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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria riegded for the
rent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documeént may be the subject of
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it rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any
it rights identified during the development of the document will be(inthe Introductign and/or on
50 list of patent declarations received (see www.iso.org/patents):

frade name used in this document is information given for the'éonvenience of users gnd does not
[itute an endorsement.

hin explanation on the meaning of ISO specific termis and expressions related to| conformity

$sment, as well as information about ISO’s adherence to-the WTO principles in the Technjcal Barriers

nde (TBT) see the following URL: Foreword - Suppleémentary information

committee responsible for this document is ISO/TC 8, Ships and marine technology, Subcommittee
Navigation and ship operations.

second edition cancels and replacés the first edition (ISO 15016:2002), which has been
hically revised.
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This International Standard concerns the method of analysing the results obtained from speed trials.

The primary purpose of speed and power trials is to determine a ship’s performance in terms of
ship’s speed, power and propeller shaft speed under prescribed ship’s conditions and thereby verify
the satisfactory attainment of a ship’s speed stipulated by Energy Efficiency Design Index (EEDI)
regulations and/or contract. Ship’s speed is that realized under conditions stipulated by contract and/or
EEDI regulations, which are usually; smooth hull and propeller surfaces, no wind, no waves, no current
and deep water of 15°C.
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Ships and marine technology — Guidelines for the
assessment of speed and power performance by analysis of
speed trial data

1 Scope

The primary purpose of speed and power trials is to determine a ship’s performance in{efrms of ship’s
speefl, power and propeller shaft speed under prescribed ship’s conditions and thereby verify the
satisfactory attainment of a ship’s speed stipulated by EEDI regulations and/or contract.

This| International Standard defines and specifies the following procedures, to be applied in the
preppration, execution, analysis and reporting of speed trials for ships, withoreference t¢ the effects
which may have an influence upon the speed, power and propeller shaft speed relationship

— the responsibility of each party involved,

— the trial preparations,

— the ship’s condition,

— the limiting weather and sea conditions,

— the trial procedure,

— the execution of the trial,

— the measurements required,

— the data acquisition and recording,

— the procedures for the evaludtion and correction,
— the processing of the results.

The ¢ontracted ship’s speed and the ship’s speed for EEDI are determined for stipulated copditions and
at splecific draughts (coritract draught and/or EEDI draught). For EEDI, the environmentdl conditions
are: no wind, no wdves, no current and deep water of 15°C.

Normally, such.stipulated conditions are unlikely to be experienced in part or in full durifg the actual
trial$. In pragtice, certain corrections for the environmental conditions such as water depth, surface
wind, waves, current and deviating ship draught, have to be considered. For this purposg, during the
speefl@nd power trials, not only are shaft power and ship’s speed measured, but also relevgnt ship data

and nifraonmantal co Hiong
CIITVIIUITITICIILAT CUTIUILIVUITO,.

The applicability of this International Standard is limited to ships of the displacement type.

In this International Standard, it was decided that the unit to express the amount of an angle should be
“rad” (radian) and that the unit of speed should be “m/s” (metres per second). Nevertheless, “°” (degree)
as a unit for an angle and “knots” as a unit for speed may be used. However, the units for the angles and
speeds which appear in calculation formulas are to be “rad” and “m/s” without exception. Moreover, for
the convenience of the users of this International Standard, numerical values using the units of degree
and knots are stated jointly at appropriate places.

Ifitis physically impossible to meet the conditions in this International Standard, a practical treatment is
allowed based on the documented mutual agreement among the Owner, the Verifier and the Shipbuilder.

© IS0 2015 - All rights reserved 1
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ITTC 7.5-04-01-01.4:2002, ITTC Recommended Procedures and Guidelines, Speed and Power Trials, Part 4:
Instrumentation Installation and Calibration

ITTC 7.5-02-07-02.2, ITTC Recommended Procedures and Guidelines, Prediction of Power Increase in
Irregular Waves from Model Test

3 Terms and definitions

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

31

brake power

power delivered by the output coupling of the propulsion machinery before passing through any speed-
reducing anf transmission devices

3.2

contract pgwer

brake power or shaft power that is stipulated in the new build -or conversion contract between the
Shipbuilderjand the Owner

3.3

contract speed

ship’s speed|to be achieved as agreed within the terms;0fthe new build/conversion contract

3.4

Double Rur

two consecuytive speed runs at the same powensetting on reciprocal headings

Note 1 to ent}y: See 3.16 for speed runs.

