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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
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INTERNATIONAL STANDARD

1ISO 16329:2003(E)

Ships and marine technology — Heading control systems for

hig

h-speed craft

1

This [International Standard specifies the structure, performance, inspection and testing|of he
systems to be installed on board craft operating under the following conditions:

a)

b)

c) mormal range of operation between 70°N and 70°S should, as required by chapter 13 of th

q

This
head
in co

This
provi
justifi

The heading control systems should, within-g-Speed range of up to 30 knots, comply with resoluti

and \

NOTE

perfofmance standards for automati¢ steering aids for high-speed craft, A.694(17) and A.342(1X)] are printed

NOTE

NOTE

2 1

The

cope

peed exceeding 30 kn and up to 70 kn;

aximum rate of turn 20°/s;

omply with the minimum performance requirements specified jnthese standards.

International Standard applies to the heading control systems which enable a craft fo k
ng with minimum operation of the craft's steering gear,‘within limits related to the craft's ma
hjunction with their sources of heading information.
nternational Standard assumes the use of a conventional arrangement. Where other arrar

Hed, the requirements of this standard should”apply insofar as they are applicable, ang
cation provided where deviation from the requirements is necessary.

yithin a speed range of 30 knots to 70-knots should comply with the requirements of this resg

1 All requirements that are extracted from the recommendations of IMO Resolutions [Resolutior]

2 The heading controlsystem was previously called “automatic steering aids (automatic pilot)”.

3 Resolution A.842(IX) represents Resolution A.342(1X) as amended by MSC.64(67), Annex 3.

Normative references

following referenced documents are indispensable for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th

hding control

p HSC Code,

bep a preset
noeuvrability

gements are
appropriate

bn A.342(1X),
lution.

A.822(19) on
in italics.

t. For dated
b referenced

document (including any amendments) applies.

ISO 694, Ships and marine technology — Positioning of magnetic compasses in ships

ISO 16328, Ships and marine technology — Gyro-compasses for high-speed craft

IEC 60945, Maritime navigation and radiocommunication equipment and systems — General requirements —
Methods of testing and required test results

IEC 61162 (all parts), Maritime navigation and radiocommunication equipment and systems — Digital
interfaces
© 1SO 2003 — Al rights reserved 1
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IMO Resolution A.694(17), General requirements for shipborne radio equipment forming part of the global
maritime distress and safety system (GMDSS) and for electronic navigational aids

IMO Resolution A.822(19), Performance standards for automatic steering aids (automatic pilots) for high-
speed craft

IMO Resolution MSC.64(67), Annex 3:1997, Amendment to resolution A.342(IX), Performance standards for
heading control systems

3 Terms and definitions

For the purplses of this document, the following terms and definitions apply.

31

heading
horizontal difection in which a craft actually points or heads at any instant, expressed in“degrees from a
reference dirpction, usually from 000° at the reference direction clockwise through 360°, where 360° becpmes
identical with{ 000°

3.2
preset headjng
horizontal difection in which a craft is steered or intended to be steered.expressed as the angular dirg¢ction
with respect|to north (true/magnetic), from 000° clockwise through 360°,where 360° becomes identical] with
000°

3.3
manual stedring
method of cgntrolling the steering gear manually

EXAMPLE Using a steering wheel.

3.4
automatic steering
method of cgntrolling the steering gear automatically to enable a craft to keep, or change to, a preset hepding
by processi:rng the heading information“obtained from a heading source, such as a gyro-compags or
transmitting magnetic compass, etc.

3.5
change-ovef device
device for chpnging-over from/automatic to manual steering and vice versa

3.6
automatic-steering-device
device which| controls automatic steering

3.7
proportional rudder adjustment

adjustment of a component of the total rudder command in proportion to an instantaneous value of the
difference between the preset heading and actual heading

3.8

derivative rudder adjustment

counter rudder adjustment

adjustment of a component of the total rudder command which acts to control the rate of turn of the craft

2 © ISO 2003 — Al rights reserved
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3.9

integral rudder adjustment

adjustment of a component of the total rudder command which is in proportion to the integral value of the
heading deviation

3.10
weather adjustment
adjustment which minimizes unnecessary steering motion against yawing caused by waves, swells and wind

