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

Part 2:
Turning and yaw checking

1
Thi

Scope

5 document defines symbols and terms and provides guidelines for the conduet of tests to give

evidlences about the turning ability and the yaw containment of surface ships, submarines, and models.

Itis

The
con
und

ISO
qua|

ISO
ISO

For

ISO

3.1
tur

de
ma

intended that it be read in conjunction with ISO 13643-1.

Normative references

following documents are referred to in the text in such a way\that some or all of th

ated references, the latest edition of the referenced documefit (including any amendmen

htities and test conditions
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.

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp

hing circle test

ices during the period of transient motion and the ensuing steady turn depending on in
oeuvring device angle or equivalent, and direction of turn

3.2

pir content

stitutes requirements of this document. For dated references;yonly the edition cited gpplies. For

[s) applies.

13643-1:2017, Ships and marine technology — Manoeuvring of ships — Part 1: Generdl concepts,

and [EC maintain terminolegical databases for use in standardization at the following addresses:

fitial speed,

mzi’Ioeuvring test to determine the ship’s turning characteristics due to application of manoeuvring

accelerating turn test
manoeuvring test to determine the ship’s behaviour when accelerating from stand-still and
simultaneously applying the manoeuvring devices hard over

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 document.

© IS0 2017 - All rights reserved
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34
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)

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 tr

manoeuvrlng test to determine the behaviour of the ship steering to a parallel track by applying

manoeuvr

3.7

person ov
manoeuvr
of its initia

3.8

manoeuvrlril?g device

rudder, azi
a vessel

3.9
hard over
application

4 Test-]

Test-relate
concerning

For quantif

ack test

ng devices and subsequently applying the manoeuvring devices in the opposite’sense

erboard test
ng test to determine the change of heading at which the ship is steered back to the reciprpcal
track by applying manoeuvring devices hard over

uthing thruster, hydroplane, cycloidal propeller, or equivalent system used to manoeyvre

of the manoeuvring devices to their maximum designed effect

related physical quantities

1 physical quantities are listed“\in”Table 1. The more general quantities and concg¢pts
the manoeuvring of ships are setout in ISO 13643-1.

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

Table'1 — Test-related physical quantities

Concept
Symbol | €C-code | SI-unit P Lo .
Term Definition or explanation
. . Diameter of ship’s track relative to the water onlce
D¢ DC 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
greatest diameter relative to the water
p OMX rad s-1a |Roll velocity (See ISO 13643-1)
q OMY | rads-a ﬁ_r;i‘i‘;ar velocity about 50 150 13643-1)
r OMZ | rads1a |Angularvelocityabout ¢ o5 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
2 © IS0 2017 - All rights reserved
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Table 1 (continued)
. Concept
Symbol | CC-code | SI-unit o .
Term Definition or explanation
g TIE s Execute time From ¢t = 0- to 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:
. TIE - Time to complete test from t = 0 to again reaching the initial heading 1o
(run) For person overboard test:
from t = 0 to reaching reciprocal heading
(Ay = 180°) after applying the nianoeuyring
devices in the opposite direction
Time to reach maximum
(s TIS S change of heading o)
ta TIA S Initial turning time Until yg1 is reached
From initiatingapplication of manoeuvying
| . . devices in the opposite direction until haximum
cl Tict S First time to check yaw change of heading is reached (indices 13, etc. for
overshodtto S)
Fronrihitiating application of manoeuvying
| . dewices in the opposite direction until ppaximum
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 cyfle
OR TIOR S Time to return tq 0% Time taken to return to the initial head]ng
10 TI10 S Time to turn 10° To turn through Ay = 10°
15 TI15 S Time to turn 5° To turn through Ay = 15°
thso TI180 S Time tourn 180° To turn through Ay = 180°
th70 TI270 S Time te’turn 270° To turn through Ay = 270°
30 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°
the0 TI360 S Time to turn 360° To turn through Ay = 360°
60 TI60 $ Time to turn 60° To turn through Ay = 60°
tkor TI60R S Time to return to 60° To turn back to reach again Ay = 60°
90 TI9O0 S Time to turn 90° To turn through Ay = 90°
u VX ms-1b |Longitudinal velocity (See ISO 13643-1)
N VXA ms-1b Longitudinal velocity at (See 1SO 13643-1)
antenna
5 HHeansteadytongitudinal
Ud VXD ms velocity o
v v ms-1b Ship’s speed through the (See 1SO 13643-1)
water
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.
43 VF ms-1b |Final speed Speed at end of test (run)
Speed ahead at which no more turning effect by
-1b
¢ VL ms Threshold speed the bow thrusters can be observed
o Vo ms-1b |Initial speed (See IS0 13643-1)

