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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 needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2. www.iso.org/directives
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Ships and marine technology — Manoeuvring of ships —

Part 2:
Turning and yaw checking

1
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modlels. It is intended that it be read in conjunction with ISO 13643-1.
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3.1

Scope

5 part of ISO 13643 defines symbols and terms and provides guidelines for the conduct
evidences about the turning ability and the yaw containment of surface ships,-Subm

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.

tur
ma

devijices during the-périod of transient motion and the ensuing steady turn depending on in
rudder angle or€quivalent, and direction of turn

3.2

accglerating turn test
manoetivring test to determine the ship’s behaviour when accelerating from stan
simultaneously applying the manoeuvring devices hard over

hing circle test
oeuvring test to d€termine the ship’s turning characteristics due to application of mz:

of tests to
hrines, and

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

inoeuvring
itial speed,

1-still and

3.3

thruster turning test
manoeuvring test to determine the capability to turn a ship at zero speed by using its thrusters and to
determine the limiting speed at which no more turning effect from bow thrusters can be obtained

Note 1 to entry: This test is relevant to all types and arrangements of tunnel- or azimuth-thrusters. However,
dynamic positioning or traversing tests are beyond the scope of this part of ISO 13643.

3.4

zig-zag test
manoeuvring test to determine the ship’s turning and yaw checking ability depending upon initial
speed, the amount of manoeuvring devices effect applied, and execute change of heading at which the
manoeuvring device is applied in the opposite direction (execute change of heading)
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3.5
course change test

manoeuvring test to determine the ship’s capability to change heading by a given angle by use of the

manoeuvring devices

3.6
parallel track test

manoeuvring test to determine the behaviour of the ship steering to a parallel track by applying
manoeuvring devices and subsequently applying the manoeuvring devices in the opposite sense

3.7

manoeuvring test to determine the change of heading at which the ship is steered back to the rec¢iprpcal

person ov{rboard test
of its initia

3.8
manoeuviing device

track by applying manoeuvring devices hard over

rudder, azimuthing thruster, hydroplane, cycloidal propeller, or equivalent)system used to

manoeuvrg a vessel

3.9
hard over

application] of the manoeuvring devices to their maximum designed effect

4 Test-related physical quantities

Test-relatef physical quantitiesarelisted in Table 1. The moregeneral quantities and concepts concerping
the manoefivring of ships are set out in ISO 13643-1.

For quantities and their units, ISO 80000-1 and ISO 80000-3 shall be used.

Table 1 — Test-related physical quantities

Symbol cc- SI-Unit
Code Term Definition or explanation
. . Diameter of ship’s track relative to the water orfce
De De m Steady turning diameter a steady turn is established
P Port (side) —
Point of the after part of the vessel which, during
PEx EXP — Extreme point the steady turn, describes the path with the grdat-
est diameter relative to the water
p OMX rad s-1a |Roll velocity (See ISO 13643-1.)
q OMY | rads1a |Angularvelocityabout g o150 13643.1)
y-axis
r OMZ | rads-1a |Angularvelocityabout . 10 13643.1)
z-axis
S Starboard (side) —
s SP10 m Track reach for 10° change | Distance along the ship’s track at Ay = 10° (usually
10 of heading only for 6grj = 10°)
T TIP S Time of complete cycle See Figure 5.

a  Forrate of turn, the unit °/s (degree per second) may be used.
b The unit kn, common in the navigation, may be used.

