INTERNATIONAL ISO
STANDARD 13643-3

First edition
2013-07-01

Ships and marine technology —
Manoeuvring of ships —=

Part 3:
Yaw stability and steering

Navires et technologie maritime — Manoeuvres des naviref —

Partie 3: Stabilité enddcet et pilotage

-_— Reference number
=) — 1SO 13643-3:2013(E)

©1S0 2013


https://standardsiso.com/api/?name=c7e10a6cf150a514a836a2fae4d83bd1

ISO 13643-3:2013(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2013
All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized otherwise in any form
or by any means, electronic or mechanical, including photocopying, or posting on the internet or an intranet, without prior
written permission. Permission can be requested from either ISO at the address below or ISO’s member body in the country of
the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 41 22 749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org

Published in Switzerland

ii © ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=c7e10a6cf150a514a836a2fae4d83bd1

1ISO 13643-3:2013(E)

Contents Page
FFOT@WOIM ..........oooooooeeeeeee e85 58558 iv
1 S0P ...t 1
2 NOIIMATIVE FEFETEIICES ..........ooooooeeeeeee oo 1
3 Terms and defiEtIOMNS ... 1
4 Test-related physSical QUANTITIES ... 2
5 Generattestconditions

6 Test 3.1 — Pull-out test

10

11

6.1 LT3 1 T=) - OSSOSO (5 SN
6.2 Analysis and presentation of results of a pull-out test...
6.3 Designation of @ PUll-0UL TEST ... e

Test 3.2 — Direct spiral test (according to Dieudonné)

7.1 LT3 1<) -

7.2 Description

7.3 Analysis and presentation of results of a direct spiral test-faccording to Dieudohné) ... 8
7.4 Designation of a direct spiral test (according to Dieudonné).........c e 9
Test 3.3 — Reverse spiral test (according to Bech)... o

8.1 LTS5 4T ) S N

8.2 D@SCTIPTIONL i A B

8.3 Analysis and presentation of results of a reverse spiral test (according to Bech)j...

8.4  Designation of a reverse spiral test (ageording to Bech) ...

TSt 3.4 — WEAVE TEST ...t e

9.1 GEIETAL ..o T et

9.2 LD TET 00 ) 01 () o OO

9.3 Analysis and presentation of results of a weave test...

9.4 Designation of a weave test.. ...

TESE 3.5 —— ASTOITI STt

000 O €15 4 ) =Y O

10.2 Description
10.3  Analysis and'presentation of results of an astern test
10.4 Designatién)of an astern test

Test 3.6 — Sine test

11.1  Gereral.........

11.2 DESCIIPTION oo

11.3 < Analysis and presentation of results of @ SINe test. ... e 19
11:4~"Designation 0f @ SINE LEST ... | 20

© 1S0 2013 - All rights reserved iii


https://standardsiso.com/api/?name=c7e10a6cf150a514a836a2fae4d83bd1

ISO 13643-3:2013(E)

Foreword

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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance with
editorial ruyles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Ships and marine technology — Manoeuvring of ships —

Part 3:
Yaw stability and steering
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manoeuvring test to deféermine the ship’s ability to maintain course while making way aster

3.2
ast

manoeuvrigg test to determine the ship’s ability to maintain course while making way

ass

3.3

Scope

5 part of ISO 13643 defines symbols and terms and provides guidelines for the conduct
evidence about the yaw stability and steering of surface ships, submarines, and-models.
e read in conjunction with ISO 13643-1.