© IS0 2017 - All rights reserved
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Table 1 (continued)

. Concept
Symbol | CC-code | SI-unit o .
Term Definition or explanation
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 = °
Voo V90 ms heading VatAyp =90
1% VY ms-1b  |Lateral velocity (See ISO 13643-1)
VA VYA ms-1b | Lateral velocity at antenna|(See ISO 13643-1)
Ve VYC m s-1b Lateral velocity in steady .
turn
vy VYD ms-1b Mean_steady lateral (drift) C
velocity
w VZ ms-1b | Normal velocity (See ISO 13643-1)
wa VZA ms-1b  |Normal velocity at antenna | (See ISO 13643-1)
XA XA m Longitudinal position of In ship-fixed\axis system
antenna
Coordinate of the point on the centreline plane at
whicli¢he speed is tangential to that plane
Xy XX m Llongl-tudlne_ll position of
pivoting point v
6 sing — wcospcosh
Longitudinal positien v
Xxc XXC m of pivoting pointduring |- ————
steady turn ¥ -cos@.cosb
Coordinate in the direction of the initial heading
of the earth-fixed axis system moving with the
X0 X0 m — water, the origin of which coincides with that of
the ship-fixed axis systematt=0
(See also ISO 13643-1)
XOF XOF m éi;a;nce atend of test Xxo-component of ship’s track at tp
XOMAX XOMAX m Maximum advance Largest xo-component of ship’s track
Xov XoV m Virtual advance X at intersection of initial track and tangent to the
track at tg
X090 X090 T Advance X0-COMPUITENTt Of Stip'strackatAgp—"90
p% X0T ms-1b |Rateof changeofglobal 1, xo-direction
0 coordinates
YA YA m Lateral position of antenna | In ship-fixed axis system
Yo m Transverse axis Coordinate in the water surface perpendicular to
Yo xo, analogous definition (see also ISO 13643-1)
YOF YOF m '(I;rljlrrll)sfer atend of test yo-component of ship’s track at tg
4 © IS0 2017 - All rights reserved
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Table 1 (continued)
. Concept
Symbol | CC-code | SI-unit o .
Term Definition or explanation
For turning circle, accelerating turn and person
overboard test:
yomMax | YOMAX m Maximum transfer largest yo-component of ship’s track
For zig-zag test:
during first half cycle to S
I vOADP - Maximum opposite Largest yo-component of the ship’s track opposite
Y transfer to the direction of turn |
Y180 Y0180 m Tactical diameter yo-component of ship’s track at A= 180°
Jpoo Y090 m Transfer yo-component of ship’s track at Ay= 90
- Rate of change of global . .
-1b -
Vo YOT ms coordinates In yp-direction
A ZA m Normal position of In ship-fixed axis system
antenna
« ALPHA rade Maximum slope angle of L
heading curve
B BETC rade ]t)urr‘flt angle during steady .. 150 {3643-1 for definition of drift ahgle B
Mt DTIS S Overshoot time ts = t4o
\1) DPSIH radc Change of heading 1> o
Specified absolute amount of change of heading
NyYg DPSIHE radec Execute change of heading |for applying the manoeuvring devices ipto the
opposite direction
Change of heading'at end B
AYr DPSIHF radc¢ of test Yr- Yo
Angle by which the change of heading of 60° is
Aps DPSIHS radec Overshootangle exceeded before the vessels start turning in the
opposite direction
For turning circle and accelerating turn|test:
relative to &p; if necessary, an equivalenjt test
manoeuvring device setting shall be given, e.g. for
submarines with X-planes:
Y4 (6ai2 + Bai3 — 6ai1 — 6ai4)
Test manoeuvring device For zig-zag and course change test:
DRi ANRU{ radc anole g absolute value relative to 6p; if necessaify, an
§ equivalent test manoeuvring device setfing shall
be given, e.g. for submarines with X-plapes:
| % (Saiz + Sai3 - Sai1 - Saia)|
For parallel track test:
for which maximum manoeuvring device
efficiency can be expected
8o ANRUO rade ge“.tral Mmanoeuvring (See ISO 13643-1)
evice angle
Oc TRIMSC radc EILI: angle during steady See ISO 13643-1 for definition of trim angle
Heel anele during stead If the wind influence is significant, a heel angle
¢c | HELANC | rade | -* & § Y |which would be valid in still conditions shall be
derived by averaging.
¢max | HELANM radec Maximum heel angle During initial phase
Y PSIH radc |Heading (See ISO 13643-1)