¢ For angles, the unit ° (degree), may be used.
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Table 1 (continued)
- Concept
Symbol cc SI-Unit P
Code Term Definition or explanation
g TIE s Execute time From t= Qto applyl_ng the manoeuvring devices in
the opposite direction
For course change test:
from start of heading change to y =0
. , For parallel track test:
- TIF S trmetocompretetest from ¢ = U to again reaching the mnitial feading o
(run)
For person overboard test:
from t = 0 to reaching reciprocal heading
(Ay = 180°) after applying thé manoeuvring
devices in the opposite diréetion
Time to reach maximum
s TIS s change of heading o
s TIA S Initial turning time Until g1 is reached
From initiating'application of manoeuvfing
. . devices in the opposite direction until shaximum
cl Tict S First time to check yaw change.ofheading is reached (indices 1,3, etc. for
overshogot to S)
From initiating application of manoeuvfting
. devices in the opposite direction until shaximum
c2 Ticz S Second time to check yaw change of heading is reached (indices 2|4, etc. for
overshoot to P)
tr TIR S Reach time Time taken to complete the first half cygle
Jor TIOR s Time to return.to0° Time taken to return to the initial headjng
10 TI10 S Time to turn 10° To turn through Ay = 10°
15 TI15 S Time to'turn 15° To turn through Ay = 15°
thso TI180 S Time to turn 180° To turn through Ay = 180°
th70 TI1270 S Time to turn 270° To turn through Ay = 270°
130 TI30 S Time to turn 30° To turn through Ay = 30°
tBor TI30R S Time to return to 30° To turn back to reach again Ay = 30°
theo TI360 S Time to turn 360° To turn through Ay = 360°
60 TI6A S Time to turn 60° To turn through Ay = 60°
tbOR TI60R S Time to return to 60° To turn back to reach again Ay = 60°
fo0 TI90 S Time to turn 90° To turn through Ay = 90°
u VX m s-1b  |Longitudinal velocity (See ISO 13643-1.)
Up VXA m s-1b Longitudinal velocity at (See ISO 13643-1)
antenna
ug VXD m s-1b Mean_steady longitudinal -
velocity
v v ms-1b  [Ship's speed throughthe | ¢ 165 13643.1)
water

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

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

¢ Forangles, the unit ° (degree), may be used.
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Table 1 (continued)

CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
If the wind influence is significant, a speed which
Ve VC ms-1b  |Speed during steady turn |would be valid under still conditions shall be
derived by averaging.
Vi VF m s-1b | Final Speed Speed at end of test (run)
Speed ahead at which turning effect b
Vi | VL | msib |Threshold speed the bow thrusters can be bserved
Vo Vo0 m s-1b  |Initial speed (See ISO 13643-1.)
Speed at 180° change of
-1b = °
V180 V180 ms heading Vat Ay =180
Speed at 270° change of
-1b = °
V270 V270 ms heading Vat Ay =270
Speed at 360° change of
-1b = °
V360 V360 ms heading Vat Ay =360
Speed at 90° change of
-1b =90°
Voo V90 ms heading VatAy =90
1% VY m s-1b | Lateral velocity (See ISO 13643-1.)
VA VYA ms-1b |Lateral velocity at (See 1SO 13643-1)
antenna
Ve vYC m s-1b Lateral velocity in steady o
turn
vy VYD m s-1b Mean_steady lateral (drift) .
velocity
w Vz m s-1b | Normal velocity (See 1S0 13643-1)
WA VZA ms-1b  |Normal velocity 4t (See 1SO 13643-1))
antenna
XA XA m Longitudihal position of In ship-fixed axis system
antenpa
Coordinate of the point on the centreline plane at
19risitudinal position of which the speed is tangential to that plane
Xx XX m ) S, . v
pivoting point i
0 singp —y cos@cosO
Longitudinal position Ve
Xxc XXC m of pivoting point during |~
steady turn Y cos@c costc
Coordinate in the direction of the initial heading of
The earti-fIXed axis SYSTem MovIing With the water,
X0 X0 m — the origin of which coincides with that of the ship-
fixed axis system att=0
(See also ISO 13643-1.)
XOF XOF m (Arclilxllsnce atend of test X0 - component of ship’s track at tp
xomax | XOMAX m Maximum advance Largest xo-component of ship’s track