3.5

EEDI

Energy Effidiency Design Indexas formulated by IMO

3.6

EEDI powel

brake power that is stipulated by the Energy Efficiency Design Index (EEDI) regulations

3.7

EEDI Speed

ship’s speed'achievedunderthe-conditionsspecified-by-the IMO-Reselution MEPE245{66asamerdded)
3.8

ideal conditions
ideal weather and sea conditions: no wind, no waves, no current and deep water of 15°C

3.9

measured ship’s speed

ship’s speed during a speed run derived from the headway distance between start and end position and
the elapsed time of the speed run

3.10
Owner
party that signed the new building or conversion contract with the Shipbuilder

© ISO 2015 - All rights reserved
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3.11

power setting

setting of engine throttle and propeller shaft speed for fixed pitch propellers and setting of the pitch
angle for controllable pitch propellers

3.12
propeller pitch
design pitch for a fixed pitch propeller

3.13
pitch angle

43 it alo 1 £ L 4 Hollo Pie ol D 11 epny
Oper Lllls lJlL\,ll auslc Ul da UWUIITUI UIIduUICT T ItCIT I' 1 Ul.lCllCl \hl I _}

3.14
shaft power
net gower supplied by the propulsion machinery to the propulsion shafting after-passing through all
speefl-reducing and other devices and after power for all attached auxiliarigs.has been tgken off and
accoynting for losses in shaft between propeller and the location of power nieasurement at|the shaft

3.15
Shippuilder
shipyard that signed the new building or conversion contract with the Owner

3.16
shipis speed
speefl of the ship that is realised under the stipulated conditions

Note [l to entry: See also measured ship’s speed, contract’speed and EEDI speed.

3.17
sistdr ships
shipg with identical main dimensions, body lines, appendages and propulsion system built ip a series by
the spme Shipyard

3.18
S/P trials
speefl and power trials to establish the relationship between power and speed for a particylar ship

3.19
S/P {rial agenda
document outlining-the scope of a particular S/P trial

3.20
speed run
ship’s trackWwith specified heading, distance and duration for which the measured ship’s speled and shaft
powg¢r afe calculated

Note TT0 entry: Ihis International standard contains the procedures on now to conduct the trial and table(s)
portraying the runs to be conducted.

3.21
tank tests
model tank tests for the prediction of the speed power relation for the stipulated conditions

3.22
trial baseline
the track of the first S/P run

© IS0 2015 - All rights reserved 3
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Trial Leader
duly authorised (Shipbuilder’s representative) person responsible for the execution of all phases of the
S/P trials including the pre-trial preparation

3.24

trial log

all the data recorded before, during and after the S/P trial

3.25

Trial Team

team that conststsoftheTtriat Lcad\:l, the-Owherst Pt cocutativc, the ayyuiutcd personst coyuuoib e for

the S/P trial measurements and, if the ship requires EEDI, the Verifier

3.26

Verifier

third party responsible for verification of the EEDI

3.27

zero pitch

Controllablg Pitch Propeller (CPP) blade angle at which the pitch angle at the'representative radjus is

equivalent tp zero

4 Symbaols and abbreviated terms

4.1 Symbols

ALy is the lateral projected area above the waterlinhe including superstructures

AMm is the midship section area under waten

Aop is the lateral projected area of superstructures above upper deck

ag, bg, cg are the factors for the torque cdefficient curve

ar, bt, cr are the factors for the thrust.coefficient curve

Axy is the transverse projectedarea above the waterline including superstructures in square mgtres

B is the ship’s breadth

B(x) is the sectional bréadth

Bt is the bluntnéss’coefficient

Cana is the wind.resistance coefficient; Cpo5(0) means the wind resistance coefficient in head wipd