3.1
adjustment control
devi teh

adjug

tional rudder

tment, derivative rudder adjustment, integral rudder adjustment and weather adjustment

3.12
operational device
switch, key, knob, etc. which is used for operating a heading control system

3.13
heading-signal processor
unit which processes the heading signal generated by a gyro-compass, magnetic compass, etc., pnd adapts it
beforg its use by the heading control system

3.14
override function
intenfional fast change-over from automatic to temporary manual control

3.15
connling position
placg on the bridge with a commanding view providing the necessary information and equipment for the
conning officer to carry out his functions

3.16

turnsate control
methpd of controlling the rudder of a,vessel to perform turns with a preset rate of turn

3.17
turnipg radius control
methpd of controlling the rate’of turn of a vessel to perform turns with a preset turning radius

4 Performance

4.1 | General

411 The heading control system shall be capable of adapting manually or aufomatically to different
steering characteristics of the craft under various speed, weather and loading conditions, and provide reliable
operation under prevailing environment and normal operational conditions.

4.1.2 The heading control system shall be connected to the gyro-compass if a gyro-compass is provided.
Otherwise it shall be electronically connected to the magnetic compass.

4.1.3 A qualitative description of the effects of the heading control system errors due to high speed,
accelerations, heading changes, sea state, etc., and a qualitative description of corresponding errors in other
navigation system, shall be provided to the user. This information shall be provided by the manufacturer.

4.1.4 Heading control systems shall conform to the environmental requirements of IEC 60945 for equipment
categories protected from the weather.

© 1SO 2003 — Al rights reserved 3
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4.2 Constituents

A heading control system shall be composed, as a minimum, of the following components (see Figure 1):

signal processor (including an indicator of the heading);

operational control for preset heading;
operational controls for adjustments;

automatic steering devices;

a) heading-

b)

c)

d)

e) change-
heading

f) alarm si

g) indicatof

4.3 Functional requirements

4.3.1 Intro

The following

4.3.2 Chan

4.3.21
of the rudder

4.3.2.2
any failure in

4.3.2.3
pilot) shall ta

4.3.2.4
possible with

4.3.2.5
at which the

4.3.2.6
particular mag

control system;
pnalling facilities compliant with the requirements of this International Standard;

s for steering mode and heading source in use.

Huction

requirements shall be fulfilled.

ge-over from automatic to manual steering and vice versa

Change-over from automatic to manual steering and vice-versa shall be possible at any po
and shall be activated by one manual control\within 3 seconds.

Change-over from automatic to manual.steering shall be possible under any conditions, incl
the heading control system.

When changing-over from manual to automatic steering, the heading control system (auto
ke over the actual heading as.the preset heading.

Change-over from manual steering with override function to automatic steering shall n
out an intended actioh,of the craft’s personnel.

Change-over dévices shall be located close to each other in the immediate vicinity of the po
bquipment is normally operated.

Adequatesindication shall be provided to show which method of steering is in operation
ment\This indicator shall be fitted near the change-over devices.

bver device (with steering-mode indicator) which is not required to be an integrated part (Lf the

Sition

Liding

matic

bt be

sition

at a

4.3.2.7

1) H o loadl - Lol | ok H ) P A
G o tanatiorr Stiait mieradc riiariddl SICCTIrTy WillT arr OVeTTIac tariGtiorr.
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Manual Backu
Preset heading Speed sensor steering device devicep
control (optional) with override function

I I ]
!

Hegdlng- Autom_atic Change- Rudder Power Steering

Sensor signal steering [— over servo- 1 unit engine —— Rudder
processor device device® control device
Adjustment
Alarm® controls
The heading control system specified in this International Standard 2@
CRAFT
@  The portion enclosed by the thick line shows the constituent devices of a heading control system which are specified

in thig
b T
A

C

4.3.3

4.3.3
to idg
oper:

4.3.3
opera
chan
contr|
chan

4.3.3
contn

equid

4.3.3

International Standard.
he change-over device is not required to be an integrated part of the heading control systems.
arm indicating devices may be external units.

