.2.2.7-23), shall satisfy the condition 

750250
1

,,
KF










 . 

 4.2.2.7.3.7 Where gear-cutting tools 

other than standard tools are used, it is 

recommended that the parameters SFn, F 

and hFe be determined using the actual 

tooth profile. 

 4.2.2.7.4 The permissible bending 

stresses for the pinion and wheel teeth are 

calculated by the formula 

X

DF

NSTF
FP YYY

YS

YY
tRt

lim
relrel

min



 , 

    (4.2.2.7-31) 

where F lim — refer to 4.2.2.7.4.1; 

 YST — refer to 4.2.2.7.4.2; 

 YN — refer to 4.2.2.7.4.3; 

 YD — refer to 4.2.2.7.4.4; 

 YδrelT — refer to 4.2.2.7.4.5; 

 YRrelT — refer to 4.2.2.7.4.6; 

 YХ — refer to 4.2.2.7.4.7; 

 SFmin — refer to 4.2.2.7.2.3. 

 The permissible bending stresses for 

the pinion and wheel teeth under the 

maximum load are calculated by the for-

mula 

.Y
YS

YY
t

lim

DFST

NSTF
FP relmax 


  

 4.2.2.7.4.1 In the absence of test data, the 

values of endurance limit of teeth in bending are 

taken from Table 4.2.2.7.4.1. 

Table 4.2.2.7.4.1 

Thermal or chemical and 

thermal treatment of teeth 
Flim, 

MPa 

YN 

Through-hardened carbon 

steel  
0.09B + 150 

 

2.5 

 

Through-hardened alloy 

steel  
0.1B + +185 

 

2.5 

 

Low-temperature carboni-

trided 

330 

 

1.2 

 

Surface-hardened 0.35HV+125 2.5 

Nitrided in gas environ-

ment 

390 1.6 

Cr-, Ni- and Mo-alloyed 

carburized steel 

450 2.5 

Other carburized steels 410 2.5 

 

Note: The values of Flim are determined dur-

ing the bending endurance test of wheel teeth un-

der unidirectional pulsating stress with a minimum 

stress of zero and they correspond to a failure 

probability of 1% or less with the number of cy-

cles 3106. 

4.2.2.7.4.2 Factor  

2 limFFEST /Y , 
where FE is the tooth material bending 

endurance limit under the unidirectional pulsating 
stress with a minimum stress of zero. 

 4.2.2.7.4.3 For main operation 

modes the life factor YN = 1. 

 For limited life ( when running 

astern, for instance), YN > 1 may be per-

mitted on agreement with the Register. 

 For the maximum load condition 

T1max, the values of Y1max are given in Ta-

ble 4.2.2.7.4.1. 

         4.2.2.7.4.4 The values of the factor 

YD are taken as follows: 

 for idler gears YD = 1.5; 

 for gears with occasional load in the 

reverse direction YD = 1.1; 

 for gears (except idler gears) with 

shrink-fitted gear rings YD = 1.25; 

 or if the shrink diameter dS and radi-

al pressure pr on the shrinkage surface 

are known,  
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 22

220
1

sflimt

rs

ddF

bdpd,
Y

F

D


 , 

where d and df are reference diameter and root 
diameter of the wheel; 

 in other cases YD = 1. 

 4.2.2.7.4.5 The relative notch sensi-

tivity factor YδrelT accounting for material 

sensitivity to stress concentrations is tak-

en from Table 4.2.2.7.4.5.   

4.2.2.7.4.6 The relative surface con-

dition factor YRrelT, accounting for the 

influence of the transition surface rough-

ness of the tooth, is taken from Ta-

ble 4.2.2.7.4.6. 4.2.2.7.4.6. 

4.2.2.7.4.7 The factor YX, accounting 

for the influence of teeth size, is taken 

from Table 4.2.2.7.4.7. 

The minimum value of bending en-

durance margin factor is chosen from 

Table 4.2.2.7.2.3.    

4.2.2.7.5 The rated values of safety 

factors for contact stress and tooth root 

bending stress of the pinion and wheel 

teeth shall satisfy the conditions: 

minHXWRL

H

NH
H SZZZZZ

Z
S v

lim 



 ; 

 

 

Table 4.2.2.7.4.5 

Thermal or 
chemical and 
thermal treat-
ment of transi-
tion tooth sur-
faces 

YrelT, 
YrelT, 

if 
T1max 

Through-
hardened car-
bon steel: 
 forgings or 

rolled steel 

 

 

1 0, 036 2, 5

1 σ /1200

qs

T

  

 

 

 


T

,,

sY





00015050

21

 

casting  

 

1 0, 036 2, 5

1 σ /1200

qs

T

  

 

 

0.86 + 0.07YS 

Surface-
hardened 

sq 10234,0956,0

 
0.4 + +0.3YS 

Nitrided, low-
temperature 
carbonitrided 

sq 1112,079,0

 
0.6 + +0.2YS 

Note. The value of qS is determined by For-

mula (4.2.2.7-28) or (4.2.2.7-29) depending on the 

type of gearing.  For the range 1.5 < qS < 4, 

YrelT = 1 may be taken. 

Table 4.2.2.7.4.6 

Thermal or chemical 

and thermal treatment 

of teeth 

YRrelT 

RZ < 1 1  RZ  40 

Through- or surface-

hardened, 

carburized 

1.12 1.675 − 0.53 х 

х (RZ + 1)0.1 

Nitrided and 

low-temperature car-

bonitrided 

1.025 4.3 − 

− 3.26(RZ + 1)0.00

5 

Table 4.2.2.7.4.7 

Thermal or 

chemical and 

thermal treatment 

of teeth 

Module, 

mm 
YX 

Through-

hardened  
5 < mn  30 

mn  30 

1.03 − 

0.006mn  

0.85 

Surface-  

hardened 
5 < mn  25 

mn  25 

1.05 − 0.01m

n 

0.80 

Note to Table 4.2.2.7.4.7. 4.2.2.7.4.7.  

With mn  5 mm and any kind of surface 

hardening YX = 1. 

 

          

minrelrel FXTRT

DF

NSTF
F SYYY

Y

YY
S lim 




   

         4.2.2.7.6 Durability of bevel gears 
is determined on the basis of equivalent 
cylindrical gears using the geometry of 
the midsection. 
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         4.2.2.7.6.1 The relevant formulae to 

determine the parameters of equivalent 

cylindrical gears in the edge section (in-

dex v) are given below: 

 Number of teeth  

2,12,12,1 cos/  ZZv . 

 Reference (working) diameters  

2,12,12,1 cos/  mv dd . 

 Centre distance and equivalent gear 

ratio 

 
21

5,0 vvv dda  , 

2

1

1

2

cos

cos




 u

Z

Z
u

v

v

v . 

 Tip diameter 

amvva hdd 2 , 

where ham is addendum for bevel gears with 

constant addenda 

   hmmnam xmh  1 ; 

  

we

wm
mtemn

R

R
mm  cos ; 

 for bevel gears with variable addenda  

 2,12,12,12,1
tg5,0  aaeam bhh , 

where hae is addendum at outer end; 

 а is outer cone angle; 

 

  addendum modification coefficients 

(shall be known) 

mn

,am,am

,hm
m

hh
x

2

1221

21


 . 

 Tooth thickness modification coeffi-

cients (shall be known) 

21 smsm xx  . 

 Base diameters of equivalent cylin-

drical gears 

vtvvb dd  cos
2,12,1

, 

where 

















m

n
vt

cos

tg
arctg . 

 Contact ratios of equivalent cylindri-

cal gearing 

 transverse contact ratio: 

vtmn

mv
v

m

g




 


cos

cos
, 

where 

;sin

50 2222

2211

vtv

vbvavbvav

a

dddd,g













  overlap contact ratio: 





 

mn

m
v

m

bsin
; 

85,0
b

beH ; 

 total contact ratio: 

  vvv . 

 Equivalent revolutions per minute 

1

1

1

1
n

d

d
n

v

m

v  . 

 4.2.2.7.6.2 The formulae determin-

ing the parameters of equivalent cylindri-

cal gears in the normal section (index vn) 

are: 

 number of teeth 

mvb

v
vn

Z
Z




22 coscos

1

1
; 

12 vnvvn ZuZ  , 

where 
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 nmvb  cossinarcsin . 

 Reference (working) diameters of 

equivalent cylindrical gears 

mnvn

vb

v
vn mZ

d
d

1

1

1 2cos



 ; 

mnvnvnvvn mZdud
212

 . 

 Tip diameters 

 .ddZm

hddddd

vvavnmn

amvnvvavnvan



 2
 

 Base diameter 

cos cosvbn vn n vn mn nd d Z m   . 

 Total contact ratio 

vbvnv /  
2cos . 

 4.2.2.8 Gears with chemically and 

thermally hardened teeth of a large mod-

ule (vn  7.5 mm) shall be additionally 

examined for depth strength.  

The safety factor for contact depth 

strength SHd shall be determined separate-

ly for pinion and wheel and shall satisfy 

the following condition 

гл.min
гл.

гл H

H

H
H SS lim 




 , 

where H is determined by the Formu-

la (4.2.2.7-1); 

 Hd. lim is depth strength limit determined by 

the formulae 

 

HBc,limH 55гл.   if   0.6 

 and 

  TH HBc,,,lim  2
гл. 060571584  

if   0.6.  

 Here — Т is coefficient, which accounts for 

the probability of arising fatigue cracks not in the 

core, but in the hardened layer and which is de-

termined from the diagrams in Fig. 4.2.2.8; 

 
 

Fig. 4.2.2.8. Diagram for determining the 

factor Т versus  and HB/HBc 
  

        parameter 

HBc

h

c

t






410
; 

where 
 21cos

sin






u
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equivalent radius of curvature at the pitch point. 

The minimum safety factor for depth 

strength SHd. min = 1.4. 

4.2.3 Shafts. 

4.2.3.1 The shaft diameter of a larg-

er wheel shall not be less than 1.1 of the 

intermediate shaft diameter when the 

driving pinions are set at an angle of 120 

and more and not less than 1.15 of the 

intermediate shaft diameter in all other 

cases, the mechanical properties of the 

wheel shaft and intermediate shaft being 

taken into consideration. the mechanical 

properties of the wheel shaft and inter-

mediate shaft being taken into considera-

tion. 
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4.2.3.2 For ice class ships, the shafts, 

pinions and wheels of main gearing shall 

be calculated for a torque    

Т = К'А · Т1,  

where К'А is taken from Table 4.2.3.2 (refer 

also to 2.1.2, Part VII “Machinery Installations”). 

To check the static strength of main 

propulsion gearing in ships with ice-

strengthening category Ice6 and ice-

breakers the maximum load T1max shall be 

taken on agreement with the Register, 

having regard to relative strength of the 

“propeller-shafting” system elements and 

availability of devices restricting the 

torque transmitted. 

         Table 4.2.3.2 
 

Factor 

Ice category 

Ice3 Ice4 Ice5 Ice6, Icebreak-

er1 — 

Icebreaker2 

Icebreaker3 — 

Icebreaker4 

К'А  1.15 1.25 1.5 2.0 2.5 
   

4.2.4 Lubrication. 
4.2.4.1 Provision shall be made for 

forced lubrication of the gearing and 

sleeve bearings of main gears. The possi-

bility of oil pressure regulation shall be 

provided. A safety device shall be fitted 

to exclude oil pressure rise above the 

permissible value. 

4.2.4.2 Lubricating oil shall be de-

livered to the gearing through sprayers. 

The sprayers shall provide an oil 

feed in the form of a fanned-out compact 

jet with the adjacent jets overlapping. 

The sprayers shall be so arranged 

that, while running ahead or astern, oil is 

captured in the gearing. 

Oil supply to and withdrawal from 

the bearings and sprayers shall be so ar-

ranged  

that there is no oil foaming or emulsifica-

tion. 

4.2.4.3 Lubricating oil system shall 

comply with the requirements of Section  

14, Part VIII “Systems and Piping”. 

4.2.5 Control, protection and 

regulation. 

4.2.5.1 Control stations shall comply 

with the requirements of 3.2, Part VII 

“Machinery Installations”. 

4.2.5.2 Provision shall be made for 

pressure meters at the inlet to the gearing 

lubrication systems and for temperature 

meters at inlet and outlet, as well as for a 

meter of oil level within the reduction 

gear casing. 