CB is the block coefficient

Cr is'the frictional resistance coefficient for the actual water temperature and water density

Cro is the frictional resistance coefficient for the reference water temperature and water densjty

Cmc is the horizontal distance from midship section to centre of lateral projected area Ary, where +
means forward from midship

Cpy is the vertical prismatic coefficient

Cto is the total resistance coefficient for the reference water temperature and water density

Cy is the coefficient of advance speed

D is the propeller diameter

E is the directional spectrum

e is the scale correlation factor of the wake fraction

Fp is the skin friction correction force same as in the normal self-propulsion tests

Fr is the Froude number

4 © IS0 2015 - All rights reserved
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Fx is the external tow force measured during load variation test

g is the acceleration of gravity

G is the angular distribution function

h is the water depth

Hi(m) is the function to be determined by the distribution of singularities o(x) which represents a
periodical disturbance by the ship

H1j3 is the significant wave height

HpRr is the height of top of superstructure (bridge etc.)

Hc 5 tie Tretg it fTonT WateTHTe to Celtre of 1aterat projected arca ALy ~

Hsy1/ is the significant height of local swell (\'\v*)

Hw1}l3 is the significant height of local wind driven waves ~ ‘])’

)] is the run number (\'\\U

I is the modified Bessel function of the first kind of order 1 y\<QV

J is the propeller advance coefficient ,,O

Jid is the propeller advance coefficient in the ideal condition k\‘f)

Jms is the propeller advance coefficient in the trial conditipn o

k is the wave number /)0\

K1 is the modified Bessel function of the second ki&‘éf order 1

Kg is the torque coefficient n.\\)

Koid is the torque coefficient in the ideal con‘d\’@‘ﬁ

Kom{ is the torque coefficient in the trial c@ﬁition

Kt is the thrust coefficient AA\V

KTiq is the thrust coefficient in thsia\é}al condition

KTms is the thrust coefficient,i:’\‘tﬁgtrial condition

kyy is the non-dimensiopal}a}dius of gyration in the lateral direction

Lpwil is the distance o}@%ow to 95 % of maximum breadth on the waterline

Loa is the ship’s le@x\ffoverall

Lpp is the shi@’@}ﬁgth between perpendiculars

MCR is thg\@x-{mum Continuous Rating

mp is@)ﬂh moment of frequency spectrum

nid (&\he corrected propeller shaft speed

Nms B\e\,ls the measured propeller shaft speed

P1 G:)\‘ is the power corresponding to displacement volume V, during the S/P trial

P2 is the power corresponding to displacement volume V, used in the tank test
PBms is the measured brake power

Ppid is the delivered power in the ideal condition

Ppms is the delivered power in the trial condition

PFulLp is the power at full load/stipulated condition predicted by the tank tests
PFull,s is the power at full load/stipulated condition obtained by the S/P trials