© IS0 2017 - All rights reserved
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Table 1 (continued)

. Concept
Symbol | CC-code | SI-unit o .
Term Definition or explanation
Yo + Ay

YE1 PSTHE1 radc  |Heading for first execute |Heading when the manoeuvring devices are
applied in the opposite direction (turn to P)

Yo - AyYg
PSIHE? de Heading for second ) ) )

VE2 ra execute Heading when the manoeuvring devices are
analiad ool 10 + 1 rigiaal Jd3.. tion rata O
apphed-backinthe-original directon{turnteS

YF PSIHF rad¢ Final heading Heading at end of test (run)

Heading at which the turn
¥s PSIS rad® |pecomes steady o
During the turn, angle between the heading at
which the manoeuvring devicesate applied in
the opposite direction and the heading at which

Ys1 PSIS1 radc First overshoot angle the vessel ceases to turn jmthe current directioh.
Index 1 identifies the first-evershoot angle to S,
and subsequent oversheots to S are identified bly
indices 3, 5, and so on.

Angle betweenrthe heading at which the
manoeuvring/devices are applied back in the
original ditection and the heading at which the

Ys2 PSIS2 rad¢ Second overshoot angle |vessel ceases to turn in the current direction.
Index@2;identifies the first overshoot angle to P,
and subsequent overshoots to P are identified by
indices 4, 6, and so on.

Heading of a vessel at the commencement of a

Yo PSIHO radc Initial heading test run (sometimes also known as the approach
heading)

Rate of change of heading during steady turn.
. Rate of turn duying If the wind influence is significant, a rate which
-1 )

Ve YARTC | rads—ia steady tugn would be valid in still conditions shall be derived
by averaging.

Shortly after first, second, etc. application of th¢
manoeuvring devices in the opposite direction

‘ { i e ith m, for the scale of the t-axis i

Yyax | [FARTM rad s~12/| Maximum rate of turn m_ tana, with m; for the scale of the t-axis in /s
74
and my, for the scale of the y-axis in m/radb
a For rate pf tdxn, the unit °/s (degree per second) may be used.
b The unitlksreommeon-in-thenavigationmay-be-used
¢ For angles, the unit ° (degree) may be used.

5 General test conditions

— The general test conditions in ISO 13643-1:2013, Clause 8 shall be observed.

— When operating submerged, submarines shall be trimmed according to the results of the neutral
level flight test (see ISO 13643-5:2013, Clause 8). During the test, the dived depth shall be kept as
constant as possible. The dived depth and the plane angles are to be recorded continuously. If the
submarine is equipped with planes acting into the horizontal as well as into the vertical direction at
the same time (e.g. X-planes), these planes should be controlled in such a way that the dived depth is

maintained with priority.

© ISO 2017 - All rights reserved
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During the test, including the approach phase, each successive position of the ship is to be recorded —
e.g. using an onboard navigation system during surface operations — at suitable time intervals
(usually every second).

The reference point on the ship relative to which its track is measured should be defined in advance
(e.g. location of the antenna). This point is not necessarily identical with the origin of the ship-fixed
axis system for which the ship’s track shall be given (see ISO 13643-1). If the location of the antenna
has the coordinates xa, ya, and zp in the ship-fixed axis system and the velocity components
measured at this location are uyp, va, and wy, the velocity components at origin of the ship-fixed axis
system are given by:

6

6.1

U = UA+ VAT~ ZAq ()
V = VA + XA+ ZAD (2)
W = WA + XAQ — VAP (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.

Test 2.1 — Turning circle test

General

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

sha

1 be complied with.

The ship shall be at a steady speed Vy before commencing the test. During the test, the [propulsion
plant settings shall remain:uhaltered.