4.2.5.3 Each sleeve and thrust bear-

ing shall be provided with a temperature 

measuring device.  

For transferring power of less than 

2250 kW, oil temperature measurement 

at outlet may be permitted for journal 

bearings. When required by the Register, 

the temperature measuring device may 

also be provided for rolling bearings. 

 4.2.5.4 To prevent an inadmissible 

rise of lubricating oil temperature in 

bearings or drop of the lubricating oil 

pressure, provision shall be made for a 

warning alarm system. 
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4.3 ELASTIC AND DISENGAGING 

COUPLINGS 

4.3.1 General instructions. 

4.3.1.1 The requirements of the Chapter 

apply to the elastic and disengaging cou-

plings of main and auxiliary machinery. 

As far as practical, these requirements 

apply to electromagnetic and hydraulic 

disengaging couplings as well. 

4.3.1.2 As far as their material is 

concerned, the rigid components of shaft-

ing couplings shall satisfy the require-

ments of 2.4, Part VII “Machinery Instal-

lations”. 

4.3.1.3 Coupling bolts and coupling 

flanges shall satisfy the requirements of 

5.2 and 5.3 and, keyless-fitted shaft cou-

plings shall satisfy the requirements of 

5.4, Part VII “Machinery Installations”. 

4.3.1.4 The elastic and disengaging 

couplings intended for ice-strengthened 

ships shall satisfy the requirements of 

4.2.3.2. 

4.3.1.5 In ships with one main en-

gine, the shaft coupling design shall en-

sure, in case of coupling failure, the ship 

running at a speed sufficient for easy 

steering. 

4.3.2 Elastic couplings. 
4.3.2.1 Where 4.3.1.5 cannot be 

complied with, the ultimate static mo-

ment of the elastic component material, 

i. e. rubber or similar synthetic material, 

being in shear or tension shall be at least 

eight times the torque transmitted by the 

coupling. 

4.3.2.2 For the purpose of main ma-

chinery and diesel generator sets analy-

sis, additional loads due to torsional vi-

brations shall be considered (refer to Sec-

tion 8, Part VII “Machinery Installa-

tions”). 

4.3.2.3 The elastic couplings of die-

sel generator sets shall withstand mo-

ments arising as a result of short-circuit. 

Where no such information is available, 

the maximum torque shall be at least 

4.5 times the nominal torque transmitted 

by the coupling. 

4.3.2.4 The possibility shall be pro-

vided of fully loading the elastic compo-

nents, made of rubber or another similar 

synthetic material, of main machinery 

plant and diesel generator sets couplings 

within the temperature range +5 to 

+60 °C. 

4.3.3 Disengaging couplings. 

4.3.3.1 The disengaging couplings 

of main machinery shall be provided with 

devices to prevent slipping during appre-

ciable periods of time. 

4.3.3.2 It shall be possible to control 

the disengaging couplings of main ma-

chinery from the stations from which the 

main machinery is controlled. 

Directly at the disengaging cou-

plings, local emergency control arrange-

ments shall be provided. 

4.3.3.3 Where two or more engines 

devoted to a common propeller shaft are 

driving it through disengaging couplings, 

their control arrangement shall make a 

simultaneous engagement of the engines 

impossible when running in opposite di-

rections. 

4.4 TURNING GEAR 

 4.4.1 A power-driven turning gear 

shall be provided with an interlocking to 

preclude the possibility of the drives and 

couplings engagement when the turning 

gear is engaged (besides, refer to 3.1.6, 
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Part VII “Machinery Installations” and 2.11.1.4 of the present Part). 

5. AUXILIARY MACHINERY 

5.1 POWER-DRIVEN AIR COM-

PRESSORS  

5.1.1 General instructions. 

5.1.1.1 The air inlets of compressors 

shall be fitted with strainers. 

5.1.1.2 The compressors shall be so 

designed that the air temperature at the 

outlet of the compressor last stage air 

cooler is not in excess of 90 °C and they 

shall be provided with a signalling device 

or warning alarm system for exceeding of 

the maximum temperature. 

5.1.1.3 The compressor cooling wa-

ter spaces shall be fitted with drain ar-

rangements. 

5.1.2 Safety devices. 
5.1.2.1 Each compressor stage or di-

rectly after it shall be fitted with a safety 

valve preventing the pressure rise in the 

stage above 1.1 of the rated pressure 

when the delivery pipe valve is closed. 

The safety valve design shall pre-

vent any possibility of its adjustment or 

disconnection after being fitted on the 

compressor. 

5.1.2.2 The compressor crankcases 

of more than 0.5 m3 in volume shall be 

fitted with safety valves meeting the re-

quirements of 2.3.5. 

5.1.2.3 The casings of the coolers 

shall be fitted with safety devices provid-

ing for a free escape of air in case the 

pipes are broken.  

5.1.3 Crankshaft. 
5.1.3.1 The calculation method spec-

ified in 5.1.3.3 and 5.1.3.4 applies to the 

steel crankshafts of ship air compressors 

and refrigerant compressors with in-line, 

V- and W-shaped arrangements of cylin-

ders and with single- and multi-stage 

compression. 

      Cast iron crankshafts, as well as de-

partures from the dimensions of steel 

crankshafts calculated by Formu-

lae (5.1.3.3) and (5.1.3.4) may be al-

lowed on agreement with the Register, 

provided the confirming calculations or 

test data are submitted. 

5.1.3.2 The crankshafts shall be 

made of steel having tensile strength 410 

to 780 MPa. 

The use of steel having a tensile 

strength over 780 MPa is subject to spe-

cial consideration by the Register in each 

case. 

Cast iron crankshafts shall be manu-

factured of the spheroidal graphite cast 

iron of ferrite-perlite structure according 

to Table 3.9.3.1, Part XIII “Materials”. 

5.1.3.3 Crank pin diameter dк, 

in mm, of the compressor shall not be 

less than that determined by the formula 

 3 2

1
2

к
2

к 3,0'25,0  sfLpDkd pp , 

(5.1.3.3) 
where Dр is calculated diameter of the cylin-

der, mm; for single-stage compression Dр = Dц;  

 Dц — diameter of the cylinder, mm; for two- 

and multi-stage compression in separate cylinders 

Dp = Dв;  

 Dв — diameter of high-pressure cylin-

der, mm; for two-stage compression in single-

stage piston Dр = 1.4Dв;   

  for two-stage compression in a differential 

piston 

22
p BH DDD  ; 
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 Dн — diameter of low-pressure cylin-

der, mm;  

 pк — delivery pressure of high-pressure cyl-

inder for air compressors, MPa;   

    for refrigerant compressors, the value pк 

shall be taken in accordance with 2.2 of Part XII 

“Refrigerating Plants”; 

 Lp is calculated span between main bear-

ings, mm: 

 Lp = L' — when one crank is arranged be-

tween two main bearings; 

 Lp = 1.1 L' — when two cranks are arranged 

between two main bearings; 

 L' — actual span between centres of the main 

bearings, mm; 

 s — piston stroke, mm; 

 k', f, φ1 are coefficients taken in accordance 

with Tables 5.1.3.3-1, 5.1.3.3-2 and 5.1.3.3-3. 

Table 5.1.3.3-1 Values of coefficient 

k 

Tensile 

strength Rm, 

MPa 

390 490 590 690 780 900 

 k' 1.43 1.35 1.28 1.23 1.2 1.18 
 

Table 5.1.3.3-2 Values of coefficient 

f 
Angle between 

cylinder axes 
0 

(in-line) 
45 60 90 

f 1.0 2.9 1.96 1.21 
 

Table 5.1.3.3-3 Values of coefficient 

φ1 

Number of 

cylinders 
1 2 4 6 8 

 φ1 1.0  1.1  1.2  1.3  1.4 

5.1.3.4 Thickness of crank web hк, in mm, 

shall be not less than that determined by the for-

mula: 

  b/fсp,Dk,h  401050 11к21p1к  , 

(5.1.3.4) 

where  3
1 4302/  mm RRak  

 Rm — tensile strength of material, MPa; 

where the tensile strength exceeds 780 MPa, 

Rm = 780 MPa shall be adopted for calculation 

purposes;  

 a = 0.9 — in the case of shafts, the surface 

of which is nitrided as a whole or hardened by 

another method approved by the Register;  

 a = 0.95 — in the case of shafts forged by 

closed-die or continuous grain-flow method;  

 a = 1 — in the case of shafts not subjected to 

hardening;  

 k1, ψ1, ψ2 are coefficients taken in accord-

ance with Tables 5.1.3.4-1 and 5.1.3.4-2; 

 рк — delivery pressure taken in accordance 

with 5.1.3.3; 

 с1 — distance from the centre of the main 

bearing to midplane of the web; for cranks ar-

ranged between two main bearings, the distance is 

taken to the mid-plane of the web remotest from 

the support, mm; 

  b — web width, mm; 

  f1 — factor taken from Table 5.1.3.4-3. 

          DP — calculated diameter of the cylinder 

taken according to 5.1.3.3.   

Intermediate values of coefficients 

given in the tables are determined by lin-

ear interpolation. 

 

Fig. 5.1.3.4 

5.1.3.5 Shaft designing and manufacturing 

shall comply with the requirements specified in 

2.4.12 and 2.4.13. 

Table 5.1.3.4-1 Values of coefficient ψ1 

r/h 
ε/h 

0 0.2 0.4 0.6 0.8 1.0 1.2 

0.07 4.5 4.5 4.28 4.1 3.7 3.3 2.75 

0.10 3.5 3.5 3.34 3.18 2.88 2.57 2.18 

 

Рис.5.1.3.4
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0.15 2.9 2.9 2.82 2.65 2.4 2.07 1.83 

0.20 2.5 2.5 2.41 2.32 2.06 1.79 1.61 

0.25 2.3 2.3 2.2 2.1 1.9 1.7 1.4 

     Note. r is fillet radius, mm; ε is absolute 

amount of overlapping, mm (Fig. 5.1.3.4); for 

crankshafts having the distance x between journals 

and pins the values of coefficient ψ1 shall be taken 

valid for ratio ε/h = 0. 

Table 5.1.3.4-2 Values of coefficient 

ψ2 

b/d 1.2 1.4 1.5 1.8 2.0 2.2 

Ψ2 0.92 0.95 1.0 1.08 1.15 1.27 

Table 5.1.3.4-3 Values of coeffi-

cient f1 

Angle between 

cylinder axes 
0  

(in-line) 
45 60 90 

f1 1.0 1.7 1.4 1.1 

5.1.4 Control and measuring in-

struments. 

5.1.4.1 A pressure gauge shall be fit-

ted after each stage of the compressor. 

5.1.4.2 Provision shall be made to 

measure the air temperature at the deliv-

ery pipe immediately after the compres-

sor. 

 5.1.4.3 The instrumentation of the 

attached compressors shall be subject to 

special consideration by the Register in 

each case. 

5.2 PUMPS 

5.2.1 General requirements. 
5.2.1.1 Provision shall be made to 

prevent the pumped fluid from penetra-

tion to the bearings. However, this does 

not apply to the pumps where the 

pumped fluid is employed for lubrication 

of bearings. 

5.2.1.2 The pump glands arranged 

on the suction side are recommended to 

be fitted with hydraulic seals. 

5.2.2 Safety devices. 

5.2.2.1 If the design of the pump does not 

preclude the possibility of pressure rising above 

the rated value, a safety valve shall be fitted on the 

pump casing or on the pipe before the first stop 

valve. 
5.2.2.2 In pumps intended for transferring 

flammable liquids, the by-pass from safety valves 

shall be effected into the suction side of the pump 

or to the suction portion of the pipe. 
5.2.2.3 Provision shall be made to prevent 

hydraulic impacts; use of the by-pass valves for 

this purpose is not recommended. 
5.2.3 Strength calculation. 
5.2.3.1 The critical speed of the 

pump rotor shall not be less than 1.3 of 

the rated speed. 

5.2.3.2 The pump elements shall be 

checked for strength under the stresses 

corresponding to the pump rated parame-

ters. In this case, the reference stresses in 

the elements shall not exceed 0.4 of yield 

stress of the element material.  

5.2.4 Self-priming pumps. 

5.2.4.1 The pumps provided with 

self-priming devices shall ensure opera-

tion under “dry suction” conditions and 

shall be fitted generally with arrange-

ments preventing the self-priming device 

from operating with contaminated water. 

