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The Specialist Committee on
Trials and Monitoring

Final Report and
Recommendations to the 22nd ITTC

TRIALS & MONITORING SPECIALIST
COMMITTEE

FINAL REPORT

1. MEMBERSHIP AND MEETINGS

The 21st ITTC appointed the Trials &
Monitoring Specialist Committee with the
following members:

Dr. Giorgio Lauro - Chairman - Cetena (IT)
Mr. Everett Woo - Secretary - DTMB (USA)
Mr. Pierre Perdon - DCE/BA (FR)
Dr. Alfred Kracht - VWS (D)
Dr. Lech Murawski - CTO (PL)
Mr. Ryosuke Fujino - IHI (JPN)
Mr. J. Thomas - Hamworthy (UK)
(Mr. Thomas resigned in 1997)

Technical Committee meetings were held as
follows:
Cetena - Genova (IT) - January 1997
DCE/BA - Paris (FR) - August 1997
IHI – Yokohama (JPN) - May 1998
CDNSWC-DTMB - Bethesda (Md - USA) –
September 1998
Cetena - Genova (IT)- January 1999

2. TASKS OF THE SPECIALIST
COMMITTEE

Tasks of the 22nd ITTC Technical Com-
mittees were given in Appendix 2 of the 21st
ITTC Proceedings and are as follows:

1. Recommend updated procedures for
conducting full scale trials and long
term performance monitoring and data
analyses.  Consideration will be given to
powering, maneuvering and seakeeping
trials.

2. Evaluate the use of onboard
performance monitoring systems and the
Global Positioning System.

3. The Committee should contribute to the
work of ISO on standards for speed
trials’ evaluation.

3. INTRODUCTION

Following the task assignment of the 21st
ITTC, the Specialist Committee (SC) defined,
at their first meeting, the following three tasks
to develop guidelines based on sound scien-
tific and engineering procedures for conduct-
ing full scale trials, developing trial programs,
measuring techniques, analyzing and correct-
ing trial data, and assessing measurement
uncertainty:
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Task 1 - Speed/Power Trials and Analysis
Task 2 - Maneuvering Trials and Analysis
Task 3 - Seakeeping Trials and Analysis

Two additional tasks were assigned to
evaluate the use of onboard monitoring sys-
tems and to evaluate the use of GPS during
sea trials:

Task 4 - Performance Monitoring System
Task 5 - Global Positioning System

Task 1 provides guidelines to ITTC mem-
bers in developing a procedure that demon-
strates ISO 9000 compliance.

The specialist committee is composed of
experts in sea trials from different areas of the
world.  Each specialist provided contributions
to the various tasks.  All contributions were
discussed and compared for advantages and
disadvantages.  Common actions were identi-
fied and are discussed below.

The guidelines developed in the past years
within the Powering Performance Committee,
were the starting point of reference for the SC
in formulating a common strategy for con-
ducting trials.  The suggested conduct of the
trials is predicated upon sound scientific basis
and direct practice gained by SC members’
experience in sea trials.

There are some sea trial practices still in
use that are no longer considered acceptable
to the members of the SC.  There is a clear
distinction between the shipyard practice
(mainly devoted to delivering the ship within
budget limitations and ship-owner require-
ments) and the scientific purpose of sea trials.

These guidelines were developed in an
attempt to fulfil, where possible, both con-
tractual and scientific needs and concerns.

4. TASK 1:  SPEED/POWER TRIALS
AND ANALYSIS

At the moment, there is no internationally
recognized standard (such as ISO or IMO) for
speed/power trials conduct, although in the
past 30 years many attempts have been made
to provide a common methodology for all to
follow.  Many shipyards developed their own
procedures driven by their experience and by
following recommendations or guidelines
given in the scientific literature. Taniguchi
(1963), ITTC Guide for Measured-Mile Trials,
12th ITTC (1969), and the Powering
Committee Report – Appendix I, 21st ITTC
(1996) are representative of the efforts made
by the International Towing Tank Conference
(ITTC) since 1963, with the intention of pre-
senting guidance that balances research and
development requirements with commercial
and financial constraints.  The ultimate objec-
tive is to obtain a reliable set of full scale data
to be used for ship-model correlation or vali-
dation of prediction methods by staying
within the boundaries of commercially con-
ducted acceptance trials.  Within the last years,
the most recent guidance in the conduct of
ship trials has been concentrated in the area of
newly available measuring techniques and in
providing guidelines to ITTC members in
developing a procedure that demonstrates
compliance to ISO 9000 International Stan-
dards for Quality Management (1993).

The Society of Naval Architect and Ma-
rine Engineers (SNAME) has also dedicated
significant effort in providing guidelines and
procedures to be followed in the conduct of
surface ship sea trials, by producing a Code
for Sea Trials, SNAME (1973).  This was
later superseded by a Guide for Sea Trials,
SNAME (1989) (Chapter 4.0 addresses the
speed/power trials, known as “Standardiza-
tion Trials”).  The purpose of the Guide was
“... to provide ship-owners, designers, opera-
tors and builders with definitive information
on ship trials to form a basis for contractual
agreement”.  Additional guidelines can be
found in the Japan Ship Research Association
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(JSRA) Sea Trial Code for Giant Ships (1972)
and BSRA Standard Method of Speed Trial
Analysis (1978).

As a result of the philosophy of ITTC,
SNAME, and JSRA the current practice for
the speed/power trials result from the ship-
owner/shipyard contractual agreement, in
which a section is devoted to the procedure in
determining ship’s speed and power.  Often
the scientific purpose is replaced by the
interests of these two parties.

As far as the Committee knows, at the
national level, only the Norwegian Standard
Organization has issued a document Testing
of New Ship, Norsk Standard (1985) per-
taining to the testing of new ships.
Speed/power trials conduct and analysis of
measurement are addressed, together with
accuracy criteria.

As a result of the activity developed
within Task 1, the SC has developed recom-
mendations on how to conduct speed/power
trials, addressing both the practical and scien-
tific aspects.  This should allow the maximum
exploitation of sea trial data.  When possible,
all recommendations based on sound
scientific basis and referred to in previous
ITTC documentation were included.  In this
section the rationale for each considered item
is given.

4.1. Preliminary Controls

1. Hull conditions must be reported to
allow an evaluation of the trial results
for scientific purposes.  No correction of
trial results is expected based on the
condition of the hull.  However, the trial
report must clearly state the hull condi-
tions.  Hull cleaning, if necessary, is
negotiated between the shipyard and the
shipowner.  It is desirable that quantita-
tive information on the fouled and
roughness conditions be documented.

The information that is required to be
reported is as follows:

a. For a clean hull, documentation indi-
cating manufacturer and kind of paint
used, paint layer thickness and, if
available, roughness measurements
(average, standard deviation, and dis-
tribution along the hull) should be
provided.

b. For a dirty hull, documentation indi-
cating visual observations of any
fouling, and date of last dry-docking
should be provided.

2. Propeller conditions must be reported to
allow an evaluation of the trial results
for scientific purposes.  No correction of
trial results is expected based on the
condition of the propeller(s).  However,
the trial report must clearly state the
propeller conditions.  Propeller cleaning,
if necessary is negotiated between the
shipyard and the shipowner.

The following information should be
reported:

a. Last date of cleaning
b. Means of cleaning
c. Roughness measurements, if

available:

1. Average
2. Standard deviation
3. Distribution along the blades
4. Physical damage, if any

3. Draft, trim and displacement of the trials
must be obtained by averaging the hull
draft mark readings before the start of
the trials.  Draft at the end of the trial
must be acquired.  This may be accom-
plished using a loading computer or by
taking a second draft reading.  Dis-
placement must be derived from the
hydrostatic curves by utilizing the draft
data and the density of the water.  When
dealing with Froude numbers higher
than 0.5 (e.g. a Fast Ferry with 100 m
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length and speed over 30 kn)
intermediate ship loading conditions
must be documented. This is better
accomplished through tank soundings.
However, draft, trim

and displacement should be as close as
possible to the contract condition and/or the
condition by which model tests have been
carried out.  This will allow for the
correction of the displacement and trim with
respect to the trials that were conducted and
will be applicable to the suggestions
outlined in section 4.11.

Table 1.- Ship Trial Information by Task

Quantity Task 1 Task 2 Task 3
Ship Hull
Draft √ √ √
Trim √ √ √
Displacement and Load √ √ √

Hull Condition
Roughness of shell and bottom paint √
height of welding beads √
waviness of hull √
size, number and position of zinc
anodes

√

size, number and position of openings
of sea water inlets and outlets

√

paint system √

Hull appendages and rudder
Geometry, deviations, roughness √ √ √
Type √ √ √
Rate of movement √ √

Propellers
Geometry, deviations, roughness √ √ √
Pitch √
Direction of rotation √
Number of blades √

Propeller shaft
Geometry √
Material √

Trial Site
Water depth √ √ √
Water Temperature √ √ √

Environmental Conditions
Wind √ √ √
Waves √ √ √
Current √ √ √



5

The information to be reported is com-
piled in Table 1.

4.2 Trial Site Criteria

The trial site should be located in waters
of adequate depth with as small a current
variation and tidal influence as possible.  The
site will be of adequate size to allow room for
ample maneuvering and to preclude the
impact of traffic on the trials.  The minimum
depth of water acceptable, in accordance with
the 12th ITTC, may be estimated by the larg-
est value of the following two equations:

h > 3(BT)0.5  and  h > 2.75 V2/g           (1)

h = depth in appropriate length units
B = beam in appropriate length units
T = draft in appropriate length units
V = speed in system of units consistent

with the above dimensions

In case trials are performed with a reduced
water depth with respect to the above criteria,
a correction for shallow water should be
applied according to the references noted in
section 4.10.

4.3 Trial Environmental Conditions

1. Wind
Wind speed and direction should be

determined with a calibrated anemometer
mounted in order to avoid interference
caused by the ship.  Trials should not be
conducted with a true wind speed greater
than Beaufort 6.  Correction for wind is in
accordance with the references noted in sec-
tion 4.10.

2. Waves
Sea state, swell and wave height should

be determined visually and if possible by
the use of a wave rider buoy and/or radar.
For sea states less than or equal to 5, correc-
tions may be applied in accordance with the

references noted in section 4.10.  For sea
states greater than 5, corrections are no
longer reliable from a scientific standpoint.

3. Water Temperature
Sea water temperature and density

should be determined by taking water sam-
ples at the trial site and at the site where
draft readings are recorded.  Measurements
will be made using a calibrated thermometer
and hydrometer.  Corrections are made in
accordance with the references noted in sec-
tion 4.10.

4. Current
Current speed and direction should be

determined in the test area by prognostic
analysis.  When current speed is suspected
to be varying and direction is unknown, the
ship’s global drift (also including wind
effect) should be determined by a 360°
turning test conducted at low ahead speed to
magnify any environmental effect.  Test
runs should be conducted against and with
global drift.  To ensure that tests are per-
formed in comparable conditions, the devia-
tion between reciprocal runs should be
checked  (a maximum of 0.05 nm may be
used as an approximate figure).  Individual
speed runs conducted in the same condi-
tions should be averaged with their recipro-
cal runs to take into account global drift.

