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Rule No.45 30 June 2022
AMENDMENT TO THE RULES FOR THE SURVEY AND CONSTRUCTION OF STEEL
SHIPS

“Rules for the survey and construction of steel ships” has been partly amended as follows:

Part D MACHINERY INSTALLATIONS

Amendment 1-1

Chapter 21 SELECTIVE CATALYTIC REDUCTION SYSTEMS AND
ASSOCIATED EQUIPMENT

21.1 General
21.1.1 Application

Sub-paragraph -2 has been amended as follows.

2 Urea based ammonia (e.g. AUS 40 (a 40% urea — 60% water aqueous urea solution specified
in 1ISO 18611-1:2014) is to be used as reductant agent in SCR systems. In cases where another
reductant agent is used, however, special consideration is to be given to such systems in accordance
with their respective designs as well as the following (1) and (2):

((1) and (2) are omitted)

214  Requirements for Construction and Arrangements, etc.

21.4.1 Construction and Arrangement
Sub-paragraph -2 has been amended as follows.

2 Reductant agent storage tanks are to be protected from excessively high or low temperatures
applicable to the particular concentration of the solution. Depending on the operational area of the
ship, this may necessitate the fitting of heating and/or cooling systems. The physical conditions
recommended by applicable recognized standards (such as ISO 18611-3:2014) are to be taken into
account to ensure that the contents of the reductant agent tank are maintained to avoid any
impairment of the reductant agent during storage.




EFFECTIVE DATE AND APPLICATION (Amendment 1-1)

=

The effective date of the amendments is 30 June 2022.

2.  Notwithstanding the amendments to the Rules, the current requirements apply to SCR

systems other than those which fall under the following:

(1) SCR systems for which the application for approval of use is submitted to the
Society on or after 1 January 2022; or

(2) SCR systems used on ships for which the date of contract for construction* is on or
after 1 January 2022.
* “contract for construction” is defined in the latest version of IACS Procedural
Requirement (PR) No.29.

IACS PR No.29 (Rev.0, July 2009)

1. The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the
prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the
contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding.

2. The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately
exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of

vessels” if they are built to the same approved plans for classification purposes. However, vessels within a series may have design

alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in
effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of
the alteration contract, comply with the classification requirements in effect on the date on which the alterations are submitted to
the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the

contract to build the series was signed.

3. If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for construction”
for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and the shipbuilder. The
amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply.

4. If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

Note:
This Procedural Requirement applies from 1 July 2009.



Amendment 1-2

Chapter1 GENERAL

1.1 General

1.1.4 Modification of Requirements*
Sub-paragraphs (1) and (2) have been amended as follows.

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

(1) Small prime movers (including power transmlssmn svstems and shaftlnq svstems) for elther
driving generators or auxiliary machinery &#ae

systems)

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

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




Chapter6 SHAFTINGS

6.1 General
Paragraph 6.1.2 has been amended as follows.

6.1.2 Drawings and Dataz
Drawings and data to be submitted are generally as follows:
(1) Drawings for approval (including specifications of material)
((a) to (k) are omitted.)
() In the case of propeller shafts Kind 1C, four sets of drawings and data of the following i)
to viii):
(i) to vii) are omitted.)
viii) Shaft alignment calculation sheets in accordance with Annex 6.2.13.
(2) (Omitted)

6.2 Materials, Construction and Strength
6.2.2 Intermediate Shaftsx

Sub-paragraph -1 has been amended as follows.

1 The diameter of the intermediate shafts made of steel forgings (excluding stainless steel
forgings, etc.) is not to be less than the value given by the following formula:

d =Fk 3H< 560 >K
0 T NG \T, + 160

where

dy : Required diameter of intermediate shaft (mm)

H : Maximum continuous output of engine (kW)

N, : Number of revolutions of intermediate shaft at maximum continuous output (rpm)

F, : Factor given in Table D6.1

k, : Factor given in Table D6.2

T, : Specified tensile strength of intermediate shaft material (N/mm?)
The upper limit of the value of Ty used for the calculation is to be 760 N/mm? for
carbon steel forgings and 800 N/mm? for low alloy steel forgings. The upper limit of
the value of T used for the calculatlon may be increased to 950 N/mm? where

ciety when intermediate shafts are manufactured using
steel forqmqs (excluqu stainless steel forgings) which have specified minimum
tensile strengths greater than 800 N/mm? and are in accordance with Annex 6.2.2
“Use of High-Strength Materials for Intermediate Shafts”.

K : Factor for hollow shaft and given by the following formula. In cases where d; <

O 4d,, it may be considered that K =1
1

1
1= ()

d; : Inside diameter of hollow shaft (mm)




dq

Outside diameter of hollow shaft (mm)

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

(Table D6.1 are omitted.)

Table D6.2 has been amended as follows.

Shaft with integral

Table D6.2 Values of ki
Shaft with

Shaft with flange coupling either Shaft with Shaft with - Shaft with
longitudinal slot

flange coupling®@ | shrink fit, push fit or cold fit®2 | keyway @@ | transverse hole 9 ) splines 0
1.0 1.0 1.1 1.1 1.2 1.15

Notes:

(1) The fillet radius at the base of the flange is not to be less 0.08 times the diameter of the shaft.

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

(23) After a length of not less than 0.2 do from the end of the keyway, the diameter of a shaft may be reduced
progressively to the diameter calculated with ki=1.0.

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

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

(85) The diameter of the hole is not to be more than 0.3 do. When a transverse hole intersects an eccentric axial hole
(see below), the value is to be determined by the Society based on the submitted data in each case.

| o
I' | V /I\ ..,‘ll‘ da
%v**********i****df fffff X
[ H
| | |
\ /.l i
(46) The shape of the slot is to be in accordance with the following: any edge rounding other than by chamfering is to

be avoided in principle; the number of slots is to be 1, 2 or 3 and they are to be arranged 360, 180 or 120 degrees
apart from each other respectively.

(@ 1<0.8da

(b) di<0.7da

(c) 0.15da<e=0.2da

d r==-¢e/2
where
| . slot length
da : outside diameter of the hollow shaft
di . inside diameter of the hollow shaft
e . slot width
r . end rounding of the slot

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




6.2.3 Thrust Shafts

Sub-paragraph -3 has been renumbered to sub-paragraph -4, and sub-paragraph -3 has been added
as follows.

(-1 and -2 are omitted.)

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

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

6.2.4 Propeller Shafts and Stern Tube Shafts*

Sub-paragraph -3 has been renumbered to sub-paragraph -4, and sub-paragraph -3 has been added
as follows.

(-1 and -2 are omitted.)

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

34  The diameters of propeller shafts and stern tube shafts other than those prescribed in -1 and -2
are to be deemed appropriate by the Society.

Table D6.3 has been amended as follows.

Table D6.3 Values of ko

Application k2
The portion between the big end of the tapered part of | For a shaft carrying a keyless propeller,
1 propeller shaft (in cases where the propeller is fitted with a | or where the propeller is attached to an 1.22
flange, the fore face of the flange) and the fore end of the | integral flange
aftermost stern tube bearing, or 2.5 d,, whichever is greater | For a shaft carrying a keyed propeller 1.26
) Excluding the portion given in 1 above, the portion up to the fore end of the fwd stern tube seal in the 1150
direction of the bow
3 | Stern tube shaft 1.150
4 | The portion located forward of the fore end of the fwd stern tube seal 1152
Notes:

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




Table D6.4 has been amended as follows.

Table D6.4 Values of k3

KSUSF 316 KSUSF 316L

Application KSUS316-SU KSUS316L-SU

The portion between the big end of the tapered part of propeller shaft
1 | (in cases where the propeller is fitted with a flange) and the fore end 1.28 1.34
of the aftermost stern tube bearing, or 2.5 dg, whichever is greater

Excluding the portion given in 1 above, the portion up to the fore end

(1) @)
of the fwd stern tube seal in the direction of the bow 116 122

3 | The portion located forward of the fore end of the fwd stern tube seal 1.162 1.228

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

6.2.7 Corrosion Protection of Propeller Shafts and Stern Tube Shafts*
Sub-paragraph -3 has been amended as follows.

3 Spaces between the propeller cap or propeller boss and the propeller shaft are to be filled up
with taHewtgrease or provided with other effective means to protect the shaft against corrosion by
water.

6.2.10 Stern Tube Bearings and Shaft Bracket Bearings*
Sub-paragraph -1 has been amended as follows.

1 The aftermost stern tube bearing or shaft bracket bearing which supports the weight of
propeller is to comply with the following requirements (1) to (3):
(1) Inthe case of oil lubricated bearings.

(@) In the case of white metal-

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

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

iii) In cases where a gravity tank supplying lubricating oil to the stern tube bearing is
fitted, it is to be located above the load water line and provided with a low level
alarm device. However, in cases where the lubricating system is designed to be used
under the condition that the static oil pressure of the gravity tank is lower than the




)

@)

(b)

water pressure, the tank is not required to be above the load water line.

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

In the case of materials other than white metal-

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

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

; ciety in accordance with provisions specified elsewhere, the
Iength of the bearing may be fairly shorter than that specified above. However, the
minimum length is to be not less than 1.5 times the actual diameter of the propeller
shaft.

iii) Notwithstanding the requirement given in ii), the Society may allow use of bearings
whose nominal bearing pressure is more than 0.6 MPa where the material has
proven satisfactory testing and operating expesriensehistories.

In the case of water lubricated bearingss

(a)
(b)

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

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

In the case of grease lubricated bearingss

In cases where the actual diameter of the propeller shaft is not more than 100 mm, grease
lubricated bearings may be used. The length of the bearing is to be not less than 4 times the
required diameter of the propeller shaft given by the formulae in either 6.2.4-1 or -2.

Paragraph 6.2.13 has been amended as follows.

6.2.13
For the main propulsion shafting having an oil-lubricated propeller shaft of which diameter is
not less than 400 mm, the shaft alignment calculation in accordance with Annex 6.2.13 including
bending moments, bearing loads and deflection curve of the shafting is to be earred—eut—Ffor
appreval submitted to the Society for approval.

Shaft Alignmentx




8.2
8.2.2

Chapter8 TORSIONAL VIBRATION OF SHAFTINGS

Allowable Limit
Intermediate Shafts, Thrust Shafts, Propeller Shafts and Stern Tube Shafts*

Sub-paragraph -1 has been amended as follows.

1

For ships in which the reciprocating internal combustion engines are used as main propulsion

machinery (excluding electric propulsion ships), the torsional vibration stresses acting on the
intermediate shafts, thrust shaft, propeller shafts and stern tube shafts made of steel forgings
(excluding stainless steel, etc.) are to be in accordance with the following requirements (1) and (2).
However, those shafts classified as either propeller shafts Kind 2 or stern tube shafts Kind 2 are to
be deemed appropriate by the Society.

@)

)

For continuous operation, when the number of revolutions is within the range of 80 % to
105 % of the number of maximum continuous revolutions, the torsional vibration stresses are
not to exceed t,; given in the following formulae:

T, + 160
Tl = TCKCD(3 —_— 2},2)(/1 S 0.9)
T, + 160
where
7, . Allowable limit of torsional vibration stresses for the range of 0.8 <A1 < 1.05
(N/mm?)
A Ratio of the number of revolutions to the number of maximum continuous revolutions

T, : Specified tensile strength of shaft material (N/mm?)
However, the value of T, for using in the formulae is not to exceed 800 N/mm?
(600N/mm2 for carbon steels in general) in intermediate shafts and thrust shafts, and 600
N/mm? in propeller shafts and stern tube shafts. The upper limit of the value of T, used
for the calculatlon may be increased to 950 N/mm? in-intermediateshafis-where deemed

ciety the intermediate shafts are manufactured using steel forgings
(excludlnq stamless steel forgings, etc.) which have specified tensile strengths greater
than 800 N/mm? and are in accordance with the requirements of Annex 6.2.2 “Use of
High-Strength Materials for Intermediate Shafts”. Where propeller shafts and stern
tube shafts are made of the approved corrosion resistant materials or other materials
having no effective means against corrosion by sea water, the value of T, for use in the
formulae is to be as deemed appropriate by the Society.

Cx : Coefficient concerning to the type and shape of the shaft, given in Table D8.1.

Cp, : Coefficient concerning to the shaft size and determined by the following formula:

Cp = 0.35 + 0.93d 02
d = Diameter of the shaft(mm)
(Omitted)




Table D8.1 has been amended as follows.

Table D8.1 Values of C,®¥

Intermediate shaft with Thrust shaft Propeller shaft and
stern tube shaft
integral flange keyway, Keyway, | transverse| longitudinal| on both in way of near the excluding
flange | couplings| tapered | cylindrical| hole® slot @ sides of part big end of the
coupling| either [ connection| connection thrust subjected to | the tapered portion
shrink fit, collar axial load of part of givenin
push fit roller propeller the left
or cold fit bearing shaft €2 column®®
)
0.30 0.85 0.85 0.55 0.80

- For intermediate shafts with longitudinal slots, values of C, may be

determined using the following formulae:

Cy =1.45/scf
scf = Q¢(hotey + 0.80

(l - e)/da
di e
(-3
where
scf : Stress concentration factor at the end of slots defined as the ratio between the maximum local principal stress

and /3 times the nominal torsional stress determined for the hollow shafts without slots (values obtained
through Finite Element Calculation may be used as well)

l : Slot length
e . Slot width
d; :Inside diameter of the hollow shaft at the slot

d, :Outside diameter of the hollow shaft
Aenotey - Stress concentration factor of radial holes (in this context, e = hole diameter) determined by the following

formula (an approximate value of 2.3 may be used as well)

e e \? e\?/d;
QAt(hole) = 2.3 — 3@ +15 (a) +10 (d_a) (a)
(82) The portion between the big end of the tapered part of the propeller shaft (in cases where the propeller is fitted with a
flange, the fore face of the flange) and the fore end of the aftermost stern tube bearing, or 2.5 ds, whichever is greater.
In this case ds is the required diameter of the propeller shaft or stern tube shaft.
(43) The portion in the direction of the bow up to the fore end of the fwd stern tube seal.
(54) Any value of Cx other than those above is to be determined by the Society based on the submitted data in each case.

(Table D8.2 is omitted.)

8.3 Barred Speed Range
8.3.1 Barred Speed Range for Avoiding Continuous Operation*

Sub-paragraphs -1 to -3 have been amended as follows.

1 In cases where the torsional vibration stresses exceed the allowable limit 7; specified in 8.2,
barred speed ranges are to be marked with red zones on the engine tachometers and these ranges are
to be passed through as quickly as possible. In this case, barred speed ranges are to be imposed in
accordance with the following:

(1) The barred speed ranges are to be imposed between the following speed limits.

10



16N, <N, < (18 = )N,
18—41 16
where
N, : The number of revolutions to be barred (rpm)
N, : The number of revolutions at the resonant critical (rpm)
A : Ratio of the number of revolutions at the resonant critical to the number of
maximum continuous revolutions
(2) For controllable pitch propellers, both full and zero pitch conditions are to be considered.
(3) _ The tachometer tolerance is to be considered.
(4) The engines are to be stable in operation at each end of barred speed ranges.
(85) Restricted speed ranges in one cylinder misfiring conditions are to enable safe navigation
even where the ship is provided with only one propulsion engine.
2 In cases where the range in which the stresses exceed the allowable limit 7, specified in 8.2
is verified by measurements, such range may be taken as the barred speed range for avoiding
continuous operation, notwithstanding the required range specified in -l=hawing—regard—te—the
tachometeraccuracy.
3 For engines wherefor which clearing the barred speed range for avoiding continuous
operation specified in 8.3.1-1 and -2 above is not readily available, transferring of the resonant
points of torsional vibrations and other necessary measures are to be taken.

11



Chapter 12 PIPES, VALVES, PIPE FITTINGS AND AUXILIARIES

121  General
12.1.2 Terminology

Sub-paragraph -4 has been amended as follows.

4 Flexible Hose Assemblies

Flexible hose assemblies are short length metallic or non-metallic hoses that are normally
these flexible heses with end fittings. Flexible hose assemblies for essential services or containing
either flammable or toxic media are not to exceed 1.5 m in length.

Chapter 13 PIPING SYSTEMS

13.2 Piping
13.2.1 General*

Sub-paragraph -5(1) has been amended as follows.

5 Protection of piping systems and fittings
(1) All pipes, including seawater pipes, valves, cocks, pipe fittings, valve operating rods, handles,
etc. in cargo holds for dry cargoes (including cargo spaces of container shlps and ro-ro ships)

are to be protected from meeh%%elemege 12

carqo where they are Irable to be damaqed Where a casrng § provrded for protection, the

casing is to be constructed so as to facilitate easy removal for inspection.

12



Annex 6.2.2 has been added as follows.

Annex6.2.2 USE OF HIGH-STRENGTH MATERIALS
FOR INTERMEDIATE SHAFTS

1.1 Application

This annex applies to low alloy steel forgings (excluding stainless steel forgings, etc.) which have
specified tensile strengths greater than 800 N/mm?, but less than 950 N/mm? and which are intended
for use as intermediate shaft material.

1.2 Torsional Fatique Test

1.2.1 General Requirements

A torsional fatigue test is to be performed to verify that the material exhibits similar fatigue
life as conventional steels. The torsional fatigue strength of said material is to be equal to or greater
than the allowable limit of the torsional vibration stresses , given by the formulae in 8.2.2-1(1),
Part D of the Rules. The test is to be carried out with notched and unnotched specimens
respectively. For calculation of the stress concentration factor of the notched specimen, the notch
factor is to be evaluated in consideration of the severest torsional stress concentration in the

design criteria.

1.2.2 Test Conditions

Test conditions are to be in accordance with Table 1.1. Mean surface roughness is to be less
than 0.2 um for R, and the absence of localised machining marks is to be verified by visual
examination at low magnification (x20) as required by Section 8.4 of ISO 1352:2011. Test
procedures are to be in accordance with Section 10 of ISO 1352:2011.

Table 1.1 Test conditions
Loading type Torsion
Stress ratio R=-1
Load waveform Constant-amplitude sinusoidal
Evaluation S-N curve
Number of cycles for test termination 1x 107 cycles
1.2.3 Acceptance criteria

Measured high-cycle torsional fatigue strength t,-; and low-cycle torsional fatigue strength
T, are to be equal to or greater than the values given by the following formulae:

o + 160

Tf'1 = T1'2—n = CV : Cn

Teo =171 /1V/C_I(

where

Cy:. Coefficient related to the type and shape of the shaft. To be determined using the
formulae (modified as needed) specified in Note (1) of Table D8,1, Part D of the
Rules. However, the stress concentration factor for computing €, can be determined
in_consideration of actual design conditions. For unnotched specimens, the stress
concentration factor is 1.0.

13



1.3

Cp: Coefficient related to shaft size. To be determined using the formula (modified as
needed) specified 8.2.2-1(1), Part D of the Rules.
or. Specified tensile strength of the shaft material (N/mm?)

Cleanliness Requirements

Low alloy steel forgings are to have a degree of cleanliness shown in Table 1.2 when tested

according to 1SO 4967:2013 method A. Representative samples are to be obtained from each heat of

forged or rolled products. In addition, the forgings are also to comply with the minimum

requirements of Table K6.2, Part K of the Rules, with particular attention given to minimising the

concentrations of sulphur, phosphorus and oxygen in order to achieve the cleanliness requirements.

The specific steel composition is required to be approved by the Society.

1.4

Tablel.2 Cleanliness requirements

Inclusion group

Series

Limiting chart diagram

index |

Type A Fine 1
YREA Thick 1

Fine 15
Type B —IE =3
YEE Thick 1

Fine 1
Type C T =
e Thick 1
Type D Fine 1
YpeD Thick 1
Type DS 1

Inspection

Low alloy steel forging are to be subjected to the ultrasonic testing specified in 6.1.10-1(1), Part K

of the Rules.
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Annex 6.2.13 has been added as follows.

Annex6.2.13 CALCULATION OF SHAFT ALIGNMENT

1.1 General

1.1.1 Application

1 This annex applies to the shaft alignment calculations required by 6.2.10, 6.2.11 and 6.2.13,
Part D of the Rules. With regard to the paragraphs in 1.3 of this annex, application is to be in
accordance with Table 1.1.1-1.

Table 1.1.1-1 Application of conditions for calculation etc.

) . . Paragraphsb?
Type of main propulsion machinery
1.3.1 1.3.2 1.3.3%
Two-stroke cycle engines . . L]
Four-stroke cycle engines 3 L -
Steam turbines 3 . -

Notes:

1) e:Applicable -: Not applicable

2) 1.3.1: Light draught condition (cold condition)
1.3.2: Light draught condition (hot condition)
1.3.3: Full draught condition (hot condition)

3) Only applicable to oil tankers, ships carrying dangerous chemicals in bulk, bulk carriers and general dry cargo
ships in the following cases:
e Oil tankers are those ships defined in 1.3.1(11), Part B of the Rules;
e Ships carrying dangerous chemicals in bulk are those ships defined in 2.1.43, Part A of the Rules;
e Bulk carriers are those ships defined in 1.3.1(13), Part B of the Rules; and
e General dry cargo ships are those ships defined in 1.3.1(15), Part B of the Rules.

2 Notwithstanding -1 above, 1.1.2, 1.2.1 and 1.3.1 (excluding 1.3.1-4) below are to apply to
those shaft alignment calculations required by 6.2.10 and 6.2.11, Part D of the Rules in cases
where main propulsion shafting is comprised of oil-lubricated propeller shafts with diameters less
than 400 mm.

3 Alternative_methods of calculation different from those described in this annex may be
employed subject to the prior approval of the Society.

1.1.2 Calculation Sheets for Shaft Alignment
Calculation sheets for shaft alignment that include the following data are to be submitted for

approval:

(1) Diameters (outer and inner) and lengths of shafts

(2) _ Length of bearings

(3) Concentrated loads and loading points

(4) _ Support points

(5) _ Bearing offsets from reference lines

(6) Reaction influence numbers

(7)___Bending moments and bending stresses

(8) Bearing loads and nominal bearing pressures

(9) Relative inclination of propeller shafts and aftmost stern tube bearings or the maximum
bearing pressure in aftmost stern tube bearings

(10) Deflection curves for any shafting

15



(11) Sags and gaps between shaft coupling flanges
(12) Procedures for measuring bearing loads (in cases where such measurements are required)

1.2 Models of Shafting

1.2.1 Loads

1 Static loads are to be used in shaft alignment calculations.

2 Any buoyancy forces working on shafting are to be considered as loads. Tensile forces due to
cam shaft drive chains specified by engine manufacturers are also to be considered as loads for

engines.

1.2.2 Bearings

1 In cases where only one support point is assumed in aftmost stern tube bearings, its location is
to be at L/4 or D/3 from the aft end of such bearings. In cases where two support points are assumed,
their locations are to be at each end of those aftmost stern tube bearings. In cases where three or
more support points are assumed, their locations may be decided by the designer. The location of
support points in each bearing, other than those aftmost stern tube bearings, is to be at the centre of

such bearings.

Fig. 1.2.2-1 Location of Single Support Point in Aftmost Stern Tube Bearings

Propeller shaft

X =L/4orD/3
T X: Location of single support point from bearing aft end
Aftmost stern tube bearing L: Length of aftmost stern tube bearing
X D: Diameter of propeller shaft

2 Either rigid supports or elastic supports may be acceptable as the type of supports used.
3 In cases where thrust shafts are integrated with crankshafts, not less than five main bearings
of such engines are to be considered in shaft alignment calculations.

Fig. 1.2.2-3 Number of Main Engine Bearings to be Considered

A A
#l H#2  H#3  #4 O #5
\ Aftmost engine bearing
1.2.3 Equivalent Diameter of Crankshafts

When evaluating the shafting of two-stroke cycle engines used as main propulsion machinery,
the equivalent diameters of crankshafts specified by engine manufacturers are to be used in shaft
alignment calculations in order to give due consideration to any lesser bending stiffness that exists
in actual crankshafts compared with simply using those diameters of crank journals in models.
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1.2.4 Shafting with Reduction Gears

In the case of shafting with reduction gears such as those found in main steam turbines or
geared reciprocating internal combustion engines, shafting from propellers to wheel gears is to be
considered in shaft alignment calculations.

1.3 Load Condition and Evaluation of Calculation Results

1.3.1 Light Draught Condition (Cold Condition)

1 Shaft alignment calculations are to be performed under the assumption that ships are in light
draught conditions and main propulsion machinery are in cold conditions. In cases where shafts are
coupled before launching, shaft alignment calculations are to be performed for such coupled
conditions instead of for light draught conditions without taking any buoyancy forces on propellers
into account.

2 In cases where aftmost stern tube bearings consist of oil-lubricated white metal, evaluations
are to be made of nominal bearing pressure together with either the relative inclination between
propeller shafts and aftmost stern tube bearings or the maximum bearing pressures in such aftmost
stern tube bearings, either of which is to be determined in order to prevent any edge loading on
bearings. Calculated values are to be within those allowable limits shown in Table 1.3.1-2.

Table 1.3.1-2 Allowable Limits for Aftmost Stern Tube Bearings (Oil-Lubricated White Metal

Allowable Limit Notes
Nominal bearing pressure 0.8 MPa
Applicable in cases where the number of support points is one or
Relative inclination between the two.
propeller shaft and the aftmost stern 3x10*rad In the case of two support points, the relative inclination is to be
tube bearing calculated at each end of bearings.

(see Fig. 1.3.1-2(a))
Applicable in cases where the maximum bearing pressure is

Maximem beanng pressure 40 MPa calculated. (see Fig. 1.3.1-2(b))
Fig. 1.3.1-2(a) Relative Inclination Fig. 1.3.1-2(b) Maximum Bearing Pressure
Relative inclination Maximum bearing pressure

fm——

Pressure distribution

Propeller shaft

Aftmost stern tube bearing

3 Bending moments (absolute values) calculated for any bearing are not to be more than the
value determined for the aftmost stern tube bearings.

4 In principle, bearing loads calculated at each bearing are to be positive values. However, in
the case of aftmost bearings of two-stroke cycle engines used as main propulsion machinery,
bearing loads of zero may be accepted as zero (negative values are not acceptable.) subject to the
agreement of the engine manufacturer. Directions of bearing loads are shown in Fig. 1.3.1-4.
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Fig. 1.3.1-4 Direction of Bearing Loads
Bearing load (negative)

A

] k= 1

Shaft Shaft

E % ]

v
Bearing load (positive)

1.3.2 Light Draught Condition (Hot Condition)

1 Shaft alignment calculations are to be performed under the assumption that ships are in light
draught conditions and reciprocating internal combustion engines used as main propulsion
machinery is in hot conditions. In such cases, any increases in offset specified by manufacturers for
engine bearings and those bearings in reduction gears are to be considered under hot conditions.

2 In the calculations -1 above, full immersion condition of propellers may also be taken into
account in such calculations.
3 In cases where shafts are coupled before launching, the calculations in -1 above are to be

performed under the assumption that there is no change in bearing offsets from reference lines
between those conditions before and after launching.

4 Bearing loads calculated at each bearing are to be positive values.

5 In the case of shafting with reduction gears, any differences in bearing loads between the fore
and aft bearings of wheel gears in hot conditions are to be within those allowable limits specified by
manufacturers.

6 Bending moments due to propeller eccentric thrusts may be taken into account in such
calculations.

1.3.3 Full Draught Condition (Hot Condition)

1 Shaft alignment for oil tankers, ships carrying dangerous chemicals in bulk, bulk carriers, and
general dry cargo ships is to be designed so as to satisfy the following criteria in order that all
engine bearings are fairly evenly loaded, even under any hull deflection that occurs in cases where
ships are in full draught conditions. The extent of any relative displacement due to differences
between hull deflection that occurs in light draught conditions and hull deflection that occurs in full
draught conditions which result in second or third aftmost engine bearings becoming unloaded, as
measured at aftmost bulkheads of engine rooms (calculated as 65, and &z5 , respectively), is to be
greater than those allowable lower limits 6z, shown in Fig. 1.3.3-1 (a).
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Fig. 1.3.3-1(a)  Allowable Lower Limit 6z, for 65, and &za.
10

5 7 9 11 13 15 x 103
L (imm)
Distance from support points of aftmost engine bearings to aftmost bulkheads of
engine rooms (see Fig. 1.3.3-1(b))

The relative displacements 8z, and 8z; given above are to be calculated using the formulae
in (1) or (2) below, which are used to calculate the reaction influence numbers in alignment
calculations, depending on the type of bearing supports adopted (elastic or rigid supports).