a

b

C

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

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

For angles, the unit ° (degree), may be used.
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Table 1 (continued)
- Concept
Symbol cc SI-Unit P
Code Term Definition or explanation
Xov X0V m Virtual advance Xp at intersection of initial track and tangent to the
track at tp
X090 X090 m Advance xo-component of ship’s track at Ay = 90°
Xq X0T m s-1b Rate O.f change of global In xp-direction
coordinates
7N YA m Lateral position of In ship-fixed axis system
. antenna
Yo m Transverse axis Coordinate in the water surfacefperpenflicular to
0 X0, analogous definition (see dlsp 1SO 13643-1)
JoF YOF m Erf:)sfer atend of test yo-component of ship’s track at tp
For turning circle, accelerating turn and person
overboard test:
YoMAX YOMAX m Maximum transfer largest yo-component of ship’s track
For zig-zag test:
during first half cycle to S
Maximum opposite trans- |Largestyp-component of the ship’s track opposite
Ydorp YOOPP m fer toithe direction of turn
Y4180 Y0180 m Tactical diameter yo-component of ship’s track at Ay = 180°
Jpoo Y090 m Transfer yo-component of ship’s track at Ay = 90
Rate of change of.glabal . .
4 -1b -
Yo YOT m s coordinates In yg-direction
Normal position of o .
A ZA m In ship-fixed axis system
antenna
. ALPHA rade Max1_mum slope angle of .
heading curve
5c BETC radc ?ur;it angle during steady See ISO 13643-1 for definition of drift apgle S.
At DTIS S Overshoot time ts - teo
AY DPSIH radc  |Change of heading Y -1o
Specified absolute amount of change of heading for
NYE DPSHHE radc Execute change of heading |applying the manoeuvring devices into the oppo-
site direction
Change of heading at end
Ny DPSIHF radc of test Yr - o
Aristebyrhiehthe-ehanpgeofeadinset 00° is
A DPSIHS radc Overshoot angle exceeded before the vessels starts turning in the
opposite direction

a  Forrate of turn, the unit °/s (degree per second) may be used.
b The unit kn, common in the navigation, may be used.

¢ Forangles, the unit ° (degree), may be used.
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Table 1 (continued)

CC- . Concept
Symbol SI-Unit
Code Term Definition or explanation
For turning circle and accelerating turn test;
relative to o, if necessary an equivalent test
manoeuvring device setting shall be given, e.g. for
submarines with X-planes:
Ya (Gai2 + 0Ai3 — Oai1 — Gaia)
T T Eaor '7ig zagand course chanage tegt:
ORi ANRUI radc a;elstlemanoeuvrmg EVICE | bsolute value relative to 60, if necessary an
5 equivalent test manoeuvring device setting shajl
be given, e.g. for submarines with X-planes:
| % (6aiz + i3 - Sai1 - Saia)|
For parallel track test:
for which maximum manoeuyvring device effi-
ciency can be expected
8o ANRUO radc | Neutral manoeuvring (See ISO 13643-1)
device angle
Oc RIMSC radc g;j;r: angle during steady See ISO 13643;1.for definition of trim angle.
Heel anele durine stead If the wind\influence is significant, a heel angle
¢c | HELANC | rade | -* & § Y | which weild be valid in still conditions shall be
derived by averaging.
¢max | HELANM radec Maximum heel angle Dutrihg initial phase
Y PSIH radc Heading (See ISO 13643-1.)
Yo + Ay
YE1 PSIHE1 radc | Heading for first exectite |Heading when the manoeuvring devices are
applied in the opposite direction (turn to P)
0 - AYg
bSIHE? dc Heading for second v v
YE2 ra execute Heading when the manoeuvring devices are
applied back in the original direction (turn to S
YF PSIHF radc Final heading Heading at end of test (run)
Heading at which the turn
¥s PSIS rad’CHl e comes steady o
During the turn, angle between the heading at
which the manoeuvring devices are applied in
the opposite direction and the heading at which
sl PSIST radc First overshoot angle the vessel ceases to turn in the current directiop.
8
Index 1 identifies the first overshoot angle to S,
and subsequent overshoots to S are identified by
indices 3, 5, and so on.
Angle between the heading at which the manoeu-
vring devices are applied back in the original
direction and the heading at which the vessel
s2 PSIS2 radc Second overshoot angle ceases to turn in the current direction. Index 2
8

identifies the first overshoot angle to P, and subse-
quent overshoots to P are identified by indices 4, 6,
and so on.

