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ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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f[governmental, In_liaison with 190, also take part in the work. SO collaborates close
national Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

main task of technical committees is to prepare International Standards. Draft\Internationa
rnational Standard requires approval by at least 75 % of the member bodies'casting a vote.

ntion is drawn to the possibility that some of the elements of this document may be the subje
s. ISO shall not be held responsible for identifying any or all such patent rights.

12215-8 was prepared by Technical Committee ISO/TC 188,.Small cratft.

12215 consists of the following parts, under the general title Small craft — Hull const
ntlings:

Part 1: Materials: Thermosetting resins, glass-fibre reinforcement, reference laminate
Part 2: Materials: Core materials for sandwich construction, embedded materials
Part 3: Materials: Steel, aluminium alloys, wood, other materials

Part 4: Workshop and manufacturing

Part 5: Design pressures-for.monohulls, design stresses, scantlings determination
Part 6: Structural arrangements and details

Part 8: Rudders

y with the

rnational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

Standards

bted by the technical committees are circulated to the member bodies for voting. Publication as an
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ruction and

© 1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=0b9e34563c9997690a7c1cd4dd501b3d

ISO 12215-8:2009(E)

Introduction

The reason underlying the preparation of this part of ISO 12215 is that standards and recommended practices
for loads on the hull and the dimensioning of small craft differ considerably, thus limiting the general worldwide
acceptability of craft. This part of ISO 12215 has been set towards the lower boundary range of common

practice.
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j group considers this part of ISO 12215 to have been developed applying present practice
neering principles. The design loads and criteria of this part of ISO 12215 may"be used with

beam theory, matrix-displacement method and classical lamination theory, as.indicated within.

future development in technology and craft types, and small craft presently outside the scop
ISO 12215, provided that methods supported by appropriate technelogy exist, consideration
their use as long as equivalent strength to this part of ISO 12215is achieved.

ioning according to this part of ISO 12215 is regarded as.reflecting current practice, provided
bctly handled in the sense of good seamanship and equipped and operated at a speed approp
iling sea state.

ight

and
the

N as

e of
may

the
iate

Vi

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=0b9e34563c9997690a7c1cd4dd501b3d

INTERNATIONAL STANDARD ISO 12215-8:2009(E)

Small craft — Hull construction and scantlings —

Part 8:
Rudders

1 |Scope

Thig part of ISO 12215 gives requirements on the scantlings of rudders fitted to spall craft with a Igngth of hull,
Ly, pf up to 24 m, measured according to ISO 8666. It applies only to monohulls:

Thig part of ISO 12215 does not give requirements on rudder characteristics required for proper steering
capgbilities.

Thig part of ISO 12215 only considers pressure loads on the rudder'due to craft manoeuvring. Lpads on the
ruddler or its skeg, where fitted, induced by grounding or docking, where relevant, are out of scope and need
to be considered separately.

NOTE Scantlings derived from this part of 1ISO 12215 are\primarily intended to apply to recreational craft including
chatrter craft.

2 [Normative references
Thel| following referenced documents—~ate indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO|8666, Small craft — Principal data

ISO[12215-5:2008, Smallcraft — Hull construction and scantlings — Part 5: Design pressures forl monohulls,
design stresses, scantlings determination

3 |Terms.and definitions

Forlthe purposes of this document, the following terms and definitions apply.

31

design categories

sea and wind conditions for which a craft is assessed by this part of ISO 12215 to be suitable, provided the
craft is correctly handled in the sense of good seamanship and operated at a speed appropriate to the
prevailing sea state

3.1.1

design category A (“ocean”)

category of craft considered suitable to operate in seas with significant wave heights above 4 m and wind
speeds in excess of Beaufort Force 8, but excluding abnormal conditions such as hurricanes

© 1SO 2009 — All rights reserved 1
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3.1.2

design category B (“offshore”)
category of craft considered suitable to operate in seas with significant wave heights up to 4 m and winds of
Beaufort Force 8 or less

3.1.3

design category C (“inshore”)
category of craft considered suitable to operate in seas with significant wave heights up to 2 m and a typical
steady wind force of Beaufort Force 6 or less

314

design category D (“sheltered waters”)

category of
0,3 m with

craft considered suitable to operate in waters with significant wave heights up to and_inclu
pccasional waves of 0,5 m height, for example from passing vessels, and a typical steady

force of Bedufort Force 4 or less

3.2
loaded dis

m pc

mass of the craft, including all appendages, when in the fully loaded ready-for-use-condition as define

ISO 8666
3.3

sailing crat
craft for wh
profile area
expressed i

NOTE 1 A

NOTE2 |

4 Symb

blacement mass

t
ch the primary means of propulsion is wind power, having4g™> O,07(m|_DC)2/3 where A4g is the
of all sails that may be set at one time when sailing clesed hauled, as defined in ISO 8666
h square metres

or the headsails, 4 is the area of the fore triangle.

h the rest of this part of ISO 12215, non-sailing eraft are called motor craft.

ols

For the purposes of this document, unless specifically otherwise defined, the symbols given in Table 1 app

NOTE 1

[he symbols used in the annexes are not listed in Table 1.

ding
vind

d in

otal
and

ly.
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Table 1 — Symbols, coefficients, parameters

Symbol Unit Designation/meaning of symbol (Su(lr:()::\lz:::ét:ble
A m? Total area of the moving part of the rudder 6.2.1,6.2.3
Ay m? Rudder effective area (Types Il to V) 6.2.3
Ay m2 Rudder blade area (Types Il to IV) or top blade area (Type V) 6.2.3
Ay m2 Bottom rudder blade area (Type V) 6.2.3
4y m?2 Rudder skeg area [only used to determine type (see Figure 3)] 623
c m Rudder chord length at centre of area level 6.2.1,6.4.2
cq m Length of the top chord (Type 1) 6.21
cy m Length of the bottom chord (Type ) 6.2.1
oy m Compensation at top chord (distance from LE to rotation axis) (Typel) 6.2.2
coy m Compensation at bottom chord (distance from LE to stock CL) (Typé€ |) 6.2.2
d mm Required solid stock diameter 10.4
d, mm | Inner diameter of tubular stock 10.6

b mm | Outer diameter of tubular stock 10.6
F N Final side force on rudder 71
F, N Side force on rudder in design category sea.state 7.2
F, N Side force on rudder during a turn at speed in slight sea 7.3
hy, m Height between rudder top and centre of hull bearing 6.2.1
he m Height between rudder top and\centre of area 6.2.1
hy m Height between rudder top and centre of skeg bearing (Type V) 6.2.3
he m Height between rudderbottom and centre of skeg bearing (Type V) 6.2.3
in m Height between centre of upper bearing and a point inside the hull (Type 1) |6.2.1
oy m Height between bottom of spade and a point outside the hull (Type 1) 6.2.1
hy m Average héight of rudder blade (see Figure 1) 6.2.1
hg m Height-of skeg from hull attachment to skeg bearing (Types Il to V) 6.2.3
hy, m Height between centres of hull (lower) bearing and upper bearing 6.2.1
ky 1 Rudder bending coefficient 6.2.1
CFLAT 1 Coefficient lowering force for flat or wedge rudder blade shape 7.3
(AR 1 Coefficient lowering force due to gap hull/rudder top 7.2
Ko 1 Length displacement coefficient 7.2
kg 1 Coefficient for skeg deflection 8.3.4
ksea 1 Coefficient considering extra load due to sea in design categories Aand B |7.2
ksgry 1 goefficient considering lower required service in design categories C and 73
kgig 1 Coefficient lowering design stress for F, 7.3
kuse 1 Coefficient considering lower usage of craft with damage survey 7.2
ke 1 Fibre type factor 13.3.1.2
Lg m Effective length of the skeg 8.34

© 1SO 2009 — All rights reserved 3
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Table 1 (continued)