Normative references

following documents, in whole or in part, are normatively referenced in this docume

13643-1, Ships and marine technology — Manoeuvring of ships — Part 1: General concepts
test conditions

13643-5, Ships and marine technology — Manoeuyring of ships — Part 5: Submarine specig
80000-1, Quantities and units — Part 1: General

80000-3, Quantities and units — Part 3: Space and time

Terms and definitions

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

brn test

Prn zig-zag-test

bssing manoeuvring devices efficiency from a zig-zag test

dir

ect astern test

of tests to
Itis meant

nt and are

spensable for its application. For dated references, only the~edition cited applies. For undated
rences, the latest edition of the referenced document (including any amendments) appligs.

wn

quantities

Is

astern by

manoeuvring test to determine the ship’s ability to maintain course when making way astern using its
manoeuvring devices and tunnel thrusters as available

3.4

direct spiral test (according to Dieudonné)
manoeuvring test to determine the yaw stability and turning ability when using constant manoeuvring

dev

3.5

ice settings

manoeuvring device
rudder, azimuthing thruster, hydroplane, cycloidal propeller, or equivalent system used to
manoeuvre a vessel
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3.6

pull-out test

manoeuvri

3.7

ng test for quick determination of a ship’s yaw stability related to its speed through the water

reverse spiral test (according to Bech)
manoeuvring test to determine the yaw stability and turning ability when using constant yaw rates of turn

3.8
sine test
manoeuvri

ng test to determine the ship’s turning and yaw-checking ability in relation to initial speed

and mano¢g

3.9

weave test
manoeuvring test to determine the extent of a ship’s potential yaw instability

4 Test-]

Test-relate
the manoe

For quantif

uvring device settings for the purpose of setting up auto pilots

related physical quantities

d physical quantities arelisted in Table 1. The more general quantitiesand concepts concerning
ivring of ships are set out in ISO 13643-1.

ies and their units, ISO 80000-1 and ISO 80000-3 shall beGised.

Table 1 — Test-related physicalquantities

CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
dy¢ GRDNTD 1 Gradient of the Y (6Ri ) .
doR; curve at &g
dy; GRDNTB 1 Gradient of the v, (5R ) .
doRr curve atdp
L L m Length Reference length of a ship (see SO 13643-1)
. For a ship with yaw instability: measured
Is LWRD rad2 ~iLoop width between the two extremes of the curve &g (Y
For a ship with yaw instability: measured
Ly LHRD | tdds1b |Loop height between the intersections of the ¥ (dg ) curvg
with the axis g =0
nj NI sl Test propeller speed —
P/D PDR 1 Pitch ratio —
P, PITCHI m Test propeller pitch Propeller pitch given relative to the pitch for zero
thrust at zero speed
Specified time to move the manoeuvring device,
T TIP s Period of manoeuvring e.g. from the specified amplitude to starboard (S)
device oscillation to the same amplitude to port (P) and back to the
specified amplitude to starboard (S)
Elapsed time from initiating 1st application of
tc1 TIC1 S First time to check yaw manoeuvring devices in the opposite direction

until maximum change of heading is reached

a  Forangl

b Forrate

¢ The unit kn, common in navigation, may be used.

es, the unit ° (degree), may be used.

of turn, the unit °/s (degree per second) may be used.
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setting