5.2.4.2 The self-priming pumps shall 

have the place for connecting a vacuum 

pressure gauge. 

5.2.5 Additional requirements for 

the pumps transferring flammable liq-

uids. 
5.2.5.1 Sealing of the shaft shall be 

such that the leakages occurred will not 

cause the formation of vapours and gases 

in the amount sufficient to produce the 

flammable air/gas mixture. 

5.2.5.2 The possibility of excessive 

heating and ignition in sealing of the ro-

tating parts due to friction energy shall be 

excluded. 
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5.2.5.3 When the materials of low 

electrical conductivity (plastics, rubber, 

etc.) are used in the pump structure, pro-

vision shall be made for removal of the 

electrostatic charges by insertion of the 

conductive additives into them or use of 

the devices for removal of the charges 

and for their transfer to the body. 

5.2.6 Additional requirements for 

cargo, stripping and ballast pumps of 

oil tankers. 

The casings of pumps installed in 

the cargo pump rooms in accordance 

with 4.2.5, Part VII “Machinery Installa-

tions” shall be provided with temperature 

sensors. 

5.3 FANS, BLOWERS AND TURBO-

CHARGERS 

5.3.1 General requirements. 
5.3.1.1 The requirements of the pre-

sent Chapter shall be complied with 

when designing and manufacturing fans 

intended to complete the systems speci-

fied in Part VIII “Systems and Piping”, 

as well as boiler fans and internal com-

bustion engine turbo-blowers. 

5.3.1.2 The rotors of fans and air 

blowers with couplings as well as turbo-

charger rotor assemblies shall be dynam-

ically balanced in accordance with 4.1.2. 

5.3.1.3 The suction pipes of fans, 

blowers and turbochargers shall be pro-

tected against entry of foreign objects. 

5.3.1.4 The lubricating oil system of 

the turbocharger bearings shall be so ar-

ranged as to prevent the oil from getting 

into the supercharging air. 

5.3.2 Strength calculation. 
The impellers of the turbines and 

blowers shall be so dimensioned that at a 

speed equal to 1.3 of the rated speed the 

reference stresses at any section are not 

in excess of 0.95 of yield stress of the 

element material. 

The impellers of the turbines and 

blowers shall be also tested for strength 

during at least 3 min at a speed equal to 

1.2 times of the designed speed. 

Such testing of the prototype of the 

turbine and blower impellers is mandato-

ry.  

Series specimens may not be sub-

jected to such testing, provided each im-

peller forging shall be tested by one of 

the approved non-destructive testing 

methods. 

On agreement with the Register oth-

er safety factors for the turbo-blowers 

may also be permitted if the calculation 

procedures are used taking account of the 

stress concentrations and plasticity (finite 

element method). 

5.3.3 Additional requirements for 

the ventilators of cargo pump rooms in 

oil tankers, spaces intended for the 

carriage of dangerous goods and spac-

es in which motor vehicles are carried 

with fuel in their tanks. 
5.3.3.1 The air gap between the im-

peller and the casing shall not be less 

than 0.1 of the impeller shaft bearing di-

ameter, but not less than 2 mm (it is per-

mitted to be not more than 13 mm). 

5.3.3.2 Protection screens of not 

more than 13 mm square mesh shall be 

fitted in the inlet and outlet of ventilation 

ducts at the open deck to prevent the en-

trance of objects into the fan housing. 

5.3.3.3 To prevent electrostatic 

charges both in the rotating body and 

casing, they shall be made of antistatic 

materials. Furthermore, the installation 

on board of the ventilation units shall be 

such as to ensure their safe bonding to 
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the ship’s hull according to requirements 

of Part XI “Electrical Equipment”. 

5.3.3.4 The impeller and the housing 

(in way of the impeller) shall be made of 

materials, which are recognized as being 

sparkproof. 

The following combinations of ma-

terials of impeller and housing are con-

sidered sparkproof: 

.1 non-metallic antistatic materials; 

.2 non-ferrous-based alloys; 

.3 austenitic stainless steel; 

.4 impeller is made of aluminium al-

loy or magnesium alloy and housing is 

made of cast iron steel (austenitic stain-

less steel included), if a ring of suitable 

thickness of non-ferrous materials is fit-

ted inside the housing in way of impeller; 

.5 any combination of cast iron and 

steel impellers and housings (including 

the case when impeller or housing is 

made of austenitic stainless steel), pro-

vided the tip clearance is not less than 

13 mm. 

5.3.3.5 Other combinations of mate-

rials of impellers and housings, not speci-

fied in 5.3.3.4, may also be permitted if 

they are recognized as non-sparking by 

appropriate tests. 

5.3.3.6 The following combinations 

of materials of impeller and housing are 

not permitted: 

.1 impellers are made of aluminium 

alloy or magnesium alloy and housings 

are made of ferrous-based alloys; 

.2 impellers are made of ferrous-

based alloys and housings are made of 

aluminium or magnesium alloys; 

.3 impellers and housings are made 

of ferrous-based alloys with less than 

13 mm tip clearance. 

5.4 CENTRIFUGAL SEPARATORS 

5.4.1 General requirements. 
5.4.1.1 The separator design shall 

preclude the leakage of oil products and 

vapours thereof under any conditions of 

the separation. 

5.4.1.2 The separator bowls shall be 

dynamically balanced. The position of 

the removable parts shall be marked. 

 The design of the disc holder and 

bowl shall preclude the possibility of in-

appropriate assembly thereof. 

5.4.1.3 “Rotor-stator” systems shall 

be so designed that the critical speed ex-

ceeds the operating speed both in empty 

and in filled condition. 

The critical speed less than the rated 

speed may be allowed only provided that 

proofs of continuous safe operation of the 

separator are submitted. 

5.4.1.4 The design of coupling shall 

preclude the possibility of sparking and 

impermissible heating under all condi-

tions of the separator operation. 

5.4.2 Strength calculation. 
5.4.2.1 Besides, the strength of rotat-

ing separator parts shall be checked un-

der stresses arising at rotational speeds 

exceeding the design speed at least by 

30%; in this case, the total stresses in the 

parts shall not exceed 0.95 of yield stress 

of the material, of which they are made. 

5.4.2.2 At the manufacturer’s test 

bench, the strength of the rotating parts 

of the prototype separator shall be tested 

by a rotation speed exceeding the design 

speed by 30% at least.  

5.4.3 Instrumentation and protec-

tion. 
5.4.3.1 A device for the control over 

the separation process shall be provided. 
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5.4.3.2 It is advisable that the sepa-

rators be provided with a device automat-

ically shutting off the drive and stopping 

the separator when inadmissible vibration 

occurs. 

5.5 NATURAL GAS (METHANE) 

COMPRESSORS 

       5.5.1 Compressors installed on board 

the gas carriers carrying methane and 

used for supply of methane to dual-fuel 

internal combustion engines (refer to  

9.1.1) shall be capable of rising pressure 

from the atmospheric pressure up to 25 to 

30 MPa at the suction temperature not 

higher than −163 °C. 

6. DECK MACHINERY 

6.1 GENERAL REQUIREMENTS 

6.1.1 The brake straps and their fas-

tenings shall be resistant to sea water and 

petroleum products. The brake straps 

shall be heat-resistant at temperatures up 

to 250 °C. 

The permissible heat resistance of 

connections between the brake strap and 

the frame shall be above the temperature 

of heating of the connections for all pos-

sible operating conditions of the machin-

ery. 

6.1.2 The machinery having both 

manual and power drives shall be provid-

ed with interlocking arrangements pre-

venting their simultaneous operation. 

6.1.3 The deck machinery control 

arrangements shall be so made that heav-

ing-in is performed when the handwheel 

is turned to the right or when the lever is 

shifted backwards while veering out is 

carried on when the handwheel is turned 

to the left or the lever is shifted forwards.  

Locking of brakes shall be carried 

out by turning the handwheels to the right 

while releasing is effected by turning to 

the left. 

6.1.4 The control devices, as well as 

the instrumentation shall be so arranged 

as to provide the observation of them 

from the control place. 

6.1.5 The machinery with the hy-

draulic drive or control shall additionally 

comply with the requirements of Sec-

tion 7. 

6.1.6 Winch drums having the multi-

layer rope winding with the ropes that 

can be subjected to the load in several 

layers shall have flanges protruding 

above the upper layer of winding by not 

less than 2.5 times the rope diameter. 

6.1.7 If used for oil-recovery opera-

tions, cargo winches and topping of der-

ricks, cargo-lifting appliances, luffing 

gear, slewing and travelling machinery of 

cranes and hoists, and other deck ma-

chinery installed in danger Zones 0, 1 

and 2 shall be intrinsically safe, and rele-

vant safety certificates shall be issued for 

them by a competent body (for the defini-

tion of danger zones refer to 19.2, Part XI 

“Electrical Equipment”). 

6.2 STEERING GEAR 

6.2.1 General instructions. 
6.2.1.1 Main and auxiliary steering 

gear (refer to 1.2.9, Part III “Equipment, 

Arrangements and Outfit”) shall be so 

arranged that a single failure in one of 

them will not render the other one inop-

erative. 

6.2.1.2 Main steering gear compris-

ing two or more identical power units 
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(refer to 2.9.4, Part III “Equipment, Ar-

rangements and Outfit”) shall be so ar-

ranged that a single failure in its piping 

or in one of the power units will not im-

pair the integrity of the remaining part of 

the steering gear. 

In oil tankers, oil tankers (> 60 °C), 

chemical tankers or gas carriers of 

10,000 gross tonnage and more, hydrau-

lic steering gear shall be provided with 

audible and visual alarms to give the in-

dication of hydraulic fluid leakage in any 

part of the hydraulic system as well as 

with the arrangements of automatic isola-

tion of the defective part of the system so 

that the steering capability shall be re-

gained in not more than 45 s after the loss 

of the defective port of the hydraulic sys-

tem. 

6.2.1.3 The design of the gears shall 

provide in emergency for changing from 

the main steering gear to the auxiliary 

one during not more than 2 min. 

6.2.1.4 Steering gears shall provide 

for a continuous operation under the most 

severe service conditions. 

The design of the steering gear shall 

exclude the possibility of its failure with 

a ship running astern at maximum speed. 

6.2.1.5 As a rated torque of the 

steering gear Mr the torque is taken cor-

responding to the rudder (steering nozzle) 

angle equal to 35° for the main steering 

gear and 15° for the auxiliary steering 

gear when operating under the nominal 

parameters (nominal pressure in the inner 

spaces of hydraulic and electro-hydraulic 

gears, nominal current and voltage in the 

electric steering gear motors, etc.). In this 

case, the torque corresponding to the 

rudder angle 0 shall not be less than 

0.82Мr. 

6.2.1.6 The requirements of equip-

ping the ships with the steering gears are 

specified in 2.9, Part III “Equipment, Ar-

rangements and Outfit”. 

6.2.1.7 In case of the hydraulic 

steering gear, provision shall be made for 

the fixed storage tank for hydraulic fluid 

with the capacity sufficient to fill at least 

one power actuating system, the equaliz-

ing tank included.  

This fixed tank shall be provided 

with a water level indicator and connect-

ed to the hydraulic gear by the piping so 

as its hydraulic systems can be filled di-

rectly from the tiller room. 

Each equalizing tank shall be pro-

vided with a minimum water level alarm. 

6.2.1.8 Every oil tanker, oil tanker 

(> 60 °C), chemical tanker or gas carrier 

of 10,000 gross tonnage and more shall 

comply with the following requirements 

(refer also to 6.2.1.9): 

.1 the main steering gear shall be so 

arranged that in the event of loss of steer-

ing capability due to a single failure in 

any part of one of the power actuating 

systems of the main steering gear exclud-

ing the tiller, quadrant or components 

serving the same purpose as well as sei-

zure of the rudder actuators, steering ca-

pability could be regained in not more 

than 45 s after the loss of one power ac-

tuating system; 

.2 the main steering gear shall com-

prise either: 

.2.1 two independent and separate 

power actuating systems each capable of 

meeting the requirements of 2.9.2, 

Part III “Equipment, Arrangements and 

Outfit”; or 

.2.2 at least two identical power ac-

tuating systems which, acting simultane-

ously in normal operation, are capable of 
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meeting the requirements of 2.9.2, 

Part III “Equipment, Arrangements and 

Outfit”. 