(1) Inthe case of elastic supports, dz, and &g3; can be obtained with i = 2 or 3, respectively as
follows:

0g; = —R;/S;

where

i :Engine bearing numbers as counted from the aft of engines

R; : Reaction forces at the i-th number engine bearing as determined by those calculations

in 1.3.2 (kN)

S; _: Influence numbers for the i-th number engine bearing in cases where hull deflection at

aftmost bulkheads of engine rooms becomes -1 mm; obtained from the following
equation (KN/mm):

a—-1 b—1

S; = T Cy.i1,(1.5x, —0.5) + T Cpri 4 nx-,,l's
e, . .
n=1 n=a

where

X, =X, /L

n__ . Support point numbers of shafting (counted from the aft of such shafting)

a . Number of nearest support points forward of aftmost bulkheads of engine rooms
(counted from the aft of such shafting)

b : Support point numbers of aftmost engine bearings (counted from the aft of such
shafting)

X, . Distance from support point b to support point n_(mm)

L : Distance from the support point b to aftmost bulkheads of engine rooms (mm)

C,, .. Influence number at support point m in cases where the relative displacement at
support point n becomes -1 mm (kN/mm) (see Fig. 1.3.3-1(b))
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Fig. 1.3.3-1(b)  Engine Bearing Numbers and Support Point Numbers

AftmostI bulkhead of E/R Crankshaft
i i
Propeller shaft ! . Intermediate shaft A,
K T EEEE
mn=1 2 3 ' 4(=a) 5=) 6 7 8 9
|——| I_I: ’—Ilz-| X4 \ Aftmost engine bearing
L L

<
<

(2) In the case of rigid supports, 6z, Or 6z: can be obtained by solving the following
simultaneous equations (1) and (2), respectively as follows:

S18gy + (Cry = K)8; + Cy 385 + Cy 48, + Cy 585 = CoRy /K
Sy8py + C 18, + Cy 385 + C 48, + Co 85 = (Cop — KRy /K
S35z + C320; + (Ca3 = KI5 + C3 48, + C3 585 = CauRo /K (1)
Sy8pg + Cuy8y + Cu38s+ (Coy = K)S4 + Cos8s = C4oRo /K
Ss8py + Cs 18, + C 385 + C 48, + (Co 5 — K)8s = Cs,Ry /K

S1 512'2 + (C1'1 — K)61 + C1,767 + C1'454 + C1’:6r: = C1,2R-2/K
576122 + C?’1 51 + (C'),') — K)gv + C?’A.5A. + C'),l:é\l: = C')"zRQ/K

526122 + C'z’1 51 + C'z")é\-; + CQ'A(SA + CQ}':é": = (Ca,a - K)RQ/K > (2)
SA_6R2 + CA.’1 51 + CA.")6'7 + (CA_,A_ — K)54 + CA.,E6E = CA’QRQ/K
S:6R2 + C:’1 51 + C:'—)é‘-; + CI:'A(SA + (Cr:’r: - K)é‘: = CE’QRQ/K

J

where

K : Stiffness of bearing supports, given as K = 5000 (kN/mm)

S; . Influence number for i-th number engine bearing (see (1) above)

C; ;- Influence number for the i-th number engine bearing in cases where the relative
displacement at the j-th number engine bearing becomes -1 mm (KN/mm) (However,
the i-th and j-th numbers are counted from the aft of engines.)

0;(i =1,2,3,4,5) : Elastic relative displacement at each engine bearing resulting from the

relative displacement 6z, or 6g5. (8; is unknown.)
2 Notwithstanding -1 above, the Society may examine and accept alternative criteria, provided
that documentation is submitted that makes it possible to evaluate the condition of engine bearings
in cases where ships are in full draught conditions.
3 Other documents such as those showing results structural analysis evaluating the extent of
hull deflection may be required by the Society in cases where stern hull construction is considered
to be unconventional.

1.4 Matters Relating to Shaft Alignment Procedures

1.4.1 Sags and Gaps between Shaft Coupling Flanges
Sags and gaps between shaft coupling flanges in an uncoupled condition are to be calculated
under the condition that bearing offsets from reference lines are those used in those calculation
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described in 1.3.1 above.

Fig.1.4.1 Sag and Gap between Shaft Coupling Flanges

GAP = GAP1 + GAP2

GAP1  GAP2

1.4.2 Procedure for Measuring Bearing Loads

In _cases where bearing loads are measured using the jack-up technique, documentation
describing the measurement procedures followed (including jack-up positions, load correction
factors and expected jack-up loads) is to be prepared. The immersion of propellers at the time of
such measurements is also to be considered in the bearing loads measured.

EFFECTIVE DATE AND APPLICATION (Amendment 1-2)

=

The effective date of the amendments is 1 July 2022.

2.  Notwithstanding the amendments to the Rules, the current requirements apply to ships

for which the date of contract for construction* is before the effective date.

* “contract for construction” is defined in the latest version of IACS Procedural
Requirement (PR) No.29.

IACS PR N0.29 (Rev.0, July 2009)

1. The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the
prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the
contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding.

2. The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately
exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of

vessels” if they are built to the same approved plans for classification purposes. However, vessels within a series may have design

alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in
effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of
the alteration contract, comply with the classification requirements in effect on the date on which the alterations are submitted to
the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the

contract to build the series was signed.

3. If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for construction”
for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and the shipbuilder. The
amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply.

4. If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

Note:
This Procedural Requirement applies from 1 July 2009.
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Amendment 1-3

Chapter 2 RECIPROCATING INTERNAL COMBUSTION ENGINES

2.1 General
2.1.2 Terminology*

Sub-paragraph -2 has been amended as follows.

2 The terminology used in the application of H3}—anrd—2-6f 2.1.3 as=wel=asand 2.1.4 is as

specified in the following (1) to (36):

((1) to (25) are omitted)

(26) *“Quality assurance” means all the planned and systematic activities implemented within the
quality system, and demonstrated as needed to provide adequate confidence that an entity will
fulfil requirements for quality. Refer to 1SO 9890-sexies9001:2015.

((27) to (36) are omitted)

EFFECTIVE DATE AND APPLICATION (Amendment 1-3)

=

The effective date of the amendments is 1 July 2022.

2.  Notwithstanding the amendments to the Rules, the current requirements may apply to
reciprocating internal combustion engines whose type is the same type of those for which
the application for approval of use is submitted to the Society before the effective date.
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Amendment 1-4

Chapter 2 RECIPROCATING INTERNAL COMBUSTION ENGINES

2.1 General
Paragraph 2.1.3 has been amended as follows.

2.1.3 Drawings and Data*
1 Drawings and data to be submitted are generally as follows:
(1) Drawings and data for approval

Drawings and data specified in Table D2.1(a)
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(2) Drawings and data for reference
Drawings and data specified in Table D2.1(b)
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2 The drawings and data for the inspection and testing specified in -163} (the items represented
by the mark O in Table D2.1(a) and Table D2.1(b), hereinafter indicated the same way
throughout this Chapter)abewve are to be submitted in_accordance with 2.1.4-1 by the engine
manufacturer producing engines with the drawings and data whose approval of use has been
obtained in accordance with 2.1.1-3 (hereinafter referred to as “licensee” in this Chapter). Such
drawings and data, however,bat may be submitted by the licensor in accordance with 2.1.4-2.
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Table D2.1(a) has been added as follows.

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

ltems For inspe(_:tion
and testing

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

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

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

main dimensions, operating media and maximum working pressures).

(a) Starting air system

(b) Fuel oil system

(c) Lubricating oil system =

(d) Cooling water system

(e) Hydraulic system

(f) _Hydraulic system (for valve lift)

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

The documentation to contain specifications for pressures, pipe dimensions and materials. -
(15) | Arrangement and details of the crankcase explosion relief valve (only for engines of a cylinder O

diameter of 200 mm or more or a crankcase volume of 0.6 m® or more) -
(16) | Oil mist detection and/or alternative alarm arrangements O
(17) | Connecting rod with cap (four-stroke design) O
(18) | Arrangement of foundation (for main engines only) O
(19) | The drawings, data, etc. required by 2.1.4. O
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Table D2.1(a)  Drawings and Data for Approval (continued)

For inspection

Items .
and testing

(20) | The following drawings and data for exhaust driven turbochargers:

(a) Category A turbochargers (upon request)
i) Sectional assembly (including principal dimensions and names of components)
ii) Containment test report
iii) Test procedures

(b) Category B turbochargers
i) Sectional assembly (including principal dimensions and materials of housing components for
containment evaluation.)
ii) Documentation of containment in the event of the disc fracture specified in 2.5.1-6
iii) Documentation of following operational data and limitations
- Maximum permissible operating speed (rpm)
+ Maximum permissible exhaust gas temperature at the turbine inlet
+ Minimum lubrication oil inlet pressure
+ Maximum permissible vibration levels (self- and externally generated vibrations)
- Alarm level for exhaust gas temperature at the turbine inlet (levels are also to be
indicated on engine control system diagrams) -
« Lubrication oil inlet pressure low alarm set point (levels are also to be indicated on
engine control system diagrams)
- Lubrication oil outlet temperature high alarm set point (levels are also to be indicated on
engine control system diagrams)
iv) Diagram of lubrication oil systems (diagrams included in piping arrangements fitted to
engines may be accepted instead)
v) Test report of type test (only for type tests)
vi) Test procedure (only for type tests)

(c) Category C turbochargers
i) Drawings listed in (b) above
ii) Drawings of the housing and rotating parts (including details of blade fixing)
iii) Material specifications (including mechanical properties and chemical composition) of
the parts mentioned in ii) above
iv) Welding details and welding procedures for the parts mentioned in ii) above, if made of
welded construction

(21) | Other drawings and data deemed necessary by the Society [©]

Notes:
(1)  For approval of materials and weld procedure specifications, the weld procedure specification is to include details of pre- and post-weld
heat treatments, weld consumables and fit-up conditions.
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Table D2.1(b) has been added as follows.

Table D2.1(b)  Drawings and Data for Reference

For inspection

Items ;
and testing

A list containing all drawings and data submitted
@ | : I )

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

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

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

(a) Control valves

(b) High-pressure pumps (@]

(c) Drive for high pressure pumps

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

hydraulic, pneumatic or electronic control of fuel injection and/or valves -
(30) [ Production specifications for castings and welding (sequence) O
(31) | Certification of an approval of use for environmental tests, control components® O
(32) | Quality requirements for engine production O
(33) | Location of measures preventing oil from spraying out from joints in flammable oil piping (if fitted) —
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Table D2.1(b)  Drawings and Data for Reference (continued)

For inspection
Items ;
and testing
(34) | The following drawings and data for exhaust driven turbochargers (only for category C
turbochargers):
(a) Documentation of the safe torque transmission specified in 2.5.1-6 when the disc is connected
to the shaft by an interference fit -
(b) Information on expected lifespan (creep, low cycle fatigue and high cycle fatigue are to be
considered)
(c) Operation and maintenance manuals
(35) | Other drawings and data deemed necessary by the Society O
Notes:
1) Operation and service manuals are to contain maintenance requirements (servicing and repair) including details of any special tools and
gauges that are to be used with their fitting/settings together with any test requirements on completion of maintenance.
(2) Drawings and data modified for a specific application are to be submitted to the Society for reference or approval, as applicable.
214 Approval of Reciprocating Internal Combustion Engines*

Sub-paragraphs -1(1) to (3) have been amended as follows.

1

1)

)

Reciprocating internal combustion engines are to be approved in accordance with the
following (1) to (6):
Development of documents and data for engine production

(@)

(b)

(©)

(d)

Prior to the start of the reciprocating internal combustion engine approval process in
accordance with the following (c)&3} and subsequent sub-paragraphs of this paragraph, a
design approval is to be obtained as specified separately by the Society.

Each type of reciprocating internal combustion engine is to be provided with a certificate
of approval of use obtained by the licensor in accordance with 2.1.1-3. For the first
engine of a type or for those with no service records, the process of an approval of use
and the approval process for production by the licensee may be performed
simultaneously.

The licensor is to review the drawings and data of the reciprocating internal combustion
engine whose approval of use has been obtained for the application and develop, if
necessary, application specific drawings and data for production of reciprocating internal
combustion engines for the use of the licensee in developing the reciprocating internal
combustion engine specific production drawings and data for the inspection and testing
specifiedhsted in 2.1.3-1633.

If substantive modifications to the drawings and data of the reciprocating internal
combustion engine whose approval of use has been obtained have been made in the
drawings and data of reciprocating internal combustion engines to be produced, the
affected drawings and data are to be resubmitted to the Society as specified separately by
the Society.

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

(@)

(b)

The licensee is to develop the drawings and data for the inspection and testing
specifiedhsted in 2.1.3-163} and a comparison list of these drawings and data to the
drawings and data of the reciprocating internal combustion engine whose approval of use
has been obtained by the licensor and submit these drawings and the comparison list to
the Society.

{n—apphrngAs for the drawings and data for the inspection and testing specified in
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2.1.3-163, if there are differences in the technical content on the licensee’s production
drawings and data of the reciprocating internal combustion engine compared to the
drawings and data of the reciprocating internal combustion engine whose approval of use
has been obtained by the licensor, the licensee is to submit “Confirmation of the
licensor’s acceptance of licensee’s modifications” approved by the licensor and signed by
the licensee and licensor. If the licensor acceptance is not confirmed, the reciprocating
internal combustion engine manufactured by the licensee is to be regarded as a different
engine type and is 2.1.1-3 is to apply to the reciprocating internal combustion engine.

(¢) In applying (b) above, modifications applied by the licensee are to be provided with
appropriate quality requirements.

(d) The Society returns the drawings and data specified in (a) and (b) above to the licensee
with confirmation that the design has been approved.

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

(3) Additional drawings and data

In addition to the drawings and data for the inspection and testing specifiedhsted in 2.1.3-163),

the licensee is to be able to provide to the Surveyor performing the test specified in 2.6.1 upon

request the relevant detail drawings, production quality control specifications and acceptance
criteria. These drawings and data are for supplemental purposes to the survey only.
((4) to (6) are omitted.)

2.2 Materials, Construction and Strength
2.2.1 Materials

Sub-paragraph -1 has been amended as follows.

1 Materials intended for the principal components of reciprocating internal combustion engines
and their non-destructive tests as well as surface inspections and dimension inspections are to
conform to the requirements given in Table D2.42. However, with respect to ultrasonic testing as
well as surface inspections and dimension inspections, submission or presentation of test results to
the Surveyor may be considered sufficient. In cases where deemed necessary by the Society, tests or
inspections may also be required for any parts not specified in Table D2.42.

Table D2.1 has been renumbered to Table D2.2.
Table D2.42 Application of Materials and Non-destructive Tests as well as Surface Inspections

and Dimension Inspections to Principal Components of Reciprocating Internal Combustion Engines
(Omitted)
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2.3 Crankshafts
23.1 Solid Crankshafts*

Sub-paragraph -1 has been amended as follows.

1 The diameters of crankpins and journals are to be not less than the value given by the
following formula:

where

d, : Required diameter of crankshaft (mm)

M 1072 ALE, ..

T 10°°BSP,,,

5 Length of stroke (mm)

L Span of bearings adjacent to crank measured from centre to centre (mm)

5|

) - - Maximum combustion pressure in cylinder (MPa)

.« - Indicated mean effective pressure (MPa)

A and B: Coefficients given in Table D2.23 and Table D2.34 for engines having
equal firing intervals (in the case of Vee engines, those with equal firing intervals
on each bank.). Special consideration will be given to values A and B for
reciprocating internal combustion engines having unequal firing intervals or for
those not covered by the Tables.

D (Omitted)

i<, : (Omitted)

K_ . (Omitted)

K, : (Omitted)

=

Table D2.2 and Table D2.3 have been renumbered to Table D2.3 and Table D2.4.

Table D2.23 Value of Coefficients A and B for Single Acting In-line Engines
(Omitted)

Table D2.34(a) Value of Coefficients A and B for Single Acting 2-stroke cycle Vee Engines with
Parallel Connecting Rods
(Omitted)

Table D2.34(b) Value of Coefficients A and B for Single Acting 4-stroke cycle Vee Engines with

Parallel Connecting Rods
(Omitted)
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2.4 Safety Devices

2.4.3 Protection against Crankcase Explosion*
Sub-paragraph -2 has been amended as follows.

2 The number and locations of the explosion relief valves specified in -1 are to be in accordance
with Table D2.45.

Table D2.4 has been renumbered to Table D2.5.

Table D2.45 Number and Location of Explosion Relief Valves
(Omitted)

25 Associated Installations

251 Exhaust Driven Turbochargers*

Sub-paragraph -8 has been amended as follows.

8 For categories B and C turbochargers, the indications and alarms listed in the Table D2.65 are
to be provided. Indications may be provided at local locations, monitoring stations or control
stations. Alarm levels may be equal to permissible limits; but are not to be reached when operating
the engine at 110 % power, or at any approved intermittent overload beyond 110 % in cases where
the turbochargers are fitted to engines for which intermittent overload power is approved.

Table D2.5 has been renumbered to Table D2.6.

Table D2.56 Alarms and Indications of Turbochargers
(Omitted)

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

Sub-paragraph -1 has been amended as follows.
1 Accumulators and common accumulators are to comply with the requirements in Chapter 10.
However, notwithstanding this requirement, materials and non-destructive tests as well as surface

inspections and dimension inspections are to be in accordance with Table D2.42 and hydrostatic
tests are to be in accordance with Table D2.67.

2511 Failure Mode Effect Analysis for Electronically-controlled Engines which are used
as the Main Propulsion Machinery

Sub-paragraph (3) has been amended as follows.

Failure Mode Effect Analysis (FMEA) is to be carried out, for electronic control systems, in
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order to confirm that any one equipment or circuits in such systems which lose function may not

cause any malfunction or deterioration in other equipment or circuits, in accordance with the

following:

((1) and (2) are omitted.)

(3) FMEA results are to be created in table form as shown in Table D2.67 or be of equivalent
forms thereto.

((4) and (5) are omitted.)

Table D2.6 has been renumbered to Table D2.7.
Table D2.67 Failure Mode Effect Analysis Table for Electronically-controlled Engines which

are used as the Main Propulsion Machinery
(Omitted)

2.6 Tests

2.6.1 Shop Tests*

Sub-paragraph -1 has been amended as follows.

1 For components or accessories specified in Table D2.#8, hydrostatic tests are to be carried out
on the water or oil side of the component at the pressures shown in the Table. In cases deemed
necessary by the Society, tests may also be required for any components not specified in Table
D2.%8.

Table D2.7 has been renumbered to Table D2.8.

Table D2.#8 Hydrostatic Test Pressure
(Omitted)
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11.2

11.2.1

Chapter 11 WELDING FOR MACHINERY INSTALLATIONS

Welding Procedure and Related Specifications

Approval of Welding Procedure and Related Specifications*

Sub-paragraph -1(1) has been amended as follows.

1
(1)

The manufacturer is to obtain the approval of the welding procedures in the following cases:
Where the welding procedures are first adopted for the welding work specified below.

(@)
(b)
©)

(d)
(e)
(f)

(Omitted)

(Omitted)

Welding work for the principal components of prime movers, etc. (these principal
components are specified in Table D2.42, 3.2.1-1, 4.1.2(5) and 5.2.1-1; hereinafter, this
definition applies throughout this Chapter)

(Omitted)

(Omitted)

(Omitted)

((2) and (3) are omitted.)

=

EFFECTIVE DATE AND APPLICATION (Amendment 1-4)

The effective date of the amendments is 1 July 2022.

Notwithstanding the amendments to the Rules, the current requirements may apply to
reciprocating internal combustion engines for which the application for approval is
submitted to the Society before the effective date.
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Amendment 1-5

Chapter 2 RECIPROCATING INTERNAL COMBUSTION ENGINES
Section 2.3 has been amended as follows.
2.3 Crankshafts

231 Solid Crankshafts and Semi-Built Crankshafts*
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6 406 170 400 126 400 1708
8 170 157 205
10 198 187 205
12 205 256 205
14 228 256 205
15 235 256 238
18 248 256 238
20 24-5 242 230

CEELEET e

1 The requirements in this paragraph apply to solid-forged and semi-built crankshafts made of

forged or cast steel, with one crank throw between main bearings that are used for reciprocating
internal combustion engines for propulsion and auxiliary purposes in cases where such engines are
capable of continuous operation at their rated power when running at their rated speed.

2 The torsional stress in crankpins and journals is to be evaluated by carrying out forced
vibration calculations including the stern shafting and the values of the acceptability factor Q
calculated by Annex 2.3.1 “CALCULATION METHOD OF CRANKSHAFT STRESS” are to
comply with the following formula:
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Q= 1.15

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

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

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

2.3.3 Shaft Couplings and Coupling Bolts*
(Omitted)
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Annex 2.3.1 has been added as follows.

1.1

Annex2.3.1 CALCULATION METHOD OF CRANKSHAFT
STRESS

Scope

This annex applies to solid-forged and semi-built crankshafts of reciprocating internal combustion

engines made of forged or cast steel, with one crank throw between main bearings.

1.2

Principles of Calculation

1

The principles of calculation in this Guidance are as follows:

(1)

The design of crankshafts is based on an evaluation of safety against fatigue in highly stressed

(2)

areas.
These calculations are also based on the assumption that areas exposed to highest stresses are

(3)

those that are listed below. In addition, attention is to be paid to prevent any excessive stress
concentrations in outlets of journal oil bores.

(a) Fillet transitions between crankpins and webs

(b) Fillet transitions between journals and webs

(c) Outlets of crankpin oil bores

Calculations of crankshaft strength require that nominal alternating bending (See 1.3.1) and

(4)

nominal alternating torsional stresses (See 1.3.2) are determined first. Then, these values are
multiplied by appropriate stress concentration factors (See 1.4) which results in equivalent
alternating stresses (uni-axial stresses) (See 1.6).

Equivalent alternating stresses are evaluated in accordance with the following:

(5)

(a) In fillets, bending and torsion lead to two different biaxial stress fields which can be
represented by a Von Mises equivalent stress under additional assumptions that bending
and torsion stresses are time phased and that corresponding peak values occur at the same
locations.

(b) At oil hole outlets, bending and torsion lead to two different stress fields which can be
represented by equivalent principal stresses equal to the maximum of principal stresses
resulting from combinations of these two stress fields under the assumption that bending
and torsion are time phased.

Equivalent alternating stresses are then compared with the fatique strengths of selected

2

crankshaft materials (See 1.7). These comparisons are to show whether or not those
crankshafts concerned are dimensioned adequately (See 1.8).
In cases where journal diameter is equal to or larger than crankpin diameter, the outlets of

main

journal oil bores are to be formed in a similar way to the outlets of crankpin oil bores;

otherwise, separate documentation for fatigue safety may be required.

1.3 Calculation of Stresses
1.3.1 Alternating Bending Stress
1 Assumptions
Calculations of alternating bending stresses are based on the following assumptions:
(1) Calculations are based on statically determined systems, composed of a single crank throw

supported in the centre of adjacent main journals and subject to gas and inertia forces.

41



(2)

Bending lengths are taken as the length between the two main bearing midpoints (distance Ls,

(3)

See Fig. 1 and Fig. 2).
The bending moments Mz, and Mgy, are calculated based on triangular bending moment

(4)

diagrams due to the radial component Fp and tangential component Fr of the connecting
rod force, respectively (See Fig. 1).
For those crank throws with two connecting rods acting upon one crankpin, the relevant

(5)

bending moments are obtained by superposition of the two triangular bending moment

diagrams in accordance with phase (See Fig. 2).

Bending moments and radial forces acting in webs

(6)

(a) The bending moment Mzp- and the radial force Q- are taken as acting in the centre of

solid webs (distance L1) and are derived from the radial components of connecting rod
forces.
(b) Alternating bending and compressive stresses due to bending moments and radial forces

are to be related to cross-sections of crank webs. These reference sections result from the
web thickness W and the web width B (See Fig. 3).
(c) Mean stresses are neglected.

Bending moments acting in outlets of crankpin oil bores

(a) Two relevant bending moments are taken in crankpin cross-sections through oil bores

and are derived from the radial and tangential components of connecting rod forces (See
Fiqg. 4).
(b) Any alternating stresses due to these bending moments are to be related to the

cross-sections of axially bored crankpins.
(c) Mean bending stresses are neglected.

42



Fig. 1 Crank Throw for In-line Engines Fig. 2 Crank Throw for \Vee type Engines
with Two Adjacent Connecting Rods

L1 = Distance between main journal centre line and crank web centre (See also Fig. 3 for crankshafts without overlaps)
L> = Distance between main journal centre line and connecting rod centre
Lz = Distance between two adjacent main journal centre lines
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Fig. 3 Reference Areas of Crank Web Cross Sections

Overlapped crankshaft

e B

R R L Lt il

Crankshaft without overlap
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Fig. 4 Crankpin Sections through Oil Bores

Mg is the bending moment of the radial component of the connecting rod force.
Mpr is the bending moment of the tangential component of the connecting rod force.

2 Nominal Alternating Bending and Compressive Stresses
(1) Calculation procedures are as follows:
(a) Radial and tangential forces, due to gas and inertia loads, acting upon crankpins at
connecting-rod positions will be calculated over one working cycle.
(b) Using the forces calculated over one working cycle and taking into account of the
distance from the main bearing midpoint, the time curve of the bending moments Mggpg.
Mgra, Mgy, and radial forces Qgg, as defined in -1(5) and (6), will then be calculated.
(c) In case of Vee type engines, bending moments, progressively calculated from gas and
inertia_forces, of the two cylinders, acting on one crank throw, are superposed in
accordance with phase. Different designs (forked connecting rods, articulated-type
connecting rods or adjacent connecting rods) are to be taken into account.
(d) In cases where there are cranks of different geometrical configurations in one crankshaft,
calculations are to cover all crank variants.
(2) Nominal alternating bending and compressive stresses in web cross-sections
(a) Calculation of nominal alternating bending stresses is as follows:

M
Onen = + —FEN 103 . Ke
eqw
1
Mppen = +=(M _M
B-W?
W, =
T 6}
where

ozexn - Nominal alternating bending stress related to the web (N/mm?)
Weq, - Section modulus related to cross-section of web (mm?)
Ke : Empirical factor considering to some extent the influence of adjacent cranks
and bearing restraint with:
Ke = 0.8 for 2-stroke engines
Ke =1.0 for 4-stroke engines
Mgrey - Alternating bending moment related to the centre of the web (N-m) (See
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Fig. 1 and Fig. 2)
Meprmay - Maximum bending moment related to the centre of the web within one

working cycle (N-m)
Mgpemin - Minimum bending moment related to the centre of the web within one
working cycle (N-m)
(b) Calculation of nominal alternating compressive stresses is as follows:

QRFN .

Ke

OgeN = +

1
=+ —

F =BW

where
oory . Nominal alternating compressive stress due to radial force related to the

web (N/mm?)
Qren > Alternating radial force related to the web (N) (See Fig. 1 and Fig. 2)
Qremax. Maximum radial force related to the web within one working cycle (N)
Qremin . Minimum radial force related to the web within one working cycle (N)
F__: Area related to cross-section of web (mm?)
(3) _ Nominal alternating bending stress in outlets of crankpin oil bores
Calculation of nominal alternating bending stresses is as follows:

M
Gonn = +—22N . 103
1
Maon = += (Mppmax — M
n (D* — D3
we = = (2= D)

32C D)
where
ozon . Nominal alternating bending stress related to the crankpin diameter (N/mm?)
Mgon - Alternating bending moment calculated at the outlet of crankpin oil bore (N-m)
Mpgomay : Maximum value of bending moment My, within one working cycle (N-m)
Mpgomin - Minimum value of bending moment My, within one working cycle (N-m)
Mg, : Bending moment acting in outlet of crankpin oil bore (N-m)
Mg, = (M - cosyY + MpppsSin
Y: Angular position (See Fig. 4)
We : Section modulus related to cross-section of axially bored crankpin (mm?®)
D, Dpy :seel4.l
3 Alternating Bending Stresses in Fillets and Outlets of Crankpin Oil Bores
(1) Calculation of alternating bending stresses in crankpin fillets is as follows:
Opy = +(ag - Opgy)
where
oz - Alternating bending stress in crankpin fillet (N/mm?)
ap . Stress concentration factor for bending in crankpin fillet (See 1.4.2 and 3.1.2-2 of
Appendix 1)
(2) __Calculation of alternating bending stresses in journal fillets (not applicable to semi-built
crankshafts) is as the following formulae in (a) or (b):
(a) Oz = 1+(Bg - Ogen + BQ : O-QF'I\I)
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where
~ : Alternating bending stress in journal fillet (N/mm?)
Br : Stress concentration factor for bending in journal fillet (See 1.4.3 and 3.1.2-2 of

Appendix 1)

B, : Stress concentration factor for compression due to radial force in journal fillet (See
1.4.3 and 3.1.3-2(1) of Appendix 1)
(b) og; = +(BRQ * Oppn)
Brq - Stress concentration factor for bending and compression due to radial force in
journal fillet (See 3.1.3-2(2) of Appendix 1)
(3) The calculation of the alternating bending stress in the outlet of crankpin oil bore (only
applicable to radially drilled oil hole) is as follows:
0o = +(¥p - Ogon)
where

4 : Alternating bending stress in outlet of crankpin oil bore (N/mm?)
yr . Stress concentration factor for bending in crankpin oil bore (See 1.4.4 and 3.1.2-2
of Appendix 4)

1.3.2 Alternating Torsional Stresses

1 Nominal Alternating Torsional Stresses
Calculations for nominal alternating torsional stresses are to be carried out in accordance with

the following in order to specify maximum nominal alternating torsional stresses. In addition,

maximum nominal alternating torsional stress is to be specified, and the values obtained from such
calculations are to be submitted to the Society.

(1)  The maximum and minimum torgues are to be ascertained for all of the mass points of
complete dynamic systems and for entire speed ranges by means of harmonic synthesis of the
forced vibrations from the 1st order up to and including the 15th order for 2-stroke cycle
engines and from the 0.5th order up to and including the 12th order for 4-stroke cycle engines.

(2)  Whilst doing so, allowances must be made for any damping that exists in such systems and
for any unfavourable conditions (misfiring, which is defined as the cylinder condition when
only compression cycle without any combustion occurs in one of the cylinders).

(3) Speed step calculations are to be selected in such ways that any resonance found in
operational speed ranges of engines is detected.