5. Air temperature and Atmospheric
Pressure
Air temperature and atmospheric pres-

sure should be measured at the trial location
using a calibrated thermometer and barome-
ter.
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4.4. Selection of Tests

When developing the trial agenda, consid-
eration should be given to the purpose of the
trial.  In many cases, speed/power trials are
conducted in order to fulfil contractual
requirements.  Others trials are conducted to
define the speed/power characteristics of the
ship at a given displacement, propeller pitch
condition, or operating condition, e.g., locked
shaft and trailed shaft tests.  Their complexity
and extent is dictated by the purpose, con-
tractual or scientific.

1. Displacement Speed/Power Trials
The purpose of these trials is to determine

the effect of displacement on the ship’s
speed/power characteristics.  Tests should
normally be conducted at design displacement.
Follow-up tests are conducted using the same
rpm/engine load settings used at the design
displacement but at displacements at least
10% different than design.  Data are also
utilized in conjunction with fuel economy
studies.

2. Propeller Pitch Trials (mainly for naval
ships)

The purpose of these tests is to determine
the effect of changing propeller pitch on the
ship’s speed/power characteristics.  Tests are
normally conducted at design pitch.  Follow-
up tests are conducted using the same engine
load settings used during the design pitch tests
but at pitches at least 10% higher and lower
than design.  Unless the ship is equipped with
an in-hub propeller pitch sensor, the pitch
measurement is extremely difficult to obtain
due to temperature contraction and expansion
of the control rod(s).

3. Trailed Shaft Trials (mainly for naval
ships)

The purpose of these tests is to predict the
ship’s speed/powering capabilities in the

event of a casualty, which requires the trailing
of a propeller shaft.  Trailed shaft tests are
also useful in obtaining fuel rate data (if the

ship is equipped with fuel meters) when dif-
ferent combinations of propeller shafts are
driving the ship.

4. Locked Shaft Trials (mainly for naval
ships)

The purpose of these tests is to predict the
ship’s speed/powering capabilities in the
event of a casualty, which requires the locking
of a propeller shaft.

4.5 Measurement Taken During
Speed/Power Trials

1. Physical Quantities
The data to be acquired during trials have

been grouped as follows:

a. Primary
These quantities represent the critical

trial data that must be acquired in order
for the trial to be considered valid for sci-
entific purposes.  The trial results are
considered invalid for scientific purposes
if one of these measurements is not avail-
able:

  
1. Ship speed through the water
2. Shaft torque
3. Shaft revolutions

b. Secondary
These quantities are important in order

to correct trial data, if required, and to
provide a more precise evaluation of the
behavior of the ship during the speed runs.
These measurements are used to
determine the validity of the trial results:

1. Ship track
2. Rudder angle
3. Ship heading

c. Tertiary
The following is a suggested list of

data to be acquired in the course of con-
ducting speed runs to increase the level of
confidence in the trial results and/or to
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add scientific knowledge in the
development of procedures to correct for
environmental actions.

1. Wave height and relative direction
2. Relative wind speed and direction
3. Ship pitch
4 Ship roll
5. Propeller pitch
6. Propeller shaft thrust
7. Water depth

2. Accuracy Requirement
The requirements in ship’s speed/power

trials are mainly driven by the contractual
agreement and are usually expressed in
terms of speed to be achieved at a given
engine power and rpm (e.g. 85% of Maxi-
mum Continuous Rating), at given ship
loading conditions (e.g. loaded or ballast)
and at “ideal” environmental conditions (e.g.
calm water, no wind, etc.).

Such an explicit statement has a
straightforward impact on the accuracy
requirements that have to be achieved
during the standardization trials.  Since
penalties are associated with the ship failing
to meet speed/power performance
requirements, a margin is usually associated
with the required figures.  This implies that
the instruments that are utilized to provide
the contractually specified measurements
are accurate and that the methodology for
conducting the trials to obtain the
contractual measurements is consistent and
scientifically sound.

The following activities are impacted:

1. Determining ship conditions at trials
(drafts and displacement)

2. Measurement of ship speed
3. Measurement of propulsive power and

propeller rpm
4. Monitoring of environment during

trials
5. Correction of trial data to contractual

conditions

As to the accuracy of the physical quan-
tities referred to in section 4.9 (Johnson
1993), Table 2 provides an example of bias
and precision limit values for each of them,
including units, and uncertainty.

3. Instrumentation
Addressing only the primary and secon-

dary group of data, the SC has taken in con-
sideration the most common instruments/
techniques actually in use, to compare with
the uncertainty table shown as Table 2.
However, in the choice of the instru-
mentation for speed/power trials, the SC
strongly recommends that the equipment or
technique chosen be capable of providing a
time history of the recommended measure-
ments occurring during trial operation.
Acquisition of these data will allow for the
calculation of the uncertainty analysis and
the assurance of quality control.

a. Determination of ship’s speed
Ship speed is one of the main compo-

nents of a sea trial and any error in speed
has a significant effect on the speed/power
curve due to the cubic relationship.  The
speed that is of particular interest is the
speed through the water.  At this time,
there is no proven device that provides
accurate and consistent speed readings
directly.   A display of ship speed from the
speed log is displayed on the bridge of
many ships.  However, no one relies on
this display as an accurate sea trial meas-
urement.  It is mainly used as an indicator
during ship service.  Hence, the present
practice is to determine the speed over the
ground and to use methods (experimental
or analytical) to take out the effect of any
current and to determine ship speed
through the water.

The most common techniques are
listed below with comments on their reli-
ability and impact of each method on trial
conduct.
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• The measured mile course
Advantages are the simplicity of

this method and low maintenance
costs.  However, demand for uncer-
tainty analysis and quality control
recently introduced within the scien-
tific community cannot be fulfilled if a
time history of the speed is not
recorded during the trials.

• Radio-location systems
A continued increase in the use of

radio-location systems has been
observed in the last 30 years (Forst,
1996, RTCM, 1990, Sitzia and Della
Loggia, 1981).  Many of these sys-
tems are privately developed and
operated.  They operate in the radio-
location frequency bands using a
variety of measurement techniques.  A
partial list of these systems and their
frequency of operation are given
below:

a. LORAN (Sercel)
1800-2000 kHz

b. Raydist (Teledine-Hastings)
3300 kHz, 1650 kHz

c. Hyperfix (Racal)
1600/3400 kHz

d. Syledis (Sercel) 430 MHz
e. Mini-Ranger (Motorola)

5570/5480 MHz

The advantage of using an
accurate position fixing system is that
trials can be carried out in almost any
location where shore stations can be
established.  Systems utilizing the HF
band increase the flexibility of this
system by expanding the range
covered by a system using lower
frequencies.  Costs associated with the
shore station maintenance and
management during trials are the
recognized disadvantages.

• The Differential Global
Positioning System (DGPS)

Even though this system can be
regarded as a radio-location device, its
uniqueness lies in the use of reference
signals from a satellite network orbiting
around the earth.  Task 5 of this report is
totally devoted to this newly available
technique and its application to ship sea
trials.  Based on direct experience and
findings referred to in the literature
(Stenson and Hundley, 1991, Akroyd and
Lorimer, 1990, Hogarth, 1991, Zachmann,
1988, Lauro, 1994, Cortellini and Lauro,
1995, Stenson, 1995, Hubregste, 1995,
Lauro, 1996), the SC recommends
exclusive reliance on differential GPS
speed and position measurements.  Addi-
tionally, the possibility of choosing a
course without the constraints of refer-
ence station location is a definite advan-
tage when conducting trials (see section
4.7.1).

Therefore, the SC recommends that
DGPS be used whenever possible.  If GPS
is not available, radar location systems
may be utilized.

b. Measurement of shaft power
Shaft horsepower, together with ship’s

speed, is a primary parameter to be
determined during trials, both to ascertain
that the propulsion plant is correctly
working and to comply with the
speed/power contractual requirements.
Shaft horsepower can be determined
“indirectly” by measuring shaft rpm
(revolution per minute) and fuel rate or
mean indicated pressure of pistons (in a
diesel engine plant) or electric parameters
in the case of electric motors.  However,
this practice, which is frequently used
during service, lacks precision.  Therefore,
“direct” methods have been developed
and provide the required precision and
reliability for use during sea trials.  These
“direct” methods combine the measure-
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ment of shaft torque and revolutions over
a measured time interval with indicator
systems, which electronically integrate the
signals deriving shaft power.  The com-
plete system is comprised of sensors,
signal conditioner, processor and display
unit and is known as the “shaft torsion-
meter”.  The SC recommends the use of
such a device for the determination of
shaft power during trials.  The torsionme-
ters listed below differ only in the method
of gaging torsional deflection (Stenson
and Hundley, 1991, Cortellini et al., 1972,
“The Onboard Monitoring Session”, 20th
ITTC, 1993, Morandi and Scavia, 1992).

Torsionmeter sensors can be of differ-
ent types, such as:

1. Metallic membrane
2. Wire
3. Magnetic field
4. Optical
5. Strain gage

One of the most practical and cost
effective ways to measure torque during a
sea trial is to measure the strain in the
surface of the propeller shaft using strain
gages.  The four-arm bridge is directly
applied onto the shaft to detect the deflec-
tion produced by the torque load,
according to the following relation:

 
Q

GJ
D

= 4
ε         (2)

where:

D = shaft diameter, m
J = polar moment of inertia, m4

G = shear modulus of rigidity of
the shaft material, N/m2

Q = shaft torque, N-m
ε = torsion deflection

Strain gages directly attached to the propel-
ler shaft are subject to the inaccuracies due
to misalignment when installed and are not
capable of in-place calibration.

c. Measurement of ship’s track
In regard to ship’s position, all

systems allowing a position fix (e.g.
radio-location, radar and GPS) can be
used for this purpose.  Successive
positional fixes allow for the calculation
of ship speed.

d. Measurement of ship’s heading
A gyro compass should be used to

record ship’s heading.

e. Measurement of rudder angle
Rudder angle should be measured by

an angular potentiometer installed on the
rudder stock.

4.6 Acquisition Systems

Acquisition systems must be able to
record time histories of the measurements
described in the previous paragraph in order
to assure quality control and to provide
information that will allow for the develop-
ment of the uncertainty analysis.  The
technological advances of the electronic
industry over the last twenty years have
suggested changing the analog data
acquisition systems into computer-based
systems capable of acquiring all signals
instantaneously, reducing the data and
providing “near real time” results.

At a minimum, the data acquisition
system should be capable of recording the
signal time-trace relevant to the following
quantities:

1. Ship position
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2. Shaft torque and rpm
3. Rudder angle
4. Ship heading

4.7 Operation During Trials

1. Choice of Run Direction
If wind and waves can affect results, it is

best to choose the wind/wave direction that
will minimize these effects.  Test runs
should be conducted into the waves (head
seas).  The normal practice is to also con-
duct runs in the opposite direction of the
initial runs in order to account for the
effects of wind and waves.  Conducting
trials into head and following seas is
possible when utilizing DGPS but may not
be possible when using a measured mile
course or radio-location system.