Table 1 (continued)
CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
Elapsed time from initiating 2nd application of
tc TIC2 S Second time to check yaw |manoeuvring devices in the opposite direction
until maximum change of heading is reached
L Time during which the ship maintains course in
tr TIF S Course keeping time accordance with 10.2.1
Vg E ms-1c Einal cpnnr‘ Qpppd atthe end oftest (rnn)
Speed corresponding to propeller spedd/pitch
g -1
Vi Vi ms-ie | Target speed setting on straight track
Vo Vo m s-1c |Initial speed (See ISO 13643-1)
Coordinate in the direction-of the initial head-
ing of the earth-fixed-axis system movjng with
X0 X0 m — the water, the origin.of which coincidep with
that of ship-fixedaxis system at t = 0 (§ee also
[SO 13643-1)
XOF XOF m Sternboard xo-component (astern) of the ship’s track at tp
Coordinate of the earth-fixed axis system in
Y0 YO m Transverse axis watersurface perpendicular to xg, anallogous
definition (see also ISO 13643-1)
VoF YOF m "(I;rl?rrll)sfer atend of test yo-component of the ship’s track at tg
Coordinate of the earth-fixed axis system orthog-
Z0 70 m Vertical axis onal to xg and yyg, vertically down, analogous
definition (see also ISO 13643-1)
: zo-component of the ship’s track at tf, felative to
AZ0F DZOF m Change ofidived depth the value at the commencement of a tept (run)
ASki DANRUI rada Manbeuvring device angle -
step
AY DPSIH rad2 (~{€hange of heading Y-y
Specified absolute amount of change of heading
A DPSIHE rada |Execute change of heading|for applying the manoeuvring devices nto the
opposite direction
Change of heading at end
AR DPSIHE rada of test Yr - Yo
Mpuax PPSIHM rada ?;Ilzmmum change of head- .
W 4p |Difference between final .
A e DYARTC | rads asymptotic rates of turn Resulting from S and P turns at the sarrle Vo
Manoeuvrine device anele If necessary, an equivalent manoeuvring device
ORa ANRUA rada amplitude & § amplitude shall be given, e.g. for submarines with
X-planes: Y% (6aa2 + 6Aa3 = OAa1 — OAad).
Relative to g
SRi ANRUI rada Test manoeuvring device |[f pecessary, an equivalent test setting shall

be given, e.g. for submarines with X-planes:

Y4 (Oai2 + OAi3 — Oai1 — Oi4).

a  For angles, the unit ° (degree), may be used.
b For rate of turn, the unit °/s (degree per second) may be used.

¢ The unit kn, common in navigation, may be used.

© IS0 2013 - All rights reserved
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Table 1 (continued)

CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
Relative to 6¢
. |Firsttest manoeuvring To which the manoeuvring devices are put at
6Ri1 ANRUI1 rad device setting the commencement of the test. If necessary, an
equivalent test setting shall be given, e.g. for sub-
marines with X-planes: %4 (a2 + 6A3 — 6a1 — 0A4)-
Relative to XG
SRi2 ANRUIZ | rada |Second testmanoeuvring |To which the manoeuvring devices are putatJfst
device setting counter setting. If necessary, an equivalent test
setting shall be given as for 6Rj1.-
Relative to &g
5Ri3 ANRUI3 rada | Lhird testmanoeuvring |To which the manoeuvring deyies are put at Znd
device angle counter setting. If necessary, ah equivalent tegt
setting shall be given as(for 6gj1.
) ANRUO | rada g;‘,‘itcrjgnmg"’}re‘oe“"”“g (See 1SO 13643-1)
_ Mean manoeuvring device Determined in-each stage of the test during
Or ANRUM rada anele 8 a period of sufficiently constant ship’s speed
g through the water and rate of turn
£ EPH rad2 |Phase shift Betweenrheading and manoeuvring device angle
Osr TRIMSF rad®2 |Trim angle at end of test —
OsMAX TRIMSM rad@ |Maximum trim angle —
Os0 TRIMSO rad2 |Initial trim angle —
Y PSIH rad2 |Heading (See ISO 13643-1)
Yo + Ay
YE1 PSIHE1 rad2  |Heading for first execute |Heading when the manoeuvring devices are
applied in the opposite direction (turn to P)
0~ AyYE
da Heading for second v v
VE2 PSIHE2 ra Eecute Heading when the manoeuvring devices are
applied back in the original direction (turn to §)
YF PSIHF rad®’/ |Final heading Heading at the end of a test (run)
During the turn, angle between the heading at
. which the manoeuvring devices are applied injthe
st PSISI rad2  |First overshoot angle opposite direction and the heading at which the
vessel ceases to turn in the current direction
During the turn, angle between the heading at
wiichr the ranoeuvring devices are apptied bdck
¥s2 pSIS2 rad2 |Second overshoot angle in the original direction and the heading at which
the vessel ceases to turn in the current direction
. . Amplitude of the heading resulting from the sinu-
Ya PSTHA rad2 |Amplitude of heading soidal oscillation of the manoeuvring devices
" PSIHO rada  |Initial headin Heading of a vessel at the commencement of a test
0 § (run)
74 YART rad s-1b |Rate of turn —

a  For angles, the unit ° (degree), may be used.

b For rate of turn, the unit °/s (degree per second) may be used.