Symbol Unit Designation/meaning of symbol (Sulg())(:]lzzf:ét:ble
Ly m Length at waterline, according to ISO 8666 in m . conditions 7.2
M Nm | Bending moments on the rudder stock or skeg 8
Mg, My, Nm Bending moments at skeg or hull 8.3.4
m pe kg Loaded displacement mass 32,72
r m Horizontal distance from rudder force to stock axis 6.2.1
Fmin m Minimum value of » 9
Ry, Ry Rg N Reaction force at upper bearing, hull bearing, skeg bearing, respectively 8
t mm | Skin thickness of tubular or hollowed closed section Table 6
T Nm | Torque (twisting moment) on the rudder stock 9
u m Longitudinal distance from leading edge to stock axis at centroid chord 6.2.1
Vmax knots | Maximum speed of craft in calm water, m - conditions 7.3
w kg/m2 | Minimum fibre mass per area of rudder blade 13.3.1.2
z m Effective bending moment lever z, = ky - h, + h, 8.21
Zeq m Equivalent bending moment lever 10.4
a 1 Tip chord to root chord ratio (c,/c4) 6.2.2
1 Geometric aspect ratio of the rudder 6.2.1,6.2.3
o N/mm? |Direct stress (ultimate, yield, design) 5
T N/mm?2 |Shear stress (ultimate, yield, design) 5
4 1 Ratio between reaction at skeg and\rdudder force 8.3.2
5 Design stresses
5.1 Rudder material
Values of design stresses shallbe taken from Table 2
Table 2 — Values of design stresses
Stresses in newtons per square millinpetre
Direct stresses L
Material Tensile/compressive Shear | Bearing vs‘;;-;;;:s“
G4 & Odp
Metals? min(oy; 0,5 Uu) 0,98 74 1,8 oy [o2 +3r2<0oy
Wood and fibre-reinforced 05x o 05 ¢ 18 ¢ o 2 T 2
plastics (FRP) ’ u ~ 0 Oy (Gu J + [ o ] <0,25

@  Steel, stainless steel, aluminium alloys, titanium alloys, copper alloys (see Annex A). In welded condition for welded metals.
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In Table 2,

oyq Iis the design tensile, compressive, or flexural strength (as relevant);

o, is the ultimate tensile, compressive, or flexural strength (as relevant);
oy is the yield tensile, compressive, or flexural strength (as relevant);

oyp IS the design bearing strength;

Add

For

6.1

6.1.

The]
the

Rud

NOT
the

6.1.
If th

NOT
obje
clos
ther:
part

74 is the design shear strength;
is the ultimate shear strength.

itional requirements are given in Annex A (metals) and Annex B (composites)

wood and composites, the strength values of the relevant annexes of ISO_12215-5 shall be usg

Rudder and steering arrangement, rudder types
General

1 General definition

rudder and steering arrangement comprises alk.components necessary for manoeuvring the
rudder and the rudder operating gear to the steering position.

der and steering equipment shall be arranged so as to permit inspection.

E It is good practice that the rudderKeeps the steering effect after grounding (for example, a spad
tock not going down to the bottom enables the rudder blade to break without bending the stock).

2 Multi-rudder arrangement
e craft has several rudders, the following requirements apply to each one of the rudders.

E On sailing-craft, twin rudders, frequently canted outwards, are not usually protected from contac
cts by the keelasskeg, the hull canoe body at centreline, etc. This is particularly the case for the wind
e to the waterline, that can also be hit by breaking waves and can therefore support a part of the craft'
bfore currentypractice to have twin rudders installed on sailing craft that are significantly stronger than re
of ISO 42215, which only considers loads from normal lift forces. This enhanced strength is not quantified

craft, from

B rudder with

with floating
lward rudder,
5 weight. It is
quired in this
here.

6.1.

3“~Vertical support

The

rudder stock or blade shall be supported vertically with limited axial upwards movement.

6.1.4 Hard over stops

Rudder stocks that are, or can be, actuated by a remote steering system (i.e. not directly by the tiller) shall be
fitted with hard over stops, angled at 30° to 45° from zero lift position (usually at centreline). This also applies
to rudders only actuated by a tiller of design category A and B.

Hard over stops can act on the rudder, the tiller, the quadrant, or any device directly connected to the rudder.

NOTE The need for stops is both to avoid excessive angle of attack and lift when running backwards
excessive range of movement of the steering system.

© 1SO 2009 — All rights reserved
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6.1.5 Actuating system of the rudder

The following devices shall be able to transmit the rudder torque, 7, defined in Clause 9, without exceeding

their design

stress, as defined in Clause 5:

— the actuating device that turns the rudder including the tiller, rudder arm and quadrant;

— the connection between the rudder stock and the actuating device (cone, square, key, etc.);

— the stops provided at either end of the tiller, rudder arm or quadrant stroke.

The conne
between th
alignment.

6.1.6 Emergency tiller

Any compo
is defined in

6.2 Rudder types

This part o
Figures 2 a

6.2.1 Type | (spade) rudders (see Figures 1 and 2)

The main v
— Ais thg
_oak
A
wh
— hyisth
— c¢qand

tion between the rudder stock and the actuating device shall be designed to ensure alighr
e rudder blade and the tiller, actuating arm, etc. and allow a visual instant checkipg.of

nent of the emergency tiller, where fitted, shall be able to transmit a rudder torgae of 0,5 T, whe
Clause 9, without exceeding its design stress defined in Clause 5.

f ISO 12215 is applicable to five types of rudder configuration: Type | to Type V, as show|
nd 3. In all cases except case | c, the rudder blade is taken.as rectangular or trapezoidal.

hriables are as follows:

rudder (spade) area;

is the rudder geometric aspect ratio

ere h, is the average height of the rudder;
e height between rudder’/top and centre of hull bearing;

5 are, respectively, the top and bottom chords or their natural extension;

hent
this

re T

n in

(1)

— coq and co, aredhe top and bottom compensation, respectively, i.e. the distance, measured from fore to

aft, bet

— cis the

ween the“leading edge and the rotation axis;

chord length at the height of the centroid of rudder area;

— h is the height between rudder top and centroid of rudder area (this is the position where the rudder force

is cons

idered to act);

— hyy, and hy, are, respectively, any local height outside and inside the centre of hull bearing to be used in

Figure

5;

— ky is the rudder bending coefficient with k,, = h/h,;

— r is the horizontal distance between the position of the resultant of the rudder force (taken at rudder
centroid) and the rudder's rotational axis, as defined in Table 6, and shall not be taken less than r;.;
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u is, for Type | (spade) rudders, the horizontal distance from fore to aft, from the leading edge to the
rudder rotational axis at the height of centroid of rudder area (i.e. the geometric centre of the profile area);

u is positive if the leading edge is forward of the axis (see Figure 2 Types | a, | b, or | ¢) or negative in the

opposite case (see Type |

d).

6.2.2 Rudder spade with trapezoidal shape

For spade rudders with a trapezoidal (or close to) shape some values are easily calculated as follows:

A=h tcz is the area of a trapezoidal spade;
kp = he 1420 for a trapezoidal spade;
he  3(1+a)
where « =2 is the taper coefficient.
€1
Seeg Table 3.
Table 3 — Calculated values of &, for a trapezoidal spade as a function of c,/c,
cley=a | 1,00 | 0,90 | 0,80 | 0,70 | 0,60 0,50 | 0,40 | 0,30 | 0,20
Ky 0,50 | 0,49 | 0,48 | 0,47 | 646 | 0,44 | 0,43 | 0,41 | 0,39
he = ky x Iy
c=c1—kp(cg—c) for a trapezoidal‘spade
u = coq —kp(coq—coy) for a trapézoidal spade
The|value of i can also be determined graphically, as shown in Figure 1.
» (] L c, -

Y} I

I

v c

= - .

|

c Y J

RS !