2. Choice of Number of Points to Define
Speed/Power Curves
The number of different powering con-

ditions conducted in order to develop
complete curves of power and rpm versus
speed will vary depending on the ship type.
A minimum of four speeds covering the
speed range are recommended by the SC to
adequately define a ship’s speed/power
curve.  However, for high speed ships or
naval vessels, a minimum of 6 powering
conditions is recommended.

3. Choice of Number of Opposite Runs
A minimum of two runs at each rpm

condition should be conducted in alternate
directions.  This allows a reasonable com-
pensation to be made for the effect of wind,
current and tides.

4. Length of Approach or Steady Approach
Conditions
Speed/power data should be obtained

with the ship operating in a steady state
condition.  For this reason, the approach
should be of a duration and distance long
enough to guarantee a steady state ship
condition prior to the commencement of the

run where actual test data are taken.  With
inadequate attention to the approach
requirements, the speed data obtained would
in fact underestimate the actual ship speed.
With the advent of computer based
acquisition systems and DGPS, steady con-
ditions can be monitored in real time, thus
greatly facilitating the conduct of the trial.
In the case where the measured mile is used,
the criteria can still refer to Taniguchi,
(1966).  Therefore, the SC recommends the
utilization of a computer based acquisition
system, which will allow for the real-time
display of ship position and the monitoring
of all critical measurements.  This flexibility
reduces the dependence on artificial means
of determining approach distances and puts
the decisions in the hands of the ship master
and the trial director.

5. Length/Duration of Run
The SC is well aware that the length of a

run is dependent on ship’s speed, type and
dimensions.  Therefore, the SC has not
addressed the issue of defining a definitive
criteria for length of a test run.  However,
the SC suggests that a range of run duration
from 5 to 10 minutes is practical for most
types of ships, with longer times between
runs required for ships with relatively lower
power/size relationships such as VLCCs.

6. Ship Conduct During Speed/Power
Runs
Propeller rpm or engine load setting

should be held constant for each of the runs
comprising a speed spot.  The amount of
rudder used to turn the ship at the end of a
run should be minimized so as not to exces-
sively reduce the ship’s speed.  To maintain
heading during the run, the helmsman
should keep rudder movement to the
minimum necessary, typically ±3°.  Auto-
pilot use is acceptable if it is demonstrated
that rudder movement is within the
acceptability criteria.  The SC suggests that
control of the rudder, using both humans
and automation, be compared to determine
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the best means of controlling rudder
movement during the speed/power runs.

Appendix I provides more details on par-
ticular run conduct.

4.8 Measured Data Reduction

Results of speed/power runs are usually
given as average figures over the run duration.
However, some acquisition and data reduction
strategies have to be adopted, especially when
dealing with computer based acquisition
systems.

1. Choice of Measurement Sampling
Data sampling during a run is suggested

to vary between 0.5 and 2 samples/second,
depending on the measurement duration
(see section 4.7.5).

2. Data Filtering
Filtering data of a run is recommended

to avoid “spikes” in the recorded time histo-
ries.  The SC suggests the use of the
Chauvenet’s Criterion (Coleman and Steele,
1999) that provides a ratio of maximum
acceptable deviation to precision index as a
function of the number of readings, (N).
Readings are automatically rejected from
use in the data analysis, when they fall
outside of the selected mean value
bandwidth.

3. Run Data Presentation
At the end of each run, all recorded time

histories should be stored for “on-line”
graphical presentation and the following
statistical values displayed for each physical
quantity:

a. Trial date
b. Start time
c. Number of samples taken
d. Maximum
e. Minimum
f. Average
g. Standard deviation

The SC encourages shipyards, at the
conclusion of each test run, to evaluate the
time histories and corresponding statistics.
These statistical values will provide the
basis for defining objective test criteria.
These criteria will then be used to assess the
level of confidence in the test data.

4.9 Uncertainty Analysis

Trial data uncertainty analysis should be
carried out to assess the level of confidence in
the trial results and to provide the statistics
associated with ship trial measurements.  The
SC recommends the use of the American
National Standards Institute (ANSI) and the
American Society of Mechanical Engineering
(ASME) (1986), standard on Measurement
Uncertainty and the approach described by
Coleman and Steele (1999) when conducting
an uncertainty analysis.

The following schematic approach is sug-
gested:

1. Identification of Error Sources
Error sources for speed/power trials can

be listed as follows :
a. Determination of ship displacement

and trim (direct impact)
b. Measurement of environment during

trials (low impact if corrections not
applied)

c. Measurement of primary data (direct
impact)

Hine (1976) suggests that the main
sources of error are due to the following fac-
tors:

• Modulus of Rigidity
Prior to the conduct of the trials, a shop

test is carried out on the shaft lines by
applying a known torque load to the shaft
and reading the torsionmeter output.  When
the torsionmeter reading agrees with the
known torque load, the modulus used in the
calculation is considered to be the modulus
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of the shaft.  This test will allow for the
acquisition of the shear modulus.  Usually,
the conduct of a shop test is not always the
practice in commercial ship delivery.
Hence, data from statistics or information
provided by the shaft manufacturers are
often adopted.  The recognized bias error is
±2%.

• Shaft Diameter  (inner and outer)
The shaft diameter is assumed to be

within tolerances of ±0.02 mm.  For shafts
greater than 200 mm, the accuracy of meas-
urement will be less than 0.01%.

• Strain Gage Resistance and Gage Factor
Using manufacturers quoted values for

the strain gages, the resistance is known to
within ±0.2% accuracy with a gage factor of
±0.5%.  Alignment of the strain gages
during installation is extremely critical and
must also be considered.

• Shaft Revolutions
A simple photo-electric cell that counts

the passes of steel bars mounted rigidly on
the shaft can be used to measure shaft
revolutions.  The measurement accuracy is
typically within ±0.5%.

A preliminary estimate of shaft power
accuracy is ±3% if the shear modulus is not
determined during shop tests.  Uncertainty
analysis related to DGPS is discussed in
greater detail in Task

2. Determination of Bias Limit
Bias limit can be derived depending on

the experimental set-up adopted by the
organization in charge of the measurement.
Table 2 shows typical bias limits.

3. Determination of Precision Limit
Precision limit is strictly dependent on

the knowledge of the standard deviation of
each physical quantity measured during the
trials.  The uncertainty assessment is con-
tingent upon the availability of continuous
data recording during the conduct of the
trial.

4. Calculation of Uncertainty
By combining the bias and precision

limit and according to the error source rela-
tionships, the uncertainty associated with
the contractual speed determination can be
calculated and included in the trial report
(see section 4.12).

In case corrections of trial data are per-
formed as described in the following sec-
tions, the assessment of uncertainty should
also include the error propagation
associated with the correction procedures.

Table 2. - Example of Bias and Precision Limit Values for Surface Ship Trial Data
(17,900 kW and 100rpm)

Quantity Units         Bias Limit Precision Limit Uncertainty
Ship Speed kn ±0.05 ±0.10 ±0.11
Shaft Torque N-m ±17,195 ±40,145 ±43,670
Shaft Revolutions rpm ±0.392 ±1.854 ±1.895
Shaft Power kW ±193 ±536 ±569
EM Log kn ±0.37 ±0.74 ±0.83
Rudder Angle deg ±0.562 ±4.43 ±0.531
Heading Angle deg ±0.531 ±1.336 ±1.437
Wind Relative Speed kn ±0.46 ±1.24 ±1.32
Wind Relative Dir. deg ±5.02 ±3.26 ±5.98
Uncertainty values were calculated by the root-sum-square method for a 95% confidence level.
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4.10 Corrections Due to Environment

Proposals, guidelines and procedures for
data correction based on sound scientific basis
are available in the international literature
(Yoshino, 1997, SRAJ, 1993, Taniguchi,
1966, Taniguchi and Tamura, 1966, Thomson,
1978, and Lackenby, 1963).  Currently, the
Japan Maritime Standards Association
(JMSA) ISO/Committee is attempting to
standardize a method for analyzing speed
trials’ data under the International Organiza-
tion for Standardization (ISO).

It is obvious that if the trials were limited
to very calm conditions, then the analysis
procedure to correct for environmental condi-
tions would not be necessary.  Furthermore,
correction procedures become increasingly
less certain as the weather becomes more
severe.  The accuracy of the corrected speed
trials data is dependent upon the accuracy of
the correction procedure.  Most of the pro-
posed methods are accurate within moderate
weather conditions.

If the contractual delivery schedule is such
that the sea trials are carried out in site and
weather conditions not recommended by the
SC, the following corrections could be
applied:

1. Correction for added resistance due to
wind

2. Correction for added resistance due to
waves

3. Correction for shallow water
4. Correction due to water temperature

For each of the above corrections, more
than one reference from the international lit-
erature can be found.  The SC did not
examine all procedures to ascertain if they are
reliable and/or applicable, but strongly
recommend that, if one of the above
corrections is applied to trial results,
procedures must be clearly referenced and
documented.

4.11 Correction Due to Ship Conditions

The SC recommends that sea trials be
conducted in the contractual loading and trim
condition.  If this is not possible (which is
frequently the case of cargo vessels), correc-
tions should be applied as suggested in the
following:

1. Correcting Power and RPM for Differ-
ent Displacement and Trim
Correction of trials data for displace-

ment and trim other than for contractual
purposes should be carried out according to:

a. Admiralty Coefficient, for small dis-
placement differences (±3% to ±5%).

b. Interpolation using model test results
for higher differences.  In such a case,
model tests should be available for
two different displacements, prefera-
bly contractual and trial loading condi-
tions, in order to calculate corrective
coefficients for the trial data.  Particu-
lar care must be taken to account for
different trim at rest, since hydrody-
namic effects at the bow and stern can
seriously affect ship resistance.

2. Often, the speed and power during trials
do not match the contractual conditions.
In such cases, calculations can be made
to:

a. Determine speed for different powers
b. Determine power and rpm for

different speeds

However, the SC recommends that
whatever correction is applied to the trial
results, the procedures must be clearly ref-
erenced and documented.

4.12 Trial Report Breakdown

The SC recommends that the results of the
trials should be presented with all the infor-
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mation necessary to undertake post-process-
ing of the trials data including:

1. Correcting for environment
2. Correcting for ship conditions
3. Performing uncertainty analysis
4. Utilizing for scientific purposes (data-

base, ship/model correlation).