¢ The unit kn, common in navigation, may be used.
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Table 1 (continued)

CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
v YARTA | rads1b |Amplitude of rate of turn A.mpht.ude of t_he rate of turn resultlng_from t}_1e
a sinusoidal oscillation of the manoeuvring devices
Mean value of the rate when the ship has reached
8% YARTC | rads1b |Constantrate of turn steady conditions after each change of manoeu-
vring device setting
VARTCD = Acympfnfir rateofturn T FCRTReSh 0 F T
Vep rads (for P turn) 0 which the ship pulls outin P turn
v YARTCS | rads-1b Asymptotic rate of turn To which the ship pulls out in Sturn
cs (for S turn)
Vi YARTI | rads-1b |Testturning rate Required rate of turn fonpa'stage of the|test
W OMF rad s-1b | Angular frequency 2n/T

For angles, the unit ° (degree), may be used.
For rate of turn, the unit °/s (degree per second) may be used.

The unit kn, common in navigation, may be used.

5
The
Wh

flig
The

plames acting into the horizontal as well asiinto the vertical direction at the same time (e.g

the

Dur

e.g.
eve

The
loca
fixe
con|
spe
pitd

bn operating submerged, submarines shall bestrimmed according to the results of the n
ht testin Clause 8 of ISO 13643-5. During thetést, the dived depth mustbe keptas constant

General test conditions

general test conditions in Clause 8 of ISO 13643-1shall be observed.

dived depth and the plane angles are to be tecorded continuously. If the submarine is equ

be planes should be controlled in such'a way that the dived depth is maintained with prio

ing the test, including the approach phase, each successive position of the ship is to be 1|
using an on board navigation'system during surface operations — at suitable time interv
Fy second).

reference point on the vessel from where its track is measured should be defined in ad
tion ofa positioning8ystem antenna). This pointis notnecessarily identical with the origin
d axis system for‘which the vessel’s track is given (see ISO 13643-1). Data which are to b
Finuously include (but need not be limited to) manoeuvring device angle of operation, pov
bd throughithe water, heading, rate of turn, angle of heel, propeller shaft speed/torque
h, true wind velocity and direction, and relative wind velocity and direction.

butral level
hs possible.
ipped with
. X-planes),
Fity.

pcorded —
hls (usually

vance (e.g.
ofthe ship-
e recorded
ber setting,
, propeller
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6 Test 3.1 — Pull-out test

6.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with:

— The ship shall approach on a steady heading and at a constant speed, Vp, before commencing the
test. During the test, the propulsion plant settings must remain unaltered.

— The shlip is put into a steady turn, which is outside the expected range of yaw instability, e.g, wilth a

test mfinoeuvring device angle 6g; of at least 20° to either P or S. The description is for a tarn'tq S.
— When the rate of turn and the speed of the ship have become constant, the manoeuvring devige is
returned to amidships (zero-position) and held there until the rate of turn again reaches a sufficieptly
steady|final asymptotic value, {cs. Heading, manoeuvring device setting, and propeller speed/pjitch
are to pe recorded continuously. The test comprises a second run turning in the opposite directfion.
If the ship [is stable in yaw, the rates of turn for alterations to both P and S will decrease to the same
residual rate of turn (not necessarily zero); if the ship is unstable, the residual rates of turn will differ.
The individual runs of the test may be conducted after corresponding-trning circle tests (see Claufe 6
of ISO 13643-2).
/|
g
< t
3
Key
1 ship unstable in yaw
2 stable in yaw
3 manoeuvring device back to zero

Figure 1 — Pull-out test

6 © IS0 2013 - All rights reserved
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Analysis and presentation of results of a pull-out test

The following data are obtained from the test:

— difference between asymptotic rates of turn Ay

— asymptotic rate of turn (for starboard turn) Vs

— asymptotic rate of turn (for port turn) Yep-

The time histories of the rates of turn for a pair of S and P turns with identical initial speeds
in the-same-diagram-—The difference between the fin mutoti es o N Aur - in

Ift
be
spir
6.3

Des
spe

H

7

7.1

ee of yaw instability.

e assessment of the range given by the residual values for the S and P rates of turn proves
nstable, consideration should be given to conducting either a weave test (see.Clatise 9) d
al test (see Clause 8), taking into account the residual values for the S and Pisates of turn|

Designation of a pull-out test

ignation of a pull-out test according to ISO 13643 Part 3 (3) Test.¥' (1), carried out wit
bd of Vg = 18 kn (18) and a test manoeuvring device angle drj =20° (20):

ull-out test ISO 13643 - 3.1 x 18/20

Test 3.2 — Direct spiral test (according to Dieudonné)

General

In addition to the general test conditions outlifted in ISO 13643-1 and Clause 5, the following

sha

7.2

Thd
Dur

The

1 be complied with:

The direct spiral test consists of several steps performed in succession. The individua
performed using different manoeuvring device settings which must be kept constant durin|

To minimize the time negded for the test, the results of the turning circle tests (see IS
should be considered in advance in order to avoid repetition of tests at specific manoeuv
settings and rates of turn.

Description

ship shall approach on a steady heading and at the specified speed, V/y, before commenci
ing the test, the setting of the propulsion plant settings remains unaltered.

manoeuvring devices are put to starboard (S) at a test manoeuvring device equivalent

and|

held in this position until rate of turn and speed are constant.

are plotted
dicates the

the ship to
r areverse

h an initial

conditions
| steps are

g each step.

D 13643-2)
Fing device

hg the test.

ORj = —-20°

The manoeuvring device angle, dRj, is then successively decreased to —15° (S), -10° (S) and again held at
each angle until constant speeds and rates of turn are obtained.

In the range 6Rj = -10° (S) to +10° (P), the test manoeuvring device setting should be decreased in steps
of, e.g., Adrj = 2°. When moderate yaw instability is expected, the test manoeuvring device angle, 6Rj,
should be decreased in steps of AdRrj = 1° in the range 6rj = =5° (S) to +5° (P). Beyond dRj = +5°, steps
should be increased again.

Manoeuvring device setting, rate of turn, heading, ship speed through the water, and/or propeller
speed/pitch shall be recorded continuously.

© IS0 2013 - All rights reserved
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After the test manoeuvring device angle 6r;j = 20° (P) has been reached, an initial evaluation of the test
results is made. When yaw instability (see 7.3) is observed, the test shall be continued by reversing the
process from a manoeuvring device angle 6rj = +20° (P) to -20° (S).

If the test procedure is interrupted, it is important to recommence it using a manoeuvring device angle
inducing the same direction of turn as before the interruption.

7.3 Analysis and presentation of results of a direct spiral test (according to Dieudonné)

The following data are obtained from the test:

— gradiept of the y (8 ) curve at & dyc
dogi

— loop wjidth Is

— loop h¢ight 11,'/

— neutrdl manoeuvring device angle O

The mean g

manoeuvring device angles, OR;.

The tender
the ship’s
gradient of
the limit, i
curve (see
defined by

For ships s

onstant turning rates, Y, during the constant phase of eachistep are plotted against the

cy of the measured rates of turn, particularly for smallmanoeuvring device angles, indic
Faw stability. The ship is stable in yaw if the results indicate a continuous curve and

hfinite. If the trend of the results indicates the' existence of two separate “branches” of]
Figure 3), then the ship is unstable in yaw)The extent of the region of yaw instability (1
the height and the width of the discontinuity is a measure for the yaw instability.