Psms is the measured shaft power

Prrial,p is the power at the trial condition predicted by the tank tests

PTrial,s is the power at the trial condition obtained by the S/P trials

© IS0 2015 - All rights reserved 5
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Raa is the resistance increase due to relative wind
Ras is the resistance increase due to deviation of water temperature and water density
Raw is the resistance increase due to waves
RawL is the mean resistance increase in long crested irregular waves, as substitute for Raw
RawMm is the mean resistance increase in regular waves based on Maruo’s theory, which is calculated
from the radiation and diffraction components
RAWR is the correction term of Rawm
Rp is the frictional resistance for the actual water temperature and water density
Rro Tsthe frictionat Testistance for the Teferelnce WateTl tEMpPerature and Water delnsity ~
Riq is the resistance in the ideal condition (\'\‘O
Rms is the resistance in the trial condition ~ ‘])J
RTo is the total resistance for the reference water temperature and water density(\'\\o
Rwave is the mean resistance increase in regular waves y\<QV
REXP is the mean resistance increase in regular waves measured in the tats
wave ¢ \
s is the directional spreading parameter /. O\
S is the wetted surface area AO‘
Ss is the full scale wetted surface, the same value as used '}&?ﬁe normal self-propulsion test
Sy is the frequency spectrum AS\\Y
t is the thrust deduction factor 5{0‘0
Tc is the period of variation of current speed o.$
Tdeep is the draught; for a trim condition Tgeep is&\ﬁé deepest draught
tid is the thrust deduction factor in the\iFléﬂkl)condition
™ is the draught at midships ,_\\CJ“
tms is the thrust deduction factor.in\t‘ﬁe trial condition
V’'wWr is the corrected relative)@ velocity at the vertical position of the anemometer
V'wrt is the averaged true V\€ry\ljvelocity at the vertical position of the anemometer
Va is the speed of flgs/‘@t'o propeller
Ve is the current@a,\:é{i
Ve is the meqaix)a'ship's speed over ground
V61 is theﬁ\&f?ured ship’s speed over the ground on the first of four runs
VG2 is the'measured ship’s speed over the ground on the second of four runs
VG3 ,.'fgxh‘e measured ship’s speed over the ground on the third of four runs
VGa ‘}ia the-measuredship’sspeed-everthe groundonthe feurthoffeurruns
Vs is the ship’s speed through the water
VwR is the relative wind velocity
VWRref is the relative wind velocity at the reference height
VwT is the true wind velocity
VWTref is the true wind velocity at the reference height
WM is the model wake fraction
WMid is the model wake fraction in the ideal condition
WMms is the model wake fraction in the trial condition
ws is the full-scale wake fraction

6 © IS0 2015 - All rights reserved
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Wsid is the full-scale wake fraction in the ideal condition

WSms is the full-scale wake fraction in the trial condition

x is the longitudinal coordinate

Zy is the vertical position of the anemometer

Zref is the reference height for the wind resistance coefficients

Zr is the vertical displacement relative to waves in steady motion

ap is the power ratio

ar is the effect of draught and encounter frequency

a is the angle between ship’s heading and component waves; 0 means head waves¢-,
Bw is the slope of the line element dl along the water line Q) -
r is the Gamma function . (hl/
AP is the required correction for power /‘Q' -
AR is the total resistance increase . '\v‘)

At is the deviation of the thrust deduction factor . )

AV is the decrease of ship’s speed due to shallow water r‘\\\v

Awy is the deviation of the wake fraction A<( -

Anr is the deviation of the relative rotative efficiency Q

qA is the wave amplitude 9\\} )

b is the propulsive efficiency coefficient ‘AQ)\

NDid is the propulsive efficiency coefficientikakéal condition

NDm4 is the propulsive efficiency coeffici&ﬁ\l\r; trial condition

nm is the transmission efficiency Xoﬂ

no is the propeller open watgrré‘(fiaency

N0ms is the propeller efficiency Yche ideal condition

R is the relative rota}'Q(e’ eEiciency

NRid is the relative L@\Fve efficiency in the ideal condition

NRms is the relatqu%o’cative efficiency in the trial condition

ns is the sl\@\e'f[ficiency

Om is tlkeﬁ(fak\le between ship’s heading and wave direction relative to the bow; 0 mean} head waves
A {g@‘l‘e\/scale factor

u N\ )‘§ the smoothing range

n Sy VY are derived considering the load variation effect as described in Annex |

ép @\ ' is derived considering the load variation effect as described in Annex ]

PA is the mass density of air

oM is the water density in the model test

ps is the water density for the actual water temperature and salt content

Pso is the water density for the reference water temperature and salt content

Tp is the load factor equal to K7 /J2

TPid is the load factor in the ideal condition

TPms is the load factor in the trial condition

Y is the ship’s heading

P’'WR is the corrected relative wind direction at the vertical position of the anemometer
Y'wr is the averaged true wind direction at the vertical position of the anemometer