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

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

¢ Forangles, the unit ° (degree), may be used.
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Table 1 (continued)
- Concept
Symbol cc SI-Unit P
Code Term Definition or explanation
Heading of a vessel at the commencement of a test
Yo PSIHO radc Initial heading run (sometimes also known as the approach head-
ing)
Rate of change of heading during steady turn.
. _ Rate of turn during steady | If the wind influence is significant, a rate which
1

Ve YARTC rad s7ia turn would be valid in still conditions shall be derived
by averaging.
Shortly after 1st, 2nd, etc. application of the
manoeuvring devices in the opposite difection

/ YARTM ds-1la |Maxi te of t m

/ max rads aximum rate ot turn —L tana, with m; for the.§¢ale of the t-pxis in m/s
My
and my, for the scale of the ¥-axis in m/fadb

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

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

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

General test conditions

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

When operating submerged, submarines shall be trimmed according to the results of the neutral

level flight test (see ISO 13643-5, Clause.@). During the test, the dived depth must pe kept as

constant as possible. The dived depth and‘the plane angles are to be recorded continugusly. If the

the same time (e.g. X-planes), these planes should be controlled in such a way that the div
maintained with priority.

During the test, including thelapproach phase, each successive position of the shipistober

(usually every second):

The reference pointon the ship relative to which its track is measured should be defined
(e.g. location of“the antenna). This point is not necessarily identical with the origin d
fixed axis system for which the ship’s track shall be given (see ISO 13643-1). If the locg
antenna hasthe coordinates x4, ya, and za in the ship-fixed axis system and the velocity c

system.are given by:

submarine is equipped with planes acting into the horizontal as well as into the vertical direction at

ed depth is

ecorded —

e. g. using an onboard navigation system during surface operations — at suitable timfe intervals

in advance
f the ship-
tion of the
bmponents

measurediat this location are uga, va, and wy, the velocity components at origin of the ship-fixed axis

U=Up + YA — ZAQ

e8]

V =VA + XA + ZAD

W =Wp + XAD - VAP

(2)

3

Data which shall be recorded continuously include (but need not be limited to) manoeuvring

device angle of operation, power setting, speed through the water, heading, rate of turn,

heel angle,

propeller shaft speed/torque, propeller pitch, true wind velocity and direction, and relative wind

velocity and direction.

— Test descriptions are valid for ships. Tests with models are carried out analogously.

© IS0 2013 - All rights reserved
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6 Test 2.1 — Turning circle 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:

plants

approg

are applied as required by the specific test as fast as possible in the required directionof the {

and ar
Follo
drifta

Applyi
respon]
which
using {
same i

The te

If the subny
speeds Vo
of the glob

X =UQ
Vo =us
Time integ
Average st

1 Vstd

2r
Vg

+7
1 Vs

21
Vs

minutes. For ships unstable in yaw, realistic mininj

ch, the ship has as little yaw velocity as possible. To start the test, the manoeuvring dev|

maintained at that setting during the rest of the test (beginning of the application at ¢ 4
ing a transient phase, the turn will become steady, i. e. the rate of turn, ship’s speed, heel,
gle will then all be constant. The steady turn may be disturbed by extérnal influences.

ng the manoeuvring devices equally to port (P) or starboard ($))may result in diffe
ses of the vessels (e. g. dissimilar turning diameters). Consequefitly, the direction of tury
the data were measured must be recorded. The conduct of port and starboard turning cir
he same settings of the manoeuvring devices should be attempted consecutively from
hitial heading, preferably into wind.

5t is completed after a change of heading of at least 360°.

arine’s track cannot be determined by means of.an inertia platform onboard, the measy
 u have to be used. Generally, it is sufficient to-assume uxV and to calculate the rate of cha

The ship shall be at a steady speed Vy before commencing the test. During the test, the propulsion
ettings must remain unaltered.