[able in yaw, the test yields the neuttral manoeuvring device angle, &p.

v

test

htes
the

the rate of turn, v (6ri), at the intersection witlithe 6gj-axis is negative (see Figure 2) of, in

the
op)

Figure 2 — Ship stable in yaw

© ISO 2013 - All rights reserved
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7.4

Des
spe

=

8

8.1

~ ORI

—_—_ e |

s

Change of manoeuvring device angle from S to P.
Change of manoeuvring device from P to S.

In this test, the function can only be deterpmiined outside this range (solid line).

Figute 3 — Ship unstable in yaw

Designation of a direct:spiral test (according to Dieudonné)

ignation of a direct spiralttest according to ISO 13643 Part 3 (3) Test 2 (2), carried out wit
ed of Vo = 18 kn (18).and a maximum test manoeuvring device equivalent 6g; = 20° (20):

irect spiral test{(according to Dieudonné) ISO 13643 - 3.2 x 18/20

Test 3.3)— Reverse spiral test (according to Bech)

General

h an initial

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with:

— The reverse spiral test consists of several steps performed in succession. The individual steps are
performed at different turning rates which shall be kept constant during each step. The individual

rates of turn may be taken in any order.

To minimize the time needed for the test, the results of the turning circle test (see ISO 13643-2)
should be considered in advance in order to avoid repetition of tests at specific manoeuvring device

settings and rates of turn.

© IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=c7e10a6cf150a514a836a2fae4d83bd1

ISO 13643-3:2013(E)

— The test may be performed using an autopilot provided that the latter can be made to control the
rate of turn to a set value. If manual steering is used, the rate of turn shall be visually displayed for

the hel

msman, by means of a rate gyro.

In contrast to the direct spiral test (according to Dieudonné) (see Clause 7), the ship is steered for

the reverse spiral test by maintaining set, constant rates of turn and the necessary manoeuvring

device

settings are recorded.

8.2 Description

The Sh]p shall apprnar‘h ona cf—nar]y hpar‘]ing and atthe cpar‘ifinr] cpnnr“, VC: bhefaore rnmmﬂnring thetest.

During the|

A turn is
given cons

manoeuvring device setting. For each of these periods, the mean values of turning rate andmanoeuv

device sett

It is comm
angle of 20

y; =0.Ify
the test is (

Manoeuvring device setting, rate of turn, heading, speed through thewater, and/or propeller speed/p

shall be re¢orded continuously.
Because of|the difficulty of maintaining the low turning rates@t small manoeuvring device settings
test is particularly susceptible to external influences. Idedlly, therefore, the test should be carried
when wind velocity and sea state are low.
8.3 Analysis and presentation of results of\a reverse spiral test (according to Bech)
The follow|ng data are obtained from the test;
— gradiept of the y (8 ) curve at & dy;
ddég
— loop wiidth Is
— loop height Ly
— neutral manoeuvying angle O

test, the setting of the propulsion plant settings remains unaltered.

initiated by applying the manoeuvring device, usually to starboard (S) first])until
tant rate of turn and speed can be held constant for at least 60 s with minimabchange

ing are determined.

bn practice to start at a maximum turning rate equivalent to starboard manoeuvring de
°. Additional lesser rates of turn shall be selected such that, after four runs, the rate of {
hw instability is apparent, additional runs with small rates of tutn are necessary. Therea

ontinued to port (P) using the same rates of turn.

The test t\[rning rates, y;, are plotted against the mean manoeuvring device angles, 8y, neede

the
s of
ring

Vice
urn
ter,

itch

the
out

] to

achieve a SLcady turmimreach atcp.

The tendency of the measured turning rates, particularly for small manoeuvring device angles, serve to
assess the ship’s yaw stability.

The ship is stable in yaw if the gradient

dy;

45 of curve ,(Sg ), at the intersection with the SR axi
R

S, is

negative (see Figure 4) or, in the limit, infinite. If this gradient is positive, the ship is unstable in yaw; the
gradient is a measure of the yaw instability, also the height, ll/, ,and the width, Is, of the loop characterize

the instability (see Figure 5).

The test also yields the neutral manoeuvring device angle, 6.