J/[ cs

C1

 J
A

)

 J

A

Figure 1 — Graphical determination of centroid, CS, of a trapeze
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Type | a: Typical fast motor craft spade rudder with low aspect ratio and cut out top aft to avoid ventilation
Type | b: Near-rectangular shape
Type | c: Semi-elliptical shape typical on performance sailing craft
Type | d: Transom-hung spade rudder

NOTE

same height, but at a distance 0,3 ¢ aft of the chord's leading edge.

Figure 2 — Spade rudders: Type |

The marking with a shaded circle shows the geometric centre of surface. The rudder force is located at the
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6.2.3 Rudder types Il to V (see Figure 3)

The

dimensions are the same as for spade rudders, except that:

A is the total area of the moving part of the rudder, divided into 44 and 4, in Type V;
A5 is the skeg area (only used to determine the type in Figure 3);

h, is the average height of the rudder;

Tab)

For

For

2
A= Z—' is the effective rudder geometric aspect ratio
0

where 4 is the rudder effective area (moving part plus effective part of the skeg, seg'‘Table 4)
¢ = Aglh, is the mean chord;

hg is the height of the skeg/horn between hull and mid-skeg bearing fer-Fype V and the lower
Types lll and IV.

e 4 gives values of 4 and 4, according to rudder type.

Table 4 — Rudder types and\effective areas

Value
Type
o 4,
Il A
] A, Aq + Aq
\Y A, Ay
\ A+ A4, Aq+ Ay + Ag

Type V, hy and kg are the.portions of /. above and below the skeg bearing, respectively.

Types Il to V:

(7)

bearing for

u is, for rudder Types Il and IV, the horizontal distance, fore to aft, from the leading edge of the rudder to

the stock vertical axis at the height of centroid of rudder area. For rudder Types lll and V, u i
aft of the'leading edge of the partial or full narrow skeg (see Figure 3);

S the horizontal distance between the position of the centroid of rudder area and the ruddej

5 measured

's rotational

axis, as defined in Table 6, and shall not be taken less than r;,.

The rudders of Types Il to V are considered to be held by three bearings (two bearings inside the hull and one
skeg bearing, see 8.3.1)
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Il Type Il Il

= I (A1>2A3 = A

A A \ ﬂl\h A n_p A
A r
had L i~ }\ : \ > :7
oy L . Y A
< r . - 1 "
A y = < A1 ) v / =

Type IV I I
(A1<245) i 1
} I
I
< £
e (CEEE S K
' T ~ } , n» )
< \ g <L A 2, <
Sy i / . \
= / w o A L
A1/ T U//A3 & < ‘T . 7
L / 2 \%
v v | AN

Type Il Sypported by skeg{solepiece) and skeg bearing  Type lll  Narrow full skeg
Type IV Wijde full skeg Type V  Partial skeg

Figure 3 — Other rudder types: Types Il to V

7 Design rudder force calculation

7.1 General
The design rudder force, F, shall be taken as follows:

— for motor craft, the greater of F; and F),, defined in 7.2 and 7.3, respectively;

— for sailing craft, the force /'y, defined in 7.2.

10 © 1SO 2009 — All rights reserved
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7.2 Force F, and corresponding load case

This case corresponds to loads associated with boat handling in the design category sea state.
F1 = 23 X LWL X kSEA X kED X kGAP X kUSE x A

where

ksga =

— 1,4 Tor sailing craft of design categories A and B and motor crait of design category. A
— 1,2 for motor craft of design category B,

— 1,0 for craft of design categories C and D;

NOTE 1 kggp recognizes that in higher design categories the sea and related waves can induce higher
than in smooth water.

ki p = 6,15 for motor craft of all design categories and sailing craft of design categories C and [
for sailing craft of design categories A and B,
Lwi
173
M pc
1025

but shall not be taken less than 6,15;

kp =

NOTE 2 £k j recognizes that slender sailing*craft can experience additional speeds due to surfing. It is
an established yacht rudder scantling guide:that has been in use for many years.

keap =
— 1,0 for rudders where the root gap (average clearance between the hull and the
plane) is less than 5 % of the mean rudder chord. This gap shall not be exceeded af
angle,

— 0,85 for rudders which are surface piercing (e.g. transom held) or exceed the gap
can/otherwise exhibit significant 3-D flow over the root;

NOTE 3.\ kgap recognizes that in general, 3-D flow over the root reduces rudder forces. Where th
regarding the configuration under consideration, the conservative approach is to use kgap = 1.

kgae = 1 for all craft but may be taken as 0,9 for category C and D sailing craft which are essg

(8)

lateral loads

derived from

rudder root
any rudder

imitation or

ere is doubt

ntially used

for close inshore racing with suitable safety procedures in place and for which the rudder can be easily
inspected on a regular basis. If kg is taken as 0,9, a warning requiring regular inspection of rudder(s)

should be included in the owner's manual.

NOTE 4 Rudder aspect ratio does not feature in the above formula since experimental evidence suggests that

maximal rudder force is fairly insensitive to aspect ratio. The lift slope increases with increasing aspect
angle of maximal force reduces to maintain a sensibly constant rudder force coefficient.

© 1SO 2009 — All rights reserved
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7.3 Forc

e F, and corresponding load case

This case corresponds to loads connected with motor craft handling during a turn at speed in slight seas. It is
therefore only applicable to motor craft.

Fy =370x A% xVyax*® xkgap xksgry * keLat * ksig * 4

where

A

is the geometric aspect ratio defined in Equation (1) or (7);

(10)

Vmax
keap

ksgRrv

NOTE 1

is the craft maximum speed in calm water and m| o conditions;

is as givenin 7.2;

1,0 for design category A and B craft,

0,8 for design category C and D craft (may also be taken as 1);

ksgry recognizes that design category C and D craft generally joperate in circumstances where

the

conseqiiences of rudder problems are less severe than for ocean-going ‘¢raft (i.e. proximity of other craft, shallow

water a

If kser

KELAT 7

NOTE 2
NACA s

NOTE §
that is |
practicd
achieva

A note

respon
speed.

ksig =

NOTE 4
tight hig

hd ability to anchor). The use of this factor is optional.

= 0,8 is used, a note to this effect should be placed.in'the owner's manual.
1, 08 —0,008X VMAX with 0,75 < kFLAT <1

kg a7 considers that a flat plate or wedge\generates less lift at the same angle of attack than a ty|
ection used to develop the above equations,

Aspect ratio is included in Equation”(11) since the rudder dimensioning force is based on a rudder g
pwer than the stall angle. The dimensioning speed is lower than V), 4 since high speed craft cannot exe
| manoeuvres at this speed. The dimensioning speed and practical rudder angle are derived by realisti
ble steady turning radius to Craft’length ratio values based on craft test data.

should be enteredCinto the user's manual to the effect that owners are expected to exe
sible craft handlingyand helm actuation rates (degrees/second) should reflect the prevailing

1,25

The coefficient of 370 in Equation (10) corresponds to the expected force when executing a reasor
htspeed turn. As it is not an extreme load case, it is necessary to use a lower design stress than is use|

11)

pical

ngle
cute
cally

Cute
craft

ably
d for

Fy toc

ver the expected large number or imes that £, Wil be experienced during the lite of the boat. The enna

design stress factor is kg = 1,25.

12

ced
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8 Rudder bending moment and reactions at bearings

8.1 General

Knowledge of the bending moment, reaction at bearings and torque is necessary to calculate the resistant part
of the rudder blade, whether the rudder stock, the blade fin, or a combination of both.

The analysis of the bending moment and the reaction at bearings varies with rudder type:

— [8Zanalyses spade rudders;
— | 8.3 analyses skeg rudders.
8.2 Analysis of spade rudder (Type I)
8.2l Values of k,, bending moment M/ and reactions at bearings for spade.rudders (Type I}
My =Fxz, (12)
is the design rudder bending moment (at hull bearing) for spade rudders, where
— | Fis determined according to 7.1;
— |2, is the bending moment lever for spade rudders (see6.2.1):

2 = (kp < hy )+ hy = he + Iy, (13)
where k, is the rudder bending coefficient{determined according to rudder type, as follows.