The trial report breakdown should be as
follows:

1. Trial Report Summary
In particular, the following groups of

information are required:
a. Ship/Hull Characteristics

Type, Length L, Beam B, Draft, T
(fore, mid, aft), Trim, Displacement,
Block coefficient.
b. Propeller Characteristics

Number and Type, Diameter, Design
Pitch (0.7 R), Number of blades, Blade
area ratio, Expanded area ratio
c. Engine Data

Manufacturer, Engine type, Nominal
Output Power, Nominal Revs, and Gear
ratio (if any).
d. Appendages and Rudder

Dimension and Type, possibly drag
and lift coefficients (CD, CL)
e. Hull/Propeller Conditions before

Trials
Qualitative (visual observation) and

Quantitative (if roughness measurement is
available), Time of last Dry-dock, Type and
Layers of paint.

2. Description of the Instrumentation
Provide information describing the

experimental set-up with a description of
the instrumentation used to obtain each
measured quantity.  This includes the acqui-
sition system and calibration procedures
utilized for each instrument used to obtain
trials data.

3. Description of the Trial Site
Provide information on the geographical

location of the trial site, including the aver-

age water depth, air temperature, water
temperature and density.

4. Trial Program
Present the sea trials agenda which

includes the speed/power measurement,
number of rpm/engine load settings to be
investigated, number of alternate runs at
each rpm/engine load setting and the choice
of the run direction.

5. Environmental Conditions During the
Trials
Provide quantitative indication of the

wave, wind and current at the time of the
trials’ conduct (if variable in time, to be
updated).  Indicate if the data was derived
by visual observation, weather forecast/
hindcast or direct measurement (wave buoy,
onboard anemometer).

6. Trial Results
In this section the following information

in tabular format should be presented for
each trial run:

a. Date
b. Time
c. Run number
d. Ship position data
e. Ship heading
f. Run duration
g. Average ship speed
h. Average shaft torque (per shaft)
i. Average shaft rpm (per shaft)
j. Average shaft power (per shaft)
k. Propeller pitch (only if CPP)
l. Average rudder angle
m. Relative wind speed and direction
n. Significant wave height and direction

(sea conditions)
o. Comments on the use of control sur-

faces, roll/pitch behavior (unless
measured),

7. Conclusions
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Present a synopsis of trial results at each
powering condition, including speed/power
trial curves.

8. Appendix
All tabulated time histories of primary

data and associated statistics may be
enclosed in the Appendix.  Associated
uncertainty analysis of data channels may
also be included.

5. TASK 2:  MANEUVERING TRIALS
AND ANALYSIS

There is no definitive international stan-
dard for the conduct of maneuvering trials.
Many shipyards have developed their own
procedures driven by their experience and
with consideration to the efforts made by the
International Towing Tank Conference (Pro-
ceedings ITTC 1963 – 1975).

SNAME has produced three guidelines;
Code on Maneuvering and Special Trials and
Tests (1950), Code for Sea Trials (1973), and
Guide for Sea Trials (1989).  The Norwegian
Standard Organization has produced Testing
of New Ship, Norsk Standard (1985), and the
Japan Ship Research Association has pro-
duced a Sea Trial Code for Giant Ships, JSRA
(1972) for maneuvering trial procedure and
analysis of measurements.  IMO Resolution
A.601 (1987) and IMO Resolution A.751
(1993), were adopted to address ship maneu-
verability.  IMO Resolution A.751 (1993)
provides criteria for turning, initial turning,
stopping, course-keeping and course-changing
ability, as well as information for the execu-
tion of the maneuvering trials.

The SC has developed guidelines for
performing maneuvering trials, as given
below.

5.1 Preliminary Controls

The IMO standards are applied to the full
load and even keel conditions.  This draft is
chosen based on the general understanding
that the poorest maneuvering performance
(poor coursekeeping capability) of a ship
occurs at this condition.  When it is impracti-
cal to conduct trials at full load because of
ship type (bulk carrier etc.), draft, trim and
displacement must be as close as possible to
the specified trial condition and/or the condi-
tion in which model tests have been carried
out.  This will allow for predicting the full
load maneuvering performance.  Draft, trim
and displacement of the trials are obtained by
the same procedure outlined in Task 1,
section 4.1.3.

5.2 Trial Site Criteria

Maneuverability of a ship is strongly
affected by interactions with the bottom,
banks and passing vessels.  The trial site
should therefore be located in waters of ade-
quate depth with as low a current and tidal
influence as possible.  Maneuvering trials are
generally conducted at the same site as the
speed/power trials.  Therefore, the SC sug-
gests that the same trial depth criteria be used.
It should be noted that the IMO standards
require that the water depth should exceed
four times the mean draft of the ship.

5.3 Trial Environmental Conditions

Environmental conditions should always
be reported even though they may be consid-
ered to have no influence on ship behavior.
Maneuvering trials should be performed in
the calmest possible weather conditions.  IMO
Resolution A.751 (1993) prescribed the
maximum environmental condition to carry
out the maneuvering trials as follows:

1. Wind
Trials should not be conducted with a

true wind speed greater than Beaufort 5.
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2. Waves
The trials should be carried out in sea

states less than 4.

5.4 Selection of Tests

In selecting tests, consideration should be
given to their purpose.  Some are intended to
demonstrate performance of vital machinery
and satisfy regulatory requirements.  Some are
essential to verify that the vessel has satisfac-
tory basic course keeping and course
changing qualities, and emergency
maneuverability, while others are intended to
obtain maneuvering data to be used in
establishing operating regulations.

For course keeping qualities the suitable
test method proposed is the direct spiral test,
the reverse spiral test, the Z-maneuver test
with small rudder angle, the modified Z-
maneuver test and pullout test.

For course changing qualities, the Z-
maneuver test, initial turning test and new
course keeping test have been considered.

For emergency maneuver qualities the
suitable test methods proposed are the turning
test with maximum rudder angle, stopping
test (crash stop astern test and stopping inertia
test), man-overboard test and parallel course
maneuver test.

Table 3 summarizes the different types of
maneuvering tests recommended or required
by various organizations.  The purpose of
each test is described below and suggested
procedures on how to conduct the tests are
presented in Appendix II.

Table 3. – Recommended Maneuvering Tests by Various Organizations

Type of Test IMO
A601

IMO
A751

ITTC
1975

SNAME
1989

Norsk
Standard

Japan
RR

1 Turning test √ √ √ √ √ √
2 Z-maneuver test √ √ √ √ √ √
3 Modified Z-maneuver test - - - - - √
4 Direct spiral test - - √ √ √ √
5 Reverse spiral test - - √ √ √ √
6 Pull-out test √ - √ √ - -
7 Stopping test (Crash stop astern test) √ √ √ √ √ √
8 Stopping inertia test √ - - - √ √
9 New coursekeeping test √ - - - - √
10 Man-overboard test √ - - - - -
11 Parallel course maneuver test √ - - - - -
12 Initial turning test - - - √ - -
13 Z-maneuver test at low speed √ - - √ - √
14 Accelerating turning test √ - √ - - -
15 Acceleration/deceleration test √ - - √ - -
16 Thruster test √ - √ √ √ -
17 Minimum revolution test √ - - √ √ -
18 Crash ahead test √ - - √ √ √
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1. Turning test
The purpose of the turning test is to

determine the turning characteristics of the
ship.  Basic information obtained from the
turning test are advance, transfer, tactical
diameter, steady turning diameter, final ship
speed and turning rate in the steady state.  It
is suggested to perform turning tests at
different speeds, and for different rudder
angles.

2. Z-maneuver test
The Z-maneuver test is used to express

course changing (yaw checking) and course
keeping qualities.  The essential information
to be obtained is the initial turning time,
time to second execute, the time to check
yaw, and the angle of overshoot.  Values of
the steering indices K (gain constant) and T
(time constant) associated with the line-
arized response model are also obtained.

3. Modified Z-maneuver test
The modified Z-maneuver test is used to

express course keeping qualities under an
actual operation.  The test procedure is the
same as the Z-maneuver test, but the head-
ing angle for the switching of the rudder is
made as small as 1° and the rudder angle
being 5° or 10°.

4. Direct spiral test
The purpose of the direct spiral test is to

determine whether the ship is directionally
stable or not.  Data defining the relationship
between rudder angle and steady turning
rate are presented.  Important parameters are
width and height of the loop for an unstable
ship.

5. Reverse spiral test
The purpose of the reverse spiral test is

to obtain for an unstable ship the complete
loop, when it is not determined by the direct
spiral test.

6. Pull-out test
The pull-out test represents a simpler

way to give the height of the loop for an

unstable ship than the direct spiral test and
the reverse spiral test.

7. Stopping test
The stopping test is used to express the

qualities for emergency maneuvers.  The
obtainable information are stopping time
and stopping distance of the ship from the
time at which an astern engine order is
given until the ship is stopped dead in the
water.

8. Stopping inertia test
The stopping inertia test is used to

determine the running distance and time for
the ship from the time at which an order for
engine stop is given until the ship achieves a
defined minimum speed.  IMO Resolution
A.601 (1987) requires that stopping per-
formance information using maximum rud-
der angle be displayed in the wheelhouse.

9. New course keeping test
The new course keeping test is used to

provide the information for changing a ship
course.  The obtained data are presented in
an operational diagram of ship heading ver-
sus advance and transfer.

10. Man-overboard test
The man-overboard test is used to

simulate the rescue of a man who has fallen
overboard.  Rudder angle and ship trajectory
are checked throughout this test.

11. Parallel course maneuver test
Parallel course maneuver test provides

the information for the emergency
avoidance of a passing ship when maximum
rudder angle is used.  The obtainable data
are an operational diagram of rudder angle
and lateral displacement from the original
base course.

12. Initial turning test
The initial turning test is used to provide

the information on the transient change of
heading after application of a moderate
rudder rate.
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13. Z-maneuver test at low speed
The Z-maneuver test at low speed is

used to determine the minimum speed at
which the ship does not respond to the helm.

14. Accelerating turning test
This test provides the turning charac-

teristics of the ship accelerating from dead
in the water.  Maximum rudder angle and
maximum engine output are applied simul-
taneously.

15. Acceleration/deceleration tests
These tests determine speed and reach

along the projected approach path versus
elapsed time for a series of accelera-
tion/deceleration runs using various engine
order combinations.

16. Thruster test
The thruster test is used to determine the

turning qualities using thruster(s) with the
ship dead in the water or running at a given
speed.

17. Minimum revolution test
The ability to proceed at steady slow

speed is determined from the ship’s speed
associated with the lowest possible engine
revolutions per minute.

18. Crash ahead test
The crash ahead test is used to express

the qualities for emergency maneuvers
similar to the stopping test.  An order for
full ahead is given when the ship is moving
steadily astern.  The obtainable information
are stopping time and stopping distance of
the ship from the time at which an order for
full ahead is given until the ship is stopped
dead in the water.

5.5 Maneuvering Trial Measurements

Data are collected in order to evaluate
maneuvering performance.  In addition to
general measurements described in Task 1,

sections 4.3 and 4.5, the following data will
be recorded using ship indicators and
observations:

1. Primary data
Primary data that must be acquired in

order for the trial to be considered valid are
listed in Table 4.