During the approach,(the ship is going straight ahead at a steady speed without |significant
application of a manoeéuvring device for at least 2 min. For ships unstable in yaw, realistif minimum
manoeuvring dewicé angles should be used during the approach. It is important that|during the
approach, the ship has as little yaw velocity as possible. To start the test, the manoeuvrjng devices
are appliedas'required by the specific test as fast as possible in the required direction |of the turn
and are m3aintained at that setting during the rest of the test (beginning of the applicatipn at t = 0).
Following/a transient phase, the turn will become steady, i.e. the rate of turn, ship’s speefl, heel, and
driftiabgle will then all be constant. The steady turn may be disturbed by external influgnces.

©IS

Applying the manoeuvring devices equally to port (P) or starboard (S) may result in differing

responses of the vessels (e.g. dissimilar turning diameters). Consequently, the direction of turn for
which the data were measured shall be recorded. The conduct of port and starboard turning circles
using the same settings of the manoeuvring devices should be attempted consecutively from the
same initial heading, preferably into wind.

The test is completed after a change of heading of at least 360° (see Figure 1).

0 2017 - All rights reserved 7
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If the submarine’s track cannot be determined by means of an inertia platform onboard, the measured
speeds V or u have to be used. Generally, it is sufficient to assume u = V and to calculate the rate of

change of the global coordinates )'(0 and yo by the formulae:

X0
Yo

/2 UCOSY
/A usiny

Time integration gives the coordinates xg and yg as functions of time.

Average st

2m

where s i
measured

reasonablg method to reduce the effect of external influenceswAlso, the measured speed, V, shal
corrected accordingly, where

V=

(4)

:ady drift velocities ugand vgq in glnha] xg=2and yc-dirn{‘finnc canbe determined hy-
o +2m
J X, dy =uy
Vs
o +2m
J. Yo dy=vy
Vs
b the heading at which the turn is expected to become steddy. Subtracting uq and vq from

ko) + (50w’

6)

(6)

the

velocities )%0 and yo and integrating to get the tragk ‘coordinates xg and yp might e a

| be

(7)

© ISO 2017 - All rights reserved
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Xo A

JYo9o | 2 3

&
o =]
3
<
Y
Yoopp
Key
manoeuvring devices applied at t ='0
ship’s track (origin O)
track of Pgx
Figure 1 — Turning circle test
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 Xd9o
— time to turn 90° togo — maximum advance XOMAX
— time to turn 180° tigo0 — maximum transfer YOMAX
— time to turn 270° tz70 — maximum opposite transfer Y0OPP
— time to turn 360° t3go — transfer Y090
— speed during steady turn Ve — tactical diameter Y0180
— speed at 90° change of heading V9o — driftangle during steady turn Be

© IS0 2017 - All rights reserved 9
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speed at 180° change of heading V1go — heel angle during steady turn ¢
speed at 270° change of heading V270 — maximum heel angle PMAX
speed at 360° change of heading V360 — rate of turn during steady turn l/}c
longitudinal position of pivoting point  xx¢

during steady turn

These data are used together with the test parameters Vj, or;, initial heading, true wind velocity and

direction, ¢lirection of turn, plot of the ship’s track (origin 0), track of the extreme point Pgx, and
bow to assgss the turning characteristics of the vessel and its swept path.

The variallle s19 is used for assessing the initial turning capability. Alternatively, s10 may b€ deri
from a zig-pag test (see Clause 9).

6.3 Designation of a turning circle test

Designatiop of a turning circle test according to ISO 13643-2 (2), Test 1 (1), carried out with an in
speed Vp =|18 kn (18), a test manoeuvring device angle 6g; = 35° (35), and with the direction of tur

starboard

S):

Turning circle test ISO 13643 - 2.1 x 18/35/S

7 Test 4

7.1 Gen

In addition)
shall be co

The sh
propul

appliedl hard over in the specifiedidirection as fast as possible. The manoeuvring devices are |

in this
comm

After 4
extern|

The sh
to rec
starbo
intow

10

The tes

.2 — Accelerating turn test

bral

to the general test conditions outlined inyISO 13643-1 and Clause 5, the following condit
mplied with.