Figure 1 — Typical block diagram for heading control systems

Operational controls including adjustment controls

1 All operational controls shall permit normal adjustments to be easily performed and
entify from the position at which the<equipment is normally operated. Controls not require
tion shall not be readily accessible,

2 The heading control.system shall be provided with automatic and manually operate
tional use to adjust thessystem to the craft’s steering performance to take account of f

bls for operational gse’to adjust the system to the craft's steering performance to tak
ping speed and loading conditions.

3 Adequtiate illumination shall be provided in the equipment or in the craft to enable id
bls and facilitate reading of indicators at all times. Means shall be provided for dimming the
ment lightSource which is capable of interfering with navigation.

4 The heading control system shall be designed in such a way as to ensure alterin]

shall be easy
d for normal

i controls for
he effects of

jing weather. The heading control systems may be provided with automatic or manuglly operated

b account of

pntification of
butput of any

g the preset

head

ng- to-starboard hl/ hlrnlng the hagnhng onfhng control-clockwise-or 'hlflnrv itto-the r'lghf hand

side. Turning

the control countercIOCKW|se or tilting it to the left shall effect a similar alteratlon to port. Normal alterations of
heading shall be possible by one adjustment only of the preset heading control. Requirements shall be made
by means of the design and the construction of the preset heading control to preclude unintended alteration of
heading.

4.3.3.

5

direction of preset heading adjustment shall determine the craft’'s turning direction.

4.3.3.

6

station and unconditional return of control shall be incorporated in the master station.

© IS0
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4.3.3.7 Except for the preset heading setting control, the actuation of any other control shall not
significantly affect the heading of the craft.

4.3.3.8 Additional controls at remote positions shall comply with the provisions of this standard.

4.3.4 Rudder angle limitation

Means shall be incorporated in the equipment to enable adjustable rudder angle limitation in the automatic
mode of operation. Means shall also be available to indicate when the angle of limitation has been
commanded or reached. When other means of directional control are used, the requirements of this subclause
shall appropriately apply.

4.3.5 Pern-]itted yaw

Means shall pe incorporated to prevent unnecessary activation of the rudder due to normal yaw motion.
4.3.6 Heading indication accuracy

If there is a Heading indication, it shall not deviate from the heading sensor by morethan 0,5°.

4.3.7 Prese¢t heading

Any alteratioh of preset heading shall not be possible without intended actiorn’ of the craft’'s personnel.
4.3.8 Perfgrming turns

4.3.8.1 Basic requirement

The heading|control system shall be able to perform turn$-within the turning capability of the craft based gither
on a preset rpte of turn or a preset turning radius.

4.3.8.2 Preset rate of turn

If the headirj]g control system is provided-with the function to perform turns with a preset rate of turn, the
accuracy of fhe rate of turn after becoming constant in a turn, shall be within + 10 % of its preset value or
3°/min, whichever is the greater, with'the craft's normal load condition and in a calm sea which is suffigiently
broad and dgep to be able to mapoeuvre without disturbing the craft's manoeuvrability.

NOTE It |s noted that there-are some cases where it is not possible to turn at the preset rate, even if steered |at the
maximum ruddler angle, due o the effects of weather, sea state or craft's manoeuvrability.

4.3.8.3 Preset turning radius

b, the

NOTE There are some cases where it is not possible to turn at the preset turning radius, even if steered at the
maximum rudder angle, due to the effects of weather, sea state or craft's manoeuvrability.

4.3.9 Limiting of overshoot

The heading control system shall include a counter rudder-angle adjustment control or similar system to allow
the change to a preset heading without significant overshoot.

6 © ISO 2003 — Al rights reserved
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4.31

4.3.1
spec

4.31

4.31

4.31

The alarm signalling facilities shall be fitted near the conning position and easily accessible.

4.31

An a

ISO 16329:2003(E)

0 Power supply

0.1 A heading control system shall be capable of normal operation when its power supply varies as

ified in IEC 60945.

0.2 If provision is made for operating equipment from more than one source of electrical energy,
arrangements for rapidly changing from one source to the other shall be provided but not necessarily
incorporated in the equipment. Means shall be provided to retain the current heading during alteration of the
power source.

1 Alarms and signalling facilities

ll.1 General

1.2 Failure or reduction in power

arm both audible with mute function and visual shall be provided in ordérto indicate failure qQr a reduction

in thg power supply to the heading control system or heading monitor, which~would affect the saf¢ operation of

the equipment. The alarm signalling facilities are not required to be an lintegrated part of the he

systegm.