10
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X
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- >
S p
%
Figure 4 — Ship stable in yaw
Vi
S // P
Is

Figure 5 — Ship unstable in yaw

8.4 Designation of a reverse spiral test (according to Bech)

Designation of a reverse spiral test according to ISO 13643 Part 3 (3) Test 3 (3), carried out with an initial
speed of I/p = 18 kn (18) and a maximum turning rate equivalent to a manoeuvring device angle of 20° (20):

Reverse spiral test (according to Bech) ISO 13643 - 3.3 x 18/20

© IS0 2013 - All rights reserved 11


https://standardsiso.com/api/?name=c7e10a6cf150a514a836a2fae4d83bd1

ISO 13643-3:2013(E)

9 Test 3.4 — Weave test

9.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with:

— The ship shall approach on a steady heading and at a constant speed, V, before commencing the
test. During the test, the propulsion plant settings must remain unaltered.

perfor
which

9.2 Des

To comme
this examp
values (Poi
instability.

Thereaften
and held th
the ship fo
manoeuvr
test can be

If yaw stablility was identified, the test manoeuvring devjce“setting is reduced appropriately [e.g. by

i.e.to ORj =
in Figure 6
[6ki = 8°(S]
i.e. it chan
(Point 4 in

The proceglure is continued by furtheftireducing the manoeuvring device angle at the same inte
Figure 6) [manoeuvring device setting 6r; = —6°(S)]. The manoeuvring devices are held

(Point 5 in
until a ste
be determ
[Ori = 6°(P)
device sett
assumed, t
the limit is

llows the helm, i.e. it changes its direction of turn, this means the ship is stable in yaw for

ed by using pairs of identical manoeuvring device settings to starboard (S) and pér|
ust be held constant during each stage.

ription

ce the test, the manoeuvring devices are put over to a given test equivalent setting, og;

le to S), and held until the speed through the water and the rate of turn have reached cons
nt 1 in Figure 6). This setting should be chosen such that it is outside the likely range of
For most ships, § rj = 10° will be sufficient.

the manoeuvring devices are put to the same angle, 6g;j, on¢the opposite side (e.g. now t
ere until the speed through the water and the rate of turh have reached constant value

ng device setting (Point 2 in Figure 6), and the testis.continued as described below. If not
terminated.

+8°(P)]. Waiting for constant speed throughithe water and rate of turn begins again (Poi
). Thereafter, the manoeuvring devices are put to the same setting, rj, on the opposite
| and held there until speed and rate of turn are constant again. If the ship follows the h
bes its direction of turn, then the ship-is stable in yaw for that manoeuvring device set

Figure 6).

hdy speed and rate of furn are achieved. At this point, a potential yaw instability cay
ned. Thereafter, the(manoeuvring devices are put to the same angle on the opposite
]. If the ship follews the helm, then, again, the ship is stable in yaw at this manoeuv
ing. In Figure 6,-the ship no longer follows the helm (Point 6). If symmetrical turning abili
he limit of therange of yaw instability would be between Points 4 and 5. As an approximat
shown halfway between Points 4 and 5.

Since the
setting fro|
following

ltiElit of the range of yaw instability may be different when changing the manoeuvring de

8. (direction of turn to S) to the manoeuvring device setting P (direction of turn ta

are

(P)

(in
ant
yaw

b P)
s. If
that
the

 2°,
nt 3
bide
elm,
[ing

rval

not
cide
ing
yis
ion,

Vice
P),
ted.

efirst indication of yaw instability, the mirror image pair of manoeuvres should be tes

For that purpose, it must first be confirmed that the ship follows the helm.

The weave test is considered complete either when yaw instability has been identified or the test has

proven tha

t the ship follows the helm down to manoeuvring device settings of, e.g. 6rj = 2°.

Manoeuvring device setting, heading, rate of turn, speed through the water, and/or propeller speed/pitch
shall be recorded continuously.