In this case the interconnection of 

hydraulic systems shall be provided. Loss 

of hydraulic fluid from any power actuat-

ing system shall be capable of being de-

tected and the defective system automati-

cally isolated so that the other actuating 

system (systems) is (are) to remain fully 

operative; 

.3 steering gears other than of the 

hydraulic type shall achieve equivalent 

standards. 

6.2.1.9 Hydraulic steering gear shall 

comply with the requirements of Sec-

tion 7 of the present Part, Part III 

“Equipment, Arrangements and Outfit” 

and Part XI “Electrical Equipment”. 

6.2.1.10 The pipes of hydraulic 

steering gear systems shall comply with 

the requirements of Part VIII “Systems 

and Piping” for Class 1 piping system.  

The requirements for flexible joints 

used for the hydraulic steering gear sys-

tems are specified in 2.5, Part VIII “Sys-

tems and Piping”. 

6.2.1.11 For oil tankers, oil tankers 

( 60 °C), chemical carriers or gas carri-

ers of 10,000 gross tonnage and more but 

of less than 100,000 tons deadweight, at 

the Register discretion, solutions other 

than those set out in 6.2.1.8, which need 

not apply the single failure criterion to 

the rudder actuator or actuators, may be 

permitted provided, that an equivalent 

safety standard is achieved and that: 

.1 following loss of steering capabil-

ity due to a single failure of any part of 

the piping system or of one of the power units, 

steering capability shall be regained within 45 s; 

and 
.2 where a steering gear includes only a sin-

gle rudder actuator, .2 where a steering gear 

includes only a single rudder actuator, 

special consideration is given to stress 

analysis for the design including fatigue 

and fracture mechanics analysis, as ap-

propriate, to the material used, the instal-

lation of sealing arrangements and testing 

and inspection as well as to the provision 

of effective maintenance. 

6.2.1.12 Hydraulic system compo-

nents in the power actuating or hydraulic 

servo systems controlling the power sys-

tems of the steering gear (e. g. solenoid 

valves, magnetic valves) shall be consid-

ered as part of the steering gear control 

system and shall be duplicated and sepa-

rated. 

Hydraulic system components in the 

steering gear control system that are part 

of a power unit may be regarded as being 

duplicated and separated when there are 

two or more separate power units provid-

ed and the piping to each power unit can 

be isolated. 

6.2.1.13 Steering gear of passenger 

ships having length, as defined in 1.2.1 of 

the Load-Line Rules for Sea-Going 

Ships, of 120 m or more or having three 

or more main vertical zones, shall com-

ply with the requirements of 2.2.6.7.2 

and 2.2.6.8, Part VI “Fire Protection”. 

6.2.2 Power of steering gear. 
6.2.2.1 The main steering gear shall 

be capable of putting the rudder (steering 

nozzle) over from 35 on one side to 30 

on the other side in not more than 28 s 

when the rudder stock is affected by a 

rated torque of the steering engine at 

maximum operational draught and max-

imum operational speed of the ship. 

6.2.2.2 The auxiliary steering gear 

shall be capable of putting the rudder 

(steering nozzle) over from 15 on one 

side to 15 on the other side in not more 



 Rules for the Classification and Construction of Sea-Going Ships 502 

than 60 s under conditions stipulated by 

2.9.3, Part III “Equipment, Arrangements 

and Outfit”. 

6.2.2.3 The steering gear power 

units shall permit a torque overload of at 

least 1.5 times the rated torque for a peri-

od of 1 min. 

The steering gear electric motors 

shall comply with the requirements of 

5.5, Part XI “Electrical Equipment”. 

6.2.3 Hand-operated steering gear. 

6.2.3.1 The main hand-operated 

steering gear shall be of self-braking de-

sign. 

The auxiliary hand-operated steering 

gear shall be either of self-braking design 

or shall have a locking device provided 

that it is reliably controlled from the con-

trol station. 

6.2.3.2 The main hand-operated 

steering gear shall meet the requirements 

of 6.2.2.1 when handled by one man with 

a force of not over 120 N applied to the 

steering wheel handles and with the 

number of rotations, when shifting the 

rudder from hard over to hard over, not 

more than 9/R during shifting the rudder 

from hard over to hard over, where R is 

arm (radius) of the steering wheel handle 

up to the middle of its length, m. 

6.2.3.3 The auxiliary hand-operated 

steering gear shall meet the requirements 

of 6.2.2.2 when handled by not more than 

four men with a force of not more than 

160 N per helmsman applied to the steer-

ing wheel handles. 

6.2.4 Protection against overload 

and reverse rotation. 
6.2.4.1 The main and auxiliary steer-

ing gears shall have protection against 

overloads of the gear elements and as-

semblies when a rudder stock torque 

equal to 1.5 times the corresponding rat-

ed value arises.  

In case of hydraulic steering gear the 

safety valves may be used set to a pres-

sure meeting the above-mentioned re-

quirements, but not in excess of 

1.25 times the corresponding maximum 

working pressure in the inner spaces of 

the hydraulic steering gear. 

The design of the safety device shall 

permit its sealing. 

The minimum capacity of the relief 

valves shall exceed the total pump capac-

ity by 10%; in this case, the pressure of 

the hydraulic steering gear cavities shall 

not exceed the pressure, to which the re-

lief valves are adjusted. 

6.2.4.2 For the main hand-operated 

steering gear it is sufficient to provide the 

gear with buffer springs instead of the 

protection against overload required by 

6.2.4.1. 

For the auxiliary hand-operated 

steering gear the fulfilment of the re-

quirement for protection against overload 

is not compulsory. 

6.2.4.3 The pumps of hydraulic 

steering engines shall be provided with 

protective devices preventing rotation of 

the inoperative pump in the opposite di-

rection or with an automatic arrangement 

shutting out the flow of liquid through 

the inoperative pump. 

6.2.5 Braking device. 
6.2.5.1 The steering gear shall be fit-

ted with a brake or some other device, 

which provides keeping the rudder (the 

steering nozzle) steady at any position 

when the latter exerts a rated torque 

without allowing for the efficiency of the 

rudder stock bearings. 

6.2.5.2 Where the pistons or blades 

of the hydraulic steering gear can be 
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locked by closing the oil pipeline valves, 

a special braking device may be omitted. 

6.2.6 Limit switches. 
Each power-operated steering gear 

shall be provided with a device discon-

tinuing its operation before the rudder 

(the steering nozzle) reaches the rudder 

(the steering nozzle) stops. 

6.2.7 Rudder (steering nozzle) in-

dicators. 
The steering gear segment rack or 

the hydraulic steering engine crosshead 

guide, or the element rigidly coupled 

with the rudder stock shall be fitted with 

a dial calibrated in not more than 1 to 

indicate the actual position of the rudder 

(the steering nozzle). 

6.2.8 Strength calculation. 
6.2.8.1 The main and auxiliary steer-

ing gear components to be used in flux of 

force lines shall be checked for strength 

under the stress corresponding to the rat-

ed torque, and the piping and other steer-

ing gear components subjected to internal 

hydraulic pressure — to the rated pres-

sure. 

The design pressure for calculations 

to determine the scantlings of piping and 

other steering gear components subjected 

to internal hydraulic pressure shall be at 

least 1.25 times the maximum working 

pressure to be expected under the opera-

tional conditions. In this case, at the dis-

cretion of the Register fatigue criterion 

shall be applied for the design of piping 

and components, taking account of pul-

sating pressures due to dynamic loads. 

In all above cases the reference 

stresses in the components shall not ex-

ceed 0.4 of yield stress for the steel com-

ponents and 0.18 of tensile strength for 

the components of spheroidal cast iron. 

6.2.8.2 The stresses in the elements 

common for both the main and auxiliary 

steering gears (viz., tiller, segment, re-

duction gear, etc.) shall not exceed 80% 

of the stresses tolerable in compliance 

with 6.2.8.1. 

6.2.8.3 The steering gear elements 

unprotected from overloads by safety 

devices specified in 6.2.4 shall have 

strength corresponding to the rudder 

stock strength. 

6.2.9 Connection with rudder 

stock. 
6.2.9.1 The connection of the steer-

ing engine or gear with the elements rig-

idly coupled with the rudder stock shall 

eliminate the possibility of breakdown on 

the steering gear when the rudder stock is 

shifted in the axial direction. 

6.2.9.2 Connecting of the tiller hub 

or segment rack with the rudder stock 

shall be designed to transmit no less than 

double rated torque Mr stated in 6.2.1.5. 

The height of the hubs of loose segment 

racks and auxiliary tillers shall not be less 

than 0.8 of the diameter of the rudder 

stock head. In case of press keyless fitted 

solid hubs on the rudder stock the friction 

coefficient shall be taken not more than 

0.13. 

6.2.9.3 The split hubs shall be fas-

tened with at least two bolts on each side 

and have two keys. The keys shall be 

arranged at an angle of 90 to the split 

joints plane. 

6.3 ANCHOR MACHINERY 

6.3.1 Drive. 

6.3.1.1 The drive engine power of 

the anchor machinery shall provide for an 

uninterrupted heaving-in of one anchor 

chain together with the anchor of the 
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normal holding power at a speed not less 

than 0.15 m/s for a period of 30 min with 

the pull on the sprocket P1, in N, not less 

than determined from the formula 

P1 = ad 2, (6.3.1.1-1) 

where а is coefficient that is:  

 36.8 for Grade 1 anchor chain;  

 41.7 for Grade 2 anchor chain;  

 46.6 for Grade 3 anchor chain;  

 d is anchor chain diameter, mm. (For chain 

grades, refer to Part III “Equipment, Arrangements 

and Outfit”).  

On agreement with the Register, re-

duction of coefficient a is permitted for 

the chain diameters of 28 mm and less. 

For supply vessels the pull on the 

sprocket P2, in N, shall not be less than 

P2 = 11.1 (gh + G), (6.3.1.1-2) 

where g is mass of anchor chain linear metre, 

kg;  

 h is specified depth of anchorage, m, but not 

less than:  

 200 m for ships with Equipment Number 

720 or less,  

 250 m for ships with Equipment Number 

over 720 (refer to 3.2, Part III “Equipment, Ar-

rangements and Outfit”),   

 G is anchor mass, kg.  

Heaving-in speed of the anchor 

chain shall be measured on the length of 

two shackles beginning from the moment 

when three shackles are in suspended 

condition. 

6.3.1.2 As the anchor approaches the 

hawse, the drive shall provide for heav-

ing-in speed not over 0.17 m/s. It is rec-

ommended that the speed during pulling 

the anchor into the hawse shall be not 

more than 0.12 m/s. 

6.3.1.3 To break the anchor out, the 

anchor machinery drive shall build up a 

pull on a sprocket of at least 1.5 times the 

rated value in 2 min (refer to 6.3.1.1) 

without any requirement for speed. 

6.3.2 Brakes and clutches. 
6.3.2.1 The anchor machinery shall 

be fitted with clutches arranged between 

the sprocket and its drive shaft. 

The anchor machinery with a non-

self-braking gear shall be provided with 

automatic brakes switched in when the 

driving energy disappears or the driving 

engine fails. 

6.3.2.2 The automatic brake shall 

ensure a braking torque without slip cor-

responding to a force in the chain on the 

sprocket not less than 1.3Р1 or 1.3P2. 

6.3.2.3 Each chain sprocket shall be 

fitted with a brake, the braking torque of 

which with the sprocket disconnected 

from the drive shall provide for holding 

of the anchor chain without slipping of 

the brake on exposure to the force in the 

chain: 

.1 equal to 0.45 of the breaking load 

in the chain, where the anchor gear is 

provided with the anchor chain stopper 

intended for anchorage; 

.2 equal to 0.8 of the breaking load 

in the chain without the above-mentioned 

stopper. 

The force applied to the brake drive 

handle shall not exceed 740 N. 

6.3.3 Chain sprockets. 
6.3.3.1 The chain sprockets shall 

have not less than five cams. For hori-

zontal shaft sprockets the wrapping angle 

shall not be less than 115°, while for ver-

tical shaft sprockets, not less than 150°. 

6.3.3.2 The chain sprockets shall en-

sure passing the joining links in both hor-

izontal and vertical positions. 

6.3.3.3 The construction of sprocket 

shall not permit skipping of the links over 

the cams: 
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under all conditions of operation of 

the machinery from the main drive; 

when ship is lying at anchorage; 

when paying out the anchor with the 

chain cable through free dropping with 

periodical braking by the band brake and 

when the speed of paying out is approxi-

mately 4 m/s. 