2. Secondary data
Secondary data will enable a more pre-

cise evaluation.  These data are:

a. Torque
b. Wind velocity and direction
c. Roll angle

All data can be measured using the same
instruments noted in Task 1, sections 4.3 and
4.5.

5.6 Acquisition Systems

SC recommends that data be acquired by a
computer-based system because almost all of
the maneuvering trials require time history
data.  The system should be able to collect,
record and process real-time trial data.  A data
sampling rate of 0.5 - 2 samples per second is
suggested.

5.7 Correction Due to Environment

The immediate environment such as wind,
waves, and current can significantly affect
ship maneuverability.  IMO Resolution A.751
(1993) suggests a method to account for
environmental effects only for turning tests.

5.8 Correction Due to Ship Conditions

Ship maneuverability can be significantly
affected by the draft and trim condition.
Course stability in ballast condition is usually
better than in full load even-keel condition.
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Therefore, the SC recommends that
maneuvering trials should be conducted in
full load even-keel conditions.  If this is not
possible, the maneuvering characteristics in
full load even keel condition should be
predicted and corrected using a reliable
method (e.g. model tests or proven computer
simulation) that ensures satisfactory
extrapolation of trial results, as also suggested
by IMO Resolution A.751 (1993).

However, the SC recommends that, if the
above correction is applied, the procedure
must be clearly referenced and documented.

5.9 Trial Report Breakdown

The trial report should contain the fol-
lowing items:

1. Ship characteristics
2. Instrumentation
3. Trial site and environmental conditions
4. Trial program
5. Trial results

Table 4. – Recommended Maneuvering Trial Measurements

Type of test Heading Position Speed Rudder
angle

Revolution Rate of
turn

Torque

1 Turning test √ √ √ √ √ √ **
2 Z-maneuver √ √ √ √ √
3 Modified Z-maneuver test √ √ √ √
4 Direct spiral test √ √ √ *
5 Reverse spiral test √ √ √ *
6 Pull-out test √ √ √ *
7 Stopping test (Crash stop astern test) √ √ √ √ **
8 Stopping inertia test √ √ √ √
9 New course keeping test √ √ √ √

10 Man-overboard test √ √ √ √
11 Parallel course maneuver test √ √ √ √
12 Initial turning test √ √ √
13 Z-maneuver test at low speed √ √ √
14 Accelerating turning test √ √ √ √ √
15 Acceleration/deceleration test √ √ √ √
16 Thruster test √ √ √ √
17 Minimum revolution test √ √
18 Crash ahead test √ √ √ √ **

* If the rate of turn can not be obtained using a rate gyro and/or gyrocompass, then use the
heading and elapsed time to derive this value.
**Data collected if ship is equipped with torsionmeter.
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6. TASK 3:  SEAKEEPING TRIALS
AND ANALYSIS

The purpose of Seakeeping Trials is to
define the seaworthiness characteristics of a
ship by assessing the relationship between
ship motions and the related environmental
conditions in which the ship was tested.  All
operations that may be affected by adverse sea
and weather conditions are being examined
and problem areas documented.  These results
will be used to determine the limiting sea and
weather conditions for conducting various
operations.  The objectives of these trials are
as follows:

1. Observe ship performance and opera-
tions under a wide range of sea condi-
tions

2. Measure the ship motions during any

periods of significant response
3. Identify any limitations in conducting

various ship operations due to ship
motions and sea conditions

4. Identify any problems observed either in
the ship design or in any sub-system
design

5. Determine the seakeeping performance
of the ship (e.g. location and cause of
significant deck wetness, occurrence of
slamming)

6. Document the sea and weather condi-
tions prevailing during the trial

7. Develop graphs/tables of the effects of
ship speed and heading changes on
motion levels

8. Validate prediction tools utilized
9. Validate model experiment and

analytical predictions of seakeeping
characteristics

Seakeeping tests (NATO, 1985, O’Hanlon
et al., 1974, Payne, 1976) performed to study
sea loads and ship structural responses are not
considered in the scope of this task.

6.1 Preliminary Control

Before leaving the harbor determine:

1. Draft
2. Metacentric height
3. Trim
4. List

Loading computers may be utilized when
trials are performed over an extended length
of time.

6.2 Selection of the Trial Area

The evaluation of the sea-state is one of
the keys to the successful conduct of
seakeeping trials.  The trial site should be
selected to avoid areas where wave refraction
and diffraction are predominant.  Fully devel-
oped sea conditions in deep water are required.

The trial site should be clear of shipping
lanes, free from navigational restrictions, and
have sufficient depth of water.

6.3 Duration of Runs

The seakeeping evaluation will be con-
ducted during any operations anticipated to
occur in rough seas.  Sea state 4 and 5 condi-
tions are required for these trials.  When a
required sea condition is encountered, 3 to 9
hours of dedicated time for speed and course
changes are required.  If wave height is not
measured using an over-the-bow sensor, addi-
tional time will be required to launch and
recover a wave buoy.  As a result, the trials
will be dictated by the weather and ship
schedule.

A classical figure (NATO “Seakeeping
Trials Procedure”, 1994) for minimum run
length is based on 100 wave encounters.
Consequently, run length will depend on both
ship speed and wave modal period according
to the formula:
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Th = minimum run time, min
To = modal period of the chosen motion,
sec
Vs = ship speed, m/sec
µ = relative wave heading (where µ== 180
for head seas)

In common practice the duration of fol-
lowing seas (cosµ = 1) run will be of at least
twice the duration of a typical head seas run.
Usual practice leads to 15 to 20 minutes run
length for head seas.

During seakeeping trials of a ship fitted
with an active stabilization system (e.g. fins,
T-foils), it is often prudent to obtain a record
of ship motions with the system “ on ” and
“ off ”.  In such cases the length of run can be
doubled.

10 minutes 20 minutes 10 minutes
Stab off Stab on Stab off

Splitting the “ Stab off ” run in two, pro-
vides an opportunity to confirm that the sea
state hasn’t changed significantly during the
length of the run.  This check must be accom-
plished using a robust criteria such as signifi-
cant amplitude or rms value.

C

Vs

µµµµ

Figure 1. – Ship/Wave Relationship

6.4 Run Sequence

In cases where a wave measurement buoy
is used, it may be necessary to conduct runs in
close proximity to the buoy in order to obtain
good signal reception from the buoy.
Conduct the first run into head seas.

Should time permit, the maneuvers should
be repeated for an additional 3 to 4 hours for
each additional ship speed.  These trials
should be conducted as rough seas are
encountered.

The test program and run progress must
take into account shipboard activity.  Sug-
gested procedures for the conduct of these
trials can be found in Appendix III.

6.5 Ship Speed

Since ship motions are affected by ship
speed (damping, frequency of encounter), the
scientific approach to seakeeping trials would
require that all runs of a set be performed at
the same speed.  A careful adjustment of rpm
to obtain the same speed for all headings may
require more time and space than usually
allowed for sea trial tests.  Therefore, a com-
mon practice is to maintain a constant rpm for
all runs of the same set.  In this case, the
speed log output should be carefully recorded.
The output of speed will be presented using
V/Vo where Vo is a reference speed (head sea
speed).

In the case of very rough weather, speed
may have to be voluntary reduced.  If this
occurs, it should be documented and the cor-
responding rpm should be meticulously
reported if it is not already being recorded.

6.6 Course Steering

Unless runs are governed by specific
operations that may require appropriate
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responses from the helm, e.g. aircraft
operation, the run must be accomplished
steering the straightest course that is possible.
Autopilot is generally the best option, but
sometimes during very rough following sea
runs, manual steering gives better results.  In
any case, the way the ship is steered must be
carefully reported, including changes of
helmsmen.

6.7 Data Collection and Instrumentation

The preferred method of data collection is
digital collection directly to a computer.  Data
is collected in order to obtain factual docu-
mented evidence of the seakeeping perform-
ance of the ship.  Data is used in statistical
and spectral analyses.  Data for seakeeping
trials can be divided into three different cate-
gories:
1. Primary
Ship motion and ship course
a. Pitch (ship gyro-synchro amplifier)
b. Roll (ship gyro-synchro amplifier)
c. Vertical acceleration (accelerometer) at
the center of gravity
d. Transverse acceleration (accelero- meter)
e. Ship speed (GPS or speed log)
f. Heading (gyro compass)
g. Shaft rpm (tachometer)
h. Fins and rudder deflection (angular poten-
tiometer, actual position measurement should
be preferred to ordered position)

Environmental data
i. Wave height (direction when available,
see section 6.8)
j. Wind speed (anemometer)
k. Wind direction (anemometer)

2. Secondary
a. Ship position (GPS)
b. Shaft power (torsionmeter)

3. Tertiary
a. Longitudinal acceleration (accelerometer)
b. Acceleration at critical crew work stations

In addition to measurement, an audio tape
recorder can be used to record special events
such as slamming, local course changing
(avoidance of obstacle), deck wetness, or
changes in environmental conditions.  A
detailed video log, with event time recording
capability, is recommended.

Furthermore, all weather deck activities
related to the operations or disruptions
induced by a combination of weather and/or
ship motion may be filmed.  A video camera
equipped with time recording capability is
recommended.

a. Observe (and record on video tape in
some cases) any effects of motions on
operational performance when possible.
b. Record ship motion data at intervals to be
determined by the prevailing sea conditions
and operations.
c. Log the environmental and ship operating
conditions corresponding to periods of data
collection.

The following environmental and ship
operating data will also be tabulated using
observations and ship indicators:

a. Significant wave height
b. Predominant wave direction
c. Water depth
d. Air temperature and atmospheric pressure

6.8  Sea State Estimation

The evaluation of sea state is a key point
for accomplishing good seakeeping trials.
Therefore, every means of obtaining informa-
tion about sea state must be considered, with
redundancy being recommended.

1. Buoys
Wave buoys are the most accurate way of

measuring sea-state but require deployment
and recovery operations.  This may be tricky
in the rough seas required for seakeeping
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trials.  The signal is either transmitted to a re-
ceiver located onboard or recorded inside the
buoy itself.  The usual maximum receiving
distance is 30 nm.  Great care must be taken
to ensure that during the trials the ship
remains within the receiving area of the buoy.

To facilitate the recovery of the buoy after
the trial program has been completed, it may
be prudent to equip the buoy with a GPS
receiver. The signal from the buoy will be
transmitted to the ship.  For the same reason,
a radar reflector may also prove useful.

2. Bow sensors
A convenient alternative to wave buoys is

bow mounted sensors.  These sensors measure
the distance between the ultrasonic or radar
sensor and the sea surface and hence must be
corrected for ship motion.  A practical way to
achieve this is to use an accelerometer located
near the bow sensor.  The signal must be
integrated twice to subtract the heave motion
of the sensor.

The use of bow sensors are limited by the
ship size and apparent wave steepness.  Spray
and the bow wave of the ship can adversely
affect this measurement.  These sensors are
commercially available.

3. Satellite observation
Satellite observation can now provide

valuable information on sea state but its use is
limited due to satellite availability.