9.3 Analysis and presentation of results of a weave test

The following data are obtained from the test:

12

loop width

Is;
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— loop height Ly -

The constant rates of turn, ¥, determined for the single stages are plotted in a diagram against the
corresponding test manoeuvring device settings, 6r; (see example in Figure 6).

This diagram showing the approximate width, /5, and height, /;, extrapolated from the measured
points is the basis for assessing the degree of yaw stability.

Ve
0,51

T ) -

~—c_

Figure 6.<<Analysis (ship unstable in yaw)

9.4 Designation of a weave test

Deslignation of a weave test,.according to ISO 13643 Part 3 (3) Test 4 (4), carried out with an initial speed
Vo 3 20 kn (20) and andaitial manoeuvring equivalent setting 6gr; = 10° (10):

Weave test ISQ 13643 - 3.4 x 20/10
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10 Test 3.5 — Astern test

10.1 General

In addition to the general test conditions outlined in ISO 13643-1 and Clause 5, the following conditions
shall be complied with:

— The test is performed with a propulsion setting corresponding to a target speed of preferably not

more t

han 50 % of the designed maximum astern speed.

The astern|

as adi

daS an 4

The two te
test metho

The astern
a symmetr

10.2 Des¢

10.2.1 De
The ship s

manoeuvring devices held amidships initially. The helnzstan keeps the ship on its initial heading fo

long as pos

The test is
a sternboa
test is alsg
absolute tr]

test may be carried out by one of two different methods, i.e.
Fect astern test, the result of which may to a certain degree be affected by the helmsman
stern zig-zag test.

5t methods are described in 10.2.1 and 10.2.2. The above general requiréments refer to I
(s.

test need only be performed in ships which require astern maneetuvrability. In ships y
ical arrangement of propulsors, the astern zig-zag test need bepgrformed to one side on

‘ription
scription of the direct astern test
tarts to make way astern with a propulsion “setting in accordance with 10.1 and

sible using the manoeuvring devices and,if available, bow thrusters.

complete when the absolute change of heading, |Ay|, exceeds 15° or when the ship has m
Fd, xoF, of five ship lengths astern (se€ Figure 7). For submarines in submerged operation
complete when the absolute change of dived depth, |Azgr|, exceeds one ship length or
im angle exceeds 15°.

or

oth

vith
y.

the
r as

ade
the
the
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10.

The
10.1

ORif

from the initial heading, o, by the specified execute change of heading, Ay (it is pref

1Ay
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turi
dirg
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Figure 7 — Directastern test

p.2 Description of the astern zig-zag test

. At the same time, the manoeuvrifig devices are put over to 15° (preferably to starbo
= -15°(S). The manoeuvring dévices are held at this setting until the ship’s heading h

| = 10°), to the heading yg-At this point, the manoeuvring devices are put over as fast
he same setting in the opposite direction [6rj2 = +15° (P)] and held there. The ship ¢
1 in the initial directien. If the turning decays completely and the ship starts to turnint
ction with increasing-rate of turn, wait until the heading has changed from the original
to the opposite sid€ of the initial heading to heading 1g3. At this point, the manoeuvring
brsed again to€he manoeuvring device setting 6ri3 = 6ri1. The test run is complete when {
bt stopped after the first or second counter application of the manoeuvring devices or whe
nd counterapplication, the heading reaches the initial heading.

submarines operating submerged, the test is also complete when the absolute change of d

!

ship starts to make way astern from~zero speed with a propulsion setting in accorglance with

hrd), i.e. to
hs changed
brable that
s possible
ntinues to
e opposite
heading by
Hevices are
he turning
n, after the

ived depth,

|Az

rl-exceeds one ship length or the absolute trim angle exceeds 15°.

If the ship does not stop turning after the first or the second counter application of the manoeuvring
device, the test run shall be repeated with the same first manoeuvring device setting, drij1 = -15° (S),
and the same execute change of heading, Aig, but with 8rjz and 6Rrj3 corresponding to full rudder.

©IS
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Figure 8 — Time history of.ah astern zig-zag test
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