6.3.4 Overload protection. 
If the machinery drive is capable of 

developing a torque building up an effort 

on the sprocket exceeding 0.5 of the an-

chor chain test load, provision shall be 

made for a safety arrangement installed 

between the drive and the machinery to 

prevent exceeding the above-mentioned 

load. 

6.3.5 Strength calculation. 

6.3.5.1 The machinery elements shall be 

checked for strength when the sprocket is affected 

by efforts corresponding to the maximum torque 

of the drive or to the moment of the extreme pro-

tection setting and also by the chain breaking load 

acting after the hawse, as well as by the wave 

forces as specified in 1.4.6.1, Part VIII “Systems 

and Piping” (refer to 6.3.5.3 to 6.3.5.8). 6.3.5.3 – 

6.3.5.8). The reference stresses in the 

elements, which may arise from the in-

fluence of the above-mentioned loads, 

shall not exceed 0.95 of yield stress of 

the element material. 

 For the purpose of complying with 

this requirement the use is allowed of the 

protecting devices (e. g., extreme mo-

ment clutch) fitted between the drive and 

the machinery, provided the requirements 

of 6.3.1.3 are met. 

6.3.5.2 The anchor machinery ele-

ments situated in fines of force flow shall 

be checked for strength when affected by 

stresses corresponding to the rated pull 

on the sprocket P1 or P2. In this case, the 

reference stresses in the elements shall 

not exceed 0.4 of yield stress of the ele-

ment material. 

6.3.5.3 The following pressures and 

associated areas shall be applied (refer to 

Fig. 6.3.5.3): 6.3.5.3): 

200 kN/m² normal to the shaft axis 

and away from the forward perpendicu-

lar, over the projected area in this direc-

tion; 

 150 kN/m² parallel to the shaft axis 

and acting both inboard and outboard 

separately, over the multiple of f times 

the projected area where f is determined 

by the formula 

f = 1 + В/Н, (6.3.5.3) 

where:    В is width of machinery meas-

ured parallel to the shaft axis; 

H is overall height of machinery, 

 f shall not be more than 2.5. 

6.3.5.4 Forces in bolts, chocks and 

stoppers securing the machinery to the 

deck shall be calculated. 

The machinery is supported by N 

bolt groups, each containing one or more 

bolts (refer to Fig. 6.3.5.4). 6.3.5.4). 

6.3.5.5 The axial force Ri in the bolt 

group or one bolt, positive in tension, 

may be determined by the formula  

Ri = Rxi + Ryi − Rsi, (6.3.5.5) 

where Rxi = Pх h xi Ai / Ix; 

Ryi = Pх h yi Ai / Iy; 

Pх is force acting normal to the shaft axis, 

kN; 

Py is force acting parallel to the shaft axis, 

either inboard or outboard, whichever gives the 

greater force in i bolt group, kN; 

h is shaft height above the windlass mount-

ing, cm; 

xi, yi are x and у coordinates of i-th bolt 

group from the centroid of all N bolt groups, posi-

tive in the direction opposite to that of the applied 

force, cm; 
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Ai is cross sectional area of all bolts in i-th 

group, cm²; 

Ix — ΣAi xi² for N bolt groups; 

Iy — ΣAi yi² for N bolt groups; 

Rsi is static reaction at i bolt group, due to 

weight of windlass. 

6.3.5.6 Shear forces Fxi and Fyi 

applied to i-th bolt group, and 

the resultant combined force Fi 

may be determined by the for-

mulae:  

Fxi = (Px − αgW)/N; (6.3.5.6-

1)Fyi = (Py − αgW)/N; (6.3.5.6-2) 

Fi = (F²xi + F²yi
) 0.5;

 (6.3.5.6-3) 

where α is coefficient of friction 

equal to 0.5; 

W is mass of windlass, ton; 

g is gravity acceleration, 

m/s²; 

N is number of bolt groups. 
 

 

 

 

 

 

 Fig.  6.3.5.3 

Direction of forces 
Note: Ру shall be examined from both inboard and outboard directions separately, refer to 6.3.5.3. 

(6.3.5.3) The sign convention for уi is reversed when Ру is from the opposite direction as shown in the 

figure. 
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Fig. (6.3.5.4) Sign convention 

6.3.5.7 Axial tensile and compres-

sive forces in 6.3.5.5 and lateral forces in 

6.3.5.6 shall be considered in the design 

of supporting structure. 

6.3.5.8 Tensile axial stresses in the 

individual bolts in each i-th bolt group 

shall be calculated. The horizontal forces 

Fxi and Fyi shall normally be reacted by 

shear chocks. Where “fitted” bolts are 

designed to support these shear forces in 

one or both directions, equivalent stresses 

in the individual bolts shall be calculated, 

and compared to the allowable stresses.  

Where synthetic compounds are in-

corporated in the holding down arrange-

ments, due account shall be taken in the 

calculations. The safety factor against 

bolt proof strength shall not be less than 

2.0. 

6.3.6 Additional requirements. 
6.3.6.1 The anchor machinery in-

tended for mooring operations shall com-

ply with the requirements of Subsec-

tion 6.4 “Mooring machinery” of this 

Part, in addition to those of the Subsec-

tion 6.3. 

6.3.6.2 The requirements of the 

Chapter apply to the remote-controlled 

anchor machinery chosen in accordance 

with 3.1.5, Part III “Equipment, Ar-

rangements and Outfit”. 

6.3.6.3 If the provision is made for 

remote control of paying out the chain 

cable with the sprocket disconnected 

from the anchor machinery drive, a de-

vice shall be fitted ensuring an automatic 

braking by the band brake in order that 

the maximum speed of paying out will 

not exceed 3 m/s.  

In ships with Equipment Number of 

400 and less it is permissible not to in-

stall a device for an automatic braking by 

the band brake. 

6.3.6.4 The chain sprocket brake 

shall provide for smooth stopping of the 

chain cable when paying it out for a peri-

od of not more than 5 s and not less than 

2 s from the moment of initiation of the 

signal from the control station. 

6.3.6.5 Provision shall be made at 

the remote control station for an indicator 

of the length of the chain cable paid out 
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and the indicator of the paying out speed 

of the cable with the mark of 3 m/s of the 

maximum permissible speed. 

6.3.6.6 Machinery and machinery 

elements, for which the remote control is 

provided, shall be manually operated 

from the local position.  

The failure of any element or the 

whole remote control system shall not 

affect adversely the normal operation of 

the anchor machinery and equipment 

manually operated from the local position 

(refer also to 5.1.3, Part XI “Electrical 

Equipment”). 

6.4 MOORING MACHINERY 

6.4.1 Drive. 
6.4.1.1 The mooring machinery 

drive shall provide for an uninterrupted 

heaving-in of a mooring line at a rated 

pull with the rated speed for a period of 

not less than 30 min. 

The speed, υ, of heaving-in of a 

mooring line on the first rope winding 

layer on the drum with the nominal pull-

ing force F shall not be less than stated in 

Table 6.4.1.1. 

Table 6.4.1.1 Values of speed υ of 

heaving-in of a mooring line 

υ, m/s 0.25 0.2 0.16 0.13 

F, kN up to 

80 

81–160 161–250 over 250 

The speed of heaving-in of a moor-

ing line by the use of a warping drum at 

the rated pull shall not be over 0.3 m/s.  

Instructions on the choice of the rat-

ed pull are given in 4.4.2, Part III 

“Equipment, Arrangements and Outfit”. 

6.4.1.2 Under the rated conditions of the 

mooring machinery (refer to 6.4.1.1) its drive shall 

develop the pull on the first rope winding layer on 

the drum equal at least to 1.5 times the rated value 

in 2 min. 

6.4.2 Overload protection. 

If the maximum torque of the drive 

may bring about a larger load on the 

mooring machinery elements than that 

specified in 6.4.4, an overload protection 

shall be provided. 

6.4.3 Brakes. 
6.4.3.1 The mooring machinery shall 

be provided with an automatic brake en-

suring a hold, without a slip on the moor-

ing line at a pull equal to 1.5 times the 

rated one when the driving energy disap-

pears or the driving engine fails. 

6.4.3.2 The mooring machinery 

drum shall be provided with a brake, a 

braking torque of which shall ensure 

keeping the mooring line from unreeling 

at a pull in the line equal to 0.8 times the 

breaking load of the line on the first rope 

winding layer on the drum. 

The force applied to the brake drive 

handle shall not exceed 740 N. 

If the drum is fitted with an arresting 

or other safety device, the possibility 

shall be provided for disengaging the 

drum by an approved means when the 

mooring cable is under the load. 

6.4.4 Strength calculation. 
6.4.4.1 The mooring machinery el-

ements situated in lines of force flow 

shall be checked for strength under the 

rated pull on the mooring drum. In this 

case, the reference stresses in the ele-

ments shall not exceed 0.4 of yield stress 

of the element material. 

6.4.4.2 The elements of the mooring 

machinery and the elements of its fas-

tening to foundation shall be checked for 

strength under the effect of the maximum 

torque of the drive and when the drum is 

affected by an effort equal to breaking 

force of the mooring cable. 
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Besides, the strength of the warping 

drum shaft under the load applied in the 

middle of its length, equal to the breaking 

force of the mooring cable shall be 

checked. 

In all above-mentioned cases, the 

stress in the elements shall not exceed 

0.95 of yield stress of the element mate-

rial. 

The strength of the mooring ma-

chinery elements shall allow for all pos-

sible kinds and geometrical directions of 

the loads that may arise during operation. 

The strength of the mooring rope in-

tended for operation with the mooring 

machinery shall be indicated on the ma-

chinery. 

6.4.5 Automatic mooring winches. 
6.4.5.1 The performance characteris-

tics and durability of the automatic moor-

ing winches shall not be inferior to the 

similar-purpose non-automatic machin-

ery. 

6.4.5.2 Automatic winches shall be 

equipped with the manual control to pro-

vide the possibility of non-automatic op-

eration. 

6.4.5.3 The following shall be pro-

vided: 

sound warning alarm operating with 

the maximum permissible length of the 

mooring rope veered out; 

an indicator of the actual pull in the 

mooring rope under the automatic opera-

tion. 

For pull measuring it is recommend-

ed to install sensors with electric output 

signal.  

6.5 TOWING WINCHES 

6.5.1 Where automatic devices are 

used for governing the tension of the 

towline, provision shall be made to ena-

ble checking the value of tension at every 

moment. The tension indicators shall be 

installed at the towing winch and on the 

bridge. 

For pull measuring it is recommend-

ed to install sensors with electric output 

signal.  

6.5.2 Sound warning alarm operat-

ing when the maximum permissible 

length of the towline is veered out or vis-

ual monitoring shall be provided. 

It is recommended to install a tow-

line counter. 

6.5.3 The drums of the towing 

winches shall comply with the require-

ments of 6.1.6 and shall be provided with 

fairleads. If two or more drums are pro-

vided, the fairleads shall be independent. 

Rope drum shall be fitted with a coupling 

to ensure its disconnection from the driv-

ing machinery. 

Geometrical dimensions of the 

winch heads shall provide the possibility 

for paying out of the towline. 

6.5.4 The design of the winch shall 

provide for quick releasing of the drum in 

order to ensure free paying-out of the 

towing line.  

6.5.5 Brakes. 
6.5.5.1 The towing winches shall be 

provided with an automatic brake ensur-

ing holding of a line at a pull equal to at 

least 1.25 times the rated one when the 

driving energy disappears or is switched 

off. 

6.5.5.2 The rope drum of the winch 

shall be provided with the brake capable 

of holding the drum, when the effort in 

the rope is not less than the breaking load 

of the towline without slipping and when 

the drum is disconnected from the drive. 
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The drum brake controlled by any 

type of energy shall be provided with 

manual control as well.  

The brake design shall ensure the 

possibility of quick releasing for the pur-

pose of loosing paying out of the towline. 

6.5.6 The towing winch elements 

situated in lines of force flow shall be 

checked for strength under the rated rope 

pull applied to the middle layer of wind-

ing. The reference stresses in the ele-

ments shall not exceed 0.4 of yield stress 

of the element material in this case. 

 6.5.7 The elements shall be checked 

for strength when the drum is affected by 

efforts corresponding to the maximum 

torque of the drive, as well as when the 

drum is affected by an effort equal to the 

towline breaking force on the upper layer 

of winding.  