4. Hindcasting
Hindcasting can complement sea state

measurement but should not be used as a pri-
mary source of information.

5. Ship motion
If no other means are available, ship

motion may be used to derive an estimation of
sea state.  For example, for large wave lengths
or small ships, heave measured at zero speed
(in most cases the ship will drift at an abeam
wave direction) will provide an

approximation of wave height.  The
estimation can be improved by the knowledge
of the ship transfer function.

6.9 Data Acquisition

1. Recording
The data may be collected during the trial

using removable disk cartridges (Zip).  A
computer should be used to provide real-time
data reduction.  Time histories and the
resulting statistics can be correlated with the
corresponding operations by using a common
time basis for recordings, video tapes, and
observations.  Several new autonomous data
collection systems have been recently devel-
oped.  They can operate continuously and
record during an entire voyage without an
operator.  This provides opportunities to
obtain a data base of motions during the
actual day-to-day operation of the ship.

2. Filtering and sampling
Since ship motions are of very low fre-

quency compared to the capability of existing
acquisition systems, anti-aliasing filtering and
sampling rate don’t create too many problems.
It is often much simpler to record all data
channels using the same sampling rate.  A
common value for cut–off frequency, fc, is 2
Hz.  Sampling rates of 8 Hz are also widely
used.

However, for specific observations such
as structural data, slamming accelerations or
pressure peaks, much higher frequencies may
be required.

6.10 Data Analysis

1. Time domain analysis
Two methods can be deployed to derive

statistics from time domain analysis Lloyd
(1991).

The first method consists in deriving sta-
tistics from each sample of the recording.  In
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that case the output is the probability of
exceeding a certain level of amplitude for the
considered parameter.

An alternative method more commonly
used for seakeeping statistics called “wave
analysis” requires a pre-processing stage dur-
ing which cycles are derived from the original
signal.  Double amplitude is calculated for
each cycle (wave) and statistics are derived
for those waves.

It is generally accepted that this process
can be reasonably used when the number of
cycles is at least 100.  A 100-cycle record is
not necessarily obtained through 100 wave
encounters.
2. Frequency domain analysis

Frequency domain analysis or spectral
analysis is performed to derive energy density
spectra.  The use of existing numerical tools
to obtain a spectrum from a time domain trace
requires the calibration of different
parameters (frequency resolution, frequency
domain filtering).  Those settings affect the
overall results but their adjustment is mainly
driven by experience.

Equivalent quantities can be obtained both
from statistical and spectral quantities (with
assumption of the propriety of the distribution
in some cases, e.g. Ochi and Bolton, 1973).  It
is therefore recommended to perform both
statistical and spectral analysis for each test.

6.11 Trial Report Breakdown

The trial report should contain the fol-
lowing items:
1. Ship characteristics,
2. Instrumentation,
3. Trial site (including environmental condi-
tions)
4. Trial program
5. Trial results (e.g. time, speed, heading,
wave spectra, significant/rms motion values,
peak values)

7. TASK 4:  PERFORMANCE
MONITORING SYSTEM

The use of onboard instruments for meas-
uring and monitoring data of ship motion,
power consumption and location depends on
the intended purpose of the measured and
collected data.  Data may fall into two catego-
ries:

1. Operational data:  These data are suffi-
cient for daily monitoring of the behavior of
the ship and engine.  The instrument require-
ments are not stringent in terms of resolution.
Data are mainly displayed and manually
reported.
2. Research & Development data:  These
data are the basis for developing scientific
predictions and determining analyses tech-
niques.  Therefore instrument and sensor
requirements are stringent in terms of
resolution and accuracy.  Data are electroni-
cally accessible for computer collection and
analysis.

In general, most of the instruments
installed onboard by shipbuilders fall into the
first category.  Therefore, the SC recommends
that sea trials not be conducted using the ship
instrumentation or equipment.

As to the state of the art of onboard moni-
toring systems, the SC collected references on
what was currently available in the interna-
tional literature, starting from the Proceedings
“Onboard Monitoring Session ”, 20th ITTC
(1993), Busch (1980), Mierau (1980), Froese
(1990), Claus (1994), Claus (1994), Lauro
(1995) and Lacey (1995).

The evaluation of their use has not been
possible for a number of reasons:

1. Time constraints
2. Multitude of systems in use
3. Difference in the purpose of each 

system
4. Lack of standardization in 
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instrumentation
5. Lack of feedback from ship operators
6. Lack of documented evidence of the 

financial benefit (shorter transit time 
and damage avoidance) of these 
systems

In the future, involvement of ship-owner
expertise is recommended to properly fulfil
this task assignment.

8. TASK 5:  USE OF GPS IN SEA
TRIALS

8.1 GPS Overview

The general term Global Positioning Sys-
tem (GPS) will be used herein to imply the
NAVSTAR (NAVigation Satellite Timing
And Ranging) system, developed and
controlled by the US Department of Defense.
The system consists of 21 active and three
spare satellites placed in six polar orbits, over
20,000 km high and each with 55 degrees
orbit inclination.  The orbit period is 12 hours.
The final satellite in the constellation was
inserted at the end of 1993, and official
operational activity of the NAVSTAR GPS
begun in mid 1994.

Each satellite transmits an unique coded
sequence that allows for the identification of
the satellite, the calculation of ranges to it,
and the ability to decode data.  There are two
fundamental methods that are used to
determine position using data transmitted by
GPS satellites; pseudo-range and phase
observable.  Phase observable data requires
more complicated software to obtain ship
speed than pseudo-range but provides
improved position and speed accuracy.
Pseudo range provides adequate accuracy for
ship trials with less expense and effort and,
therefore, its use is recommended.

The radio travel time between the satellite
and the receiver is essential for pseudo-range.

It is obtained by decoding the satellite’s data
that contains position and time of transmis-
sion.  This is compared to a receiver clock at
the time of reception, thereby giving a
time/distance measurement.

A more detailed description of the
NAVSTAR GPS is found in the specialist lit-
erature (Akroyd and Lorimer, 1990 and
Hogarth, 1991).  The SC intends to focus on
the need for using Differential GPS operation
to determine improved accuracy of ship speed
and position data.  Two techniques are possi-
ble for providing real time correction on
board, both of which utilize a GPS reference
station in a known position and a radio-link to
the mobile unit.

The first technique is used to generate a
position correction (i.e. the delta latitude, lon-
gitude and height) while the second is used to
generate range corrections for each satellite
(i.e. delta pseudo-range).

As stated in reference RTCM (1990),
Selective Availability may degrade the accu-
racy of the position to approximately 100
meters (2 rms or 95% level of confidence).
Differential correction will improve the accu-
racy up to 1-5 meters and better, depending
on the separation distance between mobile
and reference station.  This is mainly due to
the fact that predominant errors of GPS are
bias errors, whose major sources can be listed
as follows:

1.  Selective Availability (SA): The SA
errors are introduced into the GPS signals on
board the satellite to degrade the navigation
accuracy provided by the system.  The
“epsilon” component of SA is an artificial
degradation of the broadcast ephemeris,
which can lead to errors greater than 20 m.
The “dither” component is a rapidly varying
error imposed on top of the normal satellite
clock error.

a. Ephemeris error: The broadcast
ephemeris is a predicted ephemeris based on
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global tracking data.  The satellite co-
ordinates calculated from this ephemeris can
have an error on the order of 20 m.

b. Satellite clock error: This is caused by
the difference in precision between the
satellite and the receiver clocks.
2. Ionospheric delays: The effect of the
ionosphere on radio signals is proportional to
the number of free electrons along the signal
path.  In mid-latitude regions the signal delay
can cause pseudo-range errors varying from 8
to 25 meters, depending on the satellite eleva-
tion angle.
3. Tropospheric delays: The troposphere is
the lower part of the atmosphere and is gener-
ally considered to extend up to an altitude of
about 10 km.  The tropospheric delay is a
much smaller error (about 2 m), and is mainly
a function of local humidity, temperature and
altitude.

The errors listed above are minimized by
differential operation for stations located
within 30 to 40 km.  However, signal propa-
gation delays can increase errors if the dis-
tance between the two stations becomes larger.

8.2 Application of DGPS During Sea
Trials

Until now, most of the activity devoted to
the definition of GPS accuracy has been
finalized to navigation (marine, land or air) or
fixed positioning.  Therefore, it has been nec-
essary to assess the accuracy of the applica-
tion of DGPS to ship sea trials according to
its specific requirements.

Independently, by the source of errors, it
is necessary to define parameters to measure
the accuracy of GPS (Zachmann 1988) and to
define which type of accuracy have to apply,
where the parameter definition depends on its
application (navigation, positioning, etc.).

The most common methods of measuring
accuracy, assuming that GPS data exhibits a
Gaussian like distribution, are:

1. The Circular Error of Probability (CEP) in
which the level of confidence is 50%.
2. Twice the Root-Mean-Square (2rms) in
which the level of confidence is between 95%
to 98% depending on the ellipticity of the dis-
tribution.

The last method is more conservative and
is commonly selected to measure accuracy in
experimental activity on ship trials.

As to the types of accuracy, they can be
defined as follows:

1. Predictable Accuracy applies to position-
ing with respect to co-ordinates of the earth.
2. Repeatable Accuracy applies to the ability
of returning to a previously surveyed position.
3. Relative Accuracy applies to positioning
with respect to a reference own position.

Relative accuracy is applicable to ship sea
trials in which the starting measurement point
of a maneuver (or speed run) is assumed
100% accurate and all other position meas-
urements are related to it.

Two different ways are possible to deter-
mine the ship’s speed by using the GPS tech-
nique (Lauro, 1994, Cortellini and Lauro,
1995).

1. Speed calculated by the “Doppler-shift
effect”
2. Speed calculated as a result of the ratio
“travelled distance” over “elapsed time”

Both determinations utilize different hard-
ware/firmware approaches.

Two distinct types of equipment, each
with their own unique accuracy, are used to
determine speed.

Two values of ship’s speed should be
provided:

1. The “traditional” distance/time ratio is
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provided as the official speed figure for con-
tractual purposes.
2. The “direct” speed figure is a result of the
average value of the GPS speed data sampled
at 0.5 to 2 seconds intervals and is provided
for quality control purposes.  A statistical
analysis and filtering of the signal through the
Chauvenet Criterion (Coleman and Steele
1999) should also be included.

The emphasis given to the DGPS tech-
nique within this section is mainly due to the
fact that many organizations have adopted this
system in sea trials (Stenson, 1995 and
Hubregtse, 1995).

Lauro (1996) provides useful information
to those interested in DGPS applications.  So
far as the correction message transfer to ship
is concerned, various links (UHF radio-link,
Racal Sky-fix via-INMARSAT, cellular tele-
phone link) have been tested and a description
of their applicability is given to coastal areas.