ip starts from zero speed with the propulsion plant set at half ahead. From then on,
sion plant settings shall remain unaltered. Simultaneously, the manoeuvring devices

position until the test-is-completed. Acceleration and manoeuvring devices actuatio
ence at t = 0.

h] influences.

lip’s tracks for'turns to port and starboard may not be symmetrical. Therefore, it is impor

rd the“direction of turn for which the data were obtained. The conduct of port (P)
ard (S)-turns should be attempted consecutively from the same initial heading, prefer
nd.

transient period,\the vessel achieves a steady turn. The steady turn may be disturbeg

the

ved

tial
h to

ons

the
are
fept
1 to

| by

ant
and
hbly

tis completed when the ship has performed a turn of at least 180° (see Figure 2).
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XoMAX
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Key

1 ]acceleration and manoeuvring devices application commenceat ¢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 obtained from/the test:

— ladvance X090
— |maximum advance XOMAX

— |maximum opposite transfer Y0OPP

— |transfer Y090
— [tactical:diameter Yo180
— |maximum transfer YOMAX

time to turn 90°
time to turn 180°
speed at 90° change of heading

speed at 180° change of heading

£90
£180
V90

/180

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.

7.3 Designation of an accelerating turn test

Designation of an accelerating turn test according to ISO 13643-2 (2) Test 2 (2), carried out with the

direction of turn to starboard (S):

Accelerating turn test ISO 13643 - 2.2 x S

© IS0 2017 - All rights reserved
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8 Test 2.3 — Thruster turning test

8.1 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 can be performed with all possible combinations of bow and stern thrusters and at different

power stages, respectively, if provided. If, however, several bow and possibly stern thrusters are
installed, it is recommended to agree upon a rational selection of thruster combinations for the

pa |

(" el 4 1 111 H 4 | e 4 - 4 4 H 4 41 4 e Lara
teStS. LULISTUTT AUIUVIT STTUUIU DT gIVTIT LU CUTTUUL LTS TUT TS TTS TS USIITg SLTTIT LT USTTI S T TITLT

Each t
initial

Tests 4
able to

Manoe

The th
speed

8.2 Test

The vessel
are to be t3
60° has be
overshoot

U

bst run shall commence from the same initial heading, preferably into wind, andcafter
kpeed has been kept constant, or the ship has been stationary for at least 2 min,

t zero speed shall only be attempted when wind conditions are such that thesthrusters
achieve a reasonable turning effect in either direction.

uvring devices are kept in the neutral position, §g, 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, the thruster angle areto be continuously recor

at zero speed (Z)

is turned by means of a defined thruster power offthe 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 are reversed at the same power. The overshoot angle, Ay, and|
ime, Atg, are to be recorded.

the

are

ller
led.

mes
g of
the

The ship is[turned back through the initial heading~Times are measured at Ay = 60°, 30°, and 0°.
The thruster(s) are stopped after reaching the initial heading. The test results should be presented as
shown in Higure 3.
After this, the ship is prepared again and\the same procedure is carried out to port (P).
If there is @ significant difference inythe t¢g for tests to P or S, further test runs shall be performef to
both sides.
8.3 Pregentation of theresults of a thruster turning test at zero speed
The result§ of a zero-speed turning test can be presented as shown in Figure 3.
Ay A N
<
60° Y
Ats
30°
15°
tis 30 teo ts  Teor  f3or  lor t

12

Figure 3 — Test at zero speed
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8.4

ISO 13643-2

Thruster turning test at speed ahead (A)

:2017(E)

The ship approaches at a constant speed, Vg (e.g. 2 kn). During the test, the setting of the propulsion plant
remains unaltered. After the ship has been going straight ahead for at least 2 min without significant
application of the manoeuvring devices, the test proper is started. For ships which are unstable in yaw,

real

istic minimum manoeuvring device angles shall be used during the approach.

By means of thrusters, the ship is turned out of the wind by 30° to starboard. The times for heading
changes of 15° and 30° are to be recorded. If there is a need for tests to both sides (see 8.2), the ship is
repositioned into wind and the same procedure is carried out to port.

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

test

The

Thd

If agimuthing thrusters are fitted, it is recommended that the test be cémmenced with the
the thrusters trained athwartships. When the initial speed is inereased in steps and fliminished
5 of 10° or

and

turning effects are observed, the thruster(s) ought to be turned:successively aft in step

15°
obs

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 Figufe 4.