Nominal alternating torsional stresses in_mass points calculated results from the following

equations:

M
Ty = + N . 103
P
1
M’T‘M = +_(MTmnv —_ MTmin)
W;:”(M\I or W, = - (2i=Dic)
t6\— D o< D/
where
Ty : Nominal alternating torsional stress related to crankpin or journal (N/mm?)
Wo . Polar section modulus related to the cross-section of an axially bored

crankpin or a bored journal (mm?®)
My, Maximum alternating torque (N-m)
Moy - Maximum torgue (N-m)
Mrpin - Minimum torque (N-m)
D, Dpy, Dp;, Dg:seel4.1
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In cases where barred speed ranges are necessary, they are to be so arranged that satisfactory
operation is possible despite their existence in accordance with 8.2.5 and 8.3.1, Part D of the Rules.

In addition, there are to be no barred speed ranges above a speed ratio of A > 0.8 for the normal
firing condition.

For crankshaft assessments, the nominal alternating torsional stress considered in -2 below is
the highest calculated value, in accordance with the above method, occurring at the most torsionally
loaded mass point of the crankshaft system. Where barred speed ranges exist, the torsional stresses
within such ranges are not to be considered in assessment calculations. Crankshaft approval is to
instead be based on the installation having the largest nominal alternating torsional stress (but not
exceeding the maximum figure specified by engine manufacturer). Thus, for each installation, it is
to be ensured through suitable calculation that the approved nominal alternating torsional stress is
not exceeded. Such calculations are to be submitted to the Society for assessment.

2 Alternating Torsional Stresses in Fillets and Outlets of Crankpin Oil Bores
(1) Calculation of alternating torsional stresses in crankpin fillets is as follows:

Ty = +(a'r : Tm)

where
7y Alternating torsional stress in crankpin fillet (N/mm?)
ar . Stress concentration factor for torsion in crankpin fillet (See 1.4.2 and 3.1.1-3 of
Appendix 1)
7). Nominal alternating torsional stress related to crankpin diameter (N/mm?)
(2) Calculation of alternating torsional stresses in journal fillets (not applicable to semi-built
crankshafts) is as follows:
Tgo = +(B’r . TM)
where
7. __: Alternating torsional stress in journal fillet (N/mm?)
Br . Stress concentration factor for torsion in journal fillet (See 1.4.3 and 3.1.1-3 of
Appendix 1)
7, __: Nominal alternating torsional stress related to journal diameter (N/mm?)
(3) _Calculation of alternating stresses in outlets of crankpin oil bores due to torsion (only
applicable to radially drilled oil holes) is as follows:
Org =t (yr - Ty)
where
aro - Alternating stress in outlet of crankpin oil bore due to torsion (N/mm?)
yr . Stress concentration factor for torsion in outlet of crankpin oil bore (See 1.4.4 and
3.1.1-2 of Appendix 4)
75 Nominal alternating torsional stress related to crankpin diameter (N/mm?)

1.4 Stress Concentration Factors

1.4.1 Explanation of Terms and Symbols

1 The terms used in this 1.4 are defined as follows:

(1) The stress concentration factor for bending (ag. Bg) is defined as the ratio of the maximum
equivalent stress (Von Mises), occurring in fillets under bending loads, to the nominal bending
stress related to web cross-sections.

(2)  The stress concentration factor for compression (8,) in journal fillets is defined as the ratio of
the maximum equivalent stress (Von Mises), occurring in fillets due to radial forces, to the
nominal compressive stress related to web cross-sections.

(3) The stress concentration factor for torsion (ay, Br) is defined as the ratio of the maximum
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equivalent shear stress, occurring in fillets under torsional loads, to the nominal torsional
stress related to axially bored crankpins or journal cross-sections.

(4) The stress concentration factors for bending (yz) and torsion (yr) are defined as the ratio of
the maximum principal stress, occurring at outlets of crankpin oil bores under bending and
torsional loads, to the corresponding nominal stress related to axially bored crankpin
cross-sections.

2 The symbols used in this 1.4 mean as follows (See Fig. 5):

D : Crankpin diameter (mm)
Dgy, . Diameter of axial bore in crankpin (mm)
D, : Diameter of oil bore in crankpin (mm)
Ry . Fillet radius of crankpin (mm)
Ty : Recess of crankpin fillet (mm)
D, : Journal diameter (mm)
Dg : Diameter of axial bore in journal (mm)
R. . Fillet radius of journal (mm)
T, . Recess of journal fillet (mm)
E : Pin eccentricity (mm)
S : Pin overlap (mm)
G D -|; D g

w : Web thickness (mm)
In the case of 2-stroke semi-built crankshafts with T, > Ry, the web
thickness is to be considered as equal to:
Wyea =W — (Ty — Ry) (See Fig. 3)
B :Web width (mm)
In the case of 2-stroke semi-built crankshafts, the web width is to be taken
in way of crankpin fillet radius centre in accordance with Fig. 3.
r = Ry /D (in crankpin fillets), R./D(in journal fillets) (0.03 <r < 0.13)
s=S/D (s <0.5)
w=W/D (0.2 <w<0.8)
b=B/D 11<b<22)
dn:Dn/D (O<dn<02)
de=Dg:/D (0<d; <0.8)
du = Dpu/D (O < du < 08)
ty =Ty/D
te=T./D
Where the geometry of crankshaft is outside the above ranges, stress concentration factors in
crankpin fillets, journal fillets and outlets of crankpin oil bores are to be calculated by
utilizing the Finite Element Method (FEM) given in Appendix 1 and Appendix 4. In such
cases, care is to be taken to avoid mixing equivalent (von Mises) stresses and principal
stresses. In cases where stress concentration factors are evaluated by methods other than
theses, relevant documents and the analysis method adopted are to be submitted to the Society
in order to demonstrate their equivalence to the methods specified in this paragraph.
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Fig.5 Crank Dimensions

1.4.2 Stress Concentration Factors in Crankpin Fillets
1 The stress concentration factor for bending (az) is as follows:
ap = 2.6914 - f(s,w) - fW) - f(b) - f(r) - f(dy) - f(dy) - f(recess)
where
f(s,w) = —4.1883 + 29.2004 - w — 77.5925 - w? + 91.9454 - w3 — 40.0416 - w*

+(1 —5)-(9.5440 — 58.3480 - w + 159.3415 - w2 — 192.5846 - w3
+85.2916 - w*)

+(1 —5)%-(—3.8399 + 25.0444 - w — 70.5571 - w% + 87.0328 - w3
—39.1832 - w%)

If s <—0.5, then f(s,w) is to be calculated after replacing the actual value of s by
-0.5.
f(w) =2.1790 - w7171
f(b) = 0.6840 — 0.0077 - b + 0.1473 - b?
f(r) =0.2081 - r(-0:5231)
f(dg) =0.9993 + 0.27 -d; — 1.0211 - d2 + 0.5306 - d3
f(dy) = 09978 + 0.3145 - d,, — 1.5241 - d? + 2.4147 - d3,
f(recess) =1+ (ty +t-)-(1.8+3.2-5)

If calculated f(recess) < 1, then the factor f(recess) is not to be considered
(f(recess) = 1).

2 The stress concentration factor for torsion () is as follows:
ar=0.8-f(r.s) - f(b)-fw)
where
f(r.s) = 7,.(—0.322+0.1015(1—s))
If s <—0.5,then f(r,s) isto be calculated by replacing the actual value of s by -0.5.
f(b) = 7.8955 — 10.654 - b + 5.3482 - b% + 0.857 - b3
f(w) = w0145

1.4.3 Stress Concentration Factors in Journal Fillets
1 The stress concentration factor for bending (£z) is as follows:

Bg = 2.7146 - fu(s,w) - fp(W) - fg(b) - fg(r) - fp(dy) - fzg(dy) - f(recess)

where
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fa(s,w) =—1.7625+ 2.9821 -w —1.5276 - w? + (1 —5s) - (5.1169 — 5.8089 - w
+3.1391 - w?)
+(1—5)?-(=2.1567 +2.3297 - w — 1.2952 - w?)
fa(w) = 2.2422 - w7548
fz(b) = 0.5616 + 0.1197 - b + 0.1176 - b?
fp(r) = 0.1908 - r(0-5568)
fo(ds) = 1.0012 — 0.6441 - d, + 1.2265 - d?
fg(dy) =1.0022 —0.1903 - dy; + 0.0073 - d_%,
f(recess) =1+ (ty+t;)-(1.8+3.2-5)
If calculated f(recess) <1, then the factor f(recess) is not to be considered

(f(recess) = 1).

The stress concentration factor for compression (8,) due to the radial force is as follows:

BQ = 3.0128 - fQ(S) : fQ(W) : fQ(b) . fQ(T) : fQ(du) . f(recess)

where

fo(s) =0.4368 + 2.1630- (1 —s) —1.5212 - (1 = 5)?
w

fQ(W) =

U.065/7 + 09569 -w

fQ(r) = 0.5331 - 1-(~0.2038)
fo(dy) =0.9937 —1.1949 - dy + 1.7373 - d2

f(recess) =14+ (ty+t;) - (1.8+32:-5)
If calculated f(recess) <1, then the factor f(recess) is not to be considered
(f(recess) =1).
The stress concentration factor for torsion (B7) is as follows:

Br = ar_if diameters and fillet radii of crankpins and journals are the same.
Br =0.8- f(r,s) - f(b) - f(w) if crankpin and journal diameters and/or radii are of different
sizes.
where
f(r,s), f(b) and f(w) are to be determined in accordance with 1.4.2 (See calculation of

a 7). However, the radius of the journal fillet is to be related to the journal diameter:

T_DG

Stress Concentration Factors in Outlet of Crankpin Oil Bore

The stress concentration factor for bending (yz) is:

Ye=3—5.88-d,+34.6-d,°
The stress concentration factor for torsion (y) is:

Yr=4—6-d, +30-d,>

Additional Bending Stresses

In addition to the alternating bending stresses in fillets (oz; and og.) further bending stresses due

to misalignment and bedplate deformation as well as due to axial and bending vibrations are to be

considered by applying o,44 as follows:

0,44 = +30 N/mm? for crosshead engines
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= +10 N/mm? for trunk piston engines
(*) The additional stress of +30 N/mm? is composed of the following two components:
(1) an additional stress of +20 N/mm? resulting from axial vibration
(2) an additional stress of £10 N/mm? resulting from misalignment or bedplate deformation

It is recommended that a value of +20 N/mm? be used for the axial vibration component for
assessment purposes in cases where axial vibration calculation results of the complete dynamic
system (engine, shafting, gears and propellers) are not available. However, in cases where axial
vibration calculation results of the complete dynamic system are available, the calculated figures
may be used instead.

1.6 Equivalent Alternating Stress

1.6.1 Equivalent Alternating Stress in Crankpin Fillets
Equivalent alternating stress in crankpin fillets is calculated in accordance with the following:

Oy = +\/(O'm.1 + 0q0)%+ 3‘[?1

where
oy Equivalent alternating stress (N/mm?)
for other parameters see 1.3.1-3, 1.3.2-2 and 1.5.

1.6.2 Equivalent Alternating Stress in Journal Fillets
Equivalent alternating stress in journal fillets is calculated according to the following:

Oy = +\/(O'nr' + O—nrlrl)z + 31’%

for parameters see 1.6.1.

1.6.3 Equivalent Alternating Stress in Outlets of Crankpin Oil Bores
Equivalent alternating stress in outlets of crankpin oil bores is calculated according to the

following:

oy = +§am : {1 +2J1+z(@\2}

O-BO/

for parameters see 1.6.1.

1.7 Fatique Strength

1.7.1 Fatigue Strength in Crankpin Fillets
1 The fatigue strength in crankpin fillets is evaluated according to the following: (For
calculation purposes, Ry is to be taken as not less than 2 mm.)

785 — o 196 | 1
opw = +K[0.420- + 39.3] X [0264 + 1.073D~92 + B + _
4900 Op \IKHJ

where

apyw - Allowable fatigue strength of crankshaft (N/mm?) in cases where the surfaces of fillets,
the outlets of oil bores and the insides of oil bores (down to a minimum depth equal to
1.5 times the oil bore diameter) are all smoothly finished

K : Factor for the different types of crankshafts without surface treatment
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= 1.05 for continuous grain flow forged or drop-forged crankshafts
= 1.0 for free form forged crankshafts (without continuous grain flow)
Factor for cast steel crankshafts with cold rolling treatment in fillet areas
= 0.93 for cast steel crankshafts manufactured using a cold rolling process approved
by the Society
As an alternative, the value of K can be determined by experiments based either on
full-size crank throws (or crankshafts) or on specimens taken from full-size crank throws.
oz __: Minimum tensile strength of crankshaft material (N/mm?)
for other parameters see 1.4
2 In cases where the fatigue strength of the crankshaft is determined by experiment based either
on full-size crank throw (or crankshaft) or on specimens taken from a full-size crank throw,
evaluation of test results is to be carried out in accordance with Appendix 2 or methods considered
by the Society to be equivalent. The test results as well as relevant documents are to be submitted to
the Society.
3 In cases where a surface treatment process is applied to the fillets, every surface-treated area
is to be specified on the drawing and the fatique strength calculations are to be carried out in
accordance with Appendix 3 or methods considered by the Society to be equivalent. The test results
as well as relevant documents are to be submitted to the Society.

1.7.2 Fatique Strength in Journal Fillets
The fatigue strength in journal fillets is evaluated according to the following: (For calculation
purposes, R, is to be taken as not less than 2 mm.)

785 —0; 196 |1

Opy = +K[0.4205 + 39.3] X [0.264 +1.073D;.7%% + —
4900 Op \]HGJ

for parameters see 1.7.1

1.7.3 Fatigue Strength in Outlets of Crankpin Oil Bores
1 The fatigue strength in outlets of crankpin oil bores is evaluated according to the following:
(For calculation purposes, D, /2 is to be taken as not less than 2 mm.)

785 -0z 196 |2
4900 o5 \]ZJ

Opw = +K[0.4205 + 39.3] X [0.264 +1.073D792 +

K : Factor for forged crankshafts without surface treatment
=1.0
Factor for cast steel crankshafts with cold rolling treatment in fillet areas
= 0.93 for cast steel crankshafts manufactured using a cold rolling process approved
by the Society
As an alternative, the value of K can be determined by experiments based either on
full-size crank throws (or crankshafts) or on specimens taken from full-size crank throws.
for other parameters see 1.7.1
2 In cases where the fatigue strength of the crankshaft is determined by experiment based either
on full-size crank throw (or crankshaft), evaluation of test results is to be carried out in accordance
with Appendix 2 or methods considered by the Society to be equivalent. The test results as well as
relevant documents are to be submitted to the Society.
3 In cases where a surface treatment process is applied to the outlets of oil bores, every surface
treated area is to be specified on the drawing and the fatique strength calculations are to be carried
out in accordance with Appendix 3 or methods considered by the Society to be equivalent. The test
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results as well as relevant documents are to be submitted to the Society.

1.8 Acceptability Criteria

In order to determine whether the dimensions of crankshafts are sufficient, comparisons between
equivalent alternating stresses and fatigue strength are to be made. The acceptability factors of
crankpin fillets, journal fillets and the outlets of crankpin oil bores are to comply with the following
criteria:

Q=115

where

Q : Acceptability factor

_ Opw

Oy

1.9 Semi-Built Crankshaft Shrink-Fit Calculations

1.9.1 General
1 All crank dimensions necessary for the calculation of the shrink-fit are shown in Fig. 6.

Fig. 6 Semi-built crankshaft crank throws

D, : Outside diameter of web or twice the minimum distance X between centre line of
journals and outer contour of web, whichever is less (mm)
D¢ : Shrink diameter (mm)
D, :Journal diameter (mm)
Dg : Journal axial bore diameter (mm)
L¢ : Shrink-fit length (mm)
R :Journal fillet radius (mm)
y __: Distance between the adjacent generating lines of journal and pin (mm)
vy > 0.05- Dg
Where v is less than 0.1 - D¢, special consideration is to be given to the effect of the
stress due to the shrink-fit on the fatique strength at the crankpin fillet.
2 Respecting the radius of the transition from the journal to the shrink diameter, the following
are to be complied with:
R; > 0.015 - D,

R > 0.5 - (D(' — Dr)
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where the greater value is to be considered.

3 The actual oversize Z of the shrink-fit is to be within the limits Zmin and Zmax calculated in
accordance with 1.9.3 and 1.9.4. In cases where the conditions given in 1.9.2 cannot be fulfilled, the
above Zmin and Zmax are not applicable due to multizone-plasticity problems. In such cases, Zmin
and Zmax are to be obtained through FEM calculations.

1.9.2 Journal Axial Bore Diameters
Journal axial bore diameters are to comply with the following formula:
4000 - Sg - My ax
fw-D§ L Osp
Sr : Safety factor against slipping (a value not less than 2 is to be taken)
M, .. : Absolute maximum torque at the shrinkage fit (N-m)

u : Coefficient for static friction (a value not greater than 0.2 is to be taken)
oep . Minimum vyield strength of material used for journal (N/mm?)

Dpr'<D<" Il_

1.9.3 Necessary Minimum Shrink-Fit Oversize

The necessary minimum oversize is determined by the greater value calculated according to
the following formula:

7. 9w Ds

bm
4000 Sg - Myax 1-Q5- 05
T Em Ds Ly (IT=0Q5) (IT—03)
Zomin: Minimum oversize (mm)
E, :  Young’s modulus (N/mm?)

Ocy Minimum vield strength of material for crank web (N/mm?)

Q. - Web ratio, Q, :DS/DA

Qs : _Shaftratio, Qs ="5¢/p,

min

1.94 Maximum Permissible Shrink-Fit Oversize
The maximum permissible oversize is calculated according to the following formula:

o 0.8
Zmn'v < DC : (ﬂ +

\E,, 1000/
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Appendix 1 has been added as follows.

Appendix1 GUIDANCE FOR CALCULATION OF STRESS CONCENTRATION
FACTORS IN THE WEB FILLET RADII OF CRANKSHAFTS BY UTILIZING
FINITE ELEMENT METHOD

1.1 General

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

The SCF’s calculated in accordance with the rules of this appendix are defined as the ratio of
stresses calculated by FEM to nominal stresses in both journal and pin fillets. When used in
connection with the present method in Annex 2.3.1, von Mises stresses is to be calculated for
bending and principal stresses for torsion.

The procedure as well as evaluation guidelines are valid for both solid cranks and semi-built cranks
(except journal fillets).

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

The calculation of SCF at the oil bores is covered by Appendix 4.

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

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

2.1 Model Requirements

The basic recommendations and perceptions for building the FE-model are presented in 2.1.1. It is
obligatory for the final FE-model to fulfill the requirement in 2.2.

2.1.1 Element Mesh Recommendations

1 In order to fulfil the mesh quality criteria, it is advised to construct the FE model for the

evaluation of Stress Concentration Factors in accordance with the following recommendations:

(1) The model consists of one complete crank, from the main bearing centre line to the opposite
side main bearing centre line.

(2) Element type used in the vicinity of the fillets:

(a) 10-node tetrahedral elements

(b) 8-node hexahedral elements

(c) 20-node hexahedral elements

(3) Mesh properties in fillet radii applied to £90 degrees in a circumferential direction from the
crank plane are as follows:

(a) Maximum element size a through the entire fillet as well as in the circumferential
direction is to be a=Rn/4 in crankpin fillets and a=Rc/4 in journal fillets. When using
20-node hexahedral elements, the element size in the circumferential direction may be
extended up to 5a. In the case of multi-radii fillet, the local fillet radius is to be applied.

(b) Element size in fillet depth direction (See Fig. 1):

i) First layer thickness equal to element size of a
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i) Second layer thickness equal to element to size of 2a
iii) Third layer thickness equal to element to size of 3a
(4) A minimum of 6 elements are to be set across the web thickness.
(5)  The rest of the crank is to be suitable for numeric stability of the solver.
(6) Counterweights have to be modelled only when influencing the global stiffness of the crank
significantly.
(7) __Modelling of oil drillings is not necessary as long as the influence on global stiffness is
negligible and the proximity to the fillet is more than 2RH or 2Rc (See Fig. 2)
(8) Drillings and holes for weight reduction have to be modelled.
(9) Sub-modelling may be used as far as the software requirements are fulfilled.

Fig. 1 Element Size in Fillet Depth Direction Fig. 2 Oil Bore Proximity to Fillet
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2.1.2 Material
1 Material properties applied to steels are as follows:
Young’s Modulus  : E = 2.05-10°MPa
Poisson’s ratio v =20.3
2 For materials other than steels, reliable values for material parameters are to be used, either as
guoted in literature or as measured on representative material samples.

2.2 Element Mesh Quality Criteria

If the actual element mesh does not fulfill any of the following criteria at the area examined for SCF
evaluation, then a second calculation with a refined mesh is to be performed.

2.2.1 Principal Stresses Criterion

The quality of the mesh is to be assured by checking the stress component normal to the
surface of the fillet radius. Ideally, this stress is to be zero. With principal stresses g, g, and ogs,
the following criterion is required:

min(layl.]o,].lo2]) < 0.03 - max(loyl.|o,].lg:])
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2.2.2 Averaged/Unaveraged Stresses Criterion
Unaveraged nodal stress results calculated from each element connected to a node is to differ
less than by 5 % from the 100 % averaged nodal stress results at this node at the examined location.

3.1 Load Cases
The following load cases have to be calculated.

3.1.1 Torsion

1 Calculation is to be performed under the boundary and load conditions given in Fig. 3 where
the torque is applied to the central node located at the crankshaft axis.

2 For all nodes in both the journal and crankpin fillet, principal stresses are extracted and the
equivalent torsional stress is calculated as follows:

(|U1 — 03| |oy — o3| |og — 03|\
max ’ ’
Z Z— )
3 The maximum value taken for the subsequent calculation of the stress concentration factors
for torsion in crankpin and journal fillet.
_ Tequiv,a

aT- =
Ty

_ Tequiv,B
Br=——— ——
where 7, is_nominal torsional stress for the crankpin and journal respectively and is
calculated as follows (for Wp see 1.3.2 of Annex 2.3.1):

Toguiv —
T

Fig. 3 Boundary and Load Conditions for the Torsion Load Case
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3.1.2 Pure Bending (4-point Bending)

1 Calculation is to be performed under the boundary and load conditions given in Fig. 4 where
the bending moment is applied to the central node located at the crankshaft axis.

2 For all nodes in both the journal and crankpin fillet, von Mises equivalent stresses c,q,,;,, are
extracted. The maximum value is used to calculate the stress concentration factors for bending in
crankpin and journal fillet according to the following formulae:

Oequi

quiv,a

Qp = ———
On

Ocquiv,B

B, = vk

On

where oy is nominal bending stress for the crankpin and journal respectively and is

calculated as follows (for Weqw see 1.3.1-2(2) of Annex 2.3.1):
M

(0} =
|;[eqw

Fig. 4 Boundary and Load Conditions for the Pure Bending Load Case

3.1.3 Bending with Shear Force (3-point Bending)
1 Calculation is to be performed under the boundary and load conditions given in Fig. 5 where
the force is applied to the central node located at the pin centre line of the connecting rod.
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Fig. 5 Boundary and Load Conditions for the 3-point Bending Load Case of an Inline Engine.

Fig. 6 Load Applications for In-line and Vee Type Engines

2 The maximum equivalent von Mises stress agsp in the journal fillet is evaluated. The stress
concentration factors in the journal fillet can be determined as shown i) or ii).
(1) Stress concentration factor for compression due to radial force in journal fillet B, is
calculated according to the following:
O3p = Ongp * Pp + Op3p -
where

o2p : as found by the Finite Element Calculation
ox=p: Nominal bending stress in the web centre due to force Fsp applied to the centre line
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of the actual connecting rod (See Fig. 6)
Br :asdetermined in 3.1.2-2

O-QQD = Q3p/(B.W)

Qsp : the radial (shear) force in the web due to the force Fzp applied to the centre
line of the actual connecting rod (See Fig. 1 and Fig. 2 of Annex 2.3.1)
(2) The stress concentration factor for bending and compression due to radial force in journal
fillet Beo is calculated according to the following:
O3p

— ONn3p
for the relevant parameters See (1).
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Appendix 2 has been added as follows.

Appendix2  GUIDANCE FOR EVALUATION OF FATIGUE TESTS

1.1 Introduction

Fatigue testing can be divided into two main groups; testing of small specimens and full-size crank
throws. Testing can be made using the staircase method or a modified version thereof which is
presented in this appendix. Other statistical evaluation methods may also be applied.

1.2 Small Specimen Testing

1 For crankshafts without any fillet surface treatment, the fatigue strength can be determined by
testing small specimens taken from a full-size crank throw.

2 When other areas in the vicinity of the fillets are surface treated introducing residual stresses
in the fillets, this approach cannot be applied.

3 One advantage of this approach is the rather high number of specimens which can be then
manufactured. Another advantage is that the tests can be made with different stress ratios (R-ratios)
and/or different modes e.g. axial, bending and torsion, with or without a notch. This is required for
evaluation of the material data to be used with critical plane criteria.

1.3 Full-size Crank Throw Testing

1 For crankshafts with surface treatment the fatique strength can only be determined through
testing of full-size crank throws.

2 The load can be applied by hydraulic actuators in a 3- or 4-point bending arrangement, or by
an exciter in a resonance test rig. The latter is frequently used, although it usually limits the stress
ratioto R = -1.

2.1 Evaluation of Test Results

2.1.1 Principles

1 Prior to fatigue testing the crankshaft is to be tested as required by quality control procedures,
e.g. for chemical composition, mechanical properties, surface hardness, hardness depth and
extension, fillet surface finish, etc.

2 The test samples are to be prepared so as to represent the “lower end” of the acceptance range
e.q. for induction hardened crankshafts this means the lower range of acceptable hardness depth, the
shortest extension through a fillet, etc. Otherwise, the mean value test results is to be corrected with
a_confidence interval: a 90 % confidence interval may be used both for the sample mean and the
standard deviation.

3 The test results are to be evaluated to represent the mean fatigue strength, with or without
taking into consideration the 90 % confidence interval as mentioned above. The standard deviation
is to be considered by taking the 90 % confidence into account. Subsequently the result to be used
as the fatigue strength is then the mean fatigue strength minus one standard deviation.

4 If the evaluation aims to find a relationship between (static) mechanical properties and the
fatigue strength, the relation is to be based on the real (measured) mechanical properties, not on the
specified minimum properties.

5 The calculation technique in 2.1.4 was developed for the original staircase method. However,
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since there is no similar method dedicated to the modified staircase method the same is applied for
both.

2.1.2 Staircase Method

1 In the original staircase method, fatigue testing is carried out as follows:

(1) The first specimen is subjected to a stress corresponding to the expected average fatigue
strength.

(2) _If the specimen specified in (1) survives 10’ cycles, it is discarded and the next specimen is
subjected to a stress that is one increment above the previous.

(3) Asurvivor is always followed by the next using a stress one increment above the previous, as
specified in (2). The increment is to be selected to correspond to the expected level of the
standard deviation.

(4) _When a specimen fails prior to reaching 10’ cycles, the obtained number of cycles is noted
and the next specimen is subjected to a stress that is one increment below the previous.

2 This original staircase method is only suitable when a high number of specimens are

available.

3 The minimum number of test specimens is to be 25.

2.1.3 Modified Staircase Method

1 When a limited number of specimens are available, it is advisable to apply the modified

staircase method.

2 In the modified staircase method, fatigue testing is carried out as follows:

(1) The first specimen is subjected to a stress level that is most likely well below the average
fatigue strength.

(2) _When this specimen specified in (1) has survived 107 cycles, this same specimen is subjected
to a stress level one increment above the previous. The increment is to be selected to
correspond to the expected level of the standard deviation. This is continued with the same
specimen until failure.

(3) Then the number of cycles is recorded and the next specimen is subjected to a stress that is at
least 2 increments below the level where the previous specimen failed.

3 The acquired result of a modified staircase method is to be used with care, since some results

available indicate that testing a runout on a higher test level, especially at high mean stresses, tends

to increase the fatigue limit. However, this “training effect” is less pronounced for high strength
steels (e.q. UTS > 800 MPa).

4 The minimum number of test specimens is to be 3.

2.1.4 Calculation of Sample Mean and Standard Deviation
A hypothetical example of tests for 5 crank throws is presented further in the subsequent text.

(1) When using the modified staircase method and the evaluation method of Dixon and Mood,
the number of samples will be 10, meaning 5 run-outs and 5 failures, i.e.:

Number of samples, n = 10
(2)  Furthermore, the method distinguishes between:
(a) Less frequent event is failures: € =1
(b) Less frequent event is run-outs: C = 2
The method uses only the less frequent occurrence in the test results, i.e. if there are more
failures than run-outs, then the number of run-outs is used.

(3) __In the modified staircase method, the number of run-outs and failures are usually equal.
However, the testing can be unsuccessful, e.g. the number of run-outs can be less than the
number of failures if a specimen with 2 increments below the previous failure level goes
directly to failure. On the other hand, if this unexpected premature failure occurs after a rather
high number of cycles, it is possible to define the level below this as a run-out.
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(4) Dixon and Mood’s approach, derived from the maximum likelihood theory, which also may
be applied here, especially on tests with few samples, presented some simple approximate
equations for calculating the sample mean and the standard deviation from the outcome of the
staircase test.