© ISO 2015 - All rights reserved
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Ywr is the relative wind direction; 0 means head winds
YWRref is the relative wind direction at the reference height
Ywr is the true wind direction in Earth system
W is the circular frequency of regular waves
WE is the circular wave frequency of encounter
iv4 is the displacement volume during the S/P trial
1
V4 is the displacement volume used in the tank test
2
4.2 Abbreviated terms
CPP Controllable Pitch Propeller
IMO International Maritime Organization
ITTC International Towing Tank Conference
JASNAOE The Japan Society of Naval Architects and Ocean Engineers
JONSWAP Joint North Sea Wave Project
MEPC Marine Environmental Protection Committee in IMO
SNAJ The Society of Naval Architects of Japan
SNAME The Society of Naval Architects and Marine Engineers; USA
STA-Group An international group of owners, shipyards, résearch institutes, classification societies and
universities studying and improving sea trialprocedures and Sea Trial Analyses (STA)
5 Respopsibilities
5.1 Ship builders’ responsibilities
The Shipbuilder is responsible for the planning, conduct and evaluation of the S/P trials. The Shipbyilder
shall ensurd that:
— an apprppriately authorized Trial Leader is appointed to oversee all aspects of the S/P trial,
— all pernits and certificates required for the ship to go to sea are provided,
— all qualjfied personiiel necessary for operating the ship and all engines, systems and equipment
requirefl duringthe sea trials, are on board,
— all regulatetrybodies: the Classification Society; the Owner; ship agents; suppliers; subcontragtors;
harbour ¢acilities; departments organizing the supply of provisions, fuel, water, towage,| etc.,
necessary for conducting these trials; have been informed, are available and on board whenrequired,

— all safety measures have been checked,

— allfixed, portable and individual material (for crew, trial personnel and guests) ison board and operative,

— any safety systems for conducting safe S/P trials have been checked in accordance with the
administrative requirements,

— an inclining test has been performed and/or at least a preliminary stability booklet including the

S/P tria

Is condition has been approved, in accordance with the SOLAS Convention,

— all ship data relevant for the S/P trials Preparation, Conduct, Analysis and Reporting are made
available to the Trial Team prior to the S/P trials. This data shall include the information requested
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in Annex A as well as the results of the tank tests for this ship at trial draught and trim, EEDI draught

and trim and Contract draught and trim.

Speed and power measurements and analysis shall be conducted by persons acknowledged as competent
to perform those tasks, as agreed between the Shipbuilder, the Owner and the (where applicable) Verifier.

The Shipbuilder shall arrange for divers to inspect the ship’s hull and propulsor(s) if necessary.

The Shipbuilder is responsible for the overall trial co-ordination. A pre-trial meeting between the Trial Team
and the ship’s crew shall be held to discuss the various trial events and to resolve any outstanding issues.

The Trial Leader shall maintain contact with the Trial Team on the preparation, execution and results

of the S/P trials.

5.2
The

Interjnational Standard and for the analysis of the measured data to derive the ship’s spee
at the stipulated conditions.

The

6
The

stepg are summarized.

6.1

Asse

Aparit from the obvious inputs such as; shaft torque, propeller shaft speed and DGPS, it is import

a)
b)
‘)
d)
e)

The Trial Team

m

[rial Team is responsible for correct measurements and reporting of the S/P\trials acco

[rial Team is responsible for the following:

¢onducting an inspection of the ship, including the condition efthe hull and propeller(s)/j
prior to the commencement of the S/P trial,

the provision, installation, operation and removal-of* all necessary trial instrume|
lemporary cabling,

roviding the ship’s Master and the Owner’s répresentative with a preliminary data |}
initial analysis before disembarking,

elivering a final report on completion:offull analysis of the measurements taken duri

Trial preparations

success of the S/P trials largely depends on the preparations. In this Clause the mog

Step 1: Installation and Calibration

rding to this

l and power

ropulsor(s),

ntation and

backage and

hg the trial.

t important

mble all the trials instrumentation in the configuration that is to be used on the ship. Test the
instrjumentation;system for any malfunctioning or other complications.

ant to check:

gytecompasses,

anemometer system,
propeller pitch (of each propeller),
ship’s draught measurement system (if available),

water depth measuring system.

After the trial instrumentation is installed, all shipboard input signals to be recorded during the S/P
trials shall be calibrated prior to the trials. For this purpose the sensors shall be cycled throughout the
full operating range of the system.
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This is accomplished by:

— slewing the gyrocompasses,

— changing the propeller pitch.