9. SC CONTRIBUTION TO ISO
STANDARDS FOR SPEED TRIALS’
EVALUATION

The SC provided input to the ISO/ Com-
mittee Draft 15016 entitled Ships and marine
technology – General requirements – Guide-
lines for the assessment of speed and power
performance by analysis of sea trial data via
Mr. Fujino who served on the SC and the
working group developing the proposed ISO
guideline.  The SC met with a group of
Japanese shipbuilders to address their con-
cerns with the SC’s work.  Their concerns
were addressed in Task 1 and communicated
to the ISO working group.

10. GENERAL CONCLUSIONS

1. No definitive standard for the conduct of
speed/power trials exists.

2. A standardized method for correcting
trial data for environmental effects is
being developed by ISO TC8/SC 9/
WG 2.

3. Measuring propeller pitch during sea
trials is difficult.

4. IMO resolutions reviewed do not
address accuracy of instrumentation or
trial conduct using unconventional
steering and propulsion systems.

5. Sea states and environmental effects are
difficult to quantify accurately.

6. Differential global positioning system
(DGPS) was evaluated and its use is
well accepted in the conduct of sea trials.

11. RECOMMENDATIONS TO THE
CONFERENCE

1. The Committee recommends that the
existing Guidelines for conducting
Speed/ Powering trials developed by the
21st ITTC Powering Performance
Committee continue to be used until
modified, (ITTC Procedure 4.9-03-03-
01.3).

2. Comprehensive tests should be per-
formed on the first ship of a class.  A
reduced level of testing should be con-
ducted on sister ships to verify that ship
performance is similar to that of the first
ship of the class.

3. Most ship equipment is not adequate in
terms of resolution and/or accuracy for
trials’ purposes.  Ship equipment should
not be utilized for acquisition of trials
data unless it can be calibrated and data
can be continuously recorded.

4. The Committee recommends that all
information relating to the correction of
trials data for environmental effects be
documented and referenced.

5. Computers should be used to collect
data.  A time history of each required
trial measurement (as defined in the
individual ship trial agenda) is necessary
to increase confidence in the trial data
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and to facilitate the conduct of an uncer-
tainty analysis.

6. For seakeeping tests, it is recommended
that sea state be measured using more
than one source whenever possible.

7. DGPS is recommended as the
instrument of choice in acquiring ship
positional data and for the determination
of ship speed.

12. RECOMMENDATIONS FOR
FUTURE WORK

1. Due to the on-going efforts of interna-
tional organizations preparing
guidelines for speed/power trials, the
Committee recommends the
continuation of the Trials & Monitoring
Specialist Committee.

2. The Committee recommends that the
guidelines for conducting Speed/
Powering Trials established by the 21st
ITTC Powering Performance
Committee (ITTC Procedure
4.9.03.03.01.3) be updated.

3. Definitive procedures should be
developed for the conduct of maneu-
vering and seakeeping trials similar to
the proposed revised speed/power guide.

4. For maneuvering tests, it is recom-
mended that a full scale trials database
of ship maneuvering performance be
established to include maneuvering in a
high sea state environment.

5. Effort should be put into developing a
means of obtaining reliable and accurate
propeller pitch measurements.

6. The Committee recommends that
maneuvering test procedures be
developed for unconventional propul-
sion and steering systems.

7. Further evaluate onboard monitoring
systems by soliciting input from ship
operators and owners.

8. Since the range of data acquisition
equipment is of varying complexity,
resolution and accuracy, the Committee

recommends that an appropriate ideal
data acquisition system be defined.

9. The Committee recommends that the
relationship between ship motions and
power plant parameters be evaluated
focusing on how to monitor and analyze
this relationship.
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APPENDIX I
SUGGESTED PROCEDURE FOR

SPEED/POWER TRIALS

1. APPROACH PROCEDURES

1. Establish communications among all
shipboard data recording stations.

2. Pass word to all shipboard data takers
stating the run number, direction and
any other pertinent information.

3. Bring the ship on the appropriate
approach course toward the optimum
tracking area on the trial site.  During
the approach of each run, the ship will
be steadied on course and throttle
controls adjusted to give the desired rpm
or engine order specified.  If there are
multiple shafts, it is important that the
rpms of all shafts be set according to the
appropriate rpm schedule detailed in the
trial agenda.  Note that for locked shaft
trials, it is recommended that the ship be
dead in the water before the shaft is
locked.  For twin screw ships, common
practice is to lock the longer of the two
propeller shafts with the locking gear.
For trailed shaft trials, declutch the
longer of the propeller shafts so that the
shaft will windmill as the ship is driven
by the other shaft(s).  For propeller pitch
trials, adjust the throttle controls to give
the desired propeller pitch and rpm.

4. The Mate on Deck will inform the Trial
Director (TD) when the ship has
attained the trial conditions required.
The TD and the instrumentation opera-
tors independently confirm these condi-
tions by monitoring shaft torque, shaft
rpm, and ship speed on remote monitors.
Note that the requested shaft rpm will be
attained before the ship’s momentum
and speed stabilize, so matching shaft
torque and shaft rpm for all shafts and a
steady ship’s EM log provide the best
indications of steady approach.

5. For approximately 60 seconds before the
start of the run, monitor the approach
data to ensure that all data parameters
are steady.  After ensuring that steady
conditions have been established,
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COMEX the run.  Once data recording
has begun, do not adjust the throttles.

2. TEST CONDITIONS

1. Pass a COMEX command from the TD
to all instrumentation operators signi-
fying the start of the run.  Record data
for the duration of the run.

2. Propeller shaft speed and other engine
parameters should be held constant for
each of the runs.

3. The ship shall maintain heading during
the run.  The helmsman shall keep rud-
der movement to the minimum neces-
sary, typically ±3°.  Autopilot use within
these guidelines is acceptable.

4. After the desired amount of steady data
is recorded, pass a FINEX command
from the TD to all instrumentation
operators ending the data collection and
the run.  The steady power portion of the
run may be extended to obtain the
necessary amount of data, especially if
weather conditions affect the data.

3. END TEST AND SET-UP FOR
NEXT RUN

1. After FINEX, the ship should main-
tain speed and heading for at least one
minute more before conducting a Wil-
liamson Turn.  This allows room to
establish steady powering conditions
prior to passing over the same area as
the previous run.

Steady
Approach

60 S

Steady
Approach60 S

COMEX
FINEX

5 t o 10 mi n
COMEX

FINEX

5 t o 10 mi n

Figure A-1. Path of ship during typical
speed/power maneuver.

APPENDIX II
SUGGESTED PROCEDURES FOR

MANEUVERING TRIALS

This guide is intended to outline a proce-
dure for obtaining data on maneuvering trials.

1. TURNING TEST

1. Establish steady ship speed to the con-
ditions indicated in the trial agenda and
adjust the ship’s heading to a steady
course prior to the point of required ini-
tial rudder execution.  At this time, no
further adjustment to the engine order is
to be made until the conclusion of the
test.  Start the data acquisition system.

2. Steer with the prescribed minimum rud-
der angle.  Record the time at which the
rudder is moved to the angle denoted in
the trial agenda.  Once the rudder angle
is set, no further adjustment should be
made, even if the rudder angle achieved
deviates to some degree from the rudder
angle prescribed in the agenda.

3. The test is concluded when the change
of heading reaches an angle between
540° and 720° (the larger the angle the
better).  Set the ship’s heading to a
straight course, in readiness for the sub-
sequent test.  At the conclusion of the
test, steer the ship on a straight course in
readiness for the subsequent test.  A
suitable approach distance should be
chosen to establish the desired approach
speed specified in the trial agenda.

4. The normal rudder angle to be used is
35° or maximum rudder right and left,
supplemented with 15° right and left
rudder angles.

5. The approach for right and left turns
should preferably be conducted at the
same headings.

2. Z-MANEUVER TEST
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1. Establish steady ship speed at the con-
ditions indicated in the trial agenda and
adjust the ship’s heading to a steady
course prior to the point of required ini-
tial rudder execution.  At this time, no
further adjustment to the engine order is
to be made until the conclusion of the
test.  Start the acquisition system.

2. Order “10° right rudder”.  Maintain
rudder at the ordered angle.  In the case
of a neutral angle, the rudder commands
should be issued relative to the neutral
angle

T f

EXECUTE at time = 0

T ti l Di t

D ift A l

Change of Heading:
90/450 deg

Change of Heading
180/540 deg
FINEX at 540 deg

COMEX

Corrected Approach Course

St d T i Di t

Ad

Corrected Circle

Figure A-2.  Drift corrected turning circle

3. When the change of heading nears to
10° to starboard, order “stand by for 10°
left rudder”.  Upon attainment of 10° to
starboard heading, order “execute”.
Reverse rudder at normal rate from 10°
right to 10° left, and thereafter maintain
rudder at 10° left.

4. The ship will keep turning to starboard
for a while until reaching the overshoot
angle.  Eventually the ship will turn to
port.  When the change of heading nears

to 10° to port from the original approach
heading, order “stand by for 10° right
rudder”.  Repeat step 3 above with right
and left reversed.

5. Upon attainment of approach heading,
the test is terminated, and the ship is
reset to a steady course.

6. Bring the ship to the same initial
heading as in the previous run.
Establish the next steady ship speed
indicated in the trial agenda.  Repeat
steps 2 to 6 above with term ‘left’ and
‘right’ reversed.  (The initial procedure
steps 2 to 6 starting with right rudder is
hereafter referred to as “+ 10°” and the
reversed procedure starting with left
rudder “-10°”).

7. IMO requires Z-Maneuver tests be per-
formed at ±10° and ±20° degrees.  For
large full ships it is recommended to
also perform tests at ±5° and ±15°
rudder angles.

Note:  The rudder commands should be
issued for a rudder angle relative to the
neutral angle.  The neutral angle is the mean
rudder angle at which the ship keeps steady
course at approach heading during an
extended seaway.

The SC recommends that the procedure be
extended to include four additional rudder
throws to determine the repeatability of the
overshoot headings and angles.  GPS should
be used to determine ship’s trac

Figure A-3.  Z-maneuver test
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3. MODIFIED Z-MANEUVER TEST

The modified Z-maneuver test can be exe-
cuted using the same procedure as the Z-
maneuver test, except that the rudder angle is
only 5° or 10° and the rudder changes when
the change of heading becomes 1°.

Figure A-4.  Modified Z-maneuver test

4. DIRECT SPIRAL TEST

1. Set ship to steady speed and to steady
course, then order “10° right rudder”.
Actuate rudder at normal steering rate to
10° right.  Maintain rudder at ordered
angle.

2. When a steady rate of change of heading
is achieved, record the rate of turn, rud-
der angle and propeller revolution.

3. Order “ shift rudder to right 5°” and
repeat measurements as in step 2 above.

4. Order “shift rudder to right 1°” and
repeat the step 2 measurements.

5. Order “shift rudder to midship”.  Repeat
the step 2 measurements.  The ship will
normally maintain a steady rate of turn
to starboard for a while.  Record this
residual rate of turn.