(a) _The sample mean can be calculated as follows:
S.=S.+d-(2-1) when c=1
\ Y4

F

S =S.+d-(2+1) when c=2
\V3 Y4
(b) The standard deviation can be found by

(F -B — A? \

s=162-d-|——+ 0.029
\ I~ Y

where:

S0 _is the lowest stress level for the less frequent occurrence

d is the stress increment

F =

-

A= i -f,

B = i

;

i is the stress level numbering
f; is the number of samples at stress level i
The formula for the standard deviation is an approximation and can be used when

B-F — A?
F2

and

05:-5s<d<15-s

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

(5) _If increment d is greatly higher than the standard deviation s, the procedure leads to a lower
standard deviation and a slightly higher sample mean, both compared to values calculated
when the difference between the increment and the standard deviation is relatively small.
Respectively, if increment d is much less than the standard deviation s, the procedure leads to
a higher standard deviation and a slightly lower sample mean.

> 0.3

*kkkhkkkkikkk

Example
Hypothetical test results are shown in Fig. 1. The processing of the results and the evaluation of the

sample mean and the standard deviation are shown in Fig. 2.
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Fig. 1 Log Sheet of a Modified Staircase Test.

Fig. 2 Processing of a Modified Staircase Test Results.

Notes:
i=0,1,2... is the stress level numbering, the numbering usually starts from zero
fiis number of test specimen at stress level, i

Sample mean and standard deviation are evaluated as follows based upon Fig. 2.

(1)  Stress level 0, S, ,:=375MPa
Level 0 is the lowest value of the less frequent occurrence in the test results.
(2) Stress increment, d: = 25MPa
(3 F:=5, A:=3, B:=5
(4) Calculation of sample mean is as follows:
S.=S.+d-(A-1 c=15 =3755MPa
\F Y4
(5) Calculation of sample standard deviation is as follows:
_ 2
s:=1.62-d- (B ’;2“ + 0.029) S = 27.09MPa
(6) Calculation of standard deviation ratio is as follows:
S.:= Si S. = 0.072

*kkhkhkhkhhkhkikkx
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2.1.5 Confidence Interval for Mean Fatique Limit

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

2 The confidence interval for the sample mean value with unknown variance is known to be
distributed in accordance with the t-distribution (also called student’s t-distribution) which is a
distribution symmetric around the average. (See Fig. 3)

Fig. 3 Student’s t-distribution

Note:

The confidence level normally used for the sample mean is 90 %, meaning that 90 % of sample means from repeated
tests will be above the value calculated with the chosen confidence level. The Fig. 3 shows the t-value for (1-a) -
100 % confidence interval for the sample mean.

3 If S, is the empirical mean and s is the empirical standard deviation over a series of n
samples, in which the variable values are normally distributed with an unknown sample mean and
unknown variance, the (1 — «) - 100 % confidence interval for the mean is:

( > )

P Sn_tﬂﬂ_1._—<5ﬂvo =1—a
\\ 7 n 7

4 The resulting confidence interval is symmetric around the empirical mean of the sample

values, and the lower endpoint can be found as:

S
SnYO :Sn _tn/‘n—1 hi—
: NeD
which is the mean fatigue limit (population value) to be used to obtain the reduced fatigue
limit where the limits for the probability of failure are taken into consideration.

*kkkikkkkikkikk

Example
Applying a 90 % confidence interval (¢ = 0.1) and n = 10 (5 failures and 5 run-outs) leads to

tan_1 = 1.383, taken from a table for statistical evaluations (E. Dougherty: Probability and
Statistics for the Engineering, Computing and Physical Sciences, 1990. Note that v =n — 1 in the
tables.). Hence:
Sicon,=S.—1383-d-—— =S — 043735

\Vn
To be conservative, some authors would consider n to be 5, as the physical number of used
specimens, then ¢t,,_; = 1.533.

*kkkikkkkikkkk
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2.1.6 Confidence Interval for Standard Deviation
1 The confidence interval for the variance of a normal random variable is known to possess a
chi-square distribution with n — 1 deqrees of freedom (See Fig. 4).

Fig. 4 Chi-square Distribution

Note:

The confidence level on the standard deviation is used to ensure that the standard deviations for repeated tests are
below an upper limit obtained from the fatigue test standard deviation with a confidence level. Figure 4 shows the
chi-square for (1-o)- 100 % confidence interval for the variance.

2 An assumed fatigue test value from n samples is a normal random variable with a variance of
o? and has an empirical variance s?. Thena (1 —a) - 100 % confidence interval for the variance
is obtained according to the following formulae:

P(M<Y5,n_1\= l—«a
\ o /

3 A (1 —a)-100% confidence interval for the standard deviation is obtained by the square
root of the upper limit of the confidence interval for the variance and can be obtained according to
the following formula:

n—1
\]X(;)::,n—l

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

SYOU =

: S

*kkhkhkhkhhkhkikkx

Example
Applying a 90 % confidence interval (¢ = 0.1) and n = 10 (5 failures and 5 run-outs) leads to

X4 =4.168, taken from a table for statistical evaluations (E. Dougherty: Probability and
Statistics for the Engineering, Computing and Physical Sciences, 1990).
Hence:

/n—l
Sago, = -s=1.47-s

\]4-.1()8

To be conservative, some authors would consider n to be 5, as the physical number of the used
specimens, then yZ,_, = 1.064.

*kkkikkkkikkkk
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3.1 Small Specimen Testing

3.1.1 General

1 In this appendix, a small specimen is considered to be one of the specimens taken from a
crank throw.

2 Since the specimens are to be representative for the fillet fatigue strength, they are to be taken
out close to the fillets. (See Fig. 5)

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

4 The (static) mechanical properties are to be determined as stipulated by the quality control

procedures.

Fig. 5 Specimen Locations in a Crank Throw

3.1.2 Determination of Bending Fatigue Strength

1 It is advisable to use un-notched specimens in order to avoid uncertainties related to the stress
gradient influence. Push-pull testing method (stress ratio R = —1) is preferred, but especially for
the purpose of critical plane criteria other stress ratios and methods may be added.

2 In order to ensure principal stress direction in push-pull testing to represent the full-size crank
throw principal stress direction and when no further information is available, the specimen is to be
taken at a 45-degree angle as shown in Fig. 5. If the objective of the testing is to document the
influence of high cleanliness, test samples taken from positions approximately 120 degrees in a
circumferential direction may be used. (See Fig. 5) If the objective of the testing is to document the
influence of continuous grain flow (cgf) forging, the specimens are to be restricted to the vicinity of
the crank plane.

3.1.3 Determination of Torsional Fatique Strength

1 If the specimens are subjected to torsional testing, the selection of samples is to follow the
same guidelines as for bending above. The stress gradient influence has to be considered in the
evaluation.

2 If the specimens are tested in push-pull and no further information is available, the samples
are to be taken out at a 45-degree angle to the crank plane in order to ensure collinearity of the
principal stress direction between the specimen and the full-size crank throw. When taking the
specimen at a distance from the (crank) middle plane of the crankshaft along the fillet, this plane
rotates around the pin centre point making it possible to resample the fracture direction due to
torsion (the results are to be converted into the pertinent torsional values).
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3.14 Other Test Positions

1 If the test purpose is to find fatique properties and the crankshaft is forged in a manner likely
to lead to cgf, the specimens may also be taken longitudinally from a prolonged shaft piece where
specimens for mechanical testing are usually taken. The condition is that this prolonged shaft piece
is heat treated as a part of the crankshaft and that the size is so as to result in a similar guenching
rate as the crank throw.

2 When using test results from a prolonged shaft piece, it has to be considered how well the
grain flow in that shaft piece is representative for the crank fillets.

3.1.5 Correlation of Test Results

1 The fatigue strength achieved by specimen testing is to be converted to correspond to the
full-size crankshaft fatigue strength with an appropriate method (size effect).

2 When using the bending fatique properties from tests mentioned in 3.1, it is to be kept in mind
that successful continuous grain flow (cgf) forging leading to elevated values compared to other
(non cgf) forging, will normally not lead to a torsional fatigue strength improvement of the same
magnitude. In such cases it is advised to either carry out also torsional testing or to make a
conservative assessment of the torsional fatigue strength. This approach is applicable when using
the Gough Pollard criterion. However, this approach is not recognised when using the von Mises or
a multi-axial criterion such as Findley.

3 If the found ratio between bending and torsion fatigue differs significantly from /3, one is to
consider replacing the use of the von Mises criterion with the Gough Pollard criterion. Also, if
critical plane criteria are used, it has to be kept in mind that cgf makes the material inhomogeneous
in terms of fatigue strength, meaning that the material parameters differ with the directions of the
planes.

4 Any addition of influence factors is to be made with caution. If for example a certain addition
for clean steel is documented, it may not necessarily be fully combined with a K-factor for cgf.
Direct testing of samples from a clean and cgf forged crank is preferred.

4.1 Full-Size Testing

4.1.1 Hydraulic Pulsation

1 A hydraulic test rig can be arranged for testing a crankshaft in 3-point or 4-point bending as
well as in torsion. This allows for testing with any R-ratio.

2 Although the applied load is to be verified by strain gauge measurements on plain_shaft
sections for the initiation of the test, it is not necessarily used during the test for controlling load. It
is also pertinent to check fillet stresses with strain gauge chains.

3 Furthermore, it is important that the test rig provides boundary conditions as defined in 3.1 of

Appendix 3.
4 The (static) mechanical properties are to be determined as stipulated by the quality control

procedures.

4.1.2 Resonance Tester

1 A rig for bending fatigue normally works with an R-ratio of -1. Fig. 6 shows a layout of the
testing arrangement.

2 The applied load is to be verified by strain gauge measurements on plain shaft sections. It is
also pertinent to check fillet stresses with strain gauge chains.

3 Clamping around the journals is to be arranged in a way that prevents severe fretting which
could lead to a failure under the edges of the clamps. If some distance between the clamps and the
journal fillets is provided, the loading is consistent with 4-point bending and thus representative for
the journal fillets also.
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4 In an engine, the crankpin fillets normally operate with an R-ratio slightly above -1 and the
journal fillets slightly below -1. If found necessary, it is possible to introduce a mean load (deviate
from R = —1) by means of a spring preload.

5 A rig for torsion fatigue can also be arranged as shown in Fig. 7. When a crank throw is
subjected to torsion, the twist of the crankpin makes the journals move sideways. If one single crank
throw is tested in a torsion resonance test rig, the journals with their clamped-on weights will
vibrate heavily sideways. This sideway movement of the clamped-on weights can be reduced by
having two crank throws, especially if the cranks are almost in the same direction. However, the
journal in the middle will move more.

6 Since sideway movements can cause some bending stresses, the plain portions of the
crankpins are to also be provided with strain gauges arranged to measure any possible bending that
could have an influence on the test results.

7 Similarly, to the bending case the applied load is to be verified by strain gauge measurements
on plain shaft sections. It is also pertinent to check fillet stresses with strain gauge chains as well.

Fig. 6 An Example of Testing Arrangement of the Resonance Tester for Bending Loading
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Fig. 7 An Example of Testing Arrangement of the Resonance Tester for Torsion Loading with
Double Crank Throw Section

4.1.3 Use of Results and Crankshaft Acceptability

1 In_order to combine tested bending and torsion fatigue strength results in calculation of
crankshaft acceptability (See 1.8 of Annex 2.3.1), the Gough-Pollard approach and the maximum
principal equivalent stress formulation can be applied for the following cases:

(1) Related to the crankpin diameter:

0= ( ) TB”\\

UDWCT/ \TDWCT

where.

opwcr - fatique strength by bending testing

Tpwer . fatigue strength by torsion testing
(2) _ Related to crankpin oil bore:

o ’
Q= DWOT. ——Upn'[1+2 14— (TO ]
Bo/

Oy

where:
onwor . fatique strength by means of maximum principal stress from torsion testing
(3) Related to the journal diameter:

0(/ ) TG\\I

UDW]T/ \TDW]T/

where.
opw 7 - fatigue strength by bending testing
Tpw r - fatigue strength by torsion testing.
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2 In case increase in fatique strength due to the surface treatment is considered to be similar
between the above cases, it is sufficient to test only the most critical location in accordance with the
calculation where the surface treatment had not been taken into account.

5.1 Use of Existing Results for Similar Crankshafts

5.1.1 Use of Existing Results
1 For fillets or oil bores without surface treatment, the fatique properties found by testing may
be used for similar crankshaft designs providing:
(1) Material:

(a) _Similar material type

(b) Cleanliness on the same or better level

(c) The same mechanical properties can be granted (size versus hardenability)
(2)  Geometry:

(a) Difference in the size effect of stress gradient is insignificant or it is considered

(b) Principal stress direction is equivalent. (See 3.1)
(3) _ Manufacturing:

(a) _Similar manufacturing process
2 Induction hardened or gas nitrited crankshafts will suffer fatigue either at the surface or at the
transition to the core. The surface fatigue strength as determined by fatigue tests of full-size cranks,
may be used on an equal or similar design as the tested crankshaft when the fatigue initiation
occurred at the surface. With the similar design, it is meant that a similar material type and surface
hardness are used and the fillet radius and hardening depth are within approximately +30 % of the
tested crankshaft.
3 Fatigue initiation in the transition zone can be either subsurface, i.e. below the hard layer, or
at the surface where the hardening ends. The fatigue strength at the transition to the core can be
determined by fatigue tests as described above, provided that the fatigue initiation occurred at the
transition to the core. Tests made with the core material only will not be representative since the
tension residual stresses at the transition are lacking.
4 It has to be noted also what some recent research has shown:
The fatigue limit can decrease in the very high cycle domain with subsurface crack initiation due to
trapped hydrogen that accumulates through diffusion around some internal defect functioning as an
initiation point. In these cases, it would be appropriate to reduce the fatigue limit by some percent
per decade of cycles beyond 10’. Based on a publication by Yukitaka Murakami “Metal Fatigue:
Effects of Small Defects and Non-metallic Inclusions” the reduction is suggested to be 5 % per
decade especially when the hydrogen content is considered to be high.
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Appendix 3 has been added as follows.

Appendix3 ~ GUIDANCE FOR CALCULATION OF SURFACE TREATED
FILLETS AND OIL BORE OUTLETS

1.1 Introduction

This appendix deals with surface treated fillets and oil bore outlets. The various treatments are
explained and some empirical formulae are given for calculation purposes.

Please note that measurements or more specific knowledge is to be used if available. However, in
the case of a wide scatter (e.q. for residual stresses) the values are to be chosen from the end of the
range that would be on the safe side for calculation purposes.

2.1 Definition of Surface Treatment

“Surface treatment” is a term covering treatments such as thermal, chemical or mechanical
operations, leading to inhomogeneous material properties - such as hardness, chemistry or residual
stresses - from the surface to the core.

2.2 Surface Treatment Methods

The following list given in Table 1 covers possible treatment methods and how they influence the
properties that are decisive for the fatigue strength.

Table 1 Surface Treatment Methods and the Characteristics They Affect.

Treatment method Affecting
Induction hardening Hardness and residual stresses
Nitriding Chemistry, hardness and residual stresses
Case hardening Chemistry, hardness and residual stresses
Die guenching (no temper) Hardness and residual stresses
Cold rolling Residual stresses
Stroke peening Residual stresses
Shot peening Residual stresses
Laser peening Residual stresses
Ball coining Residual stresses

Note:

It is important to note that since only induction hardening, nitriding, cold rolling and stroke peening are considered
relevant for marine engines, other methods as well as combination of two or more of the above are not dealt with in
this appendix. In addition, die guenching can be considered in the same way as induction hardening.

3.1 Calculation Principles

3.1.1 General

1 The basic principle is that the alternating working stresses is to be below the local fatique
strength (including the effect of surface treatment) wherein non-propagating cracks may occur. (See
also 6.1.2 for details) This is then divided by a certain safety factor.

2 This applies through the entire fillet or oil bore contour as well as below the surface to a depth
below the treatment - affected zone - i.e. to cover the depth all the way to the core.

3 Consideration of the local fatigue strength is to include the influence of the local hardness,
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residual stress and mean working stress.

4 The influence of the “giga-cycle effect”, especially for initiation of subsurface cracks, is to be
covered by the choice of safety margin.

5 It is of vital importance that the extension of hardening/peening in an area with concentrated
stresses be duly considered.

6 Any transition where the hardening/peening is ended is likely to have considerable tensile
residual stresses. This forms a “weak spot” and is important if it coincides with an area of high
stresses.

7 Alternating and mean working stresses are to be known for the entire area of the stress
concentration as well as to a depth of about 1.2 times the depth of the treatment. (See Fig. 1)

8 The acceptability criterion is to be applied stepwise from the surface to the core as well as
from the point of maximum stress concentration along the fillet surface contour to the web.

Fig. 1  Stresses as Functions of Depth, General Principles (In case of Induction Hardening)

Note:
The base axis is either the depth (perpendicular to the surface) or along the fillet contour.

3.2 Evaluation of Local Fillet Stresses

3.2.1 Evaluation Based upon FEM

It is necessary to have knowledge of the stresses along the fillet contour as well as in the
subsurface to a depth somewhat beyond the hardened layer. Normally this will be found via FEA as
described in Appendix 3. However, the element size in the subsurface range will have to be the
same size as at the surface. For crankpin hardening only the small element size will have to be
continued along the surface to the hard layer.

3.2.2 Evaluation Based upon a Simplified Approach

1 If no FEA is available, a simplified approach may be used. This can be based on the
empirically determined stress concentration factors (SCFs), as in 1.4 of Annex 2.3.1 if within its
validity range, and a relative stress gradient inversely proportional to the fillet radius. Bending and
torsional stresses are to be addressed separately. The combination of these is addressed by the
acceptability criterion.

2 The subsurface transition-zone stresses, with the minimum hardening depth, can be
determined by means of local stress concentration factors along an axis perpendicular to the fillet
surface.

(1) Calculation of the local SCFs aB-locai_and Bg-1ocal_for bending in crankpin and journal fillets is
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as follows: (See Fig. 2)
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For parameters see 1.3.1-3 and 1.4 of Annex 2.3.1
(2)  Calculation of the local SCFs ar-local and Bt-1ocal_for torsion in crankpin and journal fillets is as
follows: (See Fig. 3)

Ar_lgcal = (a’T‘ _ 1) : eE + 1 _
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For parameters see 1.3.1-3 and 1.4 of Annex 2.3.1
3 If the pin is hardened only and the end of the hardened zone is closer to the fillet than three
times the maximum hardness depth, FEA is to be used to determine the actual stresses in the
transition zone.

Fig. 2 Bending SCF in the Crankpin Fillet as a Function of Depth.

Note:
The corresponding SCF for the journal fillet can be found by replacing RH with Re

Fig. 3 Torsional SCF in the Crankpin Fillet as a Function of Depth.

Note:
The corresponding SCF for the journal fillet can be found by replacing Ry with Rs_and D with Dg
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3.3 Evaluation of Oil Bore Stresses

3.3.1 Evaluation Based upon FEM

1 Stresses in the oil bores can be determined also by FEA.

2 The element size is to be less than 1/8 of the oil bore diameter D, and the element mesh
guality criteria are to be followed as prescribed in Appendix 1.

3 The fine element mesh is to continue well beyond a radial depth corresponding to the
hardening depth.

4 The loads to be applied in the FEA are the torgue and the bending moment, with four-point
bending. (See 3.1.1 and 3.1.2 of Appendix 1)

3.3.2 Evaluation Based upon a Simplified Approach

1 If no FEA is available, a simplified approach may be used. This can be based on the
empirically determined SCF from 1.3 of Annex 2.3.1 if within its applicability range.

2 Bending and torsional stresses at the point of peak stresses are combined as in 1.6 of Annex
2.3.1.

3 Figure 4 indicates a local drop of the hardness in the transition zone between a hard and soft
material. Whether this drop occurs depends also on the tempering temperature after quenching in
the QT process.

4 The peak stress in the bore occurs at the end of the edge rounding. Within this zone the stress
drops almost linearly to the centre of the pin. As can be seen from Fig. 4, for shallow (A) and
intermediate (B) hardening, the transition point practically coincides with the point of maximal
stresses. For deep (C) hardening the transition point comes outside of the point of peak stress and
the local stress can be assessed as a portion (1 — 2tH /D) of the peak stresses where tH is the
hardening depth.

Fig. 4  Stresses and Hardness in Induction Hardened Oil Holes

5 The subsurface transition-zone stresses (using the minimum hardening depth) can be
determined by means of local stress concentration factors along an axis perpendicular to the oil bore
surface.
(1) Calculation of the local SCF ygz_;,.4; for bending in crankpin oil bores is as follows:
—4t

Yetocar = (¥g —1) - eD_O +1

For parameters see 1.3.1-3 and 1.4 of Annex 2.3.1
(2)  Calculation of the local SCF y;_;,.4; for torsion in crankpin oil bores is as follows:
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For parameters see 1.3.1-3 and 1.4 of Annex 2.3.1

3.4 Acceptability Criteria

The acceptability factors of crankpin fillets, journal fillets and the outlets of crankpin oil bores are
to comply with the following criteria, which is specified in 1.8 of Annex 2.3.1:

Q >1.15
This is to be extended to cover also surface treated areas independent of whether surface or
transition zone is examined.

4.1 Induction Hardening

4.1.1 General
1 Generally, the hardness specification is to specify the surface hardness range i.e. minimum
and maximum values, the minimum and maximum extension in or through the fillet and also the
minimum_and maximum depth along the fillet contour. The referenced Vickers hardness is
considered to be HVO0.5...HV5.
2 The induction hardening depth is defined as the depth where the hardness is 80 % of the
minimum specified surface hardness.
3 In the case of crankpin or journal hardening only, the minimum distance to the fillet is to be
specified due to the tensile stress at the heat-affected zone as shown in Fig. 5.
4 If the hardness-versus-depth profile and residual stresses are not known or specified, one may
assume the following:
(1) The hardness profile consists of two layers (See Fig. 6):
(a) Constant hardness from the surface to the transition zone
(b) Constant hardness from the transition zone to the core material
(2) Residual stresses in the hard zone of 200 MPa (compression)
(3) _Transition-zone hardness as 90 % of the core hardness unless the local hardness drop is
avoided
(4) _ Transition-zone maximum residual stresses (von Mises) of 300 MPa (tension)
5 If the crankpin or journal hardening ends close to the fillet, the influence of tensile residual
stresses has to be considered. If the minimum distance between the end of the hardening and the
beginning of the fillet is more than 3 times the maximum hardening depth, the influence may be

disregarded.
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Fig. 5 Residual Stresses Along the Surface of a Pin and Fillet

Fig. 6 Typical Hardness as a Function of Depth.

Note:
The arrows indicate the defined hardening depth. Note the indicated potential hardness drop at the transition to the core.

This can be a weak point as local strength may be reduced and tensile residual stresses may occur.

4.2 Local Fatigue Strength

421 General
Induction-hardened crankshafts will suffer fatigue either at the surface or at the transition to
the core.

4.2.2 Evaluation Based upon Fatigue Testing

1 The fatique strengths, for both the surface and the transition zone, can be determined by
fatique testing of full-size cranks as described in Appendix 2.

2 In the case of a transition zone, the initiation of the fatigue can be either subsurface (i.e. below
the hard layer) or at the surface where the hardening ends.

3 Tests made with the core material only will not be representative since the tensile residual
stresses at the transition are lacking.

4.2.3 Evaluation Based upon Calculations
1 The surface fatique strength can be determined empirically as follows:

Opsurface =400 + 0.5 - (HV — 400) [MPa]
where
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HV : surface Vickers hardness

The equation provides a conservative value, with which the fatigue strength is assumed to
include the influence of the residual stress. The resulting value is valid for a working stress ratio of
R = —1. It has to be noted also that the mean stress influence of induction-hardened steels may be
significantly higher than that for QT steels.
2 The fatigue strength in the transition zone, without taking into account any possible local
hardness drop, is to be determined by the following:

785 — g5 | 196 H
4900 Op \J)(J

=+K- (042 -0g; +39.3) - [0.264 +1.073-Y7092 4

where

Y=D., X=R, forjournal fillet

Y=D, X=Ry, forcrankpin fillet

Y=D, X=D,/2 foroil bore outlet

For parameters see 1.4 of Annex 2.3.1

The influence of the residual stress is not included in the equation.
3 For the purpose of considering subsurface fatigue, below the hard layer, the disadvantage of
tensile residual stresses has to be considered by subtracting 20 % from the value determined above.
This 20 % is based on the mean stress influence of alloyed guenched and tempered steel having a
residual tensile stress of 300 MPa.
4 When the residual stresses in -3 are known to be lower, also smaller value of subtraction is to
be used. For low-strength steels the percentage chosen is to be higher.
5 For the purpose of considering surface fatigue near the end of the hardened zone - i.e. in the
heat-affected zone shown in the Fig. 5 - the influence of the tensile residual stresses can be
considered by subtracting a certain percentage, in accordance with Table 2, from the value
determined by the above formula.

Table 2 The Influence of Tensile Residual Stresses at a Given Distance from the End of the
Hardening towards the Fillet

Area | Distance from the end of the hardening towards the fillet | Ratio
. The end of
1 0 to 1.0 of the max. hardening depth 20% hardened layer
1 1.0 to 2.0 of the max. hardening depth 12%
m 2.0 to 3.0 of the max. hardening depth 6%
v 3.0 or more of the max. hardening depth 0%

5.1 Nitriding

5.1.1 General

1 The hardness specification is to include the surface hardness range (min and max) and the
minimum and maximum depth.

Only gas nitriding is considered.

The referenced Vickers hardness is considered to be HV 0.5.

The nitriding depth tN is defined as the depth to a hardness of 50 HV above the core hardness.
The hardening profile is to be specified all the way to the core.

If this is not known, it may be determined empirically via the following formula:

o OB W N
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HV(t) = HI//'n'rp + (Hch‘rfnrp _ HV‘n‘ra) : (

where:
t : The local depth
HV(t) : Hardness at depth t
HV.... : Core hardness (minimum)
HVyrsace : Surface hardness (minimum)
tN . Nitriding depth as defined above (minimum)

5.2 Local Fatigue Strength

5.2.1 General
It is important to note that in nitrided crankshaft cases, fatique is found either at the surface or
at the transition to the core.

5.2.2 Evaluation Based on Fatigue Testing
The fatigue strength can be determined by tests as described in Appendix 2.

5.2.3 Evaluation Based on Calculations
1 Alternatively, the surface fatigue strength (principal stress) can be determined empirically and
conservatively as follows:

Opsurface = 450MPa

This is valid for a surface hardness of 600 HV or greater.

Note that this fatigue strength is assumed to include the influence of the surface residual stress
and applies for a working stress ratio of R = —1.
2 The fatigue strength in the transition zone can be determined via the following formula:

785 — 0, 196 H

=+K- (042 -0g; +39.3) - [0.264 +1.073-Y7%2 4 + - =
4900 Op \J)(J

where:

Y=D;,, X=R, forjournalfillet

Y=D, X=R, forcrankpin fillet

Y=D, X=D,/2 foroil bore outlet

Note that this fatigue strength is not assumed to include the influence of the residual stresses.
3 In contrast to induction-hardening the nitrited components have no such distinct transition to
the core. Although the compressive residual stresses at the surface are high, the balancing tensile
stresses in the core are moderate because of the shallow depth.
4 For the purpose of analysis of subsurface fatigue the disadvantage of tensile residual stresses
in_and below the transition zone may be even disregarded in view of this smooth contour of a
nitriding hardness profile.
5 Although in principle the calculation is to be carried out along the entire hardness profile, it
can be limited to a simplified approach of examining the surface and an artificial transition point.
(See Fig. 7)
6 This_artificial transition point can be taken at the depth where the local hardness is
approximately 20 HV above the core hardness. In such a case, the properties of the core material are
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to be used. This means that the stresses at the transition to the core can be found by using the local
SCF formulae mentioned in 3.2.2 or 3.3.2 when inserting ¢t = 1.2tN.

Fig. 7 Sketch of the Location for the Artificial Transition Point in the Depth Direction

6.1 Cold Forming

6.1.1 General

1 The advantage of stroke peening or cold rolling of fillets is the compressive residual stresses
introduced in the high-loaded area.

2 The fatigue strength has to be determined by fatigue testing (See also Appendix 2). Such
testing is normally carried out as four-point bending, with a working stress ratio of R = —1.

3 From these results, the bending fatigue strength - surface - or subsurface-initiated depending
on the manner of failure - can be determined and expressed as the representative fatigue strength for
applied bending in the fillet.

4 In_comparison to bending, the torsion fatigue strength in the fillet may differ considerably
from the ratio v/3 (utilized by the von Mises criterion). The forming-affected depth that is
sufficient to prevent subsurface fatigue in bending, may still allow subsurface fatigue in torsion.
Another possible reason for the difference in bending and torsion could be the extension of the
highly stressed area.

5 The results obtained in a full-size crank test can be applied for another crank size provided
that the base material (alloyed Q+T) is of the similar type and that the forming is done so as to
obtain the similar level of compressive residual stresses at the surface as well as through the depth.
This means that both the extension and the depth of the cold forming are to be proportional to the
fillet radius.

6.1.2 Stroke Peening by Means of a Ball

1 If both bending and torsion fatigue strengths have been investigated and differ from the ratio
/3, the von Mises criterion is to be excluded.

2 If only bending fatigue strength has been investigated, the torsional fatigue strength is to be

assessed conservatively. If the bending fatique strength is concluded to be x % above the fatigue
strength of the non-peened material, the torsional fatigue strength is not to be assumed to be more
than 2/3 of x % above that of the non-peened material.