Prior to departure for S/P trials and with the ship in a steady loading condition, all draught marks, water
temperature and specific density, and ship’s draught measuring system (if available) shall be measured
andrecorded. If no ship’s draught measuring system is available, all tank sounding data shall be recorded.

The shaft power shall be derived from torque and propeller shaft speed.

Shaft torqugd
shaft. The m|
1 % so that

Alternative
above figurg

As part of t}h
thereisare
setting is to
zero torque
the mean of

The shaft nmpaterial properties, e.g. the G-Modulus shall be fully:described and documented b

Shipbuilder.
400 N/mm?
shaft circur
propeller(s)

When shaft

recommend|

As part of th
shall be as fi

a)

Prior td
for zerg

b) Check 7

distriby

Determ
indicatd

c)

easurement system shall be certified for power measurements with a bias error smaller]
in overall bias error smaller than 2 % (on board the ship undergoing trials) can be-achig

shaft torque measurement devices with a certified accuracy equal to or_better tha
s are acceptable.

e S/P trial preparation, the torsion meter’s zero torque readings shall)be determined
bidual torque in the shaft, which is resting on the line shaft bearingsCThe torsion meter
be carried out in accordance with its maker’s instructions. If not specified otherwise
value is determined with the ship at rest by turning the shaft ahead and astern and tz
these two readings as the zero value (refer to ITTC 7.5-04501-01.4 2002).

If no certificate based on an actual shaft torsional test is available, the G-Modulus
shall be used. The shaft diameter used in the pewer calculation shall be derived fror
hference measured at the location of the torsion meter. In the case of controllable
there might be a drilling diameter to be taken into account (to be supplied by Shipbuil

torque measurement is not possible, an alternative power measurement mg
ed by the engine manufacturer and approved by the Owner and the Verifier is acceptal

e pre-trial calibration for a ship‘equipped with controllable pitch propellers, the proce
pllows:

dock-out the oil distribution mechanism showing the propeller pitch shall be che
pitch;

ero pitch readinghin’ the measurement system against the mechanical reading in t
tion box;

ine the design pitch, maximum ahead pitch and maximum astern pitch, then adjust thg
rs to reflect the measurements. Establish the corrections necessary to account for chg

in pitch

pitch colntrol rod.

due storshaft compression as thrust increases and temperature effects on the proj

shall be measured by means of a calibrated permanent torque sensor or strain gauges on the

than
bved.

n the

since
Zero
p, the
1king

7 the
bf 82
h the
pitch
der).

thod
ble.

dure
cked
e oil

ship
nges
eller

An important deliverable of this stage will be a document describing the test set-up, including evidence

of the calibr

ations that have been carried out.

It is important to note that there are two stages to consider in performing instrumentation checks; the
pre-trial check procedures and the post-trial check to verify the calibration results.

6.2 Step 2: S/P trial agenda and pre-trial meeting

Before departure, a pre-trial meeting shall be held to fix the S/P trial agenda. During this meeting two
items shall be addressed:

10

Approval of the S/P trial agenda,
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— Approval of the procedures and the consequential correction methods to be used to calculate the
trial speed and to deliver the speed trial report, i.e. Clauses 11 to 13.

7 Ship’s condition

The condition of a ship undergoing an S/P trial shall be as follows:

7.1

Displacement

The difference between the ship’s actual displacement and the required displacement shall be less than

2%

devigtion of the actual displacement during the S/P trials shall be within 2 % of the displa

duri

The
avery

Inth
detel
evali

Disp
data
the d

The 4
the c
ship’

7.2

The
less
shall

7.3

The s
incrg
is re
as nd
prop

e require Isplacement. dnk test results are used Ior the analysis O e

g the tank test.

chip’s draught, trim and displacement shall be obtained immediately prioc*to the §
ging the ship draught mark readings at the perpendiculars and midshipsport and sta

'mination shall be conducted either by reading the internal draught measurement s
lating all tank soundings.

acement shall be derived from the Bonjean data or using~quadratic equations with
taking into consideration the hog/sag using the draught.data (forward, aft and at half
ensity of the water.

hip shall be brought into a loading condition that js@s close as possible to contract cond
pndition at which tank tests have been carried out: The loading condition shall be confi
5 speed.

