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SECTION 3

1 Propulsion

1.1 Propulsion machinery performance

1.1.1 (1/7/2020)

The engine output P is the total maximum output that the
propulsion machinery can continuously deliver to the pro-
peller. If the output of the machinery is restricted by techni-
cal means or by any regulations applicable to the ship, P is
to be taken as the restricted output. In no case may P be less
than the values calculated in accordance with Sec 1, [3.1.2]
or Sec 1, [3.1.4], as applicable. If additional power sources
are available for propulsion power (e.g. shaft motors), in
addition to the power of the main engine(s), they are also to
be included in the total engine output.

2 Class notations IAS, IA, IB and IC

2.1 Propulsion machinery

21.1 Scope (1/7/2020)

These requirements apply to propulsion machinery cover-
ing open- and ducted-type propellers with controllable
pitch or fixed pitch design for the ice classes IAS, 1A, 1B and
IC. The given loads are the expected ice loads throughout
the ship's service life under normal operational conditions,
including loads resulting from the changing rotational
direction of FP propellers. However, these loads do not
cover off-design operational conditions, for example when
a stopped propeller is dragged through ice. The regulations
also apply to azimuthing and fixed thrusters for main pro-
pulsion, considering loads resulting from propeller-ice inter-
action; the given azimuthing thruster body loads are the
expected ice loads for the ship’s service life under normal
operational conditions. The local strength of the thruster
body is to be sufficient to withstand local ice pressure when
the thruster body is designed for extreme loads. However,
the load models of the regulations do not include propel-
ler/ice interaction loads when ice enters the propeller of a
turned azimuthing thruster from the side (radially) or the
load case when an ice block hits the propeller hub of a pull-
ing propeller. Ice loads resulting from ice impacts on the
body of thrusters are to be estimated, but ice load formulae
are not available.

The thruster global vibrations caused by blade order excita-
tion on the propeller may cause significant vibratory loads.

2.2 Symbols

221 (1/7/2020)

The symbols used in the formulae of this Section have the
meaning indicated hereinafter. The loads considered are
defined in Tab 1.

c . chord length of blade section, in m;
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MACHINERY

Fice
(Fice)max

FP
ho

hice

LIWL
m
Mg,
MCR
n

N

Nclass

Nice

chord length of blade section at 0,7R propeller
radius, in m

controllable pitch

propeller diameter, in m

external diameter of propeller hub (at propeller
plane), inm

limit value for propeller diameter, in m
expanded blade area ratio;

maximum backward blade force for the ship's
service life, in kN;

ultimate blade load resulting from blade loss
through plastic bending, in kN

maximum forward blade force for the ship's ser-
vice life, in kN

ice load, in kN

maximum ice load for the ship’s service life, in
kN

fixed pitch

depth of the propeller centreline from lower ice
waterline, in m

thickness of maximum design ice block entering
propeller, in m

equivalent mass moment of inertia of all parts
on engine side of component under considera-
tion, in kgm?

equivalent mass moment of inertia of the whole
propulsion system, in kgm?

shape parameter for Weibull distribution

lower ice waterline, in m

slope for S-N curve in log/log scale, in kKNm
blade bending moment

maximum continuous rating

propeller rotational speed, in rev./s

nominal propeller rotational speed at MCR in
free running condition, in rev./s

reference number of impacts per propeller rota-
tional speed per ice class

total number of ice loads on propeller blade for
the ship's service life

reference number of load for equivalent fatigue
stress (108 cycles)

number of propeller revolutions during a mill-
ing sequence

propeller pitch at 0,7R radius, in m

propeller pitch at 0,7R radius at MCR in free
running condition, in m

propeller pitch at 0,7R radius at MCR in bollard
condition, in m
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6,2 Minimum yield or 0.2% proof strength to be specified
on the drawing

c, t, and r are, respectively, the length, thickness, and radius
of the cylindrical root section of the blade at the weakest
section outside the root filet.

2,5.6 Spindle Torque, Qgey (1/7/2020)

The maximum spindle torque due to a blade failure load
acting at 0.8R is to be determined. The force that causes
blade failure typically reduces when moving from the pro-
peller centre towards the leading and trailing edges. At a
certain distance from the blade centre of rotation, the maxi-
mum spindle torque will occur. This maximum spindle
torque is to be defined by an appropriate stress analysis or
using the equation given below.

Qsex = maX(CLEO,B;O’S'CTEO,B)'Cspex' Fex [KNm]

where
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Cspex = Csp Crex = 0,7- (17(4 . EAR)g)

Cy Is @ non-dimensional parameter taking account of the
spindle arm
Ciex is @ non-dimensional parameter taking account of the

reduction of the blade failure force at the location of the
maximum spindle torque.