3 As a result of the stroke peening process the maximum of the compressive residual stress is
found in the subsurface area. Therefore, depending on the fatigue testing load and the stress
gradient, it is possible to have higher working stresses at the surface in comparison to the local
fatigue strength of the surface. Because of this phenomenon small cracks may appear during the
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fatique testing, which will not be able to propagate in further load cycles and/or with further slight
increases of the testing load because of the profile of the compressive residual stress. Put simply, the
high compressive residual stresses below the surface “arrest” small surface cracks. (See 2. in Fig. 8)

Fig. 8 Working and Residual Stresses below the Stroke-peened Surface.

Note:
Straight lines 1...3 represent different possible load stress gradients.

4 In_fatigue testing with full-size crankshafts these small “hairline cracks” is to not be
considered to be the failure crack. The crack that is technically the fatique crack leading to failure,
and that therefore shuts off the test-bench, is to be considered for determination of the failure load
level. This also applies if induction-hardened fillets are stroke-peened.

5 In order to improve the fatigue strength of induction-hardened fillets it is possible to apply the
stroke peening process in the crankshafts’ fillets after they have been induction-hardened and
tempered to the required surface hardness. If this is done, it might be necessary to adapt the stroke
peening force to the hardness of the surface layer and not to the tensile strength of the base material.
6 The effect on the fatigue strength of induction hardening and stroke peening the fillets is to be
determined by a full-size crankshaft test.

6.1.3 Use of Existing Results for Similar Crankshafts
The increase in fatigue strength, which is achieved by applying stroke peening, may be
utilized in another similar crankshaft if all of the following criteria are fulfilled:
(1) Ball size relative to fillet radius within +10 % in comparison to the tested crankshaft
(2) At least the same circumferential extension of the stroke peening
(3) __Angular extension of the fillet contour relative to fillet radius within +15 % in comparison
to the tested crankshaft and located to cover the stress concentration during engine operation
(4) Similar base material, e.g. alloyed quenched and tempered
(5)  Forward feed of ball of the same proportion of the radius
(6) Force applied to ball proportional to base material hardness (if different)
(7) __Force applied to ball proportional to square of ball radius

6.1.4 Cold Rolling
1  The fatigue strength can be obtained by means of full-size crank tests or by empirical methods,
if these are applied so as to be on the safe side.
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2

If both, bending and torsion fatigue strengths have been investigated, and differ from the ratio

/3, the von Mises criterion is to be excluded.

3

If only bending fatique strength has been investigated, the torsional fatigue strength is to be

assessed conservatively. If the bending fatique strength is concluded to be x % above the fatique

strength of the non-rolled material, the torsional fatigue strength is to not be assumed to be more

than 2/3 of x % above that of the non-rolled material.

6.1.5

Use of Existing Results for Similar Crankshafts

The increase in fatique strength, which is achieved applying cold rolling, may be utilized in

another similar crankshaft if all of the following criteria are fulfilled:

(1)

At least the same circumferential extension of cold rolling

(2)

Angular extension of the fillet contour relative to fillet radius within +15 % in comparison

(3)

to the tested crankshaft and located to cover the stress concentration during engine operation
Similar base material, e.qg. alloyed quenched and tempered

(4)

Roller force to be calculated so as to achieve at least the same relative (to fillet radius) depth

of treatment
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Appendix 4 has been added as follows.

Appendix4  GUIDANCE FOR CALCULATION OF STRESS CONCENTRATION
FACTORS IN THE OIL BORE OUTLETS OF CRANKSHAFTS THROUGH
UTILISATION OF THE FINITE ELEMENT METHOD

1.1 General

The objective of the analysis described in this appendix is to substitute the analytical calculation of
the stress concentration factor (SCF) at the oil bore outlet with suitable finite element method
(FEM) calculated figures. The former method is based on empirical formulae developed from strain
gauge readings or photo-elasticity measurements of various round bars. In cases where these
formulae are outside their applicable scope, the FEM-based method is to be used.

The SCF calculated in accordance with the rules set forth in this appendix is defined as the ratio of
FEM-calculated stresses to nominal stresses calculated analytically. In use in connection with the
present method in Annex 2.3.1, principal stresses are to be calculated.

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

It is advisable to check the element accuracy of the FE solver in use, e.q. by modelling a simple
geometry and comparing the FEM-obtained stresses with the analytical solution.

A boundary element method (BEM) approach may be used instead of FEM.

2.1 Model Requirements

The basic recommendations and assumptions for building of the FE-model are presented in 2.1.1.
The final FE-model is to meet one of the criteria in 2.2.

2.1.1 Element Mesh Recommendations
For the mesh quality criteria to be met, construction of the FE model for the evaluation of
stress concentration factors in accordance with the following recommendations is advised:
(1) The model consists of one complete crank, from the main bearing centre line to the opposite
side’s main bearing centre line.
(2) __ The following element types are used in the vicinity of the outlets:

(a) 10-node tetrahedral elements

(b) 8-node hexahedral elements

(c) 20-node hexahedral elements

(3) _ The following mesh properties for the oil bore outlet are used:

(a) Maximum element size a = r/4 through the entire outlet fillet as well as in the bore
direction (if 8-node hexahedral elements are used, even smaller elements are required for
meeting of the quality criterion)

(b) Recommended manner for element size in the fillet depth direction:

i) First layer’s thickness equal to element size of a
i) Second layer’s thickness equal to element size of 2a
iii) Third-layer thickness equal to element size of 3a
(4) __The rest of the crank is to be suitable for numeric stability of the solver
(5) _ Drillings and holes for weight reduction have to be modelled
(6) Submodeling may be used as long as the software requirements are fulfilled.
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2.1.2 Material
1 Material properties applied to steels as follows.
Young’s Modulus : E = 2.05-10°MPa
Poisson’s ratio : v=0.3
2 For materials other than steels, reliable values for material parameters have to be used, either
as quoted in literature or as measured on representative material samples.

2.2 Element Mesh Quality Criteria

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

2.2.1 Principal-stresses Criterion

The guality of the mesh is to be assured through checking of the stress component normal to
the surface of the oil bore outlet radius. With principal stresses o;, g, and o5 the following
criterion is to be met:

min(layl.]o,].lo2]) < 0.03 - max(loyl.|o.].lg:])

2.2.2 Averaged/Unaveraged-stresses Criterion
Unaveraged nodal stress results calculated from each element connected to a node is to differ
less than 5 % from the 100 % averaged nodal stress results at this node at the location examined.

3.1 Load Cases and Assessment of Stress

The following load cases have to be calculated.

3.1.1 Torsion
1 Calculation is to be performed under the boundary and load conditions given in Fig. 1 where
the torque is applied to the central node located at the crankshaft axis.

Fig.1 Boundary and Load Conditions for the Torsion Load Case
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2 For all nodes in an oil bore outlet, the principal stresses are obtained and the maximum value
is taken for subsequent calculation of the SCF:

_ max(|oy], |03, [a3])
N

where the nominal torsion stress T, referred to the crankpin is calculated as follows (for
We see 1.3.2 of Annex 2.3.1) :

T
= Wp
3.1.2 Bending

1 Calculation is to be performed under the boundary and load conditions given in Fig. 2 where
the bending moment is applied to the central node located at the crankshaft axis.

T

Fig. 2 Boundary and Load Conditions for the Pure Bending Load Case

2 For all nodes in the oil bore outlet, principal stresses are obtained and the maximum value is
taken for subsequent calculation of the SCF:

_ max(|ayl, o], a3])

B

Oy

where the nominal bending stress gy referred to the crankpin is calculated as follows (for We
see 1.3.2 of Annex 2.3.1):
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EFFECTIVE DATE AND APPLICATION (Amendment 1-5)

The effective date of the amendments is 1 July 2022.
Notwithstanding the amendments to the Rules, the current requirements apply to

crankshafts for which the application for approval is submitted to the Society before the
effective date.
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Amendment 1-6

Chapter5 POWER TRANSMISSION SYSTEMS

5.2 Materials and Construction
5.2.1 Materials

Sub-paragraph -1(1) has been amended as follows.

1 Materials used for the following components (hereinafter referred to as “the principal
components of the power transmission system”) are to comply with the requirements in Part K.

(1) Power transmission shafts (including power take-off (PTO) shafts) and gears

(2) Power transmission parts of couplings

(3) Power transmission parts of clutches

(4) Coupling bolts

2 (Omitted)

5.3 Strength of Gears
Paragraph 5.3.1 has been amended as follows.

531 Application*

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

Paragraph 5.3.5 has been amended as follows.

5.35 Detailed Evaluation for Strength*

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

88



Annex 5.3.1 has been added as follows.

Annex 5.3.1 CALCULATION OF STRENGTH OF ENCLOSED GEARS
1.1 Application and Basic Principles
1.1.1 Application

This annex applies to enclosed gears used for transmission systems which transmit power
from main propulsion machinery and prime movers driving generators and essential auxiliaries
(excluding auxiliary machinery for specific use, etc., hereinafter the same in this annex).

1.1.2 Basic Principles

The gear strength calculation methods specified in this annex deal with surface durability
(pitting) and tooth root bending strength. All influence factors related to strength are defined
regarding their physical interpretation. Some of these factors are to be determined either by gear
geometry etc,. Other factors are to be approximated according to methods deemed acceptable by the

Society.

1.2 Symbols and Units

The main symbols introduced in this annex are listed below.

a . center distance (mm)

b : common facewidth (mm)

b1 . facewidth of pinion , wheel (mm)

d . reference diameter (mm)

di2 . reference diameter of pinion, wheel (mm)

dar2  :tip diameter of pinion, wheel (mm)

do12  :base diameter of pinion, wheel (mm)
dsy12 :root diameter of pinion, wheel (mm)
dwi2  :working diameter of pinion, wheel (mm)

Ft : nominal tangential load (N)

h . tooth depth (mm)

Mn : normal module (mm)

mt . transverse module (mm)

N1.2 . rotational speed of pinion, wheel (rpm)

P . maximum continuous power transmitted by the gear set (kW)
Ta2 . torque in way of pinion, wheel (Nm)

u . gear ratio

v . linear speed at pitch diameter (m/s)

X1.2 . addendum modification coefficient of pinion, wheel

z . number of teeth

212 . number of teeth of pinion, wheel

Zn . virtual number of teeth

Ay . normal pressure angle at reference cylinder (°)

a; . transverse pressure angle at reference cylinder (°)

A . transverse pressure angle at working pitch cylinder (°)
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B : helix angle at reference cylinder (°)

Ba : helix angle at base cylinder (°)

Eq : transverse contact ratio

Ep : overlap contact ratio

&y . total contact ratio

Oy . contact stress at the operating pitch point or at the inner point of single
pair contact (N/mm?)

ouyo - basic value of contact stress (N/mm?)

Ka . application factor

K, . load sharing factor

Kv : dynamic factor

Ky, :transverse load distribution factor for contact stress

ap, :normal pressure angle of basic rack for cylindrical gear (°)

hep : dedendum of basic rack for cylindrical gear (mm)

Kyg  : face load distribution factor for contact stress

oyp - permissible contact stress (N/mm?)

Ouim - endurance limit for contact stress (N/mm?)

VAY, . life factor for contact stress

ZL : lubricant factor

Zv : speed factor

ZR : roughness factor

Zw : hardness ratio factor

Zx : size factor for contact stress

SH . safety factor for contact stress

Zs . single pair mesh factor for pinion

Zp : single pair mesh factor for wheel

Zu : zone factor

Ze : elasticity factor (/N /mm?)

Ze . contact ratio factor

Zg : helix angle factor for contact stress

o : tooth root bending stress (N/mm?)

YE . tooth form factor

he . bending moment arm for tooth root bending stress for application of
load at the outer point of single tooth pair contact (mm)

SEN . tooth root chord in the critical section (mm)

aspy - pressure angle at the outer point of single tooth pair contact in the
normal section (°)

Ys . stress correction factor

o . root fillet radius in the critical section (mm)

Ofp . root fillet radius of the basic rack for cylindrical gears (mm)

Sor . residual fillet undercut (mm)

Yp . helix angle factor for tooth root bending stress

Ys . rim thickness factor
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SR . rim thickness of gears (mm)

h : tooth height (mm)

Yot : deep tooth factor

Kg,  :transverse load distribution factor for tooth root bending stress
Krp  : face load distribution factor for tooth root bending stress

Ogp : permissible tooth root bending stress (N/mm?)
OFE : bending endurance limit (N/mm?)
Yn . life factor for tooth root bending stress
Yd : design factor
Ys rorr - relative notch sensitivity factor
Os : notch parameter
p' . slip-layer thickness (mm)
Yr -err - relative surface factor
Yx . size factor for tooth root bending stress
Sk :safety factor for tooth root bending stress
1.3 Geometrical Definitions

In the case of internal gearing z2, a, d2, da2, db2 and dwz are negative. The pinion is defined as the
gear with the smaller number of teeth; therefore, the absolute value of the gear ratio, defined as
follows, is always greater or equal to the unity.
Z; dy, d;
y=-2=-w2_22
Zy dyr 44
In the case of external gears, u is positive. In the case of internal gears, u is negative. In the
equation of surface durability, b is the common facewidth on the pitch diameter. In the equation of
the tooth root, bending stress b1 or bz are the facewidths at their respective tooth roots. In any case,
b1 and b2 are not to be taken as greater than b by more than one module (mn) on either side. The
common facewidth b may be used also in the equation of teeth root bending stress if either
significant crowning or end relief has been adopted.
tana,

tana, =

cosB

tanf, = tanfcosa,
_ Z12My

d,, =

CoS
dy,, = d;,cosa,

_ 2a1
wl —
1i+1 Where a = 0-5(d1u1 + d\AI'))
d — ZUt
w2 T 41
21,2
Zpia = ————
’ COS“pyp * COSp
my
m, =
COSB

] Ta
inva = tana — ——:; a(®)
180
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X1+ %y

inva,,, = inva, + 2tana,,

Z1 + Zp
or
CoSQy, = %:Zﬂcosm
d2, —d2, + 0.5\/d?, —d2, —asin ay,

e = T, COS 07
A positive sign is used for external gears, a negative sign for internal gears.

bsinf
§‘8=Tmn
In the case of double helix gears, b is to be taken as the width of one helix.
&, =&t &g
v = Tdy Ny,
— 60-10%

1.4 Nominal Tangential Load, F:

Nominal tangential loads, Ft, which are tangential to cylinders and perpendicular to planes are to be
calculated directly from the maximum continuous power transmitted by gear sets using the
following equations:

30-103P

12 —
7

ny,

T
F, = 20002
aq,

1.5 Loading Factors

1.5.1 Application Factor, Ka
1 The application factor, Ka, accounts for dynamic overloads from source external to the
gearing. Ka for gears designed for infinite lifespans is defined as the ratio between maximum
repetitive cyclic torques applied to gear sets and nominal rated torgues. Nominal rated torgue is
defined by rated power and speed and is the torque used in rating calculations. This factor mainly
depends on the following:
(1) The characteristics of driving and driven machines;
(2) _ The ratio of masses;
(3)  The type of couplings;
(4) Operating conditions (over speed, changes in propeller load conditions, etc.)
2 In cases where drive systems are operating at level near their critical speed, a careful analysis
of conditions is to be made. Ka is to be determined either by direct measurements or by a system
analysis that is acceptable to the Society. In cases where values determined in such ways cannot be
provided, the following values may be used:
(1) Main propulsion

K, = 1.00 (reciprocating internal combustion engines with hydraulic or electromagnetic slip

couplings)

= 1.30 (reciprocating internal combustion engines with high elasticity couplings)
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= 1.50 (reciprocating internal combustion engines with other couplings)
However, in cases where vessels using reduction gears are affixed with Ice Class Notation, as
required in 8.6, Part | of the Rules.
(2)  Auxiliary gears
K, = 1.00 (electric_motors, reciprocating internal combustion engines with hydraulic or
electromagnetic slip couplings)
= 1.20 (reciprocating internal combustion engines with high elasticity couplings)
= 1.40 (reciprocating internal combustion engines with other couplings)

15.2 Load Sharing Factor, K,

The load sharing factor, K,, accounts for the maldistribution of loads in multiple path
transmissions (dual tandems, epicyclics, double helixes, etc.). K, is defined as the ratio between
those maximum loads through actual paths and those evenly distributed loads. This factor mainly
depends on the accuracy and the flexibility of the branches. K, is to be determined by

measurements or by system analysis. In cases where values determined in such ways cannot be
provided, the following values can be used with respect to epicyclic gears:
K, =1.00 (up to 3 planetary gears)
= 1.20 (4 planetary gears)
= 1.30 (5 planetary gears)
= 1.40 (6 planetary gears and over)

1.5.3 Internal Dynamic Factor, Ky

1 The internal dynamic factor, Kv, accounts for those internally generated dynamic loads due to
vibrations of pinions and wheels against each other. Kv is defined as the ratio between those
maximum loads which dynamically act on tooth flanks and maximum externally applied loads (Ft
Ka Kv). This factor mainly depends on the following:

(1)  Transmission errors depending on pitch and profile errors;

(2) Masses of pinions and wheels;

(3)  Gear mesh stiffness variations as gear teeth pass through meshing cycles;

(4)  Transmitted loads including application factors;

(5) _ Pitch line velocities;

(6) Dynamic unbalance of gears and shafts;

(7) __Shaft and bearing stiffness;

(8) Damping characteristics of gear systems.

2 The internal dynamic factor, Ky, is to be calculated as follows; however, this method is to be
applied only to cases where all of the following conditions (1) to (4) are satisfied:

(1) Running speeds in the following subcritical ranges:

2
25 lu—q < 10 (m/s)

100N 1+u~

(2) B = 0° (Inthe case of spur gears)
B < 30° (In the case of helical gears)

(3) __pinion with relatively low number of teeth:
71 <50

(4) solid disc wheels or heavy steel gear rim

1+u=
helical gears where B > 30°. For gears other than the above, reference is to be made to
Method B outlined in the reference standard 1SO 6336-1:2019.

2
This method may be applied to all types of gears, if %VI “ — < 3 (m/s), as well as to

93



(a) For those helical gears with an overlap ratio > unity and spur gears, the value of Kv is to

be determined as follows:
\ ° v Zl K’z ‘ uz Py

/ 100 \]1+u‘

K]] :1+

K, %
K1 : Factor specified in Table 5.3-1.
K2 : Factors for all ISO accuracy grades. Values are as follows:
= 0.0193 (In the case of spur gears)
= 0.0087 (In the case of helical gears)
Kz :Values are to be calculated as follows:

<02

\lUU \]1+u4

vz u? (v-zg u? \
=2.071 —0.357 - = > 0.2
100 \]1+u‘\1UU \ll'l'

If KaFt/b is less than 100 N/mm, this value is assumed to be equal to 100 N/mm.
(b) In the case of helical gears with an overlap ratio < unity, the value of Kv is to be obtained
by means of linear interpolation as follows:
Ky = Ky, — Sl_lg (Kyo — Kyy)

Kvi : Values for helical gears specified in accordance with (a)

Kv2 : Values for spur gears specified in accordance with (a)
In the case of mating gears with different grades of accuracy, the grade corresponding to the
lower accuracy is to be used.

Table 5.3-1 Values of K,

1SO grades of accuracy
Type of gears 3 4 5 6 7 8
Spur gears 2.1 39 75 149 26.8 39.1
Helical gears 19 3.5 6.7 13.3 23.9 34.8
Notes:
1SO accuracy grades according to 1SO 1328-2:2020.
1.5.4 Face Load Distribution Factors, Kyz and Kgg

The face load distribution factors, Kz for contact stress, and Kz for tooth root bending
stress account for the effects of the non-uniform distribution of loads across facewidths. Kz is
defined as the ratio between the maximum load per unit facewidth and the mean load per unit
facewidth, and Ky, is defined as the ratio between the maximum bending stress at tooth root per
unit facewidth and the mean bending stress at tooth root per unit facewidth.

The mean bending stress at tooth root relates to the considered facewidth b: and b2
respectively. Kz can be expressed as a function of the factor, Ky z. K,z and Kpp mainly depend
on the following:

(1)  Gear tooth manufacturing accuracy;

(2)  Errors in mounting due to bore errors;
(3) _ Bearing clearances;

(4) __Wheel and pinion shaft alignment errors;
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(5) Elastic deflections of gear elements, shafts, bearings, housing, and foundations which support
the gear elements;

(6) Thermal expansion and distortion due to operating temperature;

(7) __ Compensating design elements (tooth crowning, end relief, etc.).
The value for Ky is to be determined as follows:

FgyCyb

if —=——>1
T 2P K Ky
thoAfyfy
2F 5., Cb
thenK — L
thgfyhy
FﬁyCyb

if —=———<1
T 2P K Ky
th ARyAY

FpCyb
then Ky, = 1+—§Flg FZ FZFF
thpAfyhy

C, : tooth stiffness parameter (N/(mm - um))

7

The value for Cy, is to be calculated as follows:
Cy = O.SCf-hCDCR COSB(O75€,Y + 025)

1
Cth = a
0.15551 0.25791 0.11654
g =0.04723 + — — 0.00635x, — —— x,
an Zn2 an
0.24188
—0.00193x, — ——x, + 0.00529x? + 0.00182x2
n2

Cr =1 (Inthe case of solid disc gears)

In(2s
Cr=1 +(—S”) (In the case of non-solid disc gears)

Se ﬁ
bs : thickness of central web (mm)
Sr: average thickness of rim (mm)

] - b S .
However, in cases where for non-solid disc gears of 75 < 0.2 or ﬁ < 1.0, the value for Cr is
n

to be determined by the Society on a case by case basis.

Ce_is a basic rack coefficient that accounts for the deviations between the actual basic rack
profile of gears and their standard basic rack profile. The value for Cs is to be calculated as
follows:

Cp = [1 + 0.5 (1.2 — %“ [1-0.02(20° — ap,)]
I /]

mp

Fp,, =effective equivalent misalignment (um). The value for Fg, is to be calculated as
follows:
Fg, = Fp, — Vg
In the case of gears that are not surface hardened
320

OHlim
However, the following conditions are to be satisfied.

Vg = B
Lad L
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Yo = Fpy

Vg < 25600/0, (5<v<10 m/sec)
Vg < 12800/0y;, (10 m/sec<v)

In the case of surface hardened gears

Vg = 0.15F;,
However, y; < 6.0 (um) is to be satisfied.

Fpy : original effective equivalent misalignment (um), Fpy is to be calculated as follows:
FRV = 1.33fch + fmn

P

<. takes into account the components of equivalent misalignment resulting from bending
and twisting of pinion and pinion shaft, f., isto be calculated as follows (um):
In the case of gears without crowning or end relief

fo = 0,023 AR Y
In the case of gears with end relief
fn = 0,016 2R
In the case of gears with crowning
fun = 0.012 —FtKAIZVKVV

In the case of gears with helix angle modification

fon=20

However, in all cases f,, is not to be taken as value less than that calculated by the following
expressions:

0.005

FK K K
% (In the case of spur gears)

FoK 1Ko K .
0.010% (In the case of helical gears)

y = pinion ratio factor. The value for y is to be calculated as follows:

4 2
g—f (ﬂ\ | + 0.3] (3\ (In the case of spur and helical gears)
d; \dsn7 1 T<d1/

Y= ”0.7 + K’
]

4 2
y=2 ”1.2 + K’ Q (ﬂ) | + 0.3] (3\ (In the case of double helical gears)
[l dy Gsn7 | a1/
K',¢ and S are constant factors used for the calculation of the pinion ratio factor, y, the
bearing span and the distance between mid-plane of pinion and middle of such bearing spans,
respectively. Values for K’ are given in Table 5.5-1.

f..o = the misalignment resulting from manufacturing errors (um). The value for f,,, is to be
calculated as follows:

fraa = 1.0Fp (In the case of the assembly of gears without any modification or adjustment)
= 0.7Fp (In the case of gear pairs with well-designed end relief)
= O.SFﬁ (In_the case of gear pairs with means for adjustment or with helix

modifications or suitably crowned)
Fp : tolerance on total helix deviation (um)
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The value for Krg is to be determined as follows:

(1)

In cases where the hardest contact is at the end of the facewidth, Kpﬁis to be calculated as

(2)

follows:

Kep = Kl
2
o ®
e (7).

b/h=_facewidth/tooth height ratio, the smaller of bi/hi or bz/hz. In the case of double
helical gears, the facewidth of only one is to be used. However, in cases where b/h<3.0,
b/h is to be taken as 3.0.

In cases of gears where the ends of the facewidth are lightly loaded or unloaded (end

relief or crowning), the value for Keg is to be calculated as follows:
Krp = Kyp
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Table 5.5-1 Values of K’

K)

with without

stiffening” | stiffening”

S [ with S /¢ <03
A Y
Input Tn i j 0.48 0.80
<— ) [2—x—/4 ]2
_’S.F’ with S /£ <023
N AW
Input T l j -0.48 -0.80
«— )2 —*—/( ]2

with §/£<0.5

r

W] [NV
Input IT _}L 1.33 1.33
! ' S
— 8 K with S/£2<0.3
1 | -0.36 -0.60
N AN
T [\
<=0 /2 —
S with S /£ <03
T T 0.6 -1.0
A\
N

BN
Tl—f/zH 1

Notes:
1) In cases where_d, /d, > 1.15, stiffening is assumed.
2) In cases where_d, /d, < 1.15, or where the pinion slides on a shaft or is shrink fitted, no stiffening is assumed.
However, dg;, is the external diameter of a solid shaft equivalent to the actual one in bending deflection (mm)
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155 Transverse Load Distribution Factors, Ky, and Kg,

The transverse load distribution factors, K, for contact stress and K, for tooth root
bending stress, account for the effects of pitch and profile errors on the transversal load distribution
between two or more pairs of teeth in mesh. K, and Kz, mainly depend on the following:

(1)  Total mesh stiffness;
(2) _Total tangential loads, F; K, K, Ky, Ky
(3) Base pitch errors
(4) Tiprelief
(5) _ Running-in allowances
Ky, and Kp, are to be determined as follows:

Cy(fpb_ya)b\ (¢

rtR’AK)/R’VAHﬂ/

Ki. = Ky, ="i—y<0.9+0.4 L <2)

2(5—1) Cy(fpb—ya)b

Ey FtKAK‘yKVKH[)’

Ky,=Kz,, =09+ 04\1 (51’, > 2)

however

&y
1.0< Ky, < =
Eqleg

1.0 < Ky, < —Y

elZYE
where

0.75
Y. =0.25+

g(xn

The value for &, is the same as that specified in 1.7.2.
All symbols used in the equation to determine K, and Kz,, except for y, and fop, are the
same as those used in the equation for determining Kyup.
V. and f,, are to be calculated as follows:
Vo = 0160 f..» (In the case of through hardened gears)
Hlim ™ *

= 0.075f,p (In the case of surface hardened gears)
fon is to be taken as the larger value of base pitch deviation of pinions or wheels (um)

1.6 Surface Strength

1.6.1 Equation

The criterion for surface strength is based on the Hertz pressure on operating pitch points or at
inner points of single pair contacts. This criterion, as given by the following equation, is that contact
stress oy s to be equal to or less than permissible contact stress oyp.

Oy = Oygp /K‘,KVKKK”%K% < Oyp

where
oo IS basic value of contact stress for pinions and wheels (N/mm?).

1.6.2 Equations for Basic Contact Stress
1 Basic contact stresses for pinions and wheels are to be calculated as follows:
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Opo = ZpZ”Z,:Zan\J%uT+1 (In the case of pinions)
r 1

= Zan,ZpZ;Z,;\J%u—+1 (In the case of wheels)
T 1

u

2 Single Pair Mesh Factors Zs and Zp

The single-pair mesh factors, Zg for pinions and Zp for wheels, account for the influence on
contact stress of tooth flank curvatures at inner points of single pair contacts. These factors
transform those contact stresses determined at pitch points to contact stresses considering flank
curvatures at inner points of single pair contacts. Zs and Zp are to be determined as follows:
(1) In the case of spur gears, the value for Zg is to be taken as 1.0 or as follows, whichever is

greater.

tan a;,,

M, = =
[ /(3_3)2_1_22_’1?” /(g_gz)z_l_@a_nzz_j

(2) _In the case of helical gears with ez > 1, the value for Zs is to be taken as 1.0;

(3)__In the case of helical gears with ez > 1, the value for Zs is to be taken as 1.0 or as follows,
whichever is greater:
Zp =M, —eg(M; —1)

(4) In the case of spur gears, the value for Zp is to be taken as 1.0 or as follows, whichever is
greater.

H

tan a;,,

M, =
2
-1y 1o

(5) In the case of helical gears with gg=1,70 is to be taken as 1.0.
(6) In the case of helical gears with g <1,7p is to be taken as 1.0 or as follows, whichever is

greater.

Zn =M, — 85(M7 — 1)
(7) __ In the case of internal gears, Zp is to be taken as 1.0.
3 Zone Factor, Zn

The zone factor, Zn, accounts for the influence on Hertzian pressure of tooth flank curvatures
at pitch points and relates those tangential forces at reference cylinders to those normal forces at
pitch cylinders. Z is to be calculated as follows:

H

2cosfy
Ly = >
\] COS? @ tandy,,

4 Elasticity Factor, Ze

The elasticity factor, Ze, accounts for the influence of the material properties E (modulus of
elasticity) and v (Poisson’s ratio) on the Hertzian pressure. In the case of steel gears, Ze is to be
calculated as follows:

g = 1898(\/ N/mmz
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In other cases, reference is to be made to the reference standard 1SO 6336-2:2019.

5 Contact Ratio Factor, Z.
The contact ratio factor, Z., accounts for the influence of transverse contact ratios and
overlap ratios on the specific surface loads of gears.