To ¢alculate z,, one shall first determine-the value of 7.

— |for a trapezoidal or near trapezoidal shape, either

a) use the value of\k) given by Equation (3) or Table 3, or

b) apply the-graphical method shown in Figure 1;

— |for other shapes, find /. =k, x h. by any geometrical method
and then.calculate z,, =h. + hy,.

The| reactions at bearings for spade rudders are as follows:

Ry = F b (14)
hU

is the reaction at the upper bearing (at deck or intermediate level), where £, is the vertical distance between
the centres of the upper and lower bearings (see Figure 2);

RH:RU+F (15)

is the reaction at the hull bearing.
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8.3 Analysis of skeg rudders (Types Il to V)

8.3.1

General

Rudders supported by a skeg or horn are considered to be held, from bottom to top, by three bearings

(see Figure

— askeg

3):

bearing, with reaction Rg;

— a hull bearing located close to the hull bottom at the rudder level, with reaction Ryy;

an upp,
with re

Rudders wi
this part of
loads and d

The rudder
several ele
bending ma

8.3.2 Met
Rudders of

continy

the sim

8.3.3 Con

Continuous
simply supp
bearings by
as the for
meganewto

The rudder
distribution.
blade/ruddsg
modelled b
model the j
bearing forg

er bearing located at deck level at the rudder level or an intermediate level between hull ahd d
action Ry.

th only two bearings (at hull and skeg level) are not recommended and are outside the scop
SO 12215. They rely entirely on skeg strength and stiffness, and they are not current practice.
esign stresses given by this part of ISO 12215 may be used to analyse theirjstrength.

s5tock is considered to be continuous outside or inside of the hull. [tCmay be made with tw
ments provided the connection between these elements is able toktransmit the shear force
ment.

hods of calculation
Types Il to V may be analysed by one of the following methods:
ous beam theory (also known as the three-moment equation) or the method in Annex C;

plified method of 8.3.4.

tinuous beam theory

beam theory treats the upper rudder stock and lower rudder stock (including the blade) as b
orted at each bearing. The lateral displacement shall be assumed to be zero at the upper and
t to deflect at the skeg beafing. The skeg is represented by a spring of stiffness kg. This is def]
e required to cause a\unit lateral displacement at the skeg bearing and is expresse
ns per metre.

force may be distributed to correspond with the blade area centroid, i.e. a trapezoidal load
If using a¢matrix-displacement solution, any stiffness variations along the length of
r may be tepresented by as many beam elements as are required. The skeg may alsg
beam elements in place of a single spring at the skeg bearing position providing care is takg
Linction using a roller bearing condition. This is the recommended procedure which will also \
es/Annex C offers an alternative approach to analysing a Type II-V rudder as a continuous be

eck,

e of
The

b or
and

Ping
hull
ned
j in

rate
the

be
n to
ield

8.3.4 Sim

plified method

The simplified method (see Figure 4) allows the bending moment to be estimated at the hull bearing and at

the skeg be

aring only.

This method assumes that

fully fixed at the hull bearing,

the rud

14

derstock has a near constant flexural rigidity, £I, between the three bearings,

the distance between the hull and top bearing is sufficiently short that the stock may be considered as
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— the rudder force is uniformly distributed over the average rudder height, #,, and

— the gap between the point where the stock emerges from the hull bearing and the top of the rudder blade
is small.

This assumption is generally conservative (i.e. bending moments will be overestimated). The method should
be regarded as a compromise which takes some account of skeg flexibility but does not claim to provide the
complete solution.

he

Figure 4— ldealization for simplified method

NOTE 1 For simplicity of calculation, the simple method uses distances shown as /4 and 4, that are in fagt 4 + 4, and
h, + by, respectively; but as thei ratio is used, the difference is not significant.

Thel following design‘moments at skeg bearing and hull bearing, respectively, shall be used in Clause 10 for
streps checking:

2
Mg =% is the design bending moment on the rudderstock at skeg bearing (16)
r
L H A
My =Fxh, xLO,S—Z-h—dJ is the design bending moment on the rudderstock at hull bearing (17)
r
where

F is determined according to 7.1;

0,75x| " |+0125x| "4 |_05
hq i _Rs

3EIR F
hg XkS

x= (18)

1+
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where

x is the ratio of the reaction force generated at the skeg, Rg, to the rudder force, F. For calculation of
% ElR is the average flexural rigidity of the rudder stock and blade. For strength analysis at the skeg
or hull bearing, the calculations shall be based on the actual section at this point (i.e. the stock alone
in the case of the hull bearing).

kg is the stiffness coefficient of the skeg, which, for the case where the skeg can be idealized as a

ca

wh

NOTE 2
supported at

The design
accordance

MS =A

The reactio

In the simp
wishes to h
strength of

S

H s the order of magnitude (+ 30 %) of the reaction at upper bearing.

ntilever, may be estimated from
. 3x EIS
ns -
13
ere

Elg is the average flexural rigidity of the skeg in MN-m?2;
Lg is the effective length of the skeg from its top to skeg bearing.

can be equal to &g as shown in Figure 3 but can also be entirely unrelated; as.in the case of a Type Il ru
the base by a horizontal bar which is attached to the keel.

bending moment of the skeg, at the point where the skeg emérges from the hull, to be analyse
with Clause 14, is

xFxLg

NS are:

< I is the reaction at skeg bearing;
- Rg is the reaction at hull bearing.

ified method, the rudder is treated as being fully fixed at hull bearing level, with no rotation. If
ave an order of magnitudeof the reaction at upper bearing (to check the bushing pressure of
he bearing support and gonnection), the following equation may be used:

u

er design torque, T

- 48 the rudder design torque

19)

dder

din

20)

(24)

RU = —
9 Rudd

T=Fx
where

F

r

16

is the rudder torque arm but shall not be taken less than r

is as defined in 7.1;

min» @s defined in Table 5.
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Table 5 — Values of » and r,;;, according to rudder type

10

10.

The
resy

The)

Whd
rudg
mor

Stry

The)
rudd

Type r "min
| 03c—u 0,1¢
Il 03c—u 0,1¢
1 0,5¢c—u 0,05 ¢
IV 0,25¢c—u 0,05¢
Ja— ) [ PR
% Lo,zh—fm,sjc—u Lo,1—o,05h—fjc
NOTE ¢ and u are defined in 6.2.3.

Rudder and rudder stock design

| Load bearing parts of the rudder

design bending moment, M, and the torque, 7, to be resisted byythe rudder are defined in Clau
ectively.

load bearing parts of the rudder may be:

the rudder stock, usually where the rudder stock is ‘metallic and where the rudder skins are le
the stock;

the rudder blade or spade itself (FRP, wood, plywood, or metal) as often in Type I d, or for T
where the stock is only there at the level-of the bearings and acts as a pintle;

the rudder stock and the blade whetre they constitute a single metal casting or welding, as in
where the rudder and stock are.both made of structural FRP;

a combination of the aboye configuration, etc.
bre the stock is not-continuous in the rudder, the continuity of the load path shall be ensured. In
er shown in Figlre 3, the stock stops at a certain distance below the skeg bearing. Where
e stock, the rudder blade alone has to support the bending moment.

ctural rudder stocks are the most common solution, so will be discussed first, in 10.2 to 10.6

rudder stock diameter can normally be determined with only the rudder bending moment,
ertorque, T, both previously defined, and design stress, defined in Clause 5.

ses 8 and 9,

ss stiff than

pes Il to IV

Type | a, or

the Type V
there is no

M, and the

To help the user, formulae are given below to determine the required diameter for metallic solid and tubular
stocks. Other information is also given for non-metallic stocks.

10.2 Metal rudder stock material

Considerations on metal choice for rudder stock are given in Annex A.