Fion
jum
the
ices
urn
= 0).
and

[ing
for
Ccles
the

red
nge

(4)

6)

(6)

the

where s i

] coordinates x and y, by the formulae
osy
iny
ration gives the coordinates xg und yg as functions of time.
pady drift velocities uq andvq in global xg and yg-directions can be determined by
T
Xody=uy
T
Yody=vy
5 the heading at which the turn is expected to become steady. Subtracting ug and vq4 from|

measured velocities x, and y, and integrating to get the track coordinates xo and yo might be a

reasonable method to reduce the effect of external influences. Also, the measured speed, V, must be
corrected accordingly, where

V:\/(XO'Ud)Z’f(J’O'Vd)Z

(7)
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Yo9o

X090

XoMAX

<y

Yoopp

Key

ship’s track (origin O)
track of Pgx

manoeuvring devices applied at t ='Q

Figure 1 — Turning circle test
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6.2 Analysis and presentation of results of a turning circle test

The following data are obtained from the test:

— steady turning diameter D. — advance X090
— time to turn 90° tgo — maximum advance XOMAX
— time to turn 180° tigo — maximum transfer YOMAX
— time to turn 270° tz70 — maximum opposite transfer Y0OPP
— time t¢ turn 360° t3go0 — transfer Y090
— speed Huring steady turn Ve — tactical diameter Y0180
— speed pt 90° change of heading V9o — driftangle during steady turn Be

— speed pt 180° change of heading Vigo — heel angle during steady turn ¢c

— speed pt 270° change of heading V270 — maximum heel angle PMAX
— speed pt 360° change of heading V360 — rate of turn duringsteady turn Y.

— longitudinal position of pivoting point  xxc
during steady turn

These datd are used together with the test parameters Vj,@g{, initial heading, true wind velocity pnd
direction, direction of turn, plot of the ship’s track (origin Q),track of the extreme point Pgyx, and the how
to assess tle turning characteristics of the vessel and itsswept path.

The variable s1¢ is used for assessing the initial turning capability. Alternatively, s1op may be derjved
from a zig-gag test (see Clause 9).

6.3 Designation of a turning circle test

Designatioh of a turning circle test @according to ISO 13643, Part 2 (2) Test 1 (1), carried out witlLan
initial sped¢d Vg = 18 kn (18), a test manoeuvring device angle 6r; = 35° (35), and with the direction of
turn to stayboard (S):

Turning circle test ISO 43643 - 2.1 x 18/35/S

7 Test 2.2 — Accelerating turn test

7.1 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 starts from zero speed with the propulsion plant set at half ahead. From then on, the
propulsion plant settings must remain unaltered. Simultaneously, the manoeuvring devices are
applied hard over in the specified direction as fast as possible. The manoeuvring devices are kept
in this position until the test is completed. Acceleration and manoeuvring devices actuation to
commence at t = 0.

— After a transient period, the vessel achieves a steady turn. The steady turn may be disturbed by
external influences.

10 © IS0 2013 - All rights reserved
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— Theship’stracks for turns to portand starboard may notbe symmetrical. Therefore, itisimportant to
record the direction of turn for which the data were obtained. The conduct of port (P) and starboard
(S) turns should be attempted consecutively from the same initial heading, preferably into wind.

— The test is completed when the ship has performed a turn of at least 180°.

"o Yo1so
Y090 2
"LS /
— — —~—_ ]
g ox |
S )
S ﬂ 3
I\
\I -
Y Yo
1
Yoopp Yomax

Key]
1 acceleration and manoeuvring devices application commence at t =0
2 ship’s track (origin O)

Figure 2 — Accelerating turn test

7.2| Analysis and presentation of results of an accelerating turn test

The following data are.ebtained from the test:

— Jadvance X090 — time to turn 90° tdo

— |maximumyadvance XOMAX — time to turn 180° t1go

— |maximum opposite transfer  ygopp — speed at 90° change of heading V§¢

— Ttransfer Y090 — speed at 180° change of V180
heading

— tactical diameter Y0180

— maximum transfer YOMAX

These data, together with the direction of turn, initial heading, true wind velocity and direction, and plot
of the ship’s track, are used to assess the ship’s behaviour during an accelerating turn from zero speed.