If at higher initial speeds and at 45° aft direction of the thruster(s) no more significan{
brved, the series of tests is closed.

h azimuthing thrusters, turning tests are necessary forene direction of turn only.

Ap/t |

Al/) = 300, t= t30

—

Figure 4 — Mean turning rate vs. ship speed

s (pairs of

ship’s speed at which no more significant turning effect can be observed shall’be recorded as
thre¢shold speed, V1.

bhip at rest

turning is

8.5

Test at speed astern (optional) (O)

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.

©IS

02017 - All rights reserved
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8.6 Analysis and presentation of results of a thruster turning test
The following data are obtained from the test:
time to turn 15° t1s — overshoot time Atg
time to turn 30° t30 — overshoot angle A
time to turn 60° t6o — threshold speed VL
time to return to 60° t60R
time td return to 30° t30R
time td return to 0° tor

These data
and directi
in form of ]

8.7 Desi

Designatio

(Z) and ah{

Thrus
Designatio

Thrus

9 Test?

9.1 Gen

In addition)

shall be co

are used together with the test parameters initial speed, initial heading,true wind velo
on, direction of turn, and the thruster power to assess the turning capability of the ship,

Figures 3 and 4.

gnation of a thruster turning test

h of a thruster turning test according to ISO 13643-2 (2);Test 3 (3), carried out at zero sp
bad speed (A), but not the optional test for astern speed\(0):

Ler turning test 1SO 13643 -2.3 xZ + A
h of a thruster turning test according to ISO 13643-2 (2), Test 3 (3), carried out at astern sp

fer turning test ISO 13643 -2.3 x 0

.4 — Zig-zag test

bral

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

ip approaches at-a constant speed, Vy. During the test, the setting of the propulsion p
ins unaltereds

Ccity
e.g.

eed

bed:

ons

ant

ant

the

Ices

are applied to S to the specified test manoeuvring device angle, 6g;, as fast as possible (t = 0). This
angle is kept until the ship’s heading, ), has changed from the initial heading, 19, by the execute
heading angle, Ay, to the heading, g1. At this moment, the manoeuvring devices are applied to
the same angle, 6g;, 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
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, g2, the manoeuvring devices
are reversed to Orj degrees to S. This sequence is repeated for at least one more half cycle.

— Thete

NOTE

14

stis completed after at least one and a half cycles have been executed.

For submarines in submerged operation, measurement of ship’s track is not required.
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9.2

manoeuvring devices angle

JYoMax

transverse deviation\(of ship’s track)

Figure 5 — Time histories of the zig-zag test

Analysis and presentation of results of a zig-zag test

The following data are obtained from the test:

— initial turning time
— times to check yaw
— reach time

— time of complete cycle

© IS0 2017 - All rights reserved
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— maximum transfer

YOoMAX
— maximum rate of turn v
MAX
— overshoot angles Ys1, Ps2,---

These data are used to assess the turning and yaw checking capabilities together with the parameters
Vo, 6Rri, AYE, initial heading, true wind velocity and direction, and a plot of the ship’s track.

The variable s1¢ is used for assessing the initial turning capability. Alternatively, s190 may be derived

from a turn]ng circle test (cnn Clause R)

9.3 Designation of a zig-zag test

Designatio
Vo =16 kn
AYg = 10°

Zig-za

10 Test 4

10.1 Gen

In addition)
shall be co

— Test ryins to P and S using the same setting to_the manoeuvring devices should be attemy

consed

The sh

remains unaltered.

10.2 Des¢

After the a
of, e.g. ORj
are applied
setting unf

determine

The ship is
for at least
are applied

of a zig-zag test according to ISO 13643-2 (2), Test 4 (4), carried out with an-ifitial sp
(16), a test manoeuvring device angle 6r; = 20° (20), and with an execute chiarge of heag
10):

b test 1SO 13643 - 2.4 x 16/20/10
.5 — Course change test
eral

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

utively from the same initial heading, preferably into wind.

ip approaches at a constant speed, /. During the test, the setting of the propulsion p

‘ription

pproach in accordance with 10.1, the manoeuvring devices are applied to the specified a1
= 15°, to starboard (£.=)0). After a change of heading of AYg = 10°, the manoeuvring dev
to 15°in the opposite direction as fast as possible. The manoeuvring devices are kept at

1 (see Figurel6)."This ends the test run.

put on initial heading again. After the ship has been going straight ahead at constant sp
2 minwithout significant application of the manoeuvring devices, the manoeuvring dev|
to an'angle of 6g; = 15° to port and the test starts in the opposite direction.

eed
ling

ons

ted

ant

ngle
ices
this

il the turningraté is down to w = 0°/s. At this moment, tg, XoF, Yor, AYf, and Vg are t¢ be

eed
ices

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

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 2 min, without significant application of the manoeuvring devices, before the next run

is started.