4—¢g,

Z. = = (In the case of spur gears)
I4—sa &g . .
= 3 (A—eg) + — (In the case of helical gears with gg < 1)
a
= \Jtl_ (In the case of helical gears with gg = 1)
a

6 Helix Angle Factor, Zg

The helix angle factor, Zz, accounts for the influence of helix angles on surface durability,
allowing for such variables as distribution of loads along lines of contact. Z; is dependent only on
helix angles and its value can be obtained by the following formula:

1
CcOS

7o =

where [ is the reference helix angle.

1.6.3 Permissible Contact Stress
1 Permissible contact stress, oyp is to be calculated as follows:
INZZyZplyZy
Oup = Oyjim
Sy

2 Endurance Limit for Contact Stress, gy;im
For a given material, oy, 1S the limit of repeated contact stress which can be permanently
endured. oy, Can be regarded as the level of contact stress which the material will endure
without pitting for at least 5x10’ load cycles. “Pitting” is defined in the case of non-surface
hardened gears, the pitted area > 2 % of total active flank area; in the case of surface hardened gears,
the pitted area > 0.5 % of total active flank area, or > 4 % of one particular tooth flank area. The
ou1im Values are to correspond to a failure probability of 1 % or less.
The endurance limit mainly depends on the following:
(1)  Material composition, cleanliness and defects;
(2) Mechanical properties;
(3) _ Residual stresses;
(4) Hardening process, depth of hardened zone, hardness gradient;
(5) _ Material structure (forged, rolled bar, cast).
Endurance limit for contact stress oy;i,, 1S @S given in Table 6.3-1. However, for materials
having enough data showing their higher endurance limit, values larger than those given in the
table may be allowed by the Society in consideration of factors (1) through (5) mentioned
above.
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Table 6.3-1 Value of a;1:,,(N/mm?)

Steel type Oulim
Normalized structural steels HB+190
Through hardening carbon steels HB+350
Through hardening alloy steels 1.33HB+367
Induction hardened alloys 0.6HV+850
Nitrided alloys 1000
Soft nitrided alloys 1.14HV+437; however, 950 for HV>450
Nitrided steels 1250
Carburized hardened alloys 1500

Note:
HB: Brinell Hardness; HV: Vickers Hardness

3 Life Factor for Contact Stress, Zn

The life factor for contact stress, Zn, accounts for the higher permissible contact stress in cases
where a limited life (number of cycles) is required. Values larger than 1.0 are to be considered by
the Society on a case-by-case basis.

This factor mainly depends on the following:

(1) Material and heat treatment;
(2)  Number of cycles;
(3) Influence factors (Zr, Zv, Zi, Zw, Zx).

The life factor, Zn, is to be determined according to Method B outlined in the reference
standard 1SO 6336-2:2019.

4 Lubricant Factor, Z,

The lubricant factor, Zi, like the speed factor, Zv, and roughness factor, Zr accounts for the
influence of the type of lubricant and its viscosity on surface endurance. These factors are to be
determined for softer materials in cases where gear pairs are of different hardness. These factors
mainly depend on the following:

(1)  Viscosity of lubricant in contact zones;
(2) The sum of the instantaneous velocity of tooth surfaces;
(3) Loads;
(4) _ Relative radius of curvature at pitch points;
(5)  Surface roughness of teeth flanks;
(6) Hardness of pinions and wheels.
The value for Z, is to be calculated as follows:

4(1.0—Cy)

Zr = C7l + =
(1.2 ¥ 133175)2
where
Oy — 850
Cp = —HM "~ (08 + 0.83
350

(In cases where 850 N/mm? < g4, < 1200 N/mm?)
= 0.83 (In cases where g5, < 850 N/mm?)
=0.91 (In cases where gy;:,, >1200 N/mm?)
V40 - Nominal kinematic viscosity of the oil at 40°C_(mm?/s)
5 Speed Factor, Zv
The speed factor, Zv, accounts for the influence of pitch line velocities on surface endurance.
The value for Zv is to be calculated as follows:
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2(1.0 - Cy,)

ZV = C7 +
" 0.8+ 32/v
where
- — 850
Czp = M= 0.08 +0.85

(In cases where 850 N/mm? < gy < 1200 N/mm?)
= 0.85 (In cases where gy, < 850 N/mm?)
=0.93 (In cases where g5, >1200 N/mm?)
6 Roughness Factor, Zr
The roughness factor, Zr, accounts for the influence of surface roughness on surface
endurance. The value for Zr is to be calculated as follows:

3 Czr
Zp = ( \
\Rz10/
3’ 10
R71n = R7 .
\lpred
_ Rz1 + Ry,
“ 2

where
Rz1, Rz2 : Respective mean peak to valley roughness for pinions and wheels.
Rz : Refer to the reference standard ISO 6336-2:2019.
Preq - Relative radius of curvature. The value for p,., is to be calculated as follows:
P1 P2
p1 T P2
p1o =0.5-d,,., - tana,, (Inthe case of internal gears the value db is negative)
In cases where the roughness stated is an arithmetic mean roughness, i.e. Ra value, and the
conversion R, = 6R, can be applied.
Cze = 0.32 — 0.00020,;,,, (In cases where 850 N/mm? < gyyim < 1200 N/mm?)
= 0.15 (In cases where gy, < 850 N/mm?)
= 0.08 (In cases where gy;;,, >1200 N/mm?)
7 Hardness Ratio Factor, Zw
The hardness ratio factor, Zw, accounts for the increase in surface durability of soft steel gears
meshing with significantly harder gears with smooth surfaces in the following cases:
(1)  Surface-hardened pinion with through-hardened wheel

Pred =

0.15
Zw =1.2 (...3 \ (HB< 130)
\R g/
_ 0.15
= (1.2 - HB-139) (3)"™" (130 <HB <470)
A 17007 R,/
0.15
= (2) " (HB >470)
R/
where

HB : Brinell hardness of the tooth flanks of the softer gear of the pair
Rzn : equivalent roughness (¢m)
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_ R71(10/Prea)®?* (Rz1/R72)%°°
H— (U v,/ 15007833
(2)  Through-hardened pinion and wheel
When the pinion is substantially harder than the wheel, the work hardening effect increases
the load capacity of the wheel flanks. Zw applies to the wheel only, not to the pinion.
Zw =1 (HB1/HB><1.2)

HB, _ 0.00829) S(u—1) (1.2 <HBy/HB2<1.7)

HB;
=140.00698 - (u—1) (HB1/HB>>1.7)
HB1.2 : Brinell hardness of the pinion and the wheel respectively.
If gear ratio u>20, then the value u=20 is to be used. In any case, if the calculated Z,, <1,
then the value Z,, =1 is to be used.
(3) _In cases other than (1) and (2) above;
Zy =1
8 Size Factor for Contact Stress, Zx
The size factor for contact stress, Zx, accounts for the influence of tooth dimensions on
permissible contact stress and reflects the inhomogeneity of material properties. This factor mainly
depends on the following:
(1) Materials and heat treatments;
(2) _Tooth and gear dimensions;
(3) Ratio of case depth to tooth size;
(4) Ratio of case depth to equivalent radius of curvature.
For through hardened gears and for surface hardened gears with adequate case depth relative
to tooth size and radius of relative curvature Zx = 1.0, in cases where the case depth is
relatively shallow then a smaller value of Zx is to be taken.
9 Safety Factor for Contact Stress, SH
The safety factor for contact stress, Sh, is to be taken as follows:
(1) In the case of main propulsion gears: 1.20
(2) In the case of auxiliary gears: 1.15
In cases where the gears of duplicated independent propulsion or auxiliary machinery, has
been duplicated beyond that what is required for its respective class, a reduced value may be
taken at the discretion of the Society.

=14+ ( 0.00898

1.7 Bending Strength

1.7.1 Equation

The tooth root bending stress o and the permissible tooth root bending stress ozp are to be
calculated separately for the pinion and the wheel. The criterion for tooth root bending strength, as
given by the following equation, is that the tooth root bending stress in the tooth root fillet o is to
be equal to or less than the permissible tooth root bending stress ggp.

Op = Fe YeYsYpVp Vi Ky K, Ky KpoKpg < 0pp
mn
However, the following definitions and equations apply only to those gears having a rim
thickness greater than 3.5 mn. The results of calculations using the following method are acceptable
for normal pressure angles up to 25 degrees and reference helix angles up to 30 degrees. In the case
of larger pressure angles and larger helix angles, the calculated results are to be confirmed by
experience as by Method A of the reference standard I1ISO 6336-3:2019.
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1.7.2 Tooth Root Bending Stress for Pinion and Wheel
1 Tooth Form Factor, YrF

The tooth form factor, Yr, accounts for the influence on nominal bending stress of the tooth
form with load applied at the outer point of single pair tooth contact. Yr is to be determined
separately for the pinion and the wheel. In the case of helical gears, the form factors for gearing are
to be determined in normal sections (i.e. for virtual spur gears with virtual numbers of teeth, Zn).The
value for Yk is to be calculated as follows:

hg
6 . COS AFen
Yp = n,,—

S Z
(ﬂ) cos a,,
mn

Sen, heand «az., areto be calculated as follows:

s G
SF"H = ng-nSin (_ — 6\ + \/§m,, (— — pﬂ\
N3 7 \cosg  m,/
h
m, m,
G 2m E I
6 =—tanf ——[(——— |+ —
Zn Zp\2 M,/ 3
s
E=-m, — hstana, + Pr__ (1 —sina,,) Prv
4 i osa, cosa,

Spr is illustrated in Fig. 7.2-1. However, in cases where racks are without undercuts, Spr is to
be taken as zero.

m d (0
he =— [(cosvp — siny,tandg.,) == — z,cos (= — 0) — + pﬁ]
21 m, 37— 7 cosf my,l

Aron = Aoy, — Vo

0.5m + 2xtana,, . .
Ye = + Inva,, — INVa,,,

1
2

2
2 2
22| ) ) e | 4@\}

[Z] J N

B, = arc_cos,/1 — sin?fcos?a,,

dhu = d,cosa,,

d, =m,z,

dy =d,+d,—d

In the case of internal gears, the following coefficients used for determining the form factor
are to be calculated as follows:
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(= _Lrv)

. T
SF"H’) =m,Z,SIn (_ —_ 0\ + m,
6 7 \cose T,/

d G
hgoo = Tn [(cosv,, — siny,tandg,,) — — z,cos (E — 9\ —4/3 (— — 'Df—pzﬂ
21 m, \4) 7 Ccosd m,, /1]

1
2

2
dooy = Zif[ I(h\z ~ (dbn\z _ md,cosfeosay, (. _ 1)] . (dbnzfl
enz = |Z|u\j\z/ 27 H o J \z/)

Fig. 7.2-1 Dimensions and Profile of Basic Rack

2 Stress Correction Factor, Ys

The stress correction factor, Ys, is used to convert nominal bending stress into local tooth root
stress, taking into account that not only bending stresses arise at roots. Ys applies to those load
applications at the outer points of single tooth pair contacts. Ys is to be determined separately for
pinions and for wheels. The value for Ys is to be determined as follows (in the effective range: 1 <

qs < 8).

Y, = (1.2 +0.13 Sﬂ\ qk
\ e/

1
L=

(3
1.21+ 235
SFn

where
However, since gs is a notch parameter, it is to be calculated as follows:

go =2
PF
However, since pg is the root fillet radius in the critical section (mm), it is to be calculated as
follows:

2m,G?

C0S0(z,C0520 — 2G)

DF' = Dfp +

For the calculation of pg, the procedure outlined in the reference standard 1SO 6336-3:2019
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is to be used.

3 Helix Angle Factor for Bending Stress, Yg
The helix angle factor for bending stress, Yg, is used to convert the stress calculated for point

loaded cantilever beams representing gear teeth to the stress induced by loads along oblique load
lines into cantilever plates which represent helical gear teeth. The value for Yp can be calculated as
follows:

Yo=1—¢p i

where f is the reference helix angle in degree.

However, in cases where S >30° then £ =30° ; and,

Also, in cases where gz > 1then &g is to be taken as 1.0.
4 Rim thickness factor, Ys

The rim thickness factor, Yg, is a simplified factor used to de-rate thin rimmed gears. For
critically loaded applications, this method is to be replaced by a more comprehensive analysis.
Factor Ys is to be determined as follows:
(1) For external gears:

Yo =16-In(2242%) (05 < sp./h <1.2)
AV SR/

sr__: rim thickness of external gears (mm)

h__:tooth height (mm)

The case sp/h < 0.5 is to be avoided.
(2) __For internal gears:

Yy = 1.15 - In (8.324?/ (1.75 < sp/m,, < 3.5)
R

=1 (Sp/m—n = 35)
sr : rim thickness of internal gears (mm)
The case sp/m, < 1.75 is to be avoided.
5 Deep tooth factor, Ypr
The deep tooth factor, Ypr, adjusts the tooth root stress to take into account high precision
gears and contact ratios within the range of virtual contact ratio 2.05 < g,,, < 2.5.
80(

E =
CoS%By

Factor Ypr is to be determined as follows:
Yo = 0.7(1SO accuracy grade <4 and &,,, > 2.5)

Yor = 2.366 — 0.666 ,,,(1SO accuracy grade <4 and 2.05 < &,,, < 2.5)
Yor = 1.0(In all other cases)

1.7.3 Permissible Tooth Root Bending Stress, oxp
1 Permissible tooth root bending stress ozp is to be calculated as follows:

Gun = OreYaYnYsreirYrrerYx
SF
2 Bending Endurance Limit, ogg
For a given material, oz is the local tooth root stress which can be permanently endured.
According to the reference standard 1SO 6336-5:2016, the number of 3 10° cycles may be
regarded as the beginning of the endurance limit. oz is defined as unidirectional pulsating stress
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with a minimum_stress zero (neglecting any residual stresses due to heat treatment). Other
conditions such as alternating stress or prestressing etc. are covered by the design factor Yd. ozg
values are to correspond to a failure probability of 1 % or less. These endurance limits mainly
depends on the following:

(1) Material composition, cleanliness and defects;

(2) Mechanical properties;

(3)  Residual stresses;

(4) Hardening process, depth of hardened zone, hardness gradient

(5) Material structure (forged, rolled bar, cast)

The value for oz is to be calculated as follows:

Opg = 20p;m
Values for oy, are given in Table 7.3-1. However, for materials having enough data
showing their_higher endurance limit, values larger than those given in the table may be
allowed by the Society in consideration of the factors (1) through (5) mentioned above.
3 Design Factor, Yd
The design factor, Y, takes into account the influence of load reversing and shrink fit
prestressing on tooth root strength, relative to tooth root strength with unidirectional loads as
defined for _ozz. Yd for load reversing is to be determined as follows:
Y, = 1.00 (In general cases)
= 0.90 (In the case of gears with occasional part loads in reversed directions, such as
the main gears in reversing gearboxes)
= 0.70 (In the case of idler gears)
4 Life Factor for Bending Stress, Yn
The life factor for bending stress, Yn, accounts for the higher tooth root bending stress
permissible in cases where limited life is required. Values greater than 1.0 will be considered by the
Society on a case-by-case basis.
This factor mainly depends on the following:
(1) Material and heat treatment;
(2)  Number of load cycles (service life);
(3) __Influence factors(Ys,orrs Yererr. YX).
Yn_is to be determined according to Method B outlined in the reference standard 1SO
6336-3:2019.
5 Relative Notch Sensitivity Factor, Ys,..;r
The relative notch sensitivity factor, Ys,.;r. indicates the extent of the influence of
concentrated stress on fatigue endurance limits. This factor mainly depends on materials and
relative stress gradients. This factor is to be calculated as follows:

1+4/0.2p'(1 + 2q5)
T+1.2p'

gs : notch parameter

p' :slip-layer thickness (mm)

However, the values to be used for p’ are those given in Table 7.3-2.
6 Relative Surface Factor, Yp, o/

The relative surface factor, Yp..;r, takes into account the influence of surface conditions in
tooth root fillets on root strength and mainly depends on peak to valley surface roughness. The

value for Yy,..;+ is to be determined as shown in Table 7.3-3.
7 Size Factor for Bending Stress, Yx

Srell —
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The size factor for bending stress, Yx, takes into account decreases of strength with increasing

size. This factor mainly depends on the following:

(1) Material and heat treatment;
(2) Tooth and gear dimensions;
(3) Ratio of case depth to tooth size.
The value for Yx is to be determined as shown in Table 7.3-4.
8 Safety Factor for Tooth Root Bending Stress, Sk
The safety factor for tooth root bending stress, Sk, is to be taken as follows:
(1)  1.55 for main propulsion gears;
(2) _1.40 for auxiliary gears;

In addition, in cases where the gears of duplicated independent propulsion or auxiliary
machinery which are duplicated beyond that required for their respective classes, a reduced
value may be used at the discretion of the Society.

Table 7.3-1 Values of oz, (N/mm?)

Steel type Orlim
Normalized structural steels 0.45HB+70
Through hardening carbon steels 0.25HB+160
Through hardening alloy steels 0.45HB+180
Induction hardened alloys 0.14HV+285; however, 365 for HV>570
Nitrided alloys 365
Soft nitrided alloys 0.66HV+88; however, 385 for HV>450
Nitrided steels 420
Carburized hardened alloys 465; however, 500 for HRC>30 in core

HB: Brinell Hardness; HV: Vickers Hardness; HRC: C Scale Rockwell Hardness

Table 7.3-2 Values of p’ (mm)

Materials o

Nitriding steels, surface or through hardened 0.1005

Steels having yield strength about 300 N/mm? 0.0833

Steels having yield strength about 400 N/mm? 0.0445
Through hardened steels having yield strength about 500 N/mm? 0.0281
Through hardened steels having yield strength 600 N/mm? 0.0194
Through hardened steels having o,, about 800 N/mm? 0.0064
Through hardened steels having o, , about 1000 N/mm? 0.0014
Surface hardening steels, surface hardened 0.0030

Table 7.3-3 Values of Relative Surface Factor, Yp,oir

Materials Yorerr
Case hardened steels, Through hardened steels 1.120 (for R, <1)
(op =800 N/mm?) 1.674 — 0.529(R, + 1)%! (for 1< R, < 40)

Normalized steels 1.070 (for R, <1)
(o < 800 N/mm?) 5.306 — 4.203(R, + 1)%° (for 1< R, <40)

Nitridin stee|5 1025 fOf R <
Nitriding steels
4.299 — 3.259(R, + 1)0'0058 (forl< R, <40)

Notes

=

Rz mean peak to valley roughness of tooth root fillets (um).
This method is only valid when scratches or similar defects deeper than 2Rz do not exist.
If the roughness stated is an arithmetic mean roughness, i.e. Ravalue, the approximation R,=6R, may be

applied.

N

I
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Table 7.3-4 Size Factor for Bending Stress, Yx

my, Materials Yy
m, <5 General 1.00
5<m, <30 Normalized and through 1.03 — 0.006m,,
m, > 30 hardened steels 0.85
5<m, <25 1.05 —0.010m,,
Surface hardened steels
my > 25 0.80

EFFECTIVE DATE AND APPLICATION (Amendment 1-6)

The effective date of the amendments is 1 July 2022.

Notwithstanding the amendments to the Rules, the current requirements apply to all gears
previously approved by the Society prior to the effective date for which no failure has
occurred, and no changes related to strength, such as the scantlings of the gear meshes,
materials, etc. have been made.
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Amendment 1-7

Chapter 12 PIPES, VALVES, PIPE FITTINGS AND AUXILIARIES
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Table D12.8 has been amended as follows.

Table D12.8 Application Classifications of Mechanical Joints™")

Kind of Connections®®)
Application Purpose System . . Compression Slip-on Classification Fire endurance test
Pipe Union . . 11 : 1
Coupling Joint&edl) of pipe system condition?
Flammable fluidst(9) Cargo oil linest$4 + + + dry
(Flash point =60 Crude oil washing lines®) + + + dry 30 min dry®
Material OC) Vent lines®(©) + + + m
Water seal effluent lines + + + wet 30 min wet®
Scrubber effluent lines + + + wet 30 min wet®
Inert gases — -
Main lines**&}5) + + + dry 30 min dry®
Distributions linest®“) + + + dry 30 min dry®
Cargo oil linest®® + + + dry 30 min dry®
©uw0) Fuel oil lines®)6) + + + wet
Flammable flui . -
2 ab_e uids o Lubricating oil linest©)€) + + + wet )
(Flash point > 60 °C) 30 min wet®
Hydraulic 0ilt4©)€) + + + wet
Thermal o0il¢®)6) + + + wet
Bilge lines®@ + + + dry/wet 8 min dry + 22 min wet®
Water fllled f_|re ext_lngwshlng systersns, N + + wet 30 min wet®
e.g._fire main, sprinkler systemst€) I
Non water filled fire extinguishing 8 min dry + 22 min wet®
systems, e.g. foam, drencher systems + + + dry/wet (comply with Chapter 26,
and fire main¢© Part R)
Sea Water
Fire-main®- + + +
Ballast systems®@ + + + wet 30 min wet®
Cooling water systems®@ + + + wet 30 min wet®
. . Fire endurance test not
Tank cleaning services + + + dry -
required
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Table D12.8 Application Classifications of Mechanical Joints®(Continued)
Kind of Connections®¢)
Application Purpose System pine Union Compression Slip-on Classification Fire endurance test
P Coupling Joint&4dd) of pipe system condition?
. dry Fire endurance test not
Sea Water Non-essential systems + + + dry/wet -
required
wet
Cooling water systems® + + + wet 30 min wet®
Condensate returns®@ + + + wet 30 min wet®
Fresh water
. dry Fire endurance test not
Non-essential systems + + + dry/wet -
required
wet
Deck drains (internal).f® + + + dry
Sanitary/ Drains/ - - Fire endurance test not
Sanitary drains + + + dry -
Scuppers required
Scuppers and discharges (overboard) + + - dry
. Water tanks/Dry spaces + + + dry, wet Fire endurance test not
Sounding/Vents - -
Oil tanks (f.p.> 60 °C)#46)E) + + + dry required
Starting/Control air® + + - dry 30 min dry®
Service air (non-essential) + + + dry
Fire endurance test not
Brine + + + wet required
CO:z systems® .
: + + - d 30 min dry®
(outside protected space) . =2 Minan=
. Mechanical joints are to
Miscellaneous
be constructed of
CO2 systems q materials with melting
- + + - r - o
(inside protected space) - - - an oint above 925°C.
(refer to Chapter 25, Part
R)
Steam . . +®0 wet Fire endurar_me test not
required
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(1) +: Application is allowed; -: Application is not allowed
(2)  Fire endurance test in accordance with 9.3.2(6), Part 6 of Guidance for the Approval and Type Approval of Materials and Equipment for Marine Use.
(23) If mechanical joints include any components which readily deteriorate in case of fire, the following (34) to (67) apply.

(4)  Fire endurance test is to be applied when mechanical joints are installed in pump rooms and open decks.

(45) Slip-on joints are not accepted inside machinery spaces of category A or accommodation spaces. May be accepted in machinery spaces other than those of category A provided
that the joints are located in easily visible and accessible positions_(refer to MSC/Circ.734).

(56) Fire resistant types approved by the Society except in cases where such mechanical joints are installed on open decks as defined in 9.2.3-2(10), Part R of the Rules; this

excludes spaces in the cargo areas of tankers, ships carrying liquefied gases in bulk and ships carrying dangerous chemicals in bulk (as defined in 3.2.6, Part R, 1.1.4(6), Part N

and 1.3.1(4), Part S), but not used for fuel oil lines, fire extinguishing systems and fire mains.

ln-pump-rooms-and-open-decks—fireresistanthypes—approved-by-the-Seciety- Fire endurance test is to be applied when mechanical joints are installed inside machinery spaces
of category A

(#8) Only above the freeboard deck.

(89) Slip type slip-on joints as shown in Fig. D12.1 may be used for pipes on deck with a design pressure of 1.0 MPa or less.

(810) Piping where mechanical joints are used is also to comply with the requirements specified in 13.2.4-4.

(4811) Piping where slip joints are used is also to comply with the requirements specified in 13.2.4-6.

(12) If a connection has passed the “30 min dry” test, it is considered suitable also for applications for which the “8 min dry + 22 min wet” and/or “30 min wet” tests are required. If
a connection has passed the “8 min dry+22 min wet” test, it is considered suitable also for applications for which the “30 min wet” test is required.

(67)
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Chapter 13 PIPING SYSTEMS

13.2 Piping
13.2.4 Mechanical Joints*

Sub-paragraph -6 has been amended as follows.

6 The following (1) te and (32) limitations apply to use of slip-on joints, in addition to -2 to -5

above.

(1) Slip-on joints are not to be used on pipelines in cargo holds, tanks and other spaces which are
not easily accessible (refer to MSC/Circ.734), 4 ; # except that
these |0|nts may be permltted in tanks that contain the same medla

(32) Usage of slip type sllp on Jomts as the main means of plpe connection is not permitted except
in cases where compensation of axial pipe deformation is necessary.

EFFECTIVE DATE AND APPLICATION (Amendment 1-7)

=

The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Rules, the current requirements apply to

mechanical joints other than those that fall under the following:

(1) mechanical joints for which the application for approval is submitted to the Society
on or after 1 July 2022.

(2) mechanical joints for which the date of renewal of approval of use is on or after 1
July 2022.
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Amendment 1-8

14.2

Chapter 14 PIPING SYSTEMS FOR TANKERS

Cargo Oil Pumps, Cargo Oil Piping Systems, Piping in Cargo Oil Tanks, etc.

Paragraph 14.2.2 has been amended as follows.

14.2.2 Arrangement of Cargo Oil Piping Systems

7

Earthing and bonding of cargo tanks, piping systems, etc. for the control of static electricity

are to comply with following requirements:

(1) The hazard of an incentive discharge due to the build-up of static electricity resulting from the
flow of liguids/gases/vapours can be avoided if the resistance between the cargo tanks, piping
systems, etc. and the hull of the ship is not greater than 1 MQ.

(2) This value of resistance will be readily achieved without the use of bonding straps where
cargo tanks, piping systems, etc. are directly or via their supports, either welded or bolted to
the hull of the ship.

(3) _Bonding straps are required for cargo tanks, piping systems, etc. which are not permanently
connected to the hull of the ship, e.q.

(a) _Independent cargo tanks;
(b) Cargo tanks/piping systems which are electrically separated from the hull of the ship;
(c) _Pipe connections arranged for the removal of spool pieces; and
(d) Wafer-style valves with non-conductive (e.g PTFE) gaskets or seals.
(4)  Where bonding straps are required, they are to be:

(a) Clearly visible so that any shortcomings can be clearly detected;

(b) Designed and sited so that they are protected against mechanical damage and that they
are not affected by high resistivity contamination e.g. corrosive products or paint; and

(c) Easy to install and replace.
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EFFECTIVE DATE AND APPLICATION (Amendment 1-8)
1.  The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Rules, the current requirements apply to ships
for which the date of contract for construction is before the effective date.
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Amendment 1-9

Chapter 21 SELECTIVE CATALYTIC REDUCTION SYSTEMS AND
ASSOCIATED EQUIPMENT

21.2 Design
21.2.2 Material

Sub-paragraph -1 has been amended as follows.

1 Reductant tanks are to be of steel or other equivalent material with a melting point above
925 °C.
(Note)

The wording “to be of steel or other equivalent material” is not applicable for integral tanks
on FRP vessels such as those listed below, provided that the integral tanks are coated and/or
insulated with a self-extinquishing material.

(1) FRP vessels complying with Requlation 17 of SOLAS Chapter 11-2 based upon its associated

IMO guidelines (MSC.1/Circ.1574), and
(2) FRP vessels exempted from the application of SOLAS e.q., yachts, fast patrol, navy vessels,

etc., generally of less than 500 gross tonnage, subject to yacht codes or flag regulations.
(-2 to -4 are omitted.)

21.4 Requirements for Construction and Arrangements, etc.

21.4.5 Safety Devices and Alarm Devices
Sub-paragraphs -2 and -3 have been amended as follows.

1 (Omitted)

2 Alarm devices, to be activated in the event of any of the abnormal conditions given in Table
D21.1, are to be provided at control stations of SCR systems.

3 SCR systems are to be fitted with monitoring devices at control stations of SCR systems, and
these devices are to be capable of indicating the information listed in the following (1) to (4):

(1) Liquid levels in tanks for reductant agent

(2) Temperatures in tanks for reductant agent

(3) Exhaust gas temperatures at inlets

(4) Pressures at inlets or differential pressures across catalyst block

4 (Omitted)
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Table D21.1 has been amended as follows.

Table D21.1 Alarm points for SCR system®)

Monitored Variables
Liquid levels in tank for reductant agent HL
Temperature in tank for reductant agent HL
Exhaust gas pressure at inlet @ H
Exhaust gas temperature at inlet HL
Exhaust gas temperature at outlet® H
Power loss of control, alarm, monitoring or safety devices O

Notes:

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

(2) Differential pressure across catalyst block may be accepted in lieu.

(3) Alarms may be omitted in cases where means are provided to prevent damage by soot fire.

21.8  Tests
21.8.1 Tests at Facilities (Shop tests)

Sub-paragraph -4 has been amended as follows.

4 For reductant agent supply pumps, shop trials are to be carried out according to test
procedures deemed appropriate by the Society. Tests carried out in the presence of the Surveyor
may be replaced by manufacturer’s tests. In such cases, submission or presentation of test records
may be required by the Society.
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EFFECTIVE DATE AND APPLICATION (Amendment 1-9)

=

The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Rules, the current requirements apply to SCR
whose applications for approval are submitted to the Society before the effective date
installed on ships for which the date of contract for construction* is before the effective
date.