© IS0 2013 - All rights reserved 11
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7.3 Designation of an accelerating turn test

Designation of an accelerating turn test according to ISO 13643, Part 2 (2) Test 2 (2), carried out with
the direction of turn to starboard (S):

Accelerating turn test ISO 13643 -2.2 x S

8 Test 2.3 — Thruster turning test

8.1 Gen

Sl

In addition
shall be co

The te
power
install
tests.

Each t
initial

Tests 4
able to

Manoe

The th
speed

8.2 Test

The vessel
are to be t3
60° has be
overshoot

The ship is

The thrust
shown in H

After this,

If there is
to both sid

to the general test conditions outlined in ISO 13643-1 and Clause 5, the following cendit
mplied with:

bt can be performed with all possible combinations of bow and stern thrustersaud at diffe
stages, respectively, if provided. If, however, several bow and possibly stern thrusters
bd, it is recommended to agree upon a rational selection of thruster combinations for
[onsideration should be given to conducting turning tests using stern-thrusters if fitted.

bst run shall commence from the same initial heading, preferably-into wind, and after
speed has been kept constant, or the ship has been stationary for'at least two minutes.

t zero speed shall only be attempted when wind conditieng are such that the thrusters
achieve a reasonable turning effect in either direction:

uvring devices are kept in the neutral position, dy, during the test runs.

Fuster power/speed, manoeuvring device angle, heading, rate of turn, ship’s speed, propd
pitch, and, if azimuth-thrusters are used, thesthruster angle are to be continuously recor

at zero speed (Z)

is turned by means of a definedthruster power off the wind to starboard (S) by 60°. Ti
ken for course changes of Ay =15° 30° and 60°. When a deviation from the initial headin
bn achieved, the thrusters arereversed at the same power. The overshoot angle, Ay, and|
ime, Atg, are to be recorded.

turned back through the initial heading. Times are measured at Ay = 60°, 30°, and 0°.

er(s) are stopped-after reaching the initial heading. The test results should be presente
igure 3.

the ship is'prepared again and the same procedure is carried out to port (P).

(S

ons

fent
are
the

the

are

ller
led.

mes
g of
the

1 as

h significant difference in the tegg for tests to P or S, further test runs shall be perforied

8.3 Presentation of the results of a thruster turning test at zero speed

The results of a zero speed turning test can be presented as shown at Figure 3.
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Ay

Ays

60°

Ats

30°
15°

+ + + + + + f.; +

8.4
The

plant remains unaltered. After the ship has been going straight ahead-for/at least two minuf

sign

unsftable in yaw, realistic minimum manoeuvring device angles shdll be used during the app

15 SU ouU S OUR SUKR UR

Figure 3 — Test at zero speed

Thruster turning test at speed ahead (A)

ificant application of the manoeuvring devices, the test propenis started. For ships

ship approaches at a constant speed, Vy (e.g. 2 kn). During the test,.the setting of the [propulsion

es without
which are

roach.

By means of thrusters, the ship is turned out of the wind by30° to starboard. The times for heading

chapges of 15° and 30° are to be recorded. If there is a need for tests to both sides (see 8.2)
reppsitioned into wind and the same procedure is carried out to port.

If afturning motion of the ship by use of tunnel bow:thrusters can be recognized, further tes

test

The

Thd

If azimuthing thrusters are fitted, it is recommended that the test be commenced with the

and|

turning effects are observed, the thruster(s) ought to be turned successively aft in steps of 1
athligher initial speeds and at 45° aft direction of the thruster(s) no more significant turning i

the

Wit

s, respectively) are to be carried out at increased initial speeds (e.g. in steps of 2 kn).

turning rate shall be presented as:the function of initial speed as per Figure 4.

the thrusters trained athwartships. When the initial speed is increased in steps and

series of tests is clased.

h azimuthing thyUsters, turning tests are necessary for one direction of turn only.