Trim

rim shall be maintained withinv€éry narrow limits. For the even keel condition the 4
han 0,1 % of the length between-perpendiculars. For the trimmed trial condition, the
be within + 0,1 m of the ship’s.condition for which tank test results are available.

Hull and propeller

hip shall have a clean hull and propeller(s) for the sea trial. Hull roughness and maring
ase the resistance of the ship significantly [3] but are not corrected for in S/P trials.

fommended<hat the hull and propeller(s) be carefully inspected before the sea trial,
eded and-asper coating manufacturer’s recommendation. The dates of last docking 3
eller cleaning shall be recorded in the S/P trials report.

P trials, the
rement used

/P trials by
rboard.

e event that reading the draught marks will be unsafe or provide an inagcurate result, displacement

ystem or by

hydrostatic
length) and

ition and/or
'med at zero

rim shall be
fore draught

growth can
[herefore, it
and cleaned
ind hull and

8

Trial boundary conditions

During the S/P trial, there may be many conditions that deviate from the contract condition. The
objective during the S/P trial is to minimize the number of influencing factors.

Although there are correction methods for certain deviations from the contract condition, these methods

are o

nly valid up to certain limits.

In order to arrive at reliable S/P trial results the boundary conditions shall not exceed the values given
in this Clause.
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8.1 Location

High wind and sea state in combination with a heading deviating from head waves and following
waves can require the use of excessive rudder deflections to maintain heading which cause excessive

fluctuations

in shaft torque, propeller shaft speed and measured ship’s speed.

The S/P trials shall be conducted in a location where the environmental conditions are expected
to be constant and have only the smallest possible impact on the ship in order to avoid unexpected

environmen

tal effects in the S/P trial results.

This means that the S/P trial range shall be located in a sheltered area (i.e. limited wind, waves and

malbaate and cammarcial traffics

current). Ids

8.2 Wind
The wind vd
Beaufort nu

L 1

pp ~
or

Beaufort nu

Lpp =1

where Lpp if

8.3 Seas

The total sig
seas Hw1/3

H1/3 =

For all corre|
ship’slength

when the w

H, <

1/3

Allz tha araa chall ha firoo from hindranco ho o
THIT Y, cire o STt ot o e S e T O T T S o e T Y o T T T D Ot e o T o C O e T eto e et res

locity during the S/P trial shall not be higher than:

mberl) 6, for ships with

D0 m

mber 5, for ships with

D0 m

the ship’s length between perpendiculars.iminetres.

fate

nificant wave height Hy /3 is derived from the significant wave heights of local wind d
ind swells Hsy/3 by the formula:

2 2
\/Hw1/3 +Hgy 3

ction methods relatéd to waves, the following empirical criteria shall be applied in relati
in order to determihe the maximum allowable correction for resistance increases due to wj

hve spectrumencountered during the S/P trials is measured:

p, 25, (L5, / 100

riven

€y

on to
aves:

(2)

when the w

ve heightis derived from visual observations:

Hy /3 <1,50,Lpp /100

The above li

mits are illustrated in Figure 1.

1) The Beaufort Scale is given in Annex B.

12

(3)
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When use is made of transfer functions of added resistance from dedicated model tests the wave
spectrum encountered during the S/P trials shall be measured unless the wave height is less than:

Hy 3 < 0,50,[Lpp /100 4)

where, in each case:

Lpp is the ship’s length between perpendiculars in metres;

His3  is the total significant wave height in metres;

Hw13 is the significant height of local wind driven waves in metres;
Hs1/p  is the significant height of local swell in metres.