           The reference stresses in elements, 

which may be subjected to efforts caused 

by the above-mentioned loads, shall not 

exceed 0.95 of yield stress of the element 

material. 

 

7. HYDRAULIC DRIVES 

7.1 GENERAL REQUIREMENTS 

7.1.1 Connecting of hydraulic steer-

ing gear pipelines and those of the hy-

draulic power systems of CPP to other 

hydraulic systems is not permitted. 

Connecting of pipelines of the en-

gine-room trunk closures hydraulic drive 

systems to other hydraulic systems is not 

permitted. 

In passenger ships and special pur-

pose ships, the connection of the pipeline 

systems of power-operated sliding water-

tight doors to other hydraulic systems is 

not permitted. 

7.1.2 Where the pipeline servicing 

hydraulic anchor machinery is connected 

to other hydraulic system pipelines, the 

latter shall be serviced by two separate 

pump units, each of which shall ensure 

the anchor gear operation with nominal 

pull and at nominal heaving-in speed. 

7.1.3 The hydraulic system failure 

shall not cause the failure of machinery 

or arrangement. 

7.1.4 Fluids to be used in the hy-

draulic systems shall be selected with 

regard to temperature conditions that may 

occur during operation (refer to Ta-

ble 2.3.1-2, Part VII “Machinery Installa-

tions”). 

7.1.5 In passenger ships and special 

purpose ships, the hydraulic systems of 

power-operated sliding watertight doors 

may be centralized or independent for 

each door. 

The centralized systems shall be 

provided with a low-level alarm for hy-

draulic fluid reservoirs serving the sys-

tem and a low gas pressure alarm for hy-

draulic accumulators. Other effective 

means of monitoring loss of stored ener-

gy in hydraulic accumulators may be 

provided.  

These alarms shall be audible and 

visual and shall be situated on the operat-

ing console at the navigation bridge. 

The centralized systems shall be de-

signed to minimize the possibility of a 

failure in the operation of more than one 

door caused by damage to a single part of 

the system. 

An independent hydraulic system 

for each sliding watertight door shall 

have a low gas pressure group alarm or 
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other effective means of monitoring loss 

of stored energy in hydraulic accumula-

tors, situated at the operating console on 

the navigation bridge. Loss of stored en-

ergy indication shall be provided at each 

local control station. 

Besides, the hydraulic systems of 

power-operated sliding watertight doors 

in passenger ships and special purpose 

ships shall comply with the requirements 

of 7.12.5.7, Part III “Equipment, Ar-

rangements and Outfit”. 

7.1.6 Hydraulic systems of hatch covers 

drives of holds adapted to the carriage of danger-

ous goods additionally shall meet the requirements 

of 7.10.8.6, Part III “Equipment, Arrangements 

and Outfit”. 

7.2 STRENGTH CALCULATION 

7.2.1 The hydraulic machinery ele-

ments situated in lines of force flow shall 

be checked under the stresses corre-

sponding to the working pressure. In this 

case, the reference stresses in elements 

shall not exceed 0.4 of yield stress of the 

element material. 

7.2.2 In cases specified in 6.2.4.1, 

6.3.4 and 6.4.2, the elements shall be 

checked for strength under the stresses 

corresponding to the opening pressure of 

the safety valves. In this case, the refer-

ence stresses in elements shall not exceed 

0.95 of yield stress of element material. 

7.2.3 The pipelines and valves of the 

hydraulic systems shall comply with the 

requirements specified in Sections 2, 4 

and 5, Part VIII “Systems and Piping”. 

7.3 SAFETY AND OTHER AR-

RANGEMENTS 

7.3.1 The hydraulic machinery shall 

be protected by safety valves, actuating 

pressure thereof shall not exceed 

1.1 times the maximum rated pressure, 

except for the cases specified in 6.2.4.1, 

6.3.4 and 6.4.2. 

7.3.2 The working fluid from the 

safety valve shall be led to the drain pipe-

line or to the oil tank. 

7.3.3 Arrangements for complete air 

expulsion when filling the machinery and 

the pipeline with the working fluid, as 

well as for leakage replenishment and 

drainage shall be provided. 

7.3.4 The hydraulic systems shall be 

provided with the filters of appropriate 

capacity and filtration purity of the work-

ing fluid. 

For continuously operating hydrau-

lic systems (hydraulic steering gear, hy-

draulic couplings, etc.) provision shall be 

made for filter cleaning without interrup-

tion of the system operation. 

7.3.5 Oil seals between fixed parts 

forming a part of external pressure limit 

shall be of “metal on metal” type. 

Oil seals between moving parts 

forming a part of external pressure limit 

shall be doubled in such a way that the 

failure of one seal would not disable the 

executive actuator. 

The alternative arrangements 

providing the equivalent leakage protec-

tion may be accepted upon the special 

agreement with the Register. 

7.3.6 Hydraulic working cylinder 

rods that are heavily affected by dust and 

subject to icing shall be protected against 

such effects. 

 7.3.7 The hydraulic machinery shall 

be provided with a sufficient amount of 

the instruments to monitor its operation. 
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8. GAS TURBINES 

8.1 GENERAL REQUIREMENTS 

8.1.1 Requirements of the Section 

apply to main and auxiliary marine gas 

turbines of 100 kW power and above. 

Application of these requirements to gas 

turbines of less than 100 kW power will 

be agreed by the Register in each case.  

The present requirements cover 

converted aircraft, marine and stationary 

gas turbines, if installed aboard sea-going 

ships. 

The field of applying the gas tur-

bines covered by the present require-

ments is as follows: 

displacement ships; 

high-speed craft; 

dynamically supported ships; 

mobile offshore drilling units 

(MODU) and fixed offshore platforms 

(FOP). 

8.1.2 Design output refers to design 

conditions, i. e. specified values of ambi-

ent air and water temperatures, air hu-

midity, atmospheric pressure and exhaust 

and suction resistance adopted for gas 

turbine design. 

It is recommended that the following 

parameters shall be adopted as design 

conditions (in accordance with the re-

quirements of ISO 2314): 

air temperature, in °C, at gas turbine 

inlet — +15; 

relative air humidity, in % — 60; 

air pressure, in kPa — 100. 

8.1.3 In ships of unrestricted service, 

at least two main gas turbines shall be 

used, while a possibility shall exist of the 

ship movement with one gas turbine in 

operation.  

When a single gas turbine is em-

ployed, the necessity of application of the 

emergency device to ensure ship propul-

sion shall be agreed with the Register in 

each case. 

8.1.4 When water supply to the air 

cooler is completely shut off, the gas tur-

bine with air inter-cooling shall develop 

an output not less than 20% of the design 

value. 

8.1.5 The gas turbine installation 

with a reversing device shall provide re-

versing from full ahead to full astern and 

vice versa (refer to 2.1.4, Part VII “Ma-

chinery Installations”). 

The gas turbine installation without 

a reversing device may be installed, if the 

ship is equipped with other means and 

devices to ensure astern running. 

When the astern turbine is em-

ployed, the requirements of 3.1.2 and 

3.6.2 shall be followed, for reverse-

reduction gear, the requirements of 4.1.1 

of the present Part shall be complied with 

and in the case of CPP application, the 

requirements of 6.5.5, Part VII “Machin-

ery Installations” shall be met. 

When using the compressed air for 

the reverse systems, its store shall pro-

vide at least 25 re-settings of the reverse. 

Refuelling of the compressed air store 

shall be performed automatically from at 

least two sources. 

Connection of other consumers to 

the high pressure compressed air systems 

providing the operation of the reverse 



Part IX.  Machinery  513 

systems, protection of gas turbines, 

bridge control is prohibited. 

8.1.6 The steady operation of the gas 

turbines without stalling and surging un-

der all possible operating conditions, 

manoeuvring included, as well as the 

permissible deposits on gas turbines and 

under tropical conditions (air temperature 

not less than 45 °C, relative air humidity 

of 95% at 35 °C and sea water tempera-

ture of 35 °C) shall be proved by calcula-

tions and tests. 

Increases and drops of load shall be 

performed at the speed to ensure steady 

operation of gas turbine compressors 

throughout the operating range. 

The program for testing the steady 

operation of the gas turbines shall be 

agreed with the Register in each case, 

and the control shall be performed both at 

the manufacturer’s bench and after instal-

lation of the gas turbine on board. 

8.1.7 Throughout the whole range of 

operating and starting modes, there shall 

be no zones restricting the gas turbine 

operation due to vibrations. 

Normal vibrations shall not exceed 

the permissible values given in Section 9, 

Part VII “Machinery Installations”. 

8.1.8 For the gas turbines of ships 

with ice strengthening category Ice6 the 

requirements of 2.1.2, Part VII “Machin-

ery Installations” shall be met, and where 

these requirements cannot be fulfilled, 

the loads on units transmitting the power 

from the gas turbine to the propeller shall 

be approved by the Register. 

8.1.9 As starting devices, AC motors 

shall be used. The application of DC mo-

tors and starting devices of other types 

shall be agreed by the Register in each 

case. 

An opportunity shall be ensured of 

starting each gas turbine from at least two 

sources of power. The change-over from 

one source of power to the other for start-

ing up the turbine shall be performed in 

not more than 60 s. For high-speed and 

dynamically supported craft, power sup-

ply from one source of power is permit-

ted. 

At least four successive starts of the 

gas turbine shall be possible.  

An opportunity shall be ensured for 

starting up the turbine before the rotor 

driven by the starting device has fully 

stopped. 

8.1.10 When doped fuels leaving 

deposits of combustion products on gas 

turbine blades are used, provision shall 

be made for systems and means of clean-

ing the blading without stopping the tur-

bine. A system for washing the stopped 

turbine to clean the turbine blades from 

deposits and the compressor blades from 

salt deposits shall be also provided. 

The gas turbines of high-speed and 

dynamically supported craft may be 

cleaned and washed in port by means of 

shore appliances. 

A cleaning or washing of the blad-

ing shall result in the restoration of the 

gas turbine parameters. The cleaning 

(washing) media shall not have a corro-

sive effect on the turbine blading and the 

surface of the exhaust gas boiler installed 

behind the turbine. The washing waste 

shall be discharged to special tanks. 

The gas turbine washing medium 

shall be issued with a sanitary approval 

permitting its application aboard sea-

going ships. 

8.1.11 The air suction inlets of the 

gas turbines shall be fitted with filters to 

preclude speeds of depositing on the 
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compressor blading dangerous for the 

normal operation of the gas turbines. The 

filter efficiency shall be tested at the 

same time as the ship delivery takes 

place. 

The air inlets shall be so located as 

to prevent the entry of water, exhaust gas 

vapours and blowout from the fan into 

the compressor. Provisions shall be made 

for preventing the suction duct from ic-

ing, if the risk of icing exists under the 

ship operating conditions. 

The reserve intake of 60% of air vol-

ume shall be provided in case of icing of the 

suction. 

For high-speed and dynamically sup-

ported craft, measures against icing and the 

reserve air intake need not be taken on 

agreement with the Register. 

The air inlets shall not produce ed-

dies at compressor intakes, which would 

make the compressor operation less sta-

ble under any operating conditions. 

Drainage systems of air inlets shall 

be provided with water seals. 

Quick-operating devices shall be 

provided for closing the air inlets. 

8.1.12 Gas exhaust systems shall be 

provided with the remote-controlled ar-

rangements to prevent air circulation 

through the gas turbine both in case of 

fire and when in port. 

If one air duct or exhaust manifold is 

intended for two or more engines, gas and 

air recirculation through non-operating en-

gines shall be prevented. 

8.1.13 Air suction and gas exhaust 

trunks, fuel, refrigeration and other pip-

ing shall be connected to the engine so 

that no expansion stresses are transmitted 

to the place of connection. 

Piping shall withstand vibration on 

levels generated during the gas turbine 

operation. 

8.1.14 All the internal components 

of air ducts and trunks for air supply to 

compressors shall be manufactured from 

corrosion-resistant materials. The dimen-

sions of the components and fastenings 

shall exclude the possibility of their 

penetration through the protective grating 

before the compressor. All inner mount-

ings shall be fixed.  

The trunks and ducts shall provide 

the possibility of periodical checking of 

the condition of inner surfaces. 

8.1.15 All turbochargers and gas 

turbines shall be fitted with a turning ar-

rangement. Provision shall be made for 

interlocking the shaft-turning gear with 

the gas-turbine starting device or for an 

automatic disconnection of the shaft-

turning gear. 