Ayt

the ship is

ts (pairs of

ship’s speed at which no more significant turning effect can be observed shall be rpcorded as
threshold speed, V1.

bhip at rest
liminished
D° or 15°. If
5 observed,

©IS

A'//= 300, t= t30

Figure 4 — Mean turning rate vs. ship speed
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8.5 Test at speed astern (optional) (0)

If explicitly required, tunnel bow thrusters of vessels having low or moderate block coefficient (up to
approximately 0,78) may also be tested at two steps of astern speed, since this may show increased
astern steering effectiveness. Procedure and evaluation are analogous to 8.2 and 8.3. Speeds astern

should be limited to 2 kn and 4 kn.

8.6 Analysis and presentation of results of a thruster turning test

The following data are obtained from the test:

— time t¢ turn 15° t1s — overshoot time Atg
— time t¢ turn 30° t30 — overshoot angle Aps
— time t¢ turn 60° t6o — threshold speed VL
— time t¢ return to 60° t60R

— time t¢ return to 30° t30R

— time t¢ returnto 0° tor

These datd are used together with the test parameters initial speeds initial heading, true wind velo
and direction, direction of turn, and the thruster power to assessithe turning capability of the ship,
in form of Figures 3 and 4.

8.7 Designation of a thruster turning test

Designatioh of a thruster turning test according to-ISO 13643, Part 2 (2) Test 3 (3), carried out at 7
speed (Z) dnd ahead speed (A), but not the optional test for astern speed (0):

Thruster turning test ISO 13643 - 2.3 x Z'+ A

Designation of a thruster turning testiaccording to ISO 13643, Part 2 (2) Test 3 (3), carried ou
astern spepd:

Thrustér turning test ISO 13643 - 2.3 x O
9 Test 2.4 — Zig-zagtest

9.1 General

In addition| to/the general test conditions outlined in ISO 13643-1 and Clause 5, the following condit

Ccity
e.g.

ero

t at

ons

shall be complied with:

— The ship approaches at a constant speed, Vy. During the test, the setting of the propulsion plant

remains unaltered.

— During the approach to the test, the ship is going straight ahead at a steady speed without significant
applications of a manoeuvring device for at least two minutes. For ships unstable in yaw, realistic
minimum manoeuvring device settings should be used during the approach. It is important that
during the approach, the ship has aslittle yaw velocity as possible. To start the test, the manoeuvring
devices are applied to S to the specified test manoeuvring device angle, 6gj, as fast as possible (¢t = 0).
This angle is kept until the ship’s heading, 1, has changed from the initial heading, 1o, by the execute
heading angle, 4ig, to the heading, g1. At this moment, the manoeuvring devices are applied to
the same angle, dRj, in the opposite direction at maximum rate and kept there. The ship continues
to turn in the current direction (S) with decreasing rate of turn. After the rate of turn has decayed
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completely, the ship begins to turn to P with increasing rate of turn. When she has deviated from the
initial heading, o, by the execute heading angle Ay, to the heading, Y g2, the manoeuvring devices
are reversed to Orj degrees to S. This sequence is repeated for at least one more half cycle.

— The test is completed after at least one and a half cycles have been executed.

NOTE For submarines in submerged operation, measurement of ship’s track is not required.
Or
P
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Figure 5 — Time histories of the zig-zag test
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9.2 Analysis and presentation of results of a zig-zag test

The following data are obtained from the test:

— initial turning time ta

— times to check yaw te1, te2,ee
— reach time tr

— time of complete cycle T

— maxinjum transfer YOMAX

— maxinjum rate of turn W MAx

— overshoot angles Ys1, Ps2,...

These datd are used to assess the turning and yaw checking capabilities together' with the parameters
Vo, 6ri, AYy, initial heading, true wind velocity and direction, and a plot of the-ship’s track.