The dlirections of the waves and swells may be derived from visual observations.inall cases.

limits for wave height during S/P trials

H,m]
6,0 p
=—==measured waye
5,0 spectrum
4,0
==¢=0bserved wave height
3,0 & period
2,0
=== 0bserved wavg height
& period, - combined
10 with dedicated model
tests
0,0 ~
0 100 200 300 400 500
L, [m]

Figure 1 — Limits for allowable wave height

8.4 LWater dppfh

There are correction methods that compensate for shallow water effects (see Annex G). However, it is
preferable to avoid the corrections by selecting a suitable S/P trial location. If the water depth in the S/P
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trial area is less than the larger of the values obtained from the following two formulae, shallow water
correction may be applied [61.[16] :

V2

h=3B-Ty and h=2,75->

g

(5)

The value of water depth to be used for correction shall not be less than the larger value obtained from
the following two formulae [6] :

(6)

VZ
h=2JB-Ty and h=2-5
g

where:

h ist
B ist
™ ist
Vs ist
g ist
Furthermor

each speed 1

8.5 Currd

Ideally S/P
uniform thr

In cases of c
of the curre
correctionn

9 Trial g

e water depth in metres;

e ship’s breadth in metres;

e ship’s draught at midships in metres;

e measured ship’s speed in metres per second;

e acceleration of gravity in metres per second squared.

nt

pughout the trial area.

rocedures

9.1 Parameters thatshall be recorded

In this Claug
shall be med

suredand recorded as accurately as possible.

For this pu

b, significant variations in the bottom contours shall beavoided. The actual water depth dyiring
un shall be read from the ship’s instruments or the §ea chart and recorded in the trial log.

rials shall be conducted in a location wheére the current speed and direction are essentially

irrent time history deviating from the assumed parabolic / sinusoidal trend and the change
nt speed within the timespan of one Double Run is more than 0,5 knots, neither df the
nethods in Annex F are applicable. Areas where this may occur shall be avoided for S/P trials.

e an overyview is given of the parameters that influence the trial speed. All these parampters

rpose a division has been made between parameters measured during each run and

parameters measured at the speed trial Site. Iabies I and 2 below ISt the preferred measurement
methods and units for each parameter.

9.2 Parameters measured during each run

The accepte

14

d measurement devices are given in Table 1.
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Table 1 — Parameters measured during each run

Acceptable measurement devices Unit
Ship’s position DGPS Lat., Lon.,,°
Speed over ground DGPS (for information purpose only) knots
Shaft torque Torsion meter with calibrated torque sensor or strain gauges | kNm
or Shaft power Power calculated from torque and propeller shaft speed |kW
Propeller shaft speed Pick-up, optical sensor, ship’s revolutions counter min-1
Propeller pitch Bridge replicator, indicator on shaft °or mm
Timg GPS Time hh:m#aigs or UTC
Watgr depth Ship echo sounder and nautical charts m
Ship}s heading Gyro compass, or compass- DGPS y
Relative wind velocity Ship’s anemometer, however if not available, a dedicated |m/s, °

. . trial anemometer
and dlirection

Wave height, period and direction | Wave measuring device such as wave buoy/(wave radar,|m, s,
or lidar. Observation by multiple marinexs. The average
observed wave height derived from obsefvations by mul-
tiple mariners is assumed to be equakto the significant
wave height over the run length.

Bow/acceleration (STAWAVE-1) |Acceleration meter m/s?

Swell height, period, and direction

Date Calendar yyyy-mm-dd

9.3 | Parameters measured at the speed trial'site

The accepted measurement devices are givemin Table 2.

Table 2 — Parameters measured at the speed trial site

Watgr density Salinity sensor, Conductivity Density Temperature (CDT) sensor kgl/m3
Watgr temperature Thermometer, CDT sensor °C
Air temperature Thermometer °C
Air pressure Barometer hPp, mb
Torsion meter zero setting | Torsion meter with calibrated torque sensor or strain gauges kNm
Triallarea Geographical position (Lat-Long) by DGPS dddd-mm
Vertical position'of ane-|General arrangement plan of the ship m
monjeter
Draughts Physical observation and / or calibrated draught gauges m

[

9.4 General information

Prior to the trial, the relevant data in Annex A shall be recorded, and shared among the Shipyard, the
Owner and (where applicable) the Verifier.

The S/P Run Data as specified in Annex A will be recorded during the trials.

9.5 