3. Notwithstanding the provision of preceding 2., the amendments to the Rules may apply

to SCR whose applications for approval are submitted to the Society before the effective

date installed on ships for which the date of contract for construction* is before the
effective date upon request of the owner.

* *“contract for construction” is defined in the latest version of IACS Procedural

Requirement (PR) No.29.

IACS PR No.29 (Rev.0, July 2009)

1. The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the
prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the
contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding.

2. The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately
exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of

vessels” if they are built to the same approved plans for classification purposes. However, vessels within a series may have design

alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in

effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of
the alteration contract, comply with the classification requirements in effect on the date on which the alterations are submitted to
the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the

contract to build the series was signed.

3. If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for
construction” for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and
the shipbuilder. The amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply.

4. If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

Note:
This Procedural Requirement applies from 1 July 2009.
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Amendment 1-10

Chapter 22 EXHAUST GAS CLEANING SYSTEMS AND ASSOCIATED
EQUIPMENT

22.1 General
22.1.1 Application

Sub-paragraphs -1 to -3 have been amended as follows.

1 The requirements in this chapter apply to exhaust gas cleaning systems and associated
equipment installed to reduce sulphur oxides and particular matter emitted from fuel oil combustion
units such as reciprocating internal combustion engines and boilers, and which use sodium
hydroxide solutions or calcium hydroxide (hereinafter referred to “chemical treatment fluid” in this
chapter) that has corrosive properties or which are otherwise considered to represent a hazard to
personnel.

2 In cases where exhaust gas cleanrng systems whrch use chemrcal agents other than those
speC|f|ed in -1 above are used 5es : 22 s :
safety measures are to be taken accordrnq to the result of a rrsk
assessment to be conducted to analyse the risks, in order to eliminate or mitigate the hazards to
personnel brought by the use of such exhaust gas cleaning systems, to an extent equivalent to
systems complying with this chapter.

3 In cases where exhaust gas cIeanrng systems which do not use chemical agents are used, the
term “liquids containing sedium—hydroxide—sel gtienschemical treatment fluid” is to be read as
“liquids which have passed through scrubber chambers" this, however, does not apply to -4, -9 and
-10 of 22.4.1, 22.7.1-2 and 22.7.2-2(1).

4 (Omitted)

5 (Omitted)

22.1.2 Terminology
Sub-paragraphs (1) and (3) have been amended as follows.

The terms used in this chapter are defined as follows:

(1) “Exhaust gas cleaning system” means a system whrch consrsts of storage tanks for residues,
etc., washwater supply pumps, sedimr=hydroxide—sel gtienchemical treatment fluid supply
pumps, washwater injection systems and scrubber chambers.

(2) (Omitted)

(3) “Washwater” means freshwater or sea water (including cases where sodium hydroxide or
calcium hydroxide is added) which is injected into scrubber chambers or exhaust gas inlets,
and includes liquids which have passed through scrubber chambers.

(4) (Omitted)

(5) (Omitted)
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22.1.3 Drawings and Data to be Submitted
Sub-paragraphs (1) and (2) have been amended as follows.

(1) Plans and documents for approval

((a) to (e) are omitted.)

(f) Construction of storage tanks for seditim-hydrox tenchemical treatment fluid or
liquid containing } S treatment fluid and their
arrangements.

(9) Ventllatlon systems for ‘compartments installed with equipment for using or handling

chemical treatment fluid, such as storage tanks, or for the
compartments speC|f|ed in 22.4.2-3

(h) Piping diagrams (including details of watertight bulkheads and penetrations of
fire-resisting divisions)

((i) to () are omitted.)

(2) Plans and documents for reference

((a) to (e) are omitted.)

(f) The results of risk assessments conducted to analyse the risks specified in 22.1.1-2

(fg) Other drawings considered necessary by the Society

22.2 Design

22.2.1 General Requirements
Sub-paragraphs -1 and -2 have been amended as follows.

1 In addition to the requirements in this Chapter, pipes, valves, pipe fittings and auxiliaries are
to satisfy the requwements in Chapter 12 In such cases, the term “sea water” is to be read as
“Ilqmds contalnlng ochum—hydroxide—sel chemlcal treatment fluid”. However, pipes
: } } tp=tregardless of design
pressure and temperature piping svstems contalnlnq chemlcal treatment fluids only are to comply
with the requirements applicable to Class | piping systems specified in Chapter 12. As far as
practicable, e.q. except for the flange connections that connect to tank valves, the piping systems
are to be joined by welding.
2 In addition to the requirements in this Chapter, air pipes and sounding pipes are to satisfy the
requirements in 13.6 and 13.8 (excludlng 13. 6 1 5 and 13 6.2-3). In such cases, the term “fuel oil” is
to be read as “liquids containing seei tienschemical treatment fluid”.
(-3 and -4 are omitted.)

Paragraph 22.2.2 has been amended as follows.

22.2.2 Material

1 Materials used for exhaust gas cleaning systems are to be selected in consideration of notch
ductility at operating temperatures and pressures, their corrosive effects and the possibility of
hazardous reactions.

2 Storage tanks and pipes/piping systems for chemical treatment fluids which transfer undiluted
chemical treatment fluids are to be of steel or other equivalent material with a melting point above
925 °C.

3 Storage tanks and pipes/piping systems for chemical treatment fluids are to be made with a
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material compatible with chemical treatment fluids, or coated with appropriate anti-corrosion
coating.

Note:

Several metals are incompatible with the chemical treatment fluids, e.g. NaOH is
incompatible with zinc, aluminum, etc.

22.4 Requirements for Construction and Arrangements, etc.
Paragraph 22.4.1 has been amended as follows.

224.1 Constructlon and Arrangement
1 torChemical treatment fluids storage tanks may be located within the

Chemical treatment fluids storage tanks are to be protected from
excessively hlgh or Iow temperatures applicable to the particular concentration of the selutieafluids.
Depending on the operational area of the ship, this may necessitate the fitting of heating and/or
cooling systems.

3 Drip trays of a sufﬁCIent size are to be provided under storage tanks for liquids containing

i easchemical treatment fluids as well as any equipment using or handling

such |IqUIdS such as pumps to prevent the spread of any spillage in the compartments where they
are installed.
4 (Omitted)
5 The storage tank for chemical treatment fluids is to be arranged so that any leakage will be
contained and prevented from making contact with heated surfaces. All pipes or other tank
penetrations are to be provided with manual closing valves attached to the tank. In cases where such
valves are provided below top of tank, they are to be arranged with quick acting shutoff valves
which are to be capable of being remotely operated from a position accessible even in the event of
chemical treatment fluid leakages.

6 The storage tanks are to have sufficient strength to withstand a pressure corresponding to the

maximum height of a fluid column in the overflow pipe, with a minimum of 2.4 m above the top

plate taking into con3|derat|on the specmc den3|tv of the treatment fluid.

57  Where sedivm-hydroxide-selytienchemical treatment fluids is stored in tanks which form part

of the ship’s hull, the following (1) to (&4) are to be considered during the design and construction:

(1) These tanks may be designed and constructed as integral part of the hull, (e.g. double bottom,
wing tanks).

(2) These tanks are to be coated with appropriate anti-corrosion coating and are to be segregated
by cofferdams, void spaces, pump rooms, empty tanks or other similar spaces so as to not be
located adjacent to accommodation, cargo spaces containing cargoes which react with
chemical treatment fluids in a hazardous manner as well as any food stores, oil tanks and fresh

water tanks.

(3) These tanks are to be designed and constructed as per the structural requirements applicable to
hull and primary support members for deep tank construction after taking into account the
specific grawty ;
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(e4) These tanks are to be lncluded in the shrp S stabrlrty calculatron
68 The chemical treatment fluid Bpiping g 22
venting systems are to be independent of other ship service prprng and/or systems
#9 The chemical treatment fluid Bpiping systems
selutiens are not to pass through or to extend into accommodatron service spaces or control
stations.

810 Piping systems for liquids containing 2 H chemical treatment fluids

are not to pass through or to extend into any storage tanks for other liquids, except where deemed

appropriate by the Society.

811 Piping systems for liquids containing H chemical treatment fluids,

excluding those near nozzles spraying washwater, are to be o) arranged to prevent any outflows or

leakage from the piping system from coming into contact with any high temperature equipment
surfaces. Such piping systems are especially not to be located immediately above or near equipment
such as boilers, steam pipes or exhaust gas prpes

182 Storage tanks for liquids containing HA

to satisfy the following requirements:

(1) The tanks are to be so arranged to prevent liquids containing sedism—hydroxide
selutienschemical treatment fluids escaping or leaked from the tanks from coming into
contact with high temperature equipment surfaces. Such tanks are especially not to be located
immediately above or near equipment such as boilers, steam pipes or exhaust gas pipes.

(2) In cases where shore connections with standard coupllngs are fitted onto filling-up pipe lines,
proper protection against any spraying of stenschemical treatment
fluids, such as effective enclosures, is to be prOVIded in consrderatron of the sodium
hydroxide solution spraying out during filling-up operations.

143 Discharge pipes from storage tanks for liquids containing seditr—hydrexide

set%schemrcal treatment flurds are to be fitted wrth stop valves drrectly on the tank.

chemical treatment fluids are

134 ResiduetTanks for residues generated from the exhaust gas cleaning process are to satisfy the
followrng requrrements

)

except in cases Where these tanks are also used as the over flow tanks for chemical treatment

fluids storage tank.

(2) Manholes or access holes in a sufficient size are to be provided at such locations that each part
of the tank can be cleaned without difficulties.

(3) Tank capacities are to be decided in consideration of the number and kinds of installed
exhaust gas cleaning systems as well as the maximum number of days between ports where
residue can be discharged ashore. In the absence of precise data, a figure of 30 days is to be
used.

(4)  Where residue tanks used in closed loop chemical treatment systems are also used as the
overflow tanks for chemical treatment fluids storage tank, the requirements for storage tanks

apply.
145 (Omitted)
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156 For distance pieces fitted onto the piping systems specified in -145 above, where materials

other than hull construction materials are used and where two or more kinds of different metallic

materials are arranged adjacent to each other, appropriate measures are to be taken to prevent

bimetallic corrosion.

17  The following connections are to be screened or provided with other appropriate means, and

fitted with drip trays to prevent the spread of any spillage where they are installed:

(1) Detachable connections between pipes (flanged connections and mechanical joints, etc.);

(2) Detachable connections between pipes and equipment such as pumps, strainers, heaters,
valves; and

(3) Detachable connections between equipment mentioned in (1) and (2) above.

18 The drip trays specified in -17 above are to be fitted with drain _pipes which lead to

appropriate tanks, such as residue tanks specified in -14 above, which are fitted with high level

alarm, or are to be fitted with alarms for leak detection. In cases where such tank is an integral tank,

-7(1) and (2) above are to be applied to the tank (the term “these tanks” specified in -7(1) and (2) is

to be read as “appropriate tanks, such as residue tanks”).

Paragraph 22.4.2 has been amended as follows.

22.4.2 Ventilation Systems
1 If storage tanks for chemlcal treatment f|UIdS or—eguipmentifor
i d is installed in a
closed compartment the area is to be served by an effectrve mechanrcal ventilation system of
extraction type providing not less than 6 air changes per hour which is independent from the
ventilation system of accommodation, service spaces, or control stations. The ventrlatron system is

to be capable of being controlled from outsrde the compartment.

warning notice requmnq the use of such ventllatron before enterrnq the compartment is to be

provided outside the compartment adjacent to each point of entry.

2 Notwithstanding the requirements specified |n -1 above, where storage tanks for se%em
hyd%rd%%reﬁschemlcal treatment fluids ereguipmenttforusing-or-handling-seditm-hydroxid 8
are located W|th|n an englne room a separate ventllatlon
system |s not reqUIred When the general ventilation system for the space is arranged so as to provide
an effective movement of air in the vicinity of the storage tank and equipment and is to be
maintained in operation continuously except when the storage tank is empty and has been
thoroughly air purged

reqmrements speCIfred in 1 also apply to the following closed compartments normally entered by

persons:
1)

%p#when they are ad|acent to the mteqral storaqe tank for chemlcal treatment flurds and
there are possrble leak points (e. 9. manhole, fittings) from these tanks; or

these compartments unless the piping svstem is made of steel or other equivalent material with

melting point above 925 °C and with fully welded joints.
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Paragraph 22.4.3 has been added as follows.

22.4.3 Venting Systems of Storage Tanks for Chemical Treatment Fluids

1 The vent pipes of the storage tank are to terminate in a safe location on the weather deck and
the tank venting system is to be arranged to prevent entrance of water into the tank for chemical
treatment fluids.

2 Storage tanks for chemical treatment fluids are to be arranged so that they can be emptied of
the fluids and ventilated by means of portable or permanent systems.

Paragraph 22.4.3 has been renumbered to 22.4.4, and Paragraph 22.4.4 has been amended as
follows.

22434  Safety Devices and Alarm Devices
1 Exhaust gas cleaning systems are to be fitted with safety deV|ces which are capable of
automatically stopping exhaust gas washwater supply pumps and
chemical treatment fluids pumps in the event of any of the following failures:
(1) Abnormal increase of the liquid level in the scrubber
(2) Abnormal increase of the pressure at the inlet or the differential pressure across the scrubber
chamber (in cases where changeover devices for exhaust gas pipes are not fitted)
2 (Omitted)
3 Alarm devices, to be activated in the event of any of the abnormal conditions given in Table
D22.1, are to be provided at control stations of exhaust gas cleaning systems.
4 Exhaust gas cleaning systems are to be fitted with monitoring devices at control stations for
exhaust gas cleaning systems, and these devices are to indicate the information listed in (1) to (5):
(1) Liquid levels in scrubber chambers
(2) Liquid levels in tanks for : chemical treatment fluids
(3) Temperatures in tanks for } jde terschemical treatment fluids (where the
heating and/or cooling systems speC|f|ed in -6 are provided)
(4) Exhaust gas temperatures at outlets
(5) Pressures at inlets or differential pressures across scrubber chambers
(Omitted)
6 Each storage tank for chemical treatment fluids is to be provided with level monitoring
arrangements and high/low level alarms. In cases where heating and/or cooling systems are
provided, high and/or low temperature alarms or temperature monitoring are also to be provided

accordingly.

Table D22.1 Alarm points for exhaust gas cleaning system®

Monitored Variables
Liquid level in scrubber chamber H
Temperature of washwater supply (in cases where
the washwater includes sedium-hydroxide- H
selutienschemical treatment fluids) 2
Liquid levels in tank for seditm-thydrexide- HL
selutienchemical treatment fluids
Temperature in tank for sediur-hyeroxide- HL
selutioachemical treatment fluids &)
Exhaust gas pressure at the inlet 9 H
Exhaust gas temperature at the outlet H
Power loss of control, alarm, monitoring or safety o
devices
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Notes:

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

(2)  To detect high washwater temperature due to abnormal conditions of heat exchangers; however, alarms need not be
fitted in cases where heat exchangers are not used.

(3)  This alarm is not required when heating and/or cooling systems are not provided.

(24) Differential pressure across scrubber chamber may be accepted in lieu.

22.6  Safety and Protective Equipment

Paragraph 22.6.1 has been amended as follows.

22.6.1 General
For the protection of crew members

%&b#ethe shlp is to have on board smtable bersonnel brotectlve equmment The number of

personnel protective equipment carried onboard is to be appropriate for the number of personnel

engaged in reqular handling operations or that may be exposed in the event of a failure; but in no

case is there to be less than two sets available onboard.

2 Personnel protective equipment is to consist of the following.

(1) Large apron of chemical-resistant material

(2) Special gloves with long sleeves

(3) Suitable footwear

(4) Suitable protective equipment consisting of coveralls and tight-fitting goggles or face shields
or both

23 Eyewash and safety showers are to be

evewash statlons and safety showers are to be derlved from the detalled installation arrangements.

As a minimum, the following stations are to be provided:

(1) In the vicinity of transfer or treatment pump locations for chemical treatment fluids. If there
are_multiple transfer or treatment pump locations on the same deck then one eyewash and
safety shower station may be considered for acceptance provided that the station is easily
accessible from all such pump locations on the same deck.

(2) An eyewash station and safety shower is to be provided in the vicinity of a chemical
bunkering station on-deck. If the bunkering connections are located on both port and
starboard sides, then consideration is to be given to providing two eyewash stations and safety
showers, one for each side.

(3) An eyewash station and safety shower is to be provided in the vicinity of any part of the
system where a spillage/drainage of chemical treatment fluids may occur and in the vicinity of
system connections/components of the fluids that require periodic maintenance.

22.7 Tests
Paragraph 22.7.1 has been amended as follows.

22.7.1 Tests at Facrlrtres (Shop tests)
Chemlcal treatment fIU|ds mdependent storage tanks are to be
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platepressures corresponding to the maximum heights of fluid columns in overflow pipes, with a
minimum of 2.4 m above the top plate taking into consideration the specific density of the treatment
fluid.

2 After completlon of the fabrlcat|0h process, piping, valves and pipe fittings, for liquids
containing H : H chemical treatment fluids, design pressure of which exceeds
0.35 MPa are to be subjected to hydrostatic tests together with the welded fittings at a pressure
equal to 1.5 times the design pressure

3 The pressure parts of sedimr=hydrex te-selut tenchemical treatment fluids supply pumps and
washwater supply pumps are to be subjected to hydrostatic tests at a pressure equal to 1.5 times the
design pressure or 0.2 MPa, whichever is greater. Tests carried out in the presence of the Surveyor
may be replaced by manufacturer’s tests. In such cases, submission or presentation of test records
may be requwed by the Souety

4 orchemical treatment fluids supply pumps and washwater supply
pumps, shop trlals are to be carried out according to test procedures deemed appropriate by the
Society. Tests carried out in the presence of the Surveyor may be replaced by manufacturer’s tests.
In such cases, submission or presentation of test records may be required by the Society.

5 Electrical motors and their corresponding control gears used for sedium—hydrexide
selationchemical treatment fluids supply pumps and washwater supply pumps are to be tested in
accordance with relevant requirements in Part H. Shop tests for electrical motors whose continuous
rated capacities are less than 100 kW and their corresponding control gears may be replaced by
manufacturer tests. In such cases, submission or presentation of test records may be required by the
Society.

Paragraph 22.7.2 has been amended as follows.

22.7.2 Tests after Installatron On Board

1 In cases where tonschemical treatment fluids are carried in tanks

which form part of the sh|p S huII the tanks are to be subjected to hydrostatic tests in accordance

with 2.1.5(1), Part B. Where the speC|f|c gravities of the liquids used for the tests are less than
those of the A-hyd atierchemical treatment fluids, an appropriate additional head is
to be considered.

2 After installation on board, exhaust gas cleaning systems are to be tested in accordance with

the following:

(1) Piping systems for liquids containing M-h stienschemical treatment fluids
(except overboard discharge pipes) are to be subjected to Ieak tests at pressures equal to 1.5
times the design pressure or 0.4 MPa, whichever is greater.

((2) to (4) are omitted.)
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EFFECTIVE DATE AND APPLICATION (Amendment 1-10)

=

The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Rules, the current requirements apply to EGCS
whose applications for approval are submitted to the Society before the effective date
installed on ships for which the date of contract for construction* is before the effective
date.

3. Notwithstanding the provision of preceding 2., the amendments to the Rules may apply

to EGCS whose applications for approval are submitted to the Society before the

effective date installed on ships for which the date of contract for construction* is before
the effective date upon request of the owner.

* *“contract for construction” is defined in the latest version of IACS Procedural

Requirement (PR) No.29.

IACS PR No.29 (Rev.0, July 2009)

1. The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the
prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the
contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding.

2. The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately
exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of

vessels” if they are built to the same approved plans for classification purposes. However, vessels within a series may have design

alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in

effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of
the alteration contract, comply with the classification requirements in effect on the date on which the alterations are submitted to
the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the

contract to build the series was signed.

3. If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for
construction” for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and
the shipbuilder. The amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply.

4. If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

Note:
This Procedural Requirement applies from 1 July 2009.
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Notice No.31 30 June 2022
AMENDMENT TO THE GUIDANCE FOR THE SURVEY AND CONSTRUCTION OF STEEL
SHIPS

“Guidance for the survey and construction of steel ships™ has been partly amended as follows:

Part D MACHINERY INSTALLATIONS

Amendment 1-1

D1 GENERAL

D1.1  General
Paragraph D1.1.4 has been amended as follows.

D1.1.4 Modification of Requirements
For those machinery installations specified in 1.1.4, Part D of the Rules (excluding those

specified in other Pparts of the Rules), some requirements of Part D of the Rules may be modified

as follows:

(1) Prime movers (including power transmission systems and shafting systems:=hereirafterthe
same) driving generators, auxiliary machinery essential for main propulsion and auxiliary
machinery for manoeuvring and the safetys:.

(@) Prime movers with an output less than 100 kW

i)  Submission of drawings may be omitted.

i) Materials which comply with the requirements of any national standard may be
accepted for the principal components. In this case, materials (excluding valves and
pipe fittings) are to be manufactured by a manufacturer approved by the Society.

iii) Shop tests in the presence of the Surveyor may be substituted for manufacturer’s
tests. In this case, submission or presentation of test records may be required by the
Ssurveyor.

(b) Prime Mmovers with an output not less than 100 kW but less than 375 kW=

i)  Materials used for principal components may be dealt with under the requirements
specified in (a)ii).

i) Hydrostatic tests as well as dynamic balancing tests, overspeed tests and trial runs of
turboblowers at the manufacturer may be dealt with under the requirements
specified in (a)iii).

(2) Prime movers (including power transmission systems and shafting systems) for auxiliary
machinery for cargo handlings.

(@) Prime movers with an output less than 375 kW may be dealt with under the requirements

of (1)(a).

(b) Prime movers with an output 375 kW or over may be dealt with under the requirements

of (1)(b).

((3) to (8) are omitted.)




D6  SHAFTINGS

D6.1  General
Paragraph D6.1.2 has been deleted.

D6.2  Materials, Construction and Strength
Paragraph D6.2.2 has been deleted.

D6.2.4 Propeller Shafts and Stern Tube Shafts

1 As for the diameter of propeller shaft Kind 2 or stern tube shafts Kind 2 made of carbon steel
or low alloy steel, the wording “to be deemed appropriate by the Society” means to calculate the
required diameter by the following formula:

d. = 100k - |2
S 3 NO

d, :Required diameter of propeller shaft (mm)

H : Maximum continuous output of main propulsion machinery (kW)

N, : Number of revolutions of shaft at maximum continuous output (rpm)

ks : Factor concerning shaft design, given in Table D6.2.4-1
2 The value of ks for propeller shafts and stern tube shafts made of stainless steel forgings, etc.
other than those indicated in the Table D6.4 which is for ks specified in 6.2.4-2, Part D of the
Rules, is to be in accordance with Table D6.2.4-2. Furthermore, this requirement may be applied to
propeller shafts Kind 2 and stern tube shafts Kind 2.



Note of Table D6.2.4-1 has been amended as follow.

Table D6.2.4-1 Values of ks

Application ks
1 | The portion from the big end of the tapered part of a propeller shaft (in the case of a flange connected 1.33
propeller, the forward end of the of the flange) to the forward end of the after most stern tube bearing or
to 2.5 dg, whichever is larger

2 | Excluding any portion specified in 1 above, the portion in the direction toward the bow side up to the 1.21®
forward end of the forward stern tube sealing assembly

3 | The portion between the forward end of the forward stern tube sealing assembly and the intermediate 1.21@
shaft coupling

Notes:

(1) The diameter of the boundary portion sheutdis to be reduced with either a smooth taper or a blending radius nearly
equal to the change in diameter.
The diameter may be reduced=b

O]

Note of Table D6.2.4-2 has been amended as follow.

Table D6.2.4-2 Values of ks

Application Shaft material
Austenitic stainless steel with | Precipitation hardened
0.2 % proof stress not less [ martensite stainless steel
than 205 N/mm? with 0.2 % proof stress not
less than 400 N/mm?
1 | The portion from the big end of the tapered part of a propeller 1.28 1.05

shaft (in the case of a flange connected propeller, the forward
end of the flange) to the forward end of the after most stern tube
bearing or to 2.5 d,, whichever is larger

2 | Excluding the portion shown in 1 above, the portion in the 1.16W 0.940
direction toward the bow side up to the forward end of the
forward stern tube sealing assembly

3 | The portion between the forward end of the forward stern tube 1.16@ 0.94@
sealing assembly and the intermediate shaft coupling

Notes:
(1) The diameter of the boundary portion sheutdis to be reduced with either a smooth taper or a blending radius nearly
equal to the change in diameter.
(2) The diameter may be reduced=by-eithera oth-tap blending radius-nearhs equal to the change in diameter un
e-d Part D of the Rules where-itis-assumed




D6.2.10  Stern Tube Bearings and Shaft Bracket Bearings
Sub-paragraphs -1 to -3 have been amended as follows.

1 The wording “provisions specified elsewhere” in 6.2.10-1(1)(a)i), Part D of the Rules means
the foIIowrng (l) and (2) in prlnCIpIe

(1) Shaft allgnment calculatlons are to be carrled out in accordance wrth the requrrements in
Annex B6.2.13 “SHBANCELEOR CALCULATION OF SHAFT ALIGNMENT”_Part
D of the Rules.

(2) For improving the lubricating condition of the bearing, the following measures are to be
taken:

(@) A lubricating oil inlet is to be provided at the aft end of the bearing to ensure the forced
circulation of the lubricating oil.

(b) Either of the following devices to measure stern tube bearing metal temperature at the aft
end bottom along with high temperature alarms (with a preset value of 60 °C or below) is
to be provided:

i)  Two or more temperature sensors embedded in the metal; or

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

(c) Low level alarms are to be provrded for Iubrlcatlng oil sump tanks.

2 The wording “e e : #provisions
specified elsewhere” in 6.2. 10 1(1)(b)||) Part D of the Rules means the foIIowrng (1) and (2) in

principle:

(1) Nomrnal bearlng pressure etc calculated in accordance wrth Annex 96 2 13 “@%-#%N%E
FOR CALCULATION OF SHAFT ALIGNMENT”_Part D of the Rules are to be within
the allowable limits specified in the Type Approval Certificate.

(2) The measures for lubricating condition specified in -1(2) are to be taken.

The wording “provisions specified elsewhere” in 6.2.10-1(2)(b), Part D of the Rules means
the foIIowrng (1) and (2) in prlncrple

(1) Nominal bearing pressure is to be within the allowable limit specified in the Type Approval
Certificate.

(2) Forced lubrication using water pumps is to be adopted and a low flow alarm is to be provided
at the lubricating water inlet.

Paragraph D6.2.13 has been deleted.




D8 TORSIONAL VIBRATION OF SHAFTINGS

D8.2  Allowable Limit
D8.2.2 Intermediate Shafts, Thrust Shafts, Propeller Shafts and Stern Tube Shafts

Sub-paragraph -3 has been deleted.

D8.2.6 Detailed Evaluation for Strength

Sub-paragraph -3 has been deleted.




D13 PIPING SYSTEMS

D13.5 Bilge and Ballast Piping

D13.5.10 Dewatering Arrangements for Bulk Carriers, etc.
Sub-paragraph -2(4) has been amended as follows.

2 With respect to the provisions of 13.5.10, Part D of the Rules, bilge and ballast systems for
the dewatering arrangements (hereinafter, referred to as “the dewatering systems”) are to comply
with the following requirements:

((1) to (3) are omitted.)

(4) Enclosures of electrical equipment for the dewatering systems installed in spaces where the
systems are to be installed, are to provide protection to the IP68 standard_as defined in IEC
60529:1989/AMD2:2013/COR1:2019 for a water head equal to the height of the space in
which the electrical equipment is installed for a time duration of at least 24 hours.

((5) and (6) are omitted.)

D13.8 Sounding Pipes
D13.8.5  Water Level Detection and Alarm Systems for Bulk Carriers, etc.

Sub-paragraph -3(3) has been amended as follows.

3 The wording “the systems to have constructions and functions deemed appropriate by the

Society” in 13.8.5-1(4), Part D of the Rules means those systems complying with the following

requirements and being of a type approved by the Society in accordance with the provisions of

Chapter 5, Part 7 of the Approval and Type Approval of Materials and Equipment for Marine

Use or those systems approved by an organization deemed appropriate by the Society in accordance

with the Resolution MSC.188(79).

((1) and (2) are omitted.)

(3) Electrical installations for the systems installed in the following areas are to be of an
intrinsically safe type of Exib complying at least with IEC 60079-11:2011 and the maximum
surface temperature of the installations is not to exceed 85 °C, except electrical installations
installed in ships designed only to carry cargo which are not combustible or explosive
atmosphere. In addition, in cases where a ship is designed to carry only limited kinds of cargo,
the maximum surface temperature may be appropriately relaxed depending on the kind of
cargo. In this case, such limitations relating to cargo are to be documented in booklets for
cargo operations. Finally, those electric installations installed at the edges of the following
areas are to be approved at the discretion of the Society with due consideration being given to
their design with respect to gas-tightness, etc.

(@) Cargo holds
(b) Enclosed spaces adjacent to cargo holds having openings without a gas-tight or
watertight door/hatch and the like into a hold
(c) Areas within 3 m of any cargo hold mechanical exhaust ventilation outlet
((4) to (8) are omitted.)




Annex D6.2.2 has been deleted.

Annex D6.2.13 has been deleted.

=

3.