© 1SO 2009 — All rights reserved
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10.3 Design stress for metal rudder stock

The design stresses are, in general, given in Clause 5 and Table 2. For metal, the pre-computed values of
design stresses shall be taken from Table A.1 for the metals shown, but specific data derived from tests may
also be used.

If derived from tests, the mechanical properties o, and o, for the determination of o4 shall be 90 % of the
mean relevant tested value or the mean value minus two standard deviations, whichever is the lesser.

10.4 Required diameter for solid circular metal rudder stocks

Zoq = \/zbz +0,75,2 is the equivalent lever in pure bending (for bending plus torsion) (25)
or
Meq = IM?2+0,75T? is the equivalent bending moment (for bending plus torsion) (26)

where M and T are the bending moment and torque, respectively, at the critical section, i.e. hull bearing for
Type | rudders (see 8.2.1) and the greater of hull bearing and skeg bearing for othertypes of rudder (see §.3).

1/3 1/3

F M

d—21,e8x(ﬂ] —21,68x[ﬂJ 27)
Oq

is the requifed diameter for solid circular metal rudder stocks.

10.5 Vertical variation of the diameter of a Type | rudder (spade)
The bending moment, M, and torque, T, vary vertically,-as does the demand for the local stock diameter.
Annex E giyes details on how this variation can be computed.

Figure 5 giye computed values, on the leftside for 4./, (above hull bearing) and on the right side #
(below hull pearing, i.e. outside the hull):

Ih,

bu

— the solid line represents the values for a rectangular spade with o = 1;
— the dotfed line represents-the values for a trapezoidal spade with « = 0,5.
Results for |ntermediate.values of & may be obtained by interpolation.

To simplify|the manufacture and avoid a curved profile of the shape of the stock, which is complicated to
machine, the following simple manufacturing approximations may be used.

— Above trehattbearing;thediameter s constantat @ fi.e—a giverr by Equatiom(27)untit7r—#.—=10,85,

max L'-=- inf'u —
and is then tapered above reducing to 0,53 d at the top (see small dotted line on the left side of
Figure 5)].

max

— Below the hull bearing, the rudder stock is tapered from #g/h, = 0,95, reducing to d/d,,,,=0,5 for

houlhy = 0,3 (see the dash-dotted line on the right side of Figure 5).

max

Similar approximation can be applied for a # 1.

CAUTION — These values do not consider the eventual equivalent diameter reduction due to key
notches or square sections as shown in Figure 6.
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d/d

A
®
<

0 NOoO s WN -

NOT

diameter at height 4, or.Ay,is called d.

NOT
The
valu

ES.

NOT

morTent and torque, and is also able to transmit them to the stock above.

0,1
7 | 8 |
0 S WL S A W S Y A R, P v X o a5
(=} (=} (=4 (=4 (=} (=) (=4 (=4 = = — = (= = (=} (=3 (=} (=} (=} P (=}

dld, ., between bearings
tapered stock approximation from d = d,,, at /b, = 0,85 to,d'= 0,93 d,,,, at h;, = 0
a = 0,5 for a trapezoidal spade
dld,,, below lower bearing
a = 1 for a rectangular spade
tapered stock approximation from d = d,,,, at k) /h, = 0,95 and passing through d/d, ., = 0,5 for A /h. =(0,3

values of i,,/h, (above hull bearing)

values of iy /h, (below hull bearing)

Figure 5 <<\Variation of d/d

max as a function of i /h, or h [h,

E1 For ease of understanding, the diameter required by Equation (27) is called d,,, whereas

E2 The shape’of the curve on the extreme left is twisted because T remains constant while M is g
extreme rightief'the curve is also kinked because the differences of variation of 7"and M are more signifi

E 34_YIn the lower part of the spade, there is no longer need for stock if the blade itself is able to suppor

the required

lose to zero.
tant for small

I the bending

10.6 Round tubular stocks

Where round tubular rudder stocks are used, the outer and inner diameters shall comply with

1/3
[14_ 44 4 4
d:3d0_di _ do_di
dO do

where

d is the required diameter of solid round rudder stock as defined in 10.4;
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d,

(o]

d.

is the required outer diameter of round tubular rudder stock;

is the required inner diameter of round tubular rudder stock.

In order to prevent the risk of local buckling and to provide adequate local strength at the level of the bearings
or any load inducing device (keys, tiller arms, etc.), the wall thickness shall not be less than 0,1 d,,.

Tabulated values of Equation (28) are given in Table 6.

Table 6 — Equivalent diameter 4
Equivalent diameter d for a tube with outer diameter 4, and wall thickness ¢ = (¢, - d))/2
t=(d,—dg)I2
(o mm
mm
3 4 5 6 7 8 10 12 14 16 18
B0 252 | 26,8 | 27,9 | 28,6 | 29,2 | 29,5 | 29,9 30,0 30,0 30,0 3010
40 33,6 | 352 | 36,5 | 37,5 | 38,2 | 39,1 39,7 39,9 40,0 40}0
b0 41,9 | 43,7 | 45,0 | 46,1 | 47,7 4878 49,4 49,7 499
50 50,3 | 52,1 | 53,5 | 55,8 57,3 58,3 59,0 5915
r0 58,7 | 60,5 | 63,3 65,3 66,8 67,9 68|7
B0 67,1 [\70,5 73,0 74,9 76,4 7715
D0 77,3 80,3 82,7 84,5 85|19
100 83,9 87,3 90,1 92,3 941
110 941 97,3 99,8 101,9
120 100,7 104,2 1071 109,5
130 110,9 114,2 114,9
140 117,4 121,0 1240
150 1277 131,0
160 134,2 131.,8
170 1445
10.7 Nonicircularmetal rudder stocks
For non-cirgular rudder stocks,
oq=Vo*+3c is the design stress for combined bending and twisting (29)
where
o :Sl is the bending stress (M for Type | and My, or Mg for Types Il to V) (30)

20

Mg

where

SMg, in cm3, is the minimum section modulus under bending;
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T= is the shear stress (31)

SMTO
where
M and T are determined in Clauses 8 and 9, respectively,

SMr,, in cm3, is the minimum section modulus under torsion (see Annex D).

Annex D gives the means of determining SMg and SM+,.

10.8 Simple non-isotropic rudder stocks (e.g. wood or FRP)

10.§.1 Blade acting both as rudder and rudder stock
A trpditional rudder arrangement is a rudder blade directly connected to the transom, and acting both as a
rudder and a rudder stock (see Figure 2, Type | d). This rudder blade is usually”a faired plank|underwater

sonjetimes transformed into an unfaired plank above water. Annex D givés)the section modullis of some
typigal shapes.

10.8.2 Stress requirements for wood or plywood rudders

Forjwooden rudder stocks, the following inequality shall be fulfilled:

2 2
[Gi] +[Ti] <0,25 (32)

whdre

o, is the ultimate flexural strength (medulus of rupture) parallel to the stock/blade axis;

7, is the minimum shear strength parallel to the stock/blade axis.

10.9 Complex structuralrudders and rudder stocks in composite

Complex composite rudder stocks, including those where the stock blends into the blade, shall e analysed
accprding to Annex B.

10.10 Checkiof deflection of Type | rudder stocks between bearings

On ppade-rudders, the rudder stock deflects between the hull and upper bearings due to the bendjng moment
indyced by the side force, F, with two effects:

— difficulty of rotation of the stock, or even risk of “seizing” of the stock in cylindrical bearings. Self-aligning
bearings are therefore recommended;

— risk of the rudder stock touching or damaging its tube.
In order to prevent the latter drawback, one of the following conditions shall be fulfilled:
— the deflection of the rudder stock between hull bearing and upper bearing is not greater than 15 % of the

outer diameter of the stock; or

05
—  hy/d —1,08x[£] is the maximum h,/d ratio not to surpass (33)
od
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where

h, and d are both expressed with the same unit, millimetres or metres;
CAUTION — In the rest of this part of ISO 12215, /, is in metres and d in millimetres.