4.3.1/1.3 System failure

An aJarm which is both audible with mute function and.Wisual shall be provided in order to
malfynction of the heading control system, which would affect the safe operation of the equipment.
NOTH The term “heading control system” is shown'schematically in Figure 1.

4.3.11.4 Off-heading alarm

An o

information deviates from the preset heading beyond a preset limit. The preset limit shall be
minimum range of 5° to 15°.

NOTH 1 Off-heading is a situation where the craft has deviated from the preset heading.

NOTH 2  The “preset limit>Specified in these provisions means an alarm threshold.

4.31

If the

actugl heading information from independent heading sources. The heading monitor is not requ

integ

[f-heading alarm, both audible with-mute function and visual shall be provided when the ac

1.5 Heading monitor
craft issrequired to carry two independent compasses, a heading monitor shall be provided

rated"part of the heading control system. An alarm both audible with mute function and vi

ading control

indicate any

tual heading
set within a

D monitor the
fred to be an
sual shall be

provi

The preset limit shall be set within a minimum range of 5° to 15°.

NOTE The “preset limit” specified in these provisions means an alarm threshold.

4.31

A cle

© IS0

1.6 Indication of heading source

ar indication of the heading source in use shall be provided.

2003 — All rights reserved
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4.3.11.7 Sensor status

The heading control system shall provide an indication when any input from external sensors used for control
is absent or fails. The heading control system shall also repeat any alarm on the status messages concerning
the quality of the input data from its external sensors when they are used for control.

4.3.12 Transformation error

The heading data supplied to the heading control system shall not deviate by more than 0,5° from the heading

sensor.

4.3.13 Heading stability

Under condi
system, in ¢
preset cours

The heading
of the differg
amplitude of

NOTE TH

ions of no disturbance, within limits related to the craft’s manoeuvrability, the heading c
bnjunction with its source of heading information, shall enable a craft to keep within"+ 2,0

a)
-

stability shall be such that, under conditions of disturbance given in Annex A, the average
nce between the preset heading and the heading shall be within + 32-and the maximum
the difference between the preset heading and the heading shall be within 4°.

e difference is measured by means of the simulator test (see 5.5.4).

4.3.14 Distuyrbance to the magnetic compass

The disturba
more than 0
switched on

4.3.15 Intert

4.3.15.1

4.3.15.2
isusedinat

4.3.15.3

hce to the magnetic compass caused by the magnetic sensor, if driven and used, shall n

5°. This shall be fulfiled on any heading with the<power supply of the heading control sy
Dr off.

aces

I'he heading control system shall be.cénnected to a suitable source of heading information.

I'he heading control system shall be connected to a suitable source of speed information w
Lirning radius mode or when_any control parameters are automatically adapted to speed.

[he heading control system shall provide interface facilities conforming to relevant interna

interface stapdards. Digital serial/interfaces shall comply with IEC 61162 as applicable.

4.4 Safety

All safety pre

/ precautions

cautions<4nithe heading control system shall comply with IEC 60945.

bntrol
of a

value
ingle

ot be
stem

hen it

fional

5 Typet

bsting

5.1

Testing and required results

The tests shall be carried out in the order given in 5.2 to 5.5. For tests carried out by means of the craft-motion
simulators, refer to the specification given in Annex B.

5.2 Magnetic-compass safe-distance test

The determination of magnetic-compass safe distance shall be carried out in accordance with the
requirements of ISO 694. All parts of the system and their interconnections shall be considered.

© ISO 2003 — Al rights reserved
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EMC

5.4
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EMC and environmental test

and environmental testing shall be performed according to IEC 60945.

Change-over from automatic to manual steering mode

The test for change-over from automatic to manual steering mode shall be carried out as follows.

a) During the mode of automatic steering, turn the steering wheel so that it produces a 0° rudder-angle
command.

b)
c)

d)

5.5

5.5.1

The
shall

5.5.2

et the rudder-angle limiter to maximum, then set the preset heading to obtain the maximum
hange from automatic steering to manual.

easure the time required from the completion of the mode change-over operation to whe
idship command signal is given. This time shall comply with the requirements-0f'4.3.2.1.