Note:

EFFECTIVE DATE AND APPLICATION (Amendment 1-1)

The effective date of the amendments is 1 July 2022.

Notwithstanding the amendments to the Guidance, the current requirements apply to

ships for which the date of contract for construction* is before the effective date.

* “contract for construction” is defined in the latest version of IACS Procedural
Requirement (PR) No.29.

IACS PR N0.29 (Rev.0, July 2009)

The date of “contract for construction” of a vessel is the date on which the contract to build the vessel is signed between the

prospective owner and the shipbuilder. This date and the construction numbers (i.e. hull numbers) of all the vessels included in the

contract are to be declared to the classification society by the party applying for the assignment of class to a newbuilding.

The date of “contract for construction” of a series of vessels, including specified optional vessels for which the option is ultimately

exercised, is the date on which the contract to build the series is signed between the prospective owner and the shipbuilder.

For the purpose of this Procedural Requirement, vessels built under a single contract for construction are considered a “series of

vessels” if they are built to the same approved plans for classification purposes. However, vessels within a series may have design

alterations from the original design provided:

(1) such alterations do not affect matters related to classification, or

(2) If the alterations are subject to classification requirements, these alterations are to comply with the classification requirements in
effect on the date on which the alterations are contracted between the prospective owner and the shipbuilder or, in the absence of
the alteration contract, comply with the classification requirements in effect on the date on which the alterations are submitted to
the Society for approval.

The optional vessels will be considered part of the same series of vessels if the option is exercised not later than 1 year after the

contract to build the series was signed.

If a contract for construction is later amended to include additional vessels or additional options, the date of “contract for construction”
for such vessels is the date on which the amendment to the contract, is signed between the prospective owner and the shipbuilder. The
amendment to the contract is to be considered as a “new contract” to which 1. and 2. above apply.

If a contract for construction is amended to change the ship type, the date of “contract for construction” of this modified vessel, or
vessels, is the date on which revised contract or new contract is signed between the Owner, or Owners, and the shipbuilder.

This Procedural Requirement applies from 1 July 2009.



Amendment 1-2

D2 RECIPROCATING INTERNAL CONBUSTION ENGINES

D2.1  General
D2.1.3 Drawings and Data

Sub-paragraphs (1) and (2) have been amended as follows.

For the following data, those represented by two sizes in generic range of turbochargers (i.e.

the same components, materials, etc., with the only difference being the size) are acceptable.

(1) The documentation for safe torque transmission specified in (34)(a), Table D2.1(b)
2318, Part D of the Rules.

(2) The operation and maintenance manuals listed in (34)(c), Table D2.1(b)2343-H2B+HH, Part
D of the Rules.




D10 PRESSURE VESSELS

D10.9 Tests
D10.9.1  Shop Tests

Sub-paragraph -2 has been amended as follows.
2 Notwithstanding the requirements in 10.9.1, Part D of the Rules, hydrostatic tests of heat

exchangers fitted to engines having cylinder bores of 300 mm or less may be omitted- (see Table
D2.76 of the Rules).

EFFECTIVE DATE AND APPLICATION (Amendment 1-2)

=

The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Guidance, the current requirements may apply to
reciprocating internal combustion engines for which the application for approval is
submitted to the Society before the effective date.



Amendment 1-3

D2 RECIPROCATING INTERNAL CONBUSTION ENGINES

Section D2.3 has been amended as follows.

D2.3  Crankshafts

D23.1

Solid Crankshafts and Semi-Build Crankshafts

1 In applying 2.3.1-4, Part D of the Rules, solid crankshaft and semi-built crankshaft approvals

are to be according to the followinag.

2 The diameters of crankpins and journals are to be not less than the value given by the

following formula:

1
d. = {(M + /M2 £ T2 )02}3 K. K.K,

where

d. : Required diameter of crankshaft (mm)

M 10°%ALP,, .

T 10-%2BSP,

S Length of stroke (mm)

L : Span of bearings adjacent to crank measured from centre to centre (mm)
P, .. : Maximum combustion pressure in cylinder (MPa)

P,,; . Indicated mean effective pressure (MPa)

A and B :Coefficients given in Table D2.3.1-2 for engines having equal firing intervals (in

D

the case of Vee type engines, those with equal firing intervals on each bank.).
Special consideration will be given to values A and B for reciprocating internal
combustion engines having unequal firing intervals or for those not covered by the
Tables.

Cylinder bore (mm)

K,, : Value given by the following (1) or (2) in accordance with the specified tensile strength

of the crankshaft material. However, the value of Km for materials other than steel
forgings and steel castings is to be determined by the Society in each case.

(1) In cases where the specified tensile strength of material exceeds 440 N/mm?
440
K, = 3/ 5
\] 440 + % (T, — 440)
where

(2)

T. : Specified tensile strength of material (N/mm?)
The value of Ts is not to exceed 760 N/mm? for carbon steel forgings and 1080 N/mm?
for low alloy steel forgings.

In cases where the specified tensile strength of material is not more than 440 N/mm? but

(1)

not less than 400 N/mm?

K,=1.0

K. : Value given by the following (1), (2), or (3) in accordance with the

manufacturing method of crankshafts.
In cases where the crankshafts are manufactured by a special forging process approved

by the Society as well as where the product quality is stable and the fatique strength is
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considered to be improved by 20 % or more in comparison with that of the free forging

Process

(2) In cases where the crankshafts are manufactured by a manufacturing process using a
surface treatment approved by the Society as well as where the product quality is stable
and the fatigue strength is recognized as being superior

3/ 1
K= | ————

JTFp/100

where
p . Degree of improvement in strength approved by the Society relative to the surface
hardening (%

(3) _In cases other than (1) and (2) above

K, =1.0
K, : Value given by the following (1) or (2) in accordance with the inside diameter of the
crankpins or journals.
(1) In cases where the inside diameter is one-third or more than that of the outside diameter

3 1
Kh = "
\] T—R*
where
R : Quotient obtained by dividing the inside diameter of a hollow shaft by its outside
diameter
(2) In cases where the inside diameter is less than one-third of the outside diameter
K,=1.0
Table D2.3.1-2(1)  Value of Coefficients A and B for Single Acting In-line Engines
Number of cylinders 2-stroke cycle 4-stroke cycle
A B A B
1 8.8 4.7
2 8.8 4.7
3 10.0 4.7
4 1.1 4.7
5 114 5.4
6 1.00 11.7 1.25 5.4
7 12.0 6.1
8 12.3 6.1
9 12.6 6.8
10 13.4 6.8
1 14.2 74
12 15.0 74

11



Table D2.3.1-2(2) Value of Coefficients A and B for Single Acting 2-stroke cycle Vee Type

Engines with Parallel Connecting Rods

Number of cylinders

Minimum firing interval between two cylinders on one crankpin

45° 60° 90°
A B A B A B
6 1.05 17.0 1.00 12.6 1.00 17.0
8 17.0 15.7 20.5
10 19.0 18.7 20.5
12 20.5 21.6 20.5
14 22.0 21.6 20.5
16 235 21.6 23.0
18 24.0 21.6 23.0
20 24.5 242 230

Table D2.3.1-2(3) Value of Coefficients A and B for Single Acting 4-stroke cycle Vee Type

Engines with Parallel Connecting Rods

Number of Minimum firing interval between two cylinders on one crankpin
cylinders 45° 60° 90° 270° 300° 315°
A B A B A B A B A B A B
8 55 55 5.5 5.5 5.3 52
10 6.7 7.0 6.5 6.5 6.1 5.9
14 84 9.2 8.5 8.5 75 73
16 9.3 101 9.5 9.5 8.2 79
18 101 111 105 105 8.8 85
20 us 140 us us 85 82 |
Table D2.3.1-22(4) Values of Coefficients A and B (In cases of Unequal Firing Intervals)
(1) 4-stroke cycle in-line engines
Number of cylinders Arrangement of crank A B
4 + 1.25 4.7
(2) 2-stroke cycle vee engines
Number of Minimum firing interval Arrangement
cylinders between two clyinders of crank A B
on one crankpin
PN 216
N

60° % 1.00 15.0

26.3

L
B
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23  In cases where the diameter of crankpins or journals is less than the required diameter d.
given in 2323=1-PRart-D-ofthe-Rules-2 above, consideration will be given in each case on the basis
of the stress levels in fillets, the torsional stress levels in crankpins and journals and the material of
the crankshaft. In this connection, the stress levels in fillets are to be in accordance with the
following &2}
£—In cases where the torsional stress in crankpins and journals are evaluated without carrying
out a forced vibration calculation including the stern shaftings:
The diameter may be acceptable where the value of equivalent stress amplitude o, calculated
by the Annex D2.3.1-22 “GUIDANCE FOR CALCULATION OF CRANKSHAFT
STRESS=}" is not more than the allowable stress o obtained from the formula below with
the coefficient shown in Table D2.3.1-23.
0=04" fm-fe +a (NJ/mm?
However, where deemed appropriate by the Society, the diameter in consideration of the
allowable stress of crankshafts, including fillet parts, that have been hardened by surface
treatment and the resultant stress dlstrlbutlon may be acceptable

4 The dimensions of crank webs are to comply with the following requirements:

(1) The thickness and breadth of crank webs, the diameters of the crankpins and journals, are to
comply with the conditions of the following formula. However, the thickness of crank webs is
to be not less than 0.36 times the diameter of crankpins and journals. When the actual
diameters of the crankpin and journal are larger than the required diameter of the crankshaft
as determined by the formula in -2, the left side of the following formula may be multiplied
by (d./d.)3.

{0.122(2.20 = b/d )% + 0.337}(d /)** < 1

where

b : Breadth of crank web (mm)

d, : Actual diameter of crankpin or journal (mm)
t . Thickness of crank web (mm)

(2) The radius in fillets at the junctions of crank webs with crankpins or journals is to be not less
than 0.05 times the actual diameter of crankpins or journals, respectively.

35 In cases where the dimensions of crankwebs fail to meet the requirements specified in

231-2(0—Part-D-of-theRules-4(1) above, consideration will be given in accordance with the

following:

(1) The dimensions of the crankwebs may be acceptable in cases where the actual diameters of
crankpins and journals are not less than the required diameter d. calculated by 234-1-Pa¥rt
D-eftheRules-2 by replacing M and T with those specified below.

In this case, the dimensions are to be within the following ranges;
0<q/r<1, —03<h/d<04, 8<d/r<27

1.1<b/d <21, 02<t/d <0.56

M = 10724P, .y Lakg/5

T = 1072BP,,;Sayr/1.8
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)

46

1)

where
agp - Stress concentration factor for bending, as specified below;

agp = 4.84f1f2f3fafs

fi =0.420+ 0.160,/d/r — 6.864

fs =1+ 81[0.769 — (0.407 — h/d)?]
X (q/7) (r/d)*

f3 = 0.285(2.2 — b/d)? + 0.785

fi = 0.444(d/t)**

fs=1—[(h/d +0.1)2/(4t/d — 0.7)]
- (t/d = 0.36)
=1-1.35(h/d + 0.1)?
- (t/d < 0.36and h/d > —0.1)
=1 - (t/d<0.36and h/d < —0.1)

agr - Stress concentration factor for torsion, as specified below;

akr = 175919293

g1 = 31.6(0.152 — r/d)? + 0.67

g> = 1.04+0.317h/d

gs = 1.31 —0.233b/d

- actual diameter of crankpin or journal (mm)

- radius in fillet (mm)

- recess (mm)
overlap between crankpin and journal (mm)
= (d +d; — S)/Z

In cases where the drmensrons of the crankwebs farl to meet the requrrements even after
applying (1) above, the acceptance criteria specified below may be used:
&—In cases where the torsional stresses in crankpins and journals are evaluated without

carrying out a forced vibration calculation including the stern shaftings:

The dimensions may be acceptable in cases where the value of the equivalent stress
amplitude o, calculated by the Annex D23.1-24) “GUIDANCE FOR
CALCULATION OF CRANKSHAFT STRESS=t’ is not more than the allowable
stress o obtained from the formula below with the coefficient shown in Table
D2.3.1-23.

0 =0y fmfe +a (N/mm?)

However, where deemed appropriate by the Society, the dimensions in consideration of
the allowable stress of crankshafts, including fillet parts, that have been hardened by
surface treatments and the resultant stress drstrrbutron may be acceptable

The dim_ensions of the crankweb breadth b, crankweb thickness t, radius in fillet r and recess
g used for 2324-2-Rs ard—3-4 and -5 above are to be in accordance with the

following (See Fig. D2.3. 1 1)
As for “b”, the breadth on the perpendicular bisector of the line between the crankpin centre

14



and journal centre is to be used.

(2) As for “t”, the thickness at the same section specified in (1) is to be used. In this case, the
recess g need not be accounted in the thickness even when it is provided.

(3) As for “r”, the radius connecting to the crankpin or journal is to be used when a composite
radius is provided.

7 Semi-built crankshafts are to be in accordance with D2.3.2.

Table D2.3.1-23 Coefficient of Allowable Stress at Fillet

Stroke cycle Type of Shaft diameter ¢ @ (mm)
0g of engine crankshaft d > 200 200>d > 100 100 >d
(N/mm?) 2-cycle Semi-built-up 54 — —
Solid 74 142-0.34d 108
4-cycle Solid 83 133-0.25d
2(T®
fm 143 (440 - 1)
Manufacturing method
Ordinary method Method (1) for K Method (2) for K
fs specified in 233424-2 specified in 23442
PartDoftheRules PartDoftheRules
1 1.15 1+ p ©/100
a Main bearing material
(N/mm?) White metal Aluminum or kelmet
0 10
Notes:

(1) disto be the actual diameter of crankpin or journal, whichever is larger.
2 TS signifies the minimum specified tensile strength (N/mm?) of the crankshaft materials.

The limit of TS for computing fm is to be in accordance with the requirements in 234=4-PartD-efthe Rules-2.
(3)  p signifies the degree of strength improvement (%) approved by the Society relative to surface hardening.

Fig. D2.3.1-1  Dimensions for Webs of Solid Crankshafts

D2.3.2 Built-up Crankshafts

1 In applying 2.3.2, Part D of the Rules, built-up crankshaft approval is to be in accordance
with the followings.

2 The dimensions of crankpins and journals of built-up crankshafts are to comply with the
following requirements in (1) and (2):
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(1) The diameters of crankpins and journals are to comply with the requirements in D2.3.1-2.
(2) The diameters of axial bores in journals are to comply with the following formula:

4000 - Sg - M,y
p-mDg - Ls - Osp

Dpr‘<Dc' Il_

Dgp. : Diameter of axial bore in journal (mm)

D¢ : Journal diameter at the shrinkage fit (mm)

Sk : Safety factor against slipping (a value not less than 2 is to be taken)

M,, ... . Absolute maximum torgue at the shrinkage fit (N < m)

u_: Coefficient for static friction (a value not greater than 0.2 is to be taken)

L¢ : Length of shrinkage fit (mm)

gep_: Minimum vield strength of material used for journal (N/mm?)
43 The wording “maximum torque at the shrinkage fit” in 232-42—Part-D-efthe-Rules-2(2)
above means, in principle, Myp,ax Shown in 1.3.2-1 of the Annex B2.3.122(5 “GUHBANCEEOR
CALCULATON METHOD OF CRANKSHAFT STRESSH".
4 The dimensions of crank webs are to comply with the following requirements in (1) and (2):
(1) The thickness of crank webs in way of the shrinkage fit is to comply with the following

formula:

ClTDZ 1

w0
N

t >

t > 0.525d,

where

t _: Thickness of crank web measured parallel to the axis (mm)

C, : 10 for 2-stroke cycle in-line engines / 16 for 4-stroke cycle in-line engines

T . Same as givenin D2.3.1-2

D : Cylinder bore (mm)

C, : 12.8a — 2.4a?, butin the case of a hollow shaft, C2 is to be multiplied by (1 - R?)

Shrinkage allowance(mm
a = g (mm) x 103
dap
R : Quotient obtained by dividing the inside diameter of the hollow shaft by its
outside diameter

d, :Diameter of the hole at shrinkage fit (mm)
External diameter of web(mm)
dp
d. :Required diameter of crankshaft determined by the formula in D2.3.1-2 (mm)
(2) The dimensions in fillets at the junctions of crank webs with crankpins of semi-built-up
crankshafts are to comply with the requirements in D2.3.1-4.
5 In cases of built-up crankshafts, the value of a used in -4(1) is to be within the following

range:
1.1Y 1.1Y 1
< (— 0 8\

725 =775 “JT—R

where

Y : Specified yield point of crank web material (N/mm?)

R : Quotient obtained by dividing the inside diameter of the hollow shaft by its outside
diameter

.=

3
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However, when the specified vyield point of the crank web exceeds 390 N/mm? or the value
obtained by the following formula is less than 0.1, the value used for « is to be approved by the

Society.
where
S—d,—d;
Zfip
S Length of stroke (mm)
d, : Diameter of the crankpin (mm)
d, . Diameter of the journal (mm)

26  In cases where the dimensions of crankwebs fail to meet the requirements in 23-2-25—Rart

D—ottheRules-4(1), they may be acceptable provided that either the following (1) or (2) is

satisfied.

(1) In cases where the maximum torque at the shrinkage fit is evaluated without carrying out a
forced vibration calculation including the stern shaftings:

d2tP, > CTD?
where
C . 103 for 2-stroke cycle in-line engines

165 for 4-stroke cycle in-line engines
P,, : Surface pressure at shrinkage fit, as given by the following formula

1 K?
B,=Y logel’(+2 1—— (1—-R?
S
206a
K =0.9 ’T+ 0.25

(2) In cases where the maximum torque at the shrinkage fit is evaluated by carrying out a forced
vibration calculation including the stern shaftings:

4 X 103SpMypgay (1 - —2)
a > 2

nuEd2t (1——) (1 -R?)

where
Mpmax - Maximum torque at shrinkage fit, as shown in 1.3.2-1 of the Annex
D23.12) “SUHBANCE—FOR_CALCULATION__METHOD OF
CRANKSHAFT STRESSH”(N * m)
E : Modulus of Iongltudlnal elast|C|ty (N/mmZ)

37 In cases Where %%%%%&e#@h%% 4(1) is applled and Where 2312 PartD-of
theRulesD2.3.1-4- and -5 + } is applied in accordance with 232-22Pa¥t

B-ofthe-Rules-4(2), the dlmen5|ons of the crankweb breadth b, crankweb thickness t, radius in

fillet r and recess q above are to be in accordance with the following (See Fig. D2.3.2-1):

(1) Asfor “b”, the breadth on the line perpendicularly intersected to the line between the crankpin
centre and journal centre and tangent to the crankpin is to be used.

(2) As for “t”, the thickness at the same section specified in (1) is to be used. In this case, the
recess g need not be accounted in the thickness even when it is provided, and the ring around
the shrinkage hole is not to be included in the thickness.
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(3) As for “r”, the radius connecting to the crankpin or journal is to be used when a composite
radius is provided.

Fig. D2.3.2-1  Dimensions for Webs of Semi-built-up Crankshafts

D2.3.3 Shaft Couplings and Coupling Bolts
The wording “to be of sufficient strength” in 2.3.3-2, Part D of the Rules means to be in

accordance with the following (1) or (2):

((1) is omitted.)

(2) Detailed calculation sheets for the strength of couplings (for the procedures and contents of
these calculations, the following (a) to (f) are to be considered as standards) are to be
submitted to the Society for approval. In this case, it is to be verified that the thickness of the
coupling flange is larger than the diameter of the bolts determined by the formula in 2.3.3-1,
Part D of the Rules using the tensile strength of the bolt material assumed to be equivalent to
the tensile strength of the crankshaft material.

(@) With the procedures specified in the following (b) to (f), it is to be verified that the stress
at the coupling is less than the allowable value. As the stress value in this case,
comparisons are to be made by applying appropriate safety factors for yield points for
bending stress, bending fatigue limits, yield points for torsional stress and torsional
fatigue limits of the crankshaft material considering four types of stress, such as the
maximum bending stress, fluctuating bending stress, the maximum torsional stress and
fluctuating torsional stress.

(b) The maximum bending moment and fluctuating bending moment of this portion are to be
determined in accordance with the requirements specified in the Annex D2.3.1-=25
“GUIDANCE FOR CALCULATION OF CRANKSHAFT STRESS=" or Annex
B2.3.12 “SUHBANCEFOR-CALCULATION_METHOD OF CRANKSHAFT
STRESS-H.” Mean torque of this portion is to be determined.

((c) to (f) are omitted.)
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Annex D2.3.1-2(1) has been renumbered to Annex D2.3.1, and Title of Annex D2.3.1 has been
amended as follows.

Annex D2.3.1-243 GUIDANCE FOR CALCULATION OF CRANKSHAFT
STRESS4

1.2 Calculation of Stresses

The direct calculation method of local stress at crank-pin fillets or crack-journal fillets of
crankshafts is as follows:

Paragraph 1.2.1 has been amended as follows.

1.2.1 Stress at Fillets Due to Bending Moments
Stress at fillets due to bending moments is to be obtained by the following formulae:
0, = 1.08ayp 2L (1)
0, = 0.285a5 2% (2)

where

o, :Axial stress due to bending moment at fillet

o, : Circumferential stress due to bending moment at fillet

agg : Stress concentration factor for bending, as shown in D2.3.1-35(1)

Z  : Section modulus of crankpin or journal

My, : Bending moment at the centre of the web thickness, parallel to the crankplane
((1) to (3) are omitted.)

Paragraph 1.2.2 has been amended as follows.

1.2.2 The Torsional Stress at Fillets Due to Twisting Moments
The torsional stress at fillets due to twisting moments is to be obtained by the following
formula:

T
Ty = aKTZ_p ®)
where

7, Torsional stress in fillet at the root of webs

agr - Stress concentration factor for torsion, as specified in D2.3.1-35(1)

Z,  Polar section modulus of crankpin or journal

T : Twisting moment acting on crankpin or journal, which is to be determined by
sequentially summing up the moments from the free end side. External forces to be
considered are the same as the external forces for bending moments

19



Annex D2.3.1-2(2) has been deleted.

(Omitted)
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EFFECTIVE DATE AND APPLICATION (Amendment 1-3)

The effective date of the amendments is 1 July 2022.
Notwithstanding the amendments to the Guidance, the current requirements apply to

crankshafts for which the application for approval is submitted to the Society before the
effective date.
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Amendment 1-4

D5 POWER TRANSMISSION SYSTEMS

D5.2  Materials and Construction
Paragraph D5.2.3 has been added as follows.

D5.2.3 General Construction of Gearings
The words “enough” and “sufficient” referred to in 5.2.3, Part D of the Rules mean being
designed in accordance with national or international standards such as JIS.

D5.3  Strength of Gears
D5.3.1 Application

Sub-paragraph (2) has been amended as follows.

In the case of bevel gears, the wording“deemed appropriate by the Society”in 5.3.1, Part D of
the Rules means as follows:
(1) (Omitted)
(2) Strength of the interior of gear teeth
The Vickers hardness (HV) of the interior of gear teeth is not to be less than the value
calculated by the following formula. However, this requirement does not apply to bevel gears
for which the tip diameter (outer end) is smaller than 1,100 mm:

If £ < 0.79 then = is to be taken as 0.79.
w w

| (5)2 ]
z w
HV = 1.11S,p|— - =2
e
1+ (5)
HV : Vickers hardness
Sy Safety factor for contact stress, is to comply with the requirements in Annex B53-55.3.1
“SHDANCEFOR-CALCULATION OF STRENGTH OF ENCLOSED GEARS”
1.6.3-9, Part D of the Rules.
p : Real hertzian stress (MPa). The upper limit of the value of p used in this calculation is to
be 1,500 MPa.
p = AS,
S.: Contact stress (MPa), to be calculated according to 1ISO 10300 standards.
A: If S, is calculated according to ISO 10300 standards, then the coefficients are to be
determined, in consideration of analysis results, by the Society on a case by case basis.
In addition, if S, is calculated according to 1SO 10300 standards, A is to be taken as
1.32

w : Half the hertzian contact width (mm), to be calculated by the following formula:
bpc

" = 56300
pe = P1P>2
7 p+p,
pl = O.denlsinan
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p, = 0.5d,,,,,sina,

vi+uz 1

u  cos?fB,,

dn1 - Mean pitch diameter of pinion (mm)
u : Gear ratio
B,, = arcsin(sinf, cosa,)
Bm : Mean spiral angle
a, :Normal pressure angle
donz = uzdvnl
z : Depth from teeth surface to evaluation point (mm)

dyn1 = dma

Paragraph D5.3.5 has been deleted.

Section D5.4 has been added as follows.

D5.4  Gear Shafts and Flexible Shafts

D5.4.1 Gear Shafts
The word “sufficient” in 5.4.1-1(2), Part D of the Rules means being designed in accordance
with national or international standards such as JIS.

Paragraph D5.4.3 has been added as follows.

D5.4.3 Couplings and Coupling Bolts
The word “sufficient” in 5.4.3, Part D of the Rules means being designed in accordance with
national or international standards such as JIS.
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Annex D5.3.5 has been deleted.

EFFECTIVE DATE AND APPLICATION (Amendment 1-4)

=

The effective date of the amendments is 1 July 2022.

2. Notwithstanding the amendments to the Guidance, the current requirements apply to all
gears previously approved by the Society prior to the effective date for which no failure
has occurred, and no changes related to strength, such as the scantlings of the gear
meshes, materials, etc. have been made.
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Amendment 1-5

D11 WELDING FOR MACHINERY INSTALLATIONS

D11.2 Welding Procedure and Related Specifications
D11.2.2  Execution of Tests

Sub-paragraphs -1 and -2 have been amended as follows.

1

Approval tests for welding procedures and related specifications that fall under 11.2.2(1),

Part D of the Rules are to comply with the following requirements. For items not specified in the
following requirements, 4.1.3 and 4.2 to 4.6, Part M of the Rules are to be applied correspondingly.
In cases where it is difficult to meet the above requirements, approval tests are to be as deemed
appropriate by the Society.

1)

()

©)

2

Selection of welding consumables

In general, a welding consumable for which the requirements related to strength (i.e. yield

point or proof stress and tensile strength) of deposited weld metal is higher than strength of

base metals and which resemble to base metals in the chemical composition is to be selected.

Tests for butt welded joints

(@) The kinds of tests, the areas subjected to tests and the number of specimens is to be in
accordance with the requrrements specrfred in Table D11.2.2-1.

(b) The ad-the values of minimum mean absorbed
energy are to comply wrth the requrrements of base metals. In addition, testing
temperatures are to be lower than the testing temperatures required for base metals.

(c) The Vickers hardness measured by hardness tests is, as a standard, to comply with the
values specified in Table D11.2.2-2 depending on the requirements related to the yield
point or proof stress of base metals.

Tests for fillet weld joints, T-joints with full penetration and T-joints with partial penetration

(@) For the number of specimens for hardness tests, the requirements specified in Table
D11.2.2-1 are to be applied correspondingly.

(b) The Vickers hardness measured by hardness tests is to be in accordance with (2)(c).

Approval tests for welding procedures and related specifications that fall under 11.2. 2(2)

Part D of the Rules are to be comply W|th the foIIowmg requwements =

aee%ea%e For items not speCIfled in the followmg reqmrements 4 1.3 and 4.2 10 4.6, Part M of the
Rules are to be applied correspondingly.

)

)

Test assemblies

Test assemblies are to be of the same or equivalent material used in the actual welding work.

Additionally, the thickness of the test assemblies is, in principle, to be equal to the maximum

thickness of the materials to be used in the actual welding work.

Tests for butt welded joints

(@) The kinds of tests, areas subjected to tests and the number of specimens is to be in
accordance with the requirements specified in Table D11.2.2-3.

(b) Test specimens are to be collected in accordance with Fig. D11.2.2-1.

(c) Minimum mean absorbed energy values for impact tests are to be in accordance with -1

(2)(b).

(d) The Vickers hardness measured by hardness tests is to be in accordance with -1 (2)(c).
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(e) Notwithstanding (a) above, in principle, creep tests or high temperature tensile tests are
to be added as a reference in cases where deemed necessary by the Society for the
welding work of components used at temperatures higher than 1/2 of the melting points
(absolute temperature) of base metals or the welding consumables, whichever is lower.
Creep tests are to be performed in accordance with 1ISO 204, JIS Z 2271 or equivalent
standards, and high temperature tensile tests are to be performed in accordance with ISO
6892-2, JIS Z 0567 or equivalent standards.

(3) Tests for fillet weld joints
The kinds of tests to be conducted are finished inspections, macro-structure inspections,
hardness tests and fracture tests.

3 (Omitted)

EFFECTIVE DATE AND APPLICATION (Amendment 1-5)

The effective date of the amendments is 1 July 2022.

2.  Notwithstanding the amendments to the Guidance, the current requirements apply to
welding procedure and related specifications for which the application for approval is
submitted to the Society before the effective date.

=

26



Amendment 1-6

D14 PIPING SYSTEMS FOR TANKERS

D14.2 Cargo Oil Pumps, Cargo Oil Piping Systems, Piping in Cargo Oil Tanks, etc.
Paragraph D14.2.2 has been amended as follows.

D14.2.2  Arrangement of Cargo Oil Piping Systems
i “Cargo piping systems” in 14.2.2-7, Part D of the Rules includes cargo oil pipes, vent pipes,
tank washing pipes, etc.

EFFECTIVE DATE AND APPLICATION (Amendment 1-6)

1.  The effective date of the amendments is 1 July 2022.
2. Notwithstanding the amendments to the Guidance, the current requirements apply to
ships for which the date of contract for construction is before the effective date.
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