Quick-disconnecting couplings shall 

be provided with interlocking excluding 

the starting up of the gas turbine with the 

reduction gear being disconnected. 

8.1.16 Gas turbines for driving the 

emergency generator and fire pump shall 

be fitted with independent fuel, lubricat-

ing oil and cooling systems. In addition 

to automatic starting, manual starting 

from the local control station shall be 

provided. 

8.1.17 To discharge the liquid fuel 

(or gas, if gas-operated) remaining in the 

gas turbine after failed starting or due to 

fuel leakage in the combustion chamber 

during standby condition, provision shall 

be made for “a cold start” (false starting 

without fuel supply) before each turbine 

starting. 

The duration and number of the 

“cold starts” shall be sufficient for a 
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complete discharge of non-burnt fuel 

(gas) from the turbine. 

8.1.18 To prevent lubricating oil va-

pour emission to the atmosphere, lubri-

cating oil tanks shall be equipped with 

special separators discharging air into the 

exhaust gas duct (to gas vent section). 

8.1.19 Each gas turbine shall be 

covered with a noise- and warmth-

insulating case  with the inner space aired 

by a special ventilator or as a result of 

exhaust gas ejection. The temperature of 

the outer surface of the case shall be in 

agreement with the sanitary norms. Shall 

be also ensured access to principal units 

and components for maintenance and 

examination of blading, compressors and 

combustion chambers with endoscopes. 

To comply with sanitary norms for 

noise level in the machinery space, provi-

sion shall be made for noise muffling at 

air inlet and gas outlet of the turbine. 

8.1.20 Each gas turbine shall have a 

fire extinguishing system independent of 

the other systems of the kind installed in 

the machinery space.  

Where several gas turbines are in-

stalled on board, provision shall be made 

for the transfer of the fire-extinguishing 

medium from the fire-extinguishing sys-

tem of one gas turbine to those of the 

others.  

The amount of fire-extinguishing 

medium in the fire-extinguishing system 

shall be determined on the assumption of 

the inner volume of each gas turbine and 

the waste-heat boiler installed thereafter 

(if any) being filled. The gas turbine shall 

be equipped with two detectors pertinent 

to the fire-extinguishing system, one for 

the temperature of the environment be-

neath the noise- and heat-insulating case 

and the other for the temperature of ex-

haust gases behind the turbine. 

8.1.21 Fuel and lubricating oil pip-

ing shall be so arranged or equipped that 

in case of their rupture the leakage could 

not get on the hot surfaces of the gas tur-

bine. 

8.1.22 The spares available on board 

shall be in accordance with the require-

ments of Table 10.2.8, Part VII “Machin-

ery Installations”.  

The gas turbine manufacturer is enti-

tled to furnish his own lists of spare parts 

proceeding from the operation record of 

the particular type of unit. 

8.1.23 Where the turbines are con-

verted for marine service, checks on ser-

vice life shall be carried out on agree-

ment with the Register. 

8.2 GAS TURBINE ROTORS 

8.2.1 The strength analysis of the 

gas turbine rotors shall be performed for 

the rated output condition and for condi-

tions when the stresses can reach their 

maximum values.  

The check calculation of a turbine 

with overcapacity shall be made for a 

rotational speed by 20% higher than the 

nominal one, and for the other rotors, the 

check calculation shall be made for a ro-

tational speed exceeding the nominal 

speed by 10%. 

8.2.2 For the rotating parts of the gas 

turbine, the enlarged torque shall be ana-

lysed corresponding to the turbine opera-

tion at an ambient air temperature re-

duced by 20 °C lower as compared to the 

design temperature. 

8.2.3 The strength calculation of ro-

tating parts of the astern gas turbines 

shall be performed to the maximum 

torque corresponding to the crush stop 
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from full ahead to full astern at the max-

imum capacity output of the astern tur-

bine. 

8.2.4 The strength calculation of the 

units transmitting power from the gas 

turbine to the electric generator drives 

shall be made on the basis of torque cor-

responding to the short-circuit condition, 

unless special sliding couplings are used 

in the “engine-generator” system. 

8.2.5 The critical rotor speed shall 

be determined with regard to brackets 

and shall meet the requirements of 3.2.2. 

For cantilevered rotors, precession calcu-

lation and additional loads from the gyro-

scopic moment shall be carried out. 

8.2.6 The requirements of 

3.2.33.2.5 shall be also complied with. 

8.2.7 The dynamic stresses in the 

blades of compressors operating in the 

corrosive medium shall be experimental-

ly determined by the manufacturer 

throughout operating ranges, including 

starting ranges, and the blading shall be 

so set that dangerous vibrations do not 

occur. The factor of fatigue strength of 

the blades shall not be less than 3 for the 

operating ranges or less than 2.5 for tran-

sient ranges. This requirement may be 

waived, if the gas turbine manufacturer 

supplies data on the reliability of the 

compressor blades in a corrosive medium 

with lower fatigue safety factors. 

8.3 GAS TURBINE CASINGS 

8.3.1 Special sight holes for inspec-

tion of the blading shall be provided in 

the casings of gas turbines and compres-

sors, and the gas turbines shall be 

equipped with special instruments for 

inspection (endoscopes). 

8.3.2 Where sleeve bearings are ap-

plied in the gas turbine, its casing shall be 

in accordance with the requirements of 

3.3.7. 

8.3.3 When the internal lagging of 

the gas turbine casing is applied, it shall 

be safely fastened and covered with a 

sheath in order to prevent local stripping 

of the casing surface and the contacts 

between the lagging and the blading. 

8.3.4 The oil seal design shall be 

such as to prevent the lubricating oil and 

oil vapours from entering into the blading 

of the turbines and compressors, and the 

blow-out of oil and vapours outside. 

8.3.5 Each gas turbine shall have 

drain holes in the lower point of the cas-

ing,  which shall have spouts connected 

to leakage collecting tanks via open fun-

nels so the turbine would not be flooded 

in case of the leakage collecting tank 

overfilling. 

8.3.6 The casings shall ensure im-

penetrability for the case of rotor blade 

break. 

8.4 GAS TURBINE BEARINGS 

8.4.1 The sleeve bearings of the gas 

turbines shall comply with the require-

ments of 3.4. 

8.4.2 For marine gas turbines irre-

spective of type, roller bearings may be 

used. 

8.4.3 Each lubricating oil spout of 

the gas turbine supports shall be 

equipped with alarms for the presence of 

chips and with lubricating oil temperature 

sensors. 

8.4.4 The application of inner bear-

ings for three-bearing shafts shall be sub-

ject to consideration by the Register in 

each case. 

8.4.5 In any case, the gas turbine 

stop shall not damage the bearings. To 

this end, provision shall be made for lu-
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bricating oil supply in case of the turbine 

stop and for automatic activation of the 

rotor turning system. 

8.5 COMBUSTION CHAMBERS 

8.5.1 The arrangement of the com-

bustion chamber design of the gas tur-

bines shall provide the convenience of 

servicing and the possibility of replace-

ment of burners and flame tubes at sea. 

The burners shall be inter-changeable 

without the necessity of a substantial ad-

justment of the fuel oil supply system. 

8.5.2 The possibility of inspection 

shall be provided for the flame tubes of 

the combustion chambers with endo-

scopes without disassembling. 

8.5.3 The entering of the fuel into 

the combustion chambers of the gas tur-

bine, while the engine is out of action, 

shall be excluded. 

8.5.4 High-pressure fuel oil piping 

and main burners shall be made clean of 

fuel after the turbine or burner shut-

down. 

Starting fuel oil piping and starting 

burners shall be made clean of fuel after 

the end of the starting condition. 

Making clean of fuel shall be 

achieved by automatic opening of dis-

charge valves on the relevant pipe. 

8.5.5 The gas turbine shall be 

equipped with two igniters at least. 

8.6 HEAT EXCHANGERS 

8.6.1 The possibility of detection of leak-

ages and the location of the damaged member by 

means of a pressure test shall be provided in the 

heat exchangers of the gas turbines (regenerators 

and gas coolers). 
The regenerators shall be tested for 

tightness both on the gas and the air side. 

The method and procedure for detecting 

the leakages and damaged components, 

as well as disconnection thereof shall be 

set forth in special instructions. 

8.6.2 Dangerous resonance vibra-

tions and self-excited vibrations of the 

heat exchanger components shall be ex-

cluded. 

8.6.3 The regenerator shall be pro-

vided with a fire extinguishing system in 

compliance with the requirements of 

item 11 of Table 3.1.2.1, Part VI “Fire 

Protection”. 3.1.2.1, Part VI “Fire Protec-

tion”.  

8.6.4 The air coolers of the gas tur-

bines shall comply with the requirements 

of 1.5.6. 

8.6.5 The air coolers shall provide 

for the possibility of the inspection and 

cleaning of the tube plates and muffling 

without removing the covers. 

8.6.6 The air coolers shall be pro-

vided with arrangements for continuous 

removal of moisture falling out of the air 

during the gas turbine operation. 

8.6.7 Besides, the heat exchangers 

shall be in accordance with the require-

ments of Sections 1, 2 and 6, Part X 

“Boilers, Heat Exchangers and Pressure 

Vessels” except for 6.3.1 to 6.3.4, 6.3.6.  

8.7 CONTROL, PROTECTION AND 

REGULATION 

8.7.1 The main gas turbine shall be 

provided with the automatic regulation 

and remote control systems ensuring the 

following: 

.1 setting the necessary rates and 

steady maintaining thereof throughout 

the whole range of operating speeds so 

that thermal shocks are avoided; 

.2 starting and stopping under any 

operating conditions; 

.3 maintaining of steady operation of 

the compressors and combustion cham-
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bers under any transient service condi-

tions and under load; 

.4 preventing a sudden increase of 

gas temperature; 

.5 unified control of the gas turbine 

and propeller by the single lever or hand 

wheel, preserving the possibility of sepa-

rate control; 

.6 restriction of torque at the power 

take-off shaft, where necessary; 

.7 purging the combustion chambers 

of turbines and the off-take pipe from 

liquid or gaseous fuel oil accumulated 

there before ignition at start or after un-

successful start (refer to 8.1.17). 

The starting devices shall be de-

signed so that the ignition process stops 

and the main fuel valve is closed at the 

ignition failure, protection being activat-

ed or gas turbine stop. 

8.7.2 Each power turbine shall be 

provided with an overspeed device (on 

rotation speed) directly connected to the 

turbine shaft. The oil switch receiving the 

impulse from the propeller directly driv-

en by the turbine shaft may be used as an 

overspeed device, but it shall operate so 

that racing the turbine above the speci-

fied “maximum permissible” speed is not 

allowed. 

The maximum permissible speed 

shall not exceed the rated speed by more 

than 15%. 

8.7.3 Main gas turbines transmitting 

power directly to the propeller shall have 

a speed governor besides the overspeed 

device, which shall limit the speed of the 

power turbine in case of load fluctuations 

before the overspeed device is actuated. 

The speed governor shall be so ad-

justed that the power turbine rotation 

speed would not exceed the rated rotation 

speed by more than 8%. 

If fuel supply is reduced by the gov-

ernor, stopping of the gas turbine is not 

permitted. 

Generator-driving gas turbines shall 

have their speed governors in compliance 

with the requirements of 2.11.32.11.5. 

8.7.4 The main gas turbine shall 

provide the standby “crush stop” condi-

tion ready for immediate use for at least 

60 min ensuring beginning of ship’s 

movement immediately after receiving 

the command.  

In a “crush stop” condition the speed 

of the propeller shaft shall not exceed 

3 min-1. 

Unlimited readiness of the gas tur-

bine for immediate use for at least 20 min 

shall ensure within this period the possi-

bility for heating of the gas turbine, its 

starting, as well as beginning of ship’s 

movement. 

8.7.5 The requirements of 2.4, 

Part XV “Automation” shall be met. 

8.7.6 Main and auxiliary gas tur-

bines shall be fitted with an arrangement 

for emergency stopping under any oper-

ating conditions by at least two inde-

pendent means. 

When operating from the bridge 

control at the wheelhouse, provision shall 

be made for an emergency stopping of 

the gas turbine from the control station in 

the engine room in close proximity to the 

turbine. 