Control characteristics

General

ollowing tests shall be carried out using a craft-motion simulator. The simulator describe
be the standard simulator to be used for these tests.

Heading-signal transformation accuracy

Set the simulator's craft heading to eight different values and compare them with the heading ind

head
coun

5.5.3

5.5.3
=

ng control system. This measurement shall be carried out twice for both the clockwise dire
erclockwise direction, respectively. The reguirements of 4.3.12 shall be complied with.

200° turn

1 This test shall be made. by means of the craft-motion simulator as specified in 4
P. This covers the automatic heading change, without the function of the preset rate of turn

turning radius.

The

breset heading contral shall be turned right or left to make a 200° heading change accord

and 4.3.3.5 and the following shall be checked.

a)

b)

5.5.3

[Vhen turning,the preset heading control clockwise, a right heading change is made and whe
reset heading control counterclockwise, a left heading change is made. (In each case
hange‘is'made with respect to the preset direction.)

rudder angle.

n the rudder

l in Annex B

icated by the
Ction and the

Annex B with
or the preset

ng to 4.3.3.4

n turning the
the heading

ftepb actuating a heading change, the rudder-angle limiting function is activated.

2 This test shall be made by means of the craft-motion simulator as specified in Annex B with
I/v = 2, and the rudder-angle limiter shall be set to maximum. The preset heading control shall be turned right
or left to make a 200° heading change. The requirements of 5.5.3.1 a) shall be complied with and the rate of
turn or the turning radius respectively shall be within the defined accuracies in 4.3.8.2 and 4.3.8.3. Provided
that the preset turning radius is tested, it is ensured that the craft's heading turns with the rate given by the
following formula:

180 v
Vi=—"*—
T r

© 1SO 2003 — Al rights reserved
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where
y; isth
is th

r

is th

v

e preset rate of turn, in degrees per second;

e preset turning radius, in metres;

e craft's speed, in metres per second.

This test shall be carried out six times for both directions and with the maximum value, the mean value and

the minimum

value respectively.

NOTE 1 THe horizontal acceleration, a, does not exceed 2,0 m/s<.

NOTE 2 In|this test, the turn rate or the turning radius should be selected so that the horizontal accelerationdog¢s not
exceed 2,0 m/s2.

5.5.4 Heading stability

This test shdll be made by means of the craft-motion simulator as specified in Annex'B.with /v = 2. It shpll be
tested under|the conditions of no disturbance and disturbance as specified in Annex’A for more than 1Q min,
respectively.[The requirement of 4.3.13 shall be complied with.

5.5.5 Overgshoot

This test shdll be made by means of the craft-motion simulator as specified in Annex B with I/ = 2. CHange
the preset hgading from the actual heading by 20° right and left. The,overshoot shall not be more than 2°

6 Fall-bgck arrangements

In the case pf failure of the heading sensor in use or the heading control system itself, the rudder pngle
immediately pefore the failure shall be maintained(_In the case of a failure of the automatic speed input, if in
use, the speéd value immediately before the failure shall be used for control. An associated alarm as specified
in 4.3.11 shafl be given.

7 Marking and identification

Each unit of a heading control@ystem shall be marked with the following:

— identificagtion of the manufacturer;

— equipmgnt typesnumber or model identification under which it was type tested;

— serial nymber of the unit;

— safe distance of magnetic compass (for a unit installed in the bridge).
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8 Information
Adequate information shall be provided to enable the equipment to be properly operated and maintained.
The information shall include the following.

a) In the case of equipment so designed that fault diagnosis and repair down to component level are
practicable, provide full circuit diagrams, component layouts and a component parts list.

b) In the case of equipment containing complex modules in which fault diagnosis and repair down to
component level are not practicable, contain sufficient information to enable a defective complex module

c) If the heading control system is provided with functions for rate of turn or turning-radius’control, it shall be

otified that the preset values may not be reached under certain conditions of weather, sea,|speed, load,
draft, trim, etc. Furthermore, it shall be pointed out that incorrect speed input will lead to ingorrect radius
gontrol.
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Annex A
(normative)

Heading stability test under the conditions of disturbance

This annex specifies the disturbance which is used in the “heading stability test”. The disturbance to be used
should be of rectangular waves equivalent to rudder angles. The wave forms are defined in Table A.1.