E is the elastic modulus of the stock, in newtons per square millimetre (see Annex D for
approximate E for metals);

d is the outer diameter of a circular stock (whether solid or hollow).

Annex F giJyes the background of this requirement and some pre-calculated values.

11 Equivalent diameter at the level of notches

At the level|of key notches or square section, the actual diameter shall be replaced by ah)equivalent diameter
defined gegmetrically, as explained in Figure 6. This equivalent diameter shall be used for comparison with
the requireq diameter, d, in Clause 10.

A
Y

A
Y
A
 J

Key
1 actual dipmeter

2 square dide

3 equivalept diameter

Figurg 6 — Determination’of equivalent diameter at the level of key notches or square section

12 Ruddper bearings, pintles and gudgeons

12.1 Bearling arrangement

Bearings shall be designed to support and transmit to the skeg or hull structure the reaction loads given in
Clause 8.

Bearings may be plain bearings (cylindrical, conical, spherical, etc.), roller bearings, or any arrangement of the
two kinds.

The design bearing pressure on plain bushings shall not be greater than the allowable pressure given by the
bushing provider or manufacturer (static pressure).

NOTE The bearing area is the product (bearing bushing length multiplied by outer stock diameter), in square
millimetres. The bearing pressure is the bearing reaction divided by the bearing area, in newtons per square millimetre.
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Bearings usually need lubrication (water, oil, grease, etc.) and the manufacturer's recommendation in this field
shall be fulfilled. If relevant, information for lubrication may be given in the owner's manual.

If bearings are of roller type, they shall be designed to operate in sea water or be adequately protected by a
device allowing them to operate in water (stuffing box, lip gasket, etc.).

Unless specifically engineered, plain bearings shall have a length of 1,2 x to 1,5 x the diameter of the rudder
stock or pintle.

Plain bearing bushings shall be secured in their support against rotation and axial movement.

As Bny material flexes under bending, self-aligning or spherical bearings that can follow this ﬂ)ending will

indd
ratid

12.2 Clearance between stock and bearings

The)

Bearings made with hygroscopic material expand with time ‘when they absorb water or when their {
risep because of weather or friction. As the hull bearing is;usually in water and the top bearing 9

they

Where the bushing manufacturer specifies the necessary clearance between stock and bushing, {
adopted. In the absence of such information,; Equations (34) and (35) may be used. T4
pre-calculated values for these equations.

Table 7 — Computed-recommended values of diametric clearance D — d between stock anc

ce a better holding and a rotation with less friction. This is particularly true for material‘with
, like titanium, which bends significantly under load, as emphasized in 10.10.

geometry between the rudder stock and bearings shall allow the proper fun¢tioning clearance,
clearance can cause difficult rotation or even seizing of the stock: This is particularly true
bushings that expand from water absorption;

a clearance not so large as to permit vibration at speed.

will usually expand differently.

D-d= 11‘3;: +0,1 + water soaking expansion, in millimetres, is the minimum recommended va
D-d= f’oxoz +0,2 + water-soaking expansion, in millimetres, is the maximum recommended v3

Dimensions in millimetres

Stock outer diameter Diametril;:_cldearance
d min. max.
40 0,16 0,32
60 0,19 0,38
80 0,22 0,44
100 0,25 0,50
120 0,28 0,56
140 0,31 0,62
160 0,34 0,68
180 0,37 0,74
200 0,40 0,80
NOTE These values correspond roughly to values
between tolerances H11-c11 and D11-d11 of ISO 286-2.

© 1SO 2009 — All rights reserved
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i.e.:

a clearance large enough (see below) to allow a free rotation of the(stock around its axle. Too small a

with plastic

emperature
ut of water,

his shall be

ble 7 gives

lue. (34)
lue. (35)
bushing
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13 Rudder stock structure and rudder construction

13.1 Rudder stock structure

The rudder shall be designed to transmit, where necessary, the bending moment, M, and torque, T, from the

blade to the

stock.

This is usually done by a set of arms, rods, connecting plates, FRP lamination, etc. These shall be designed
not to exceed oy in any of their elements, under A and T.

If the conngction befween the rudder stock and its sfruciure is made by welding, the mechanical prope

shall be the

13.2 Ruddler construction

The rudder
transfer the

If the rudde

rudder stoc
and torsion

13.3 FRP

13.3.1 Blades with a core

13.3.1.1 R

Where the

density of gt least 65 kg/m3, or a core material of at least an equivalent compressive and shear strength

1ISO 12215-
the blade ta

13.3.1.2 R

Where the
square met

1

w =1

where

is

“as welded” ones in the areas affected by welding heat.

construction and structure shall be able to withstand the hydrodynamic pressure loads
M to the rudder stock or pintles.

r stock does not extend to the bottom of the rudder, the rudder shalldave, below the end of

< and at the level of the rudder stock axis, at least the mechanical properties enabling the ben
bl resistance defined above, according to the rudder type.

rudder blades

Requirements on core
rudder blade is made of an FRP skin on-a foam core, this foam shall be made of PVC wi

5:2008, 10.5). This core material shall’ be able to transfer the loads, usually by bearing load f
the rudder stock structure, or be properly reinforced.

Requirements on the skins

rudder blade is made-ef .an FRP skin on a foam core, the minimum required mass of fibre
e, w,, shall be as follows:

< kg x (0,115 % Lyyp4 0,15) kg/m?2

he“fibre type factor:

Hies

and

the
ding

th a
see
rom

per

36)

ks
ks

ks

= 1,0 for E-glass reinforcement containing up to 50 % of chopped strand mat by mass;
= 0,9 for continuous glass reinforcement (i.e. bi-axials, woven roving, unidirectionals);

= 0,7 for continuous reinforcement using aramid or carbon or hybrids thereof.

13.3.1.3 Skins on a wood or plywood core

The require

24

ments in 13.1 apply.
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13.3.2 Blade skins without internal core

-8:2009(E)

The blades shall be strong enough or properly stiffened, in order to transfer the loads to the rudder stock.

Itis

considered reasonable that the skin fibre mass be 2 x w,.

13.4 Non-FRP rudder blades

The pressure and shear loads on the skins shall be transferred to the rudder stock with an appropriate device,
with normal and shear stresses not greater than the values required or implied in Clauses 7, 8 and 9.

14

14.

The
with
can
load
as f

14.

For
mig

Skeg structure

| General

skeg shall be able to support and transmit to the craft's structure the skegireactions defined
out exceeding the design stresses defined above. The transmission of theyreaction and its co
ilever bending moment and torque shall be carefully considered. In{some cases the skeg
ed as a ballast keel and therefore its structural arrangements might heed the same structural g
Dr keels, i.e. floors, etc.

P Design stress

metal, FRP or wooded skegs, the design stresses are defined in Clause 5. ISO 12215-5:20(
Nt also be useful.

in Clause 8
rresponding
s as highly
rrangement

8, Annex C
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Annex A
(normative)

Metal for rudder stock

A.1 Metal rudder stock material

Metal rudder stocks may be made with one of the metals displayed in Table A.1, with the follewing
recommendations and restrictions. Other metals or alloys may also be used, provided they are suited-io udage
in @ marine|environment.

The standafds cited below are listed with full reference in the bibliography.

A.1.1 General

Welding generally reduces corrosion resistance and mechanical properties; and impairs heat treafing.

Therefore,

— at the lgvel of significantly stressed welds, the “as welded” properties’given in Table A.1 shall be used

— there ghall be no “end to end” joint rudder stocks using welding within 0,15 &, of the point of maxjmal
mechahical stress, unless specifically engineered.

A.1.2 Stainless steel

For stainlegs steel, there seems to be at least three’common denominations, in addition to the chenpical

contents.

— The U$ AISI denomination (close to ASTM/UNS) is the most popular worldwide.