If Cspex is below 0,3, a value of 0,3 is to be used for Cgpey
CLeo g is the leading edge portion of the chord length at
0.8R

Cteo.g IS the trailing edge portion of the chord length at
0.8R

Fig 6 illustrates the spindle torque values due to blade fail-
ure loads across the entire chord length.

Figure 6 : Schematic figure showing a blade failure load and the related spindle torque when the force acts at a dif-
ferent location on the chord line at radius 0.8R. (1/7/2020)

Location of max
blade failure load

Location of max
spindle torque

Force needed to cause
the blade to fail

1

0,5

Spindle torque caused
by blade failure load

0,76 1

Force location on chord line at 0.8 r/R

2.6 Design

2.6.1 Design principle

The strength of the propulsion line is to be designed accord-
ing to the pyramid strength principle.

This means that the loss of the propeller blade is not to

cause any significant damage to other propeller shaft line
components.

2.6.2 Propeller blade (1/4/2021)

a) Calculation of blade stresses
The blade stresses are to be calculated for the design
loads given in [2.5.2]. Finite element analysis is to be
used for stress analysis for final approval for all propel-
lers. When this analysis is carried out by the Designer, it
is to be submitted to the Society. The following simpli-
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fied formulae can be used in estimating the blade
stresses for all propellers at the root area (r/R < 0,5). The
root area dimensions based on the following formula
can be accepted even if the FEM analysis would show
greater stresses at the root area.

MBL
c
100 - ct?

[MPa]

Ost

where

acutal stress

constant C, is the - - -
! stress obtained with beam equation

If the actual value is not available, C, is to be taken as
1,6.
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b)

c)

Mg, = (0,75 -1/R) - R - F, for relative radius r/R < 0,5
F is the maximum of F, and F;, whichever is greater.

Acceptability criterion

The following criterion for calculated blade stresses is to
be fulfilled.

(Grefz / Oyt ) Z 115
where:

oy IS the calculated stress for the design loads. If FEM
analysis is used in estimating the stresses, von Mises
stresses are to be used.

G IS the reference stress, defined as:

Gy = 0,70, oOF

Gz = 0,6 - 00, + 0,4 - 6, , whichever is the lesser.
Fatigue design of propeller blade

The fatigue design of the propeller blade is based on an
estimated load distribution for the service life of the ship
and the S-N curve for the blade material. An equivalent
stress that produces the same fatigue damage as the
expected load distribution is to be calculated and the
acceptability criterion for fatigue is to be fulfilled as
given in this section. The equivalent stress is normalised
for 100 million cycles.

For material with a two-slope F-N curve if the following
criterion is fulfilled, fatigue calculations according to
this chapter are not required.

Gexp > Bl : 6ref2B2 ' IOQ (Nice)Ba

where B,, B, and B; coefficients for open and ducted
propellers are given in Tab 15.

An alternative approach may be accepted by the Society
on a case-by-case basis, if deemed equivalent based on
the information provided by the manufacturer.

Table 15 (1/4/2021)

Open propeller Ducted propeller

B,

0,00246328 0,00167223

B,

0;947.1.0076 0;956.1.0071

Bs

2,101 2,4701
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For calculation of equivalent stress, two types of S-N
curves are available.

1) Two-slope S-N curve (slopes 4.5 and 10) (see Fig 7).

2) One-slope S-N curve( the slope can be chosen) (see
Fig 8).

The type of the S-N curve is to be selected to correspond
to the material properties of the blade. If the S-N curve
is not known, the two-slope S-N curve is to be used.

Figure 7 : Two-slope S-N curve
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Equivalent fatigue stress:

the equivalent fatigue stress for 100 million stress cycles
which produces the same fatigue damage as the load
distribution is:

Cfat= P * (Gice)max

where:

(Gice)max = 015 ((Gice)f max ~ (Gice)b max)

(oice)max 1S the mean value of the principal stress ampli-
tudes resulting from design forward and backward blade
forces at the location being studied

(oice)t max 1S the principal stress resulting from forward
load

(oice) max 1S the principal stress resulting from backward
load.

In calculation of (ojc)max, CaSe 1 and case 3 (or case 2
and case 4) are considered as a pair for (oice)f max» @nd
(oice) max Calculations. Case 5 is excluded from the
fatigue analysis.

Calculation of p parameter for two-slope S-N curve:
The parameter p relates the maximum ice load to the
distribution of ice loads according to the regression for-
mulae.

p= Cl ' (Gice)max G- oop % Iog(Nice)CA

where:
G =Y: "Y' Ym ' Oexp
Gt = Ye1 " Ye2 " Yv ' Ym * Oexp
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