Table A.1 — Amplitude of wave forms

Time 0 60 120 180 240 360 380 410 440 460
to to to to to to to to to to
s 60 120 180 240 360 380 410 440 460 600
Amplitude
(°) 0,0 +2,0 0,0 -2,0 0,0 +3,0 0,0 —3,0 0,0 +3,0
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Annex B
(normative)

Craft-motion simulator

The following shall be the standard calculation for a craft-motion simulator. The craft manoeuvrability model
shall be the K-T (transfer function) model, represented by:

Z _ K

o TS +1

L is the rate of turn of the craft, in degrees per second;

2 is the rudder angle, in degrees;

K is the turning ability constant of the craft, in reciprocal séconds;
T is the time constant of the craft, in seconds;

h) is the Laplace operator.

Kand T shall be converted from K'and T'as follows:

k-K r=rx’
Iy %

K' is the turning*ability of the non-dimensional manoeuvrability index; K'=0

I ~lIsthe length of the craft provided with a heading control system, in metre

v~ is the speed of the craft provided with a heading control system, in metres

The gteering-engine model (transfer function) shall be based on the following expression:

6;

T' is the course-retaining ability of the non-dimensional manoeuvrability indg¢x; 7" = 0,1;

b -

P

per second.

o is the rudder angle, in degrees;
6 * is the actuated rudder angle, in degrees;
Te is the time constant of the steering engine, in seconds;

S is the Laplace operator.

© 1SO 2003 — Al rights reserved
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In this case, the rate of the rudder motion (d ¢ /dt) shall be equal to, or less than, 15°/s, and Tg shall be equal
to 0,1 s.

The bearing resolution and steering-engine model sensitivity shall be as follows:
bearing resolution: 0,1° or less

steering-engine model sensitivity:  0,2° or less

Table B.1 — Examples of L/v,

V4 V2
Ship’s|type Lpp L]

kn m/s
A 24,5 36 18,52 1,32
B 35,0 32 16,46 2,13
C| 26,52 36 18,52 1,43
D 46,02 35 18,0 2,56

@  These vallies are not the length between perpendiculars (Lpp). These two values are of overall length.
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Annex C
(informative)

Example of heading stability test under the conditions of disturbance
The course-keeping simulation results, obtained when the specified disturbances act, are given for information

in this annex. When simulating, the K-T model shown in Annex B as a ship-hull response model, and for the
heading control system, a model which has the transfer function shown below were used.

4®: TdS"‘i

as) et TS

wherg
5 (S) is the rudder angle;
(S) is the bearing error;

Kp, Tg, and T;  are the parameters of the heading control system;

u

\ is the Laplace operator.

A simulation block diagram and the transfer function which shows the transfer of the disturbancd to the ship’s
bearing are shown in Figure C.1. The parameters of-the ship-hull response and the heading control system
used(for the simulation are shown in Table C.1.

o (Disturbance)

[Heading control system] [Craft] [Gyro-compass]
+ + *
1 K 1
v K, ¥ TyS + — — . v
PAAT T TS TS +1 S
(Set course) (Hleading)

Block diagram

—  Transfer function

v (S)_ S
o (S)  (TIK)S*+ (11K + T)S?+ K,S + 1/T,

Figure C.1 — Block diagram and transfer function
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Table C.1 — Parameters of ship-hull response and heading control system

Parameter Llv K' T Kp Ty T;
Value 2,0 0,6 0,1 1,0 0,194 2,0

The results are shown in Figure C.2.

Heading stability

Heading (deg)
Disturbance (deg)

R 1

HHTHER

1
e (-\'-'f\+~'~' N~ :/=\u- - 7
210 240" 270 300 330 360 ffo +}ZO A 80 510 540 570 600

Heading/Disturbance (deg)

o

o
S

o
[
B
o ]
<= 3
N ]

Gi

o
=—r=wg

Time (s)

Lv=2,0
K' =06
T =01
K=03
7=0,2
K,=1,0
T,=0,194

T,=20

Figure C.2 — Simulation result
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