— EN10088-3:1995 gives all stainless) steel bars and wires a number 1.xxxx. It seems to be the stangard
most uged in the European Union,

— IS0 16[143-2:2004 classes.austenitic steels from 0 to 49, austeno-ferritic from 50 to 59, ferritic from g0 to
79, mgrtensitic from 80.t0’ 99 and precipitation hardened above 100. ISO 16143-2:2004 seems cle@arer
than EN 10088-3:1995,\but is not yet widely used.

Table A.2 gjves AISINSO and EN denominations for some steels typically used for rudder stocks.

AISI 316L, |with, low carbon content, has better corrosion resistance than AISI 316, but they are both

recommended:

AISI| 304 or 304L are not fully recommended for use under the waterline as there is a risk of crevice corrosion.

These steels can be cold drawn, stamped or forged, and reach high mechanical values (bolts, wires, etc.), but
are then so hard that they are difficult to machine. They are usually found in the “as produced” state.

Precipitation hardened (PH) stainless steels (and some other steels) need to be heat treated to gain their
strength, but are brittle if not softened, a heat treatment which lowers their mechanical properties.

On precipitation hardened (PH) steel F16 PH, 17-4 PH or similar, welds shall only be used as point or tack
welding, to lock elements in place, not in elements subject to significant mechanical stress, and away from
areas with high stresses. These steels have lower corrosion resistance than AlSI 316L, but have been applied
satisfactorily on rudder stocks for many years.
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DX 45 (AISI F51) may be structurally welded, provided it is done in a neutral atmosphere, preferably argon.

Of course stainless steels do not remain stainless in all conditions, particularly when there is a lack of oxygen
and in high temperatures. Check with the supplier that the steel is suitable for use as a rudder stock for marine

use,

A1

For

Ser

and if and how it may be welded.

3 Aluminium alloys

aluminium alloys, EN 13195-1 follows the US denomination, and is the most popular.

s-56-000-corresponds-to-Al-Mg-alloys-that-can-be-cold-drawn-but-rot-heat-treated—-hey-are

mainly found

inp
Ser

extr

Ser
extr
any
and

Ser

AA1

As
moq
the
and

A.2

The)
trea

Stapdards usually give minimum values of mechanical properties, often significantly lower than the

acty
defa
sup

For
give
sup

tment, and their mechanical properties can change significantly for the same base material.

ates and sheets.

es 6 000 corresponds to Al-Mg-Si alloys that can be heat treated. They are mainly’ found
sions.

es 7 000 corresponds to Al-Zn-Mg alloys that can be heat treated. They aré mainly found
Lsions. Their marine resistance to corrosion is poor, so they shall be avoided'except in specif
case, the owner's manual shall include information on the risks and on‘the required inspecti
maintenance. The grades containing copper shall be avoided.

es 2 000 aeronautic alloys containing copper are not suitable for,marine use.

4 Titanium alloys

[a 6 V has high mechanical properties, it allows small diameter rudder stocks. As its elastic
erate (45 000 N/mm?2), this might induce large defle¢tions. One shall therefore check that the
stock under the nominal force, F, does not impair the functioning of the rudder stock, nor th
watertightness of the rudder tube. See 10.10:

Design stress for metallic rudder stock

various metals displayed in Table A.1 can be found in a huge variety of brands, of cold workin

al piece used. The yalues of Table A.1 are therefore indicative; they can be used for the cif
ult value, but values/derived from tests or from a certificate obtained from the metal man
blier are recommended.

precipitation’hardened (PH) stainless steels, and due to the wide variety of heat treatments
n are indieative, and precise data shall be taken from a certificate obtained from the steel man
Dlier,

If d

rived from tests. the values of o, and g, used in Table 2 and in the rest of this part of ISO 121

!

n bars and

n bars and
ic cases. In

on intervals

modulus is
eflection of
resistance

g or of heat

ones of the
ed state as
ufacturer or

the values
ufacturer or

P15 shall be

90 % of the mean relevant tested value or the mean value minus two standard deviations, whichever is the
lesser.
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Table A.1 — Values of o4 for metallic rudder stocks

O'ya o2 Oy Ouw o4t Oyw E
Material Chemical composition | unwelded | unwelded | welded | welded |unwelded | welded| Approx
N/mm?2
Stainless steels
AISI 304 X5 CrNi 18.9 195 500 195 195 195 98
AISI 316, 316L X5 Cr Ni Mo 17.2.2 195 500 195 195 195 98
AIS) 329 nof cold X3 Cr Ni Mo N 27-5-2 500 650 | 500 | 00 | 325 | 250 | (D] o
AISI 329 cold worked | X3 Cr Ni Mo N 27-5-2 780 900 780 780 450 390
17-4 PH, F16 PH X5 CrNiCuNb 16.4 720 1 000 NR® 500
DX45, Uran{is® X2 CrNiNoN 2253 450 660 450 450 33m/ 225
Mild steel
E24/A 235 400 | 235 | 400 JD200 | 200
E32-AH 32 315 470 315 470 235 235 |2,1x 1P
E36-AH 36 355 490 355 490 245 245
Aluminium alloys, series 5000
5086 0/H11 Al,Mg,4 100 240 100 240 100 100
5086 H32 Al,Mg,5 185 275 100 240 138 100
5083 0/H11 Al,Mg,4,5 Mn 07 125 275 125 125 125 63 70 x 1b
5083 H32 Al,Mg,4,5 Mn 07 125 275 125 125 125 63
5059 Alustaf 0/H111 [ Al, Mg, 5-6 145 290 145 290 145 145
5059 Alustaf H32 Al, Mg, 5-6 220 305 145 290 153 145
Aluminium alloys, series 6000
6005 A T6 AlLSi,Mg (A) 215 260 115 165 130 83
6061 T6 Al,Mg1,Si,Cu 240 260 115 165 130 83 |7,0x1p*
6082 T6 Al,Mg1,Si,Mn 260 310 115 170 155 85
Titanium alloys
UTA 6V 820 900 450 1,1 x 105
Copper alloys

Bronze-Mn 245 510 245 11 % 1b8
Bronze-Ni-Al 390 740 370
Monel 400 350 550 275 1.8 x 105
Monel 500 690 960 480

&  Properties in unwelded state, o4 = min (oy; 0,5 o).

b To be welded in neutral atmosphere (argon).

¢ NR = not recommended.
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Table A.2 — Equivalence between stainless steel standard denominations

Stainless Steel ML | - chemical composition AlISI EN 10088-3 ISO 16143-2
AISI 304, 304L CrNi 18.9 304L 14307 1
AlSI 316, 316L CrNiMo 17.12.2 -17.12.3 316L 1,4404-1,4432 21-22
AISI 329 not cold worked | Cr Ni Mo N 27-5-2 329 14460 55
AlSI 329 cold worked Cr Ni Mo N 27-5-2 329 1,4460 55
17-4 PH_F16 PH CrNiCuNb 164 630 14545 101
AlS] F51, DX45, Uranus | Cr Ni Mo N 22.5.3 UNS 31803 14462 52
© IS0 2009 — Al rights reserved 29
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Annex B
(normative)

Complex composite rudder stock design

B.1 Scope

Annex B is
likely to inv|
the stock a
blade is as
contribution

B.2 Desi

The design
8 and 9, reg

For spade
calculated
Annex E)

The bendin
distributed
consideratig

The torque
consideratig

B.3 Desi

The strength of the stock and/of-blade shall be assessed under local bending moment and torque, as def

in Clause 1
and in the n

B.3.1 Str¢

For FRP ru

intended to apply to composite stock and blade arrangements where the laminate schedu
plve complex unidirectional and bi-axial fibres (including double-bias + 45° fibres) withnrespe
Kis, and these fibres can be tapered out as the stock passes down the rudder blade-, The ru

to the strength and stiffness of the component.

gn loads

side force, F, maximal bending moment, M, and torque, T, shall.be-taken directly from Clausg
pectively.

rudders, the bending moment and torque at any vertical position below hull bearing may

by considering only the blade area below the point*under consideration (see also 10.5

g moment shall be determined by assuming that the side force given in Clause 7 is unifo
bver the blade area in a vertical sense. In the\case of an unsupported blade below the point u
n, the vertical lever may be based on values given in Clause 7.

lever, r, shall be calculated from Table 5 on the mean chord of the area below the point u
n.

gn criteria

0, at bearing levéland at several vertical locations, including at least midway between bear|
niddle of the uAsupported span.

ngth criteria

iderstocks, the following equation shall be fulfilled:

e is
ot to
ider

sumed to be effectively attached to the stock and can be considered to be capablé of making a

s7,

be
and

rmly
nder

nder

ned
ngs

30

(

is the smaller of the ultimate tensile and compressive strength parallel to the stock axis;

is the minimum shear strength parallel to the stock axis.