6. Order “1° left rudder” and repeat step 2
measurements.

7. If the ship still keeps turning to star-
board, order “2° left…”, “3°…”.  Incre-
mentally increase the rudder angle by 1°
until the ship starts turning to port.  At
every rudder angle, repeat the step 2
measurements.

8. When the ship starts to turn to port, wait
until the rate of turn becomes steady and
record both the rate of turn and the
rudder angle.

9. Order “5° left rudder”.  Repeat the step
2 measurements.  Proceed to “10° left
rudder” and repeat the step 2 measure-
ments.  If step 7 above has been attained
only beyond 5° port, start the present
step 1 at “10° left rudder”.

10. Repeat step 4 to 5, or 3 to 5, whichever
is relevant. (Left and right are reversed
in step 6.)

11. Order “1° right rudder” and repeat the
step 2 measurements.

12. If the ship still keeps turning to port,
order “2° right…”, and “3° right…”,
incrementally increase the rudder by 1°
until the ship starts turning to starboard.
Repeat the step 2 measurements.

13. When the ship starts to turn to starboard,
wait until the rate of turn becomes
steady and record both the rate of turn
and the rudder angle.  Terminate the test.

Note:  Tests should preferably be conducted
in a sea state below 2 or 3.  Reliable measure-
ments can not be expected in a sea state
beyond 4.

If a test has to be temporarily suspended,
it should be resumed using the rudder angle
associated with the step preceding that at
which the suspension took place.

5. REVERSE SPIRAL TEST

1. The ship shall proceed at the prescribed
heading and speed.  The yaw rate setting
is adjusted to a defined value.  The ship
is steered around this value according to
the following scheme.

2. Rudder is turned to left 5° when the
indicator passes through the 0 point
from the port to starboard side, and to 5°
right in the converse case.  If the time to
steer left 5° proves to be shorter than the
corresponding time for 5° right rudder,
substitute 5° left with 4° left, and 5°
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right with 6° right.  Proceed in similar
gradations until the times of both
steering become balanced.

3. When the second step is completed, a
rough regular yawing motion is obtained
upon which the measurements at the
defined setting are determined.

Note:  Increasing yaw angular rate inevitably
increases the difference between left and right
rudder angle.  In such cases, the procedure
may be started using the angle set in the pre-
ceding cycle.

Figure A-5.  Direct spiral test

6. PULL-OUT TEST

1. Establish steady speed and course
conditions, then order the “right rudder”
prescribed in the trial agenda.  Actuate
the rudder at a normal rate to the pre-
scribed right rudder angle.  Maintain the
rudder at the ordered angle.

2. When the ship’s turning rate has stead-
ied, order “ rudder midship”

3. Maintain the rudder at the midship posi-
tion until the ship shows a steady resid-
ual rate of turn.

4. Repeat steps 1, 2 and 3 using “left rud-
der”.

Note:  Tests should preferably be conducted
in a sea state below 2 or 3.  Reliable measure-
ments can not be expected in a sea state
beyond 4.  The pull-out tests should be
performed as a continuation of the turning
tests.  The pull-out test must be performed
using both left and right rudder to show pos-
sible asymmetry.

7. STOPPING TEST (CRASH STOP
ASTERN AND CRASH AHEAD)

1. Establish steady ahead ship speed at the
condition noted in the trial agenda and
adjust the ship’s heading to a steady
course.  At a position roughly one ship
length before the point where the engine
order is initiated, start the data acquisi-
tion system.

2. Order “engine astern ” at prescribed
position noted in the trial agenda (full,
half, slow).

3. With rudder at midship, the test will
proceed until the ship is stopped dead in
the water.

Note:  At the end of the ahead stopping test,
the test should be repeated with the ship ini-
tially moving at an initial steady astern ship
speed and using an ahead engine order to stop
the ship.

8. STOPPING INERTIA TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the engine order
is initiated, start the acquisition system.

2. Order “engine stop” and move the rud-
der to either midship or 35° port or
starboard.
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3. The test will proceed until the ship
achieves a defined minimum speed.

Note:  When the prescribed rudder angle is
“0°” the stopping inertia is named “free stop”.
When the prescribed rudder angle is “35°”,
left or right, the stopping inertia is named
“IMO stop”.

9. NEW COURSE KEEPING TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the rudder
movement is initiated, start the acquisi-
tion system.

2. Move the rudder to 15° right, and main-
tain that rudder angle.

3. When the change of heading reaches 10°
starboard from the initial approach
heading, quickly move the rudder to 15°
left.

4. When the rate of turn reaches 0
degree/sec, return the rudder to midship.
This completes the test.

5. Repeat the test using an initial rudder
angle of left 15° port.  Repeat steps 2
and 3 with the term ‘left’ and ‘right’
reversed.

6. Repeat the test using initial rudder
angles of 20° and 30° (total of 6 runs).

Note:  Move the rudder to the prescribed
angle as accurately as possible.  Ensure that
speed and heading are steady during the
approach.

10. MAN-OVERBOARD TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the rudder

movement is initiated, start the acquisi-
tion system.

2. Order 35° rudder angle, left or right.
3. When the ship has turned between 20°

and 60° from the initial base course,
order 35° opposite rudder and hold the
rudder until the ship has turned 120° to
150° from the initial approach course.

5. Gradually reduce the rudder angle until
the ship’s heading is reversed 180° from
the initial approach course.

Figure A-6.  New Course keeping test

11. PARALLEL COURSE
MANEUVER TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the rudder
movement is initiated, start the acquisi-
tion system.

2. Order 35° rudder angle
3. When the ship has turned 30°, order 35°

opposite rudder and steer the ship to
regain the original course.

Note:  The maneuver is repeated with the
sequence of left and right commands reversed.
Additional tests are conducted where the ship
will be turned after 60° and at 90° course
deviations have been achieved.  Further tests
may be performed with the rudder angle
modified from 35° to 30°, to 25° and so on.
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12. INITIAL TURNING TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point of steering execution,
start the acquisition system.

2. Order the rudder moved in accordance
to the values noted in the trial agenda.
Once the rudder angle is set, no further
adjustment is made, even if the rudder
angle achieved deviates to some degree
from the desired rudder angle.

3. When the ship has reached a steady
turning rate, the test is completed and
the ship is made ready for the subse-
quent test.

Note:  The normal rudder angle to be ordered
is 10° and 20° for both port and starboard
turns.  It is desirable that the approach head-
ings for port and starboard turns be the same.

13.  Z-MANEUVER TEST AT LOW
SPEED

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the rudder
movement is initiated, start the acquisi-
tion system.

2. Stop the engine, and let the propeller
idle.  Order the rudder to be moved to
35° right.

3. When the ship turns to 1° starboard
heading, reverse the rudder angle to 35°
left.

4. After the ship reverses turning direction
and the approach heading reaches 1°
port, reverse the rudder angle to right
35°.

5. Repeat steps 3 and 4 until the rudder is
no longer effective and the ship does not
respond to the rudder.  At this point the
test is complete.

14. ACCELERATING TURNING
TEST

1. Bring the ship to dead in the water with
the engine set to “Stop engine”.  Start
the acquisition system.

2. Order the rudder angle prescribed in the
trial agenda.  Simultaneously order
“ahead” at the prescribed engine order.
Once the rudder angle is set, no further
adjustment is made, even if the rudder
angle achieved deviates to some degree
from the desired rudder angle.

3. When the change of heading reaches an
angle between 540° and 720°, the test is
complete.

Note:  The normal rudder angle to be ordered
is 35° or maximum rudder angle left and right.
It is desirable that the approach headings for
left and right turns be the same.

15.  ACCELERATION/DECELERATION
TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the engine order
is initiated, start the acquisition system.

Finex

Comex
Ship  Path�

Projected Approach Path

Execute

Range Coordinate System X

Y

Reach

Lateral Displacement

Figure A-7.  Acceleration/deceleration test
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2. Execute the prescribed engine order.
3. When the ship attains the steady termi-

nal speed stated in the trial agenda, the
test is complete.

Note:  Use minimal rudder throughout the run
to maintain heading.  It is desirable to conduct
all of the acceleration/deceleration runs from
the same initial base heading and general
location.  The trial agenda details the
combination of approach and execute engine
orders that should be used in this series of
tests.

16. THRUSTER TEST

1. With the ship dead in the water at the
heading prescribed in the trial agenda
and the engine set to “Stop engine”, start
the data acquisition.

2. Order the bow thruster(s) to full thrust .
3. When the thruster(s) operate over 10

minutes or the ship’s heading reaches
30°, the test is complete.  The ship is
brought back to a dead in the water con-
dition at the desired heading, in readi-
ness for the subsequent test (reverse
bow thruster).

Note:  The same procedure is applied using an
initial forward speed designated in the trial
agenda (starting point being a stable pre

scribed speed).  Approach headings for left
and right turns should be the same.  With the
ship in trial ballast condition, it should be
noted that reduced thrust may result unless the
thruster is properly submerged.  The thruster
should be submerged so that its axis is at a
depth of at least 0.8 times the thruster
diameter.  Bow thruster tests for dry cargo
ships in the trial ballast condition are severely
influenced by sea and wind and should be
conducted only in protected areas or in the
open sea when sea conditions are exception-
ally smooth.  Refer to Guide for Sea Trials,

SNAME (1989) for other special thruster tests
using combinations of rudder.

17. MINIMUM REVOLUTION TEST

1. Establish a steady ship speed in accor-
dance with the trial agenda (normally
maximum speed in harbor) and adjust
the ship’s heading to a steady course.
At a position roughly one ship length
before the point where the rpm is
changed, start the acquisition system.

2. Main shaft revolution is gradually
decreased until the minimum revolution
necessary to keep the engine running
smoothly is found.

3.  A confirmation run at minimum revolu-
tion is carried out for about one minute.

Note:  The test should be performed in calm
sea conditions.  Rudder should be set mid-
ships during the confirmation run.

18. CRASH AHEAD TEST

This test is a part of the stopping test
whose procedure is described in 7.

APPENDIX III
SUGGESTED PROCEDURE FOR

SEAKEEPING TRIALS

1. Once the ship has reached the selected test
area, the buoy is launched according to
ship internal procedure.  The correct re-
ception of the buoy signal is verified.

2. The engine is set to the predefined value
stated in the trial agenda and the course is
adjusted for a head sea run.

3. Once a steady mean speed is achieved, the
data acquisition is started for the desired
duration of run noted in the trial agenda.

4. When the run is completed, data acquisi-
tion is stopped and the ship’s course is
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adjusted to the new wave relative direc-
tion (see Figure A-8 below).

5. Repeat step 3 and 4 for each successive
run indicated in the trial agenda.

Note: When developing the trial agenda, the
time between runs should not be underesti-
mated.  Ten minutes is not considered unusual.
Constant attention must be given to verify that
the weather and wave conditions remain
relatively constant during the entire sequence
of runs.

Launch of the buoy

1

2

3

4

5

Figure A-8.  Typical sketch of runs for an “ all
headings ” evaluation around a wave
measurement buoy
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