16
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Figure 6 — Ship’s track

3 Analysis and presentation of results of a course change test
following data are obtained from thetest:

advance at end of test run XOF

transfer at end of test run YOF

execute time tg

time to completetest run tr

change of heading at end of test run AYp

virtuakadvance XoV

final'speed VE

These data are used to assess the course change capability, together with the test parameters initial
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.

© IS0 2017 - All rights reserved
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AlpF, Xop 4
Xov, Yor A
tg P

Key

Apg in°®
XorF Iinm
Xxov inm
YorF inm
tg ins
AYg in°

Figure 7 — Results for starbeard course change test runs

10.4 Designation of a course change téest

Designatiop of a course change test according to ISO 13643-2 (2), Test 5 (5), carried out with an injtial
speed V) =|18 kn (18) and a test manbeuvring device angle 6r; = 15° (15):

Course change test 1ISO.13643 - 2.5 x 18/15

11 Test 2.6 — Parallel track test

11.1 General

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

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

— Duringthe approach to the test, the ship is going straight ahead at a steady speed without significant
application of a manoeuvring device for at least 2 min. 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.

18 © IS0 2017 - All rights reserved
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11.2 Description

After the approach in accordance with 11.1, manoeuvring devices are applied to the specified angle to
starboard (at ¢t = 0). After a change of heading of Ayg = 30° (at the time ¢tg), the manoeuvring devices
are applied as fast as possible to port to the same angle and held until the ship returns to the initial
heading. At this moment, xoF, yor, and Vr are determined (see Figure 8) and recorded. This completes
the test run.

This sequence is repeated with execute changes of heading of Ay = 15° and Ay = 45°.

The whole test consists of three runs. Between the runs, the ship is returned to the initial heading
and] proceeds straight ahead at constant speed for at Teast 2 min without significant application of
manoeuvring devices before the manoeuvring devices are applied again.

Xo A

Xop [——————— tp

|
|
|
|
|
|
|
|
|
|
}
|
|
|
|
|
|
|
|
|
|
|
|
|

Yor Yo
Figure 8 — Ship’s track (schematic)

11.3 -Analysis and presentation of results of a parallel track test

The following data are obtained from each test run:

— advance at end of test run XOF
— transfer at end of test run YOF
— time to complete test run tp
— final speed 43
— execute time tg

© IS0 2017 - All rights reserved 19
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These data are used for assessing the ability to steer to a parallel track, together with the test run
parameters initial speed, initial heading, execute change of heading, true wind velocity and direction,
and plot of the ship’s track.

The results shall be presented graphically, e.g. as per Figure 8.
Figure 9 can be used to read the necessary execute change of heading, Ayg, for a demanded transfer, yor.
Y A
2000
1800 /
1600 -2
/ //’/
1400 ——
/ _-
1200 <=

P
1000 e a
800 - —
e e
600 /ﬁ// B e
400 —
A/._ -
200 —
0 | | | | | | | | | >

op 5° 10° 15° 20° 25° 30° 35° 40° 45° 50° Ay,
Key

—IO— X0F, in M

—_—fl—-e— VoF, in m

JRR P 5-tgins
-l — 5-tp ins
Y = xOF yOF, 5-tE;5tF

Figure 9 — Results

11.4 Designation of@-parallel track test

Designatior of a parallel track test to starboard (S) according to ISO 13643-2 (2), Test 6 (6), carried|out

with an inifial speed V/p = 18 kn (18) and a manoeuvring device angle of 6g; = 30° (30):

Paralleltrack test ISO 13643 - 2.6 x 18/30/S

12 Test 2.7 — Person over board test

12.1 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 approaches at a constant speed, V/p. During the test, the setting of the propulsion plant
remains unaltered.
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