8.7.7 The manoeuvring arrangement 

of the gas turbine installation with an 

astern turbine shall comply with the re-

quirements of 3.6.1 and 3.6.2. The 

manoeuvring ahead and astern valves 

shall be interlocked. Irrespective of the 

position of manoeuvring valves, the op-

eration of the gas turbine compressors 

shall be sufficiently stable.   
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The gas turbine installation shall be 

provided with a local control station for 

the astern turbine. 

8.7.8 In addition to the overspeed 

device operation, the gas turbine protec-

tion system shall provide full interruption 

of fuel supply in case of alarm for the 

following parameters: 

.1 lubricating oil pressure drop in the 

system below the permissible level; 

.2 gas temperature rise above the 

permissible level before or after the tur-

bine; 

.3 limit level of vibration;  

.4 flame-out; 

.5 excess of revolutions of a low 

pressure compressor exceeding permissi-

ble value (for three-shaft gas turbines 

with a free-propeller turbine and gas re-

verse); 

.6 limiting axial rotor shift; 

.7 dangerous air pollution of the ma-

chinery and boiler room, if gas-operated. 

In case of emergency, the provision 

shall be made for the manual interruption 

of fuel supply from the local control sta-

tion in the vicinity of the gas turbine. 

Proceeding from the gas turbine de-

sign, the manufacturer may introduce 

additional types of protection. 

8.7.9 Automated main gas turbines 

shall comply with the requirements of 

Part XV “Automation”. 

8.7.10 The gas turbine control sys-

tem shall also comply with the require-

ments of 2.5, 3.13.3, Part VII “Machin-

ery Installations”. 

8.7.11 The working medium of the 

control system shall not become viscous 

at low temperatures or be readily flam-

mable. 

The filter and heat exchanger system 

shall provide the necessary temperature 

and purity of the working medium. 

8.7.12 For main gas turbines, provi-

sion shall be made for monitoring the 

readings of permanent tachometers. 

8.7.13 The control systems of gas 

turbines intended for driving generators 

shall be in compliance with the require-

ments of 2.11.32.11.7. 

8.8 CONTROL AND MEASURING 

INSTRUMENTS 

8.8.1 The control station of the main 

gas turbine shall be provided with in-

struments for measuring parameters in 

accordance with 8.7.9, with devices spec-

ified in 3.7.2.23.7.2.4, as well as in-

struments to carry out thermal check of 

the gas turbine operation. 

8.8.2 The control stations of the aux-

iliary gas turbines shall be provided with 

instruments to measure the following 

parameters: 

.1 rotor rotation speed; 

.2 lubricating oil pressure at the gas 

turbine inlet; 

.3 fuel oil pressure at the gas turbine 

inlet; 

.4 lubricating oil temperature at the 

gas turbine inlet; 

.5 gas temperature at turbine inlet or 

outlet. 

8.8.3 Where the main gas turbine is 

provided with a system for monitoring 

and preventive diagnostics, the number 

of parameters to be covered by such a 

system shall be subject for consideration 

by the Register in each case for each gas 

turbine type. 
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8.9 WASTE-HEAT CIRCUIT OF 

GAS TURBINE 

8.9.1 Where the gas turbine units are 

provided with waste-heat circuits, the 

steam turbine shall be in compliance with 

the requirements of Section 3 of the pre-

sent Part and the waster heat boiler shall 

comply with the requirements of Part X 

“Boilers, Heat Exchangers and Pressure 

Vessels”. 

8.9.2 The waster-heat circuits shall 

be provided with systems to ensure evac-

uation in condensers before or during the 

gas turbine start. 

Condensers shall be provided with 

protection against pressure rising above 

permissible values. 

8.9.3 At the beginning of the rotor 

rotation, provision shall be made for an 

automatic disconnection of the shaft-

turning gear of the steam turbine. 

8.9.4 In case two gas turbines with 

waste-heat circuits are installed in a twin-

shaft ship, an operating mode is permit-

ted with the shaft on one side being driv-

en by the gas turbine and the shaft on the 

other side being driven by the steam tur-

bine. 

In this case, quick disconnecting 

clutches shall be used, which serviceabil-

ity shall be tested by the special program 

approved by the Register. 

8.9.5 Steam turbine plants working 

on waste steam shall comply with the 

requirements of Sections 1719, 

Part VIII “Systems and Piping”. 

8.10 NATURAL GAS FIRED TUR-

BINES 

8.10.1 Requirements of the Chapter 

cover the gas turbines installed on board 

gas carriers and using the vapours of the 

natural gas (methane) carried as fuel. For 

this purpose, the gas carrier shall be pro-

vided with an installation to prepare the 

gas vapours for using in the gas turbine.  

8.10.2 Natural gas fired turbines are 

subject to the requirements of 8.18.9. 

8.10.3 Natural gas is used to start the 

turbine and operate it in all modes. 

8.10.4 The gas fuel supplied to the 

turbine shall not include any liquid frac-

tion. 

8.10.5 Gas fuel supply piping shall 

comply with the requirements of 13.12, 

Part VIII “Systems and Piping”. 

8.10.6 For gas-fired operation, the 

requirements of 2.4, Part XV “Automa-

tion” shall be met. 

8.10.7 In case of stop of gas fuel 

supply, the gas turbine shall be shut 

down automatically by means of a quick 

shut-off valve fitted as near to the gas 

turbine as possible. 

8.10.8 A manual gas fuel shut-off 

device shall be provided directly at the 

gas turbine. Besides, manual shut-down 

shall be possible from several locations 

in the engine room, from a space other 

than the engine room and from the navi-

gation bridge. 

8.10.9 In the engine room, an alarm 

shall be provided for the maximum per-

missible gas concentration corresponding 

to 30% of the lower flammability limit, 

with an alarm to be installed at the main 

machinery control room. 

The gas supply to the turbine shall 

be shut off automatically with the gas 

concentration in the machinery space 

reaching 60% of the lower flammability 

limit. Requirements of 8.4.5 shall apply 

in this case. 

8.10.10 Gas turbine operation using 

two types of fuel (liquid and gas fuel) 

requires special fuel equipment to be in-
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stalled and shall be subject for considera-

tion by the Register in each case. 

Requirements for natural gas fired 

turbines, as given in the Chapter, shall be 

met in this case. 

9. DUAL-FUEL INTERNAL COMBUSTION ENGINES 

9.1 GENERAL  

9.1.1 The requirements of the pre-

sent Section are applicable to dual-fuel 

internal combustion engines (DF-

engines) with ignition from compression, 

operated on liquid fuel and natural gas 

(methane). 

9.1.2 Individual requirements rele-

vant to the application of the DF-engines 

are given in 4.2.10, Part VII “Machinery 

Installations” and in 5.5.1 of the present 

Part. 

9.2 CONDITIONS OF OPERATION 

ON TWO KINDS OF FUEL 

9.2.1 When operated on two kinds 

of fuel DF-engines shall be equipped 

with the arrangement for supply of start-

ing fuel with further supply of gas fuel. 

The possibility of quick change-over 

from gas fuel to liquid fuel shall be pro-

vided. 

Starting fuel shall be supplied to 

each cylinder in all operation modes of 

the DF-engines. 

9.2.2 Start of DF-engines, astern op-

eration shall be carried out on liquid fuel 

only. 

9.2.3 When DF-engine is run on var-

iable modes, ships manoeuvring, moor-

ing operations, only liquid fuel shall be 

used. 

9.2.4 In case of unexpected gas fuel 

cut off DF-engine shall continue opera-

tion on liquid fuel without stop. 

9.2.5 DF-engines shall be provided 

with sensors for blocking simultaneous 

feed of gas fuel and complete supply of 

liquid fuel. 

9.3 CRANKCASE PROTECTION 

9.3.1 Crankcases of DF-engines 

shall be fitted with safety valves in way 

of each crankshaft crank. Design and ac-

tuating pressure of the safety valves shall 

be specified with due regard to the possi-

ble explosion of gas fuel leakage accu-

mulated in the crankcase. 

9.3.2 When a trunk-piston engine is 

used as the DF-engine, the crankcase 

shall be protected as follows: 

.1 to prevent accumulation of gas 

fuel leakage, the ventilation of crankcas-

es shall be provided. 

Air pipe ends shall be led to safety 

place and fitted with flame arresters; 

.2 detectors of gas fuel leakage or 

any other equivalent equipment shall be 

installed. Device for automatic admission 

of inert gas is recommended for installa-

tion; 

.3 mounting of oil mist concentra-

tion sensor in the crankcase shall be pro-

vided. 

9.3.3 When a cross-head type engine 

is used as the DF-engine, the engine 

crankcase shall be equipped with oil mist 

concentration sensor or temperature con-

trol system of the engine bearings. 
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9.4 PROTECTION OF SUB-

BEARING SPACES OF THE CROSS-

HEAD TYPE DF-ENGINES 

9.4.1 Sub-bearing spaces shall be 

provided with gas fuel leakage detectors 

or any other equivalent devices. 

    9.5 INTAKE AND EXHAUST GAS 

SYSTEMS 

9.5.1 Intake piping and supercharg-

ing air receivers as well as exhaust gas 

collectors shall be fitted with safety 

valves or other protective devices. 

9.5.2 Exhaust gas pipelines from 

DF-engines shall not be combined with 

exhaust gas piping from other engines, 

boilers or incinerators.                        

9.5.3 The exhaust gas piping shall 

be provided with effective means of 

blowing off. 

9.6 STARTING AIR PIPING 

9.6.1 Branch pipes of starting air 

piping laid to each cylinder shall be 

equipped in compliance with the re-

quirements of 2.9.2. 

9.7 COMBUSTION CONTROL 

9.7.1 The range of combustion con-

trol shall be determined and presented for 

approval with due regard to the analysis 

of the origin of failures and their conse-

quences for all the elements of DF-

engines affecting the combustion process. 

The minimum range of control, 

types of automatic protection and param-

eter limit values are given in Table 9.7.1. 

Table 9.7.1 

Ser. 

No. 

Controlled param-

eter or DF-engine 

component  

Measurement 

point or moni-

toring condi-

tions 

Parameter limit 

values (alarm) or 

fault symptoms 

Automatic shut-

off of the gas fuel 

supply valves 

Indica-

tion in 

main 

machin-

ery con-

trol 

room 

1 

Gas fuel injec-

tion valves and 

starting oil fuel 

injectors 

Each cylinder 

At each cylin-

der outlet 

Seizing of gas 

fuel injection 

valve in open 

condition 

Ignition  

failure 

Х Constant 

2 
Exhaust gas 

temperature 

Deviation 

from average 
Max Х Constant 

3 
Combustion 

pressure 

In each cylin-

der 
Max Х Constant 

Deviation 

from average 
Max Х On call 

4 
Gas fuel supply  

 pressure 
At engine inlet Min Х Constant 
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    9.8 GAS FUEL SUPPLY 

9.8.1 At the inlet of gas fuel supply 

collector to the DF-engine cylinders the 

flame arrester shall be fitted. 

       9.8.2 An arrangement for manual 

cut-off the gas fuel supply to the DF-

engine from the local control station shall 

be provided. 

9.8.3 Gas fuel supply piping shall 

meet the requirements of 13.12, Part VIII 

“Systems and Piping”. 

 9.8.4 The connection of the engine 

gas collector with the ship gas piping 

shall provide the necessary flexibility. 

         9.8.5 The connection of the gas fuel 

supply collector to the gas fuel injection 

valves shall provide complete coverage 

by the protection pipes or ducts.  

9.9 GAS FUEL SUPPLY CUT-OFF 

9.9.1 Gas fuel supply cut-off to DF-

engines by means of automatic closing of 

valves on the engine shall be performed 

when the DF-engine has stopped due for 

any unknown reason or in cases stated in 

9.3.2.2, 9.3.2.3, 9.3.3, 9.4.1, 9.7.1 of the 

present Part, and 13.12.2 or 13.12.3, 

Part VIII “Systems and Piping”. 

9.9.2 It is advisable that the main 

cut-off valve for gas fuel supply to the 

collector could be automatically closed at 

the failure of gas fuel feed valves to DF-

engine combustion chambers (refer to 

9.7.1 of the present Part and 13.12.6, 

Part VIII “Systems and Piping”). 

9.9.3 Gas fuel supply to DF-engines 

shall be automatically terminated when 

the concentration of gas in the engine 

room reaches 60% of the lower inflam-

mability level. Requirements of 9.2.4 

shall apply in this case. 

 