The varialblle s19 is used for assessing the initial turning capability. Alternatively, s10 may be derfjved
from a turning circle test (see Clause 6).

9.3 Designation of a zig-zag test

Designatioh of a zig-zag test according to ISO 13643, Part 2¢{2) Test 4 (4), carried out with an injtial
speed Vo g 16 kn (16), a test manoeuvring device angle dr{= 20° (20), and with an execute change of
heading Ayg = 10° (10):

Zig-zag kest IS0 13643 - 2.4 x 16/20/10

10 Test 2.5 — Course change test

10.1 General

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

— Test ryins to P and S-Using the same setting to the manoeuvring devices should be attempted
consedutively fromfhe same initial heading, preferably into wind.

— The ship approaches at a constant speed, Vy. During the test, the setting of the propulsion pjant
remah[s unaltered.

10.2 Deseription

After the approach in accordance with 10.1, the manoeuvring devices are applied to the specified angle
of, e. g.,, Orj = 15°, to starboard (t = 0). After a change of heading of Ayg = 10°, the manoeuvring devices
are applied to 15° in the opposite direction as fast as possible. The manoeuvring devices are kept at this
setting until the turning rate is down to ¥ = 0°/s. At this moment, tf, xoF, yor, AYF, and Vf are to be

determined. This ends the test run.

The ship is put on initial heading again. After the ship has been going straight ahead at constant speed
for at least two minutes without significant application of the manoeuvring devices, the manoeuvring
devices are applied to an angle of 6gr; = 15° to port and the test starts in the opposite direction.

This sequence has to be repeated with execute heading angles of Ag = 20° and Ayg = 30°.

16 © IS0 2013 - All rights reserved


https://standardsiso.com/api/?name=dcbcf8392a2e6a32fcbfe8d8289d27ad

1ISO 13643-2:2013(E)

The whole test consists of six runs.

Between the runs, the ship is returned to the initial heading and proceeds straight ahead at constant
speed for at least two minutes, without significant application of the manoeuvring devices, before the
next run is started.

Xo A 4
Yp
/
Yor ' '
/
4
il
“N|
b [ >
Ayg l\
O >

Yo

Key]
a Tangent to the track at t.
b | Heading.

Eigure 6 — Ship’s track

10.3 Analysis and presentation of results of a course change test

The following data are obtained from the test:

— |advance at end of tést run XOF
— |transfer at énd’of test run YOF
— |executétilme tg
— |time to complete test run tr

— change of heading at end of test run AYp

— virtual advance X0V

— final speed %3

These data are used to assess the course change capability, together with the test parametersinitial speed,
initial heading, true wind velocity and direction, direction of turn, and plot of the ship’s track (origin O).

The results of the starboard course change test runs shall be presented graphically, e.g. as per Figure 7,
those of the port course change runs in an equivalent way.
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Ay, Xop, A

Xov, Yor
tg

Key

AYF in °
XoF inm
Xoy inm
Yor inm
tg ins
AYg in®

Figure 7 — Results for starboard course change test runs

10.4 Designation of a course change test

Designatioh of a course change test\according to ISO 13643, Part 2 (2) Test 5 (5), carried out with an
initial spedd Vp = 18 kn (18) and.a test manoeuvring device angle dr; = 15° (15):

Course fhange test ISO 13643 - 2.5 x 18/15

11 Test 2.6 — Parallel track test

11.1 General

In additionltothe general test conditions outlined in 1ISO 13643-1 and Clause 5 _the following canditions
shall be complied with:

— The ship approaches at a constant speed, /p. During the test, the setting of the propulsion plant
remains unaltered.

— During the approach to the test, the ship is going straight ahead at a steady speed without significant
application of a manoeuvring device for at least two minutes. For ships unstable in yaw, realistic
minimum manoeuvring device settings should be used during the approach. It is important that
during the approach, the ship has as little yaw velocity as possible.

— Itshould be attempted to conduct individual runs from the same initial heading, preferably into wind.
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