B.1)
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B.4 Methods of analysis
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The strength and stiffness of the stock and blade may be assessed using one of the following two methods:

a)

b)

only the unidirectional fibres are considered as effective in carrying the bending moment, with only the

bi-axial or diagonal fibres being considered effective in carrying the torque;

all fibres are effective.

If the first method is used, the component will be considered satisfactory if

In t
conm

B.5

B.5

1) the bending stress in the unidirectional fibres is less than 50 % of the minimum of {he ultimate

compressive (or tensile) stress, and
2) the shear stress in the other fibres is less than 50 % of the ultimate shear strength.

ne second method, a laminate analysis using classical lamination theory shall be perform
ponent under combined bending and torsion shall satisfy Inequality (B.1).

Other considerations

L1 Skin wrinkling for sandwich construction

In the case of a sandwich blade face in compression, theccompressive stress shall not exceed

face

whe

wrinkling strength (see ISO 12215-5 for explanations):

04c =0,3 YE xE, x G,

re

oy4c is the design stress in compression of the outer and inner skin;

Eg is the compressive elasticimodulus of skins, in 0°/90° in-plane axis of panel;

E

¢ is the compressive elastic modulus of core, perpendicular to skins;

G. is the core shear'modulus, in the direction parallel to load.

C

ed and the

50 % of the

(B.2)
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Annex C
(normative)

Complete calculation for rudders with skeg

C.1 General
The skeg provides an extra support to the rudder stock. As the rudder stock has three supports\it'fis a
statically infleterminate structure. Compared to a spade rudder, the maximum bending moment on-the rugder
stock is dependent on the relative stiffness of the skeg compared to the stiffness of the stock.
Annex B is [intended to be used when it is required to determine the actual support provided by the skeg|(full
or partial). Annex B need not be used if the skeg is treated as flexible and the stock ‘scantling is obtalned
considering|the rudder as a spade rudder.
C.2 Rudder with partial skeg
The rudder farea, 4, is divided into 3 parts (See Figure C.1):
A:Ad FAf‘FAe (31)
is the sum of the three sub-areas of the blade.
NOTE $ome dimensions differ slightly from the main core of this part of ISO 12215-8. For example, the blade arg¢a of
the rudder is|divided here into 3 parts 4, 4; and 4, in contrast with the simple 2 parts in Figure 3.
L 2 2 2 hy
A< (h3 - h2)x(0,5+0,125 w)+ Cyx h2(0,5+-9 0,25 w)
My = v he €.2)
1+ wx (1+ U x ~Gy=d)
hd ]u Eu
is the bending moment.at_the hull bearing;
2
Mg = 52;& (€.3)
is the bending moment on the rudder stock at the skeg bearing;
Ty = —|(Ag rq + As x5 + Ag X 1) (C.4)
is the torque at the top and hull bearing;
F
TSZZ(AfXVf-FAeXVe) (C5)
is the torque at the skeg bearing;
C1:F><(Ad+0,5><Af) (C.6)

32
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© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=0b9e34563c9997690a7c1cd4dd501b3d

ISO 12215-8:2009(E)

¢, = Fx(e+05xdr) oy (C.7)
Axhg

3
we h (C.8)

r2 h2
3 xIy*Eqxhg S 4 S
GgJg 3 IgEg

are non-dimensional coefficients;

#r=0-2e—xgis-theloverradivs-ofarea4gbut-shall-notbe-takenlessthan0:425¢5; (C.9)
e =0,2¢; — x¢is the lever radius of area 4;, but shall not be taken less than 0,125 ¢, (C.10)
re =0,33¢, — x, is the lever radius of area 4, but shall not be taken less than 0,125, (C.11)

r, is the mean lever radius for twisting of the skeg;
C; are the horizontal lengths of the rudder sub-areas at the centre of area;
A; and x; are the distance from the leading edges to the centreline of the skeg bearing, with i =|d, f and e;

F is the force on the rudder, defined in Clause 7;

I, and E are, respectively, the mean second moment (cm?) and elastic modulus of the upper rudder
stock;

I4 and E4 are, respectively, the mean second moment (cm#) and elastic modulus of the ruddef (blade and
stock) between hull bearing and skeg bearing;

Ig and Eg are, respectively, the mean:second moment (cm#) and elastic modulus of the rudder skeg;

Jg and Gg are, respectively, the.mean polar moment (cm#) and shear modulus of the rudder skeg.

2
Js _2xa Xl s an approximation of the skeg polar moment, in centimetres to the power 4, (C.12)
N

whdre

a is thesmean horizontal area enclosed by the outer perimeter of the skeg plating, in centimetres;

is"the mean thickness of the skeg plating, in centimetres;

~

- il N . n bl Il L . b 5
N IS UIC Trcart rmelldrt PpeTiiTicich UTU1S SRTCY Plallly, T CCTIUTICUTS.

Figure C.1 schematizes the dimensions and the vertical variations of the bending and twisting moments.

From the values of M and T, Clause 7 shall be used to determine the rudder stock's required dimensions.

The reaction on the upper bearing is r; = AZH (C.13)
u

The reaction on the hull bearing is R =Ry [1+Z—“]+%(hd _hs)z _My (C.14)
d d
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The reaction on the skeg bearing is Rg = F+ Ry — Ry (C.15)
]
My Ty
A
‘ E
Ms Ts
=
GAe / \
Figure C.1 — Rudder with a partial skeg
C.3 Ruddger with full skeg
This is a simplified case compared-to.the previous one, with 4y =4, 4;=4,=0, hy =0 and hy~ hg ~ h;.
2 2
+—(hg —h5 )(0,5+0;125 w)
My = is the bending moment at the hull bearing; (4.16)
tew1e fuyta Ea
+w(1+ AKX x=4)
hd Iu Eu
Mg = 0is-the bending moment on the rudder stock at the skeg bearing (i.e. simply supported);
Ty = F xris the torque at the top of the rudder stock and hull bearing; (C.17)
T =0 is the torque on the rudder stock at the skeg bearing level (i.e. simply supported);
3
W= hg (C.18)
2 h?
3x Iy x Ey, S+ S
GgxJg 3xIgxEg
_ o My
The reaction on the upper bearing is R = P (C.19)
u

34

© 1SO 2009 - All rights reserved


https://standardsiso.com/api/?name=0b9e34563c9997690a7c1cd4dd501b3d

The reaction on the hull bearing is Ry =Ry (1+Z—“)+
d

ISO 12215-8:2009(E)

F
(hg—hp)?

2xh2

The reaction on the skeg bearing is Rg = F + Ry — Ry

7

Figure C.2 — Rudder with a full skeg

C.4 Skeg load and scantlings

(C.20)

(C.21)

Thejload en.the skeg, Rg, is defined above in Equation (C.15) or (C.21). The skeg strength and stiucture shall
be dnalysed according to Clause 14.

NOTE Although the hydrodynamic load on the skeg is generally not considered in this part of ISO 12215, it might
need consideration if the skeg has an area greater than 25 % of that of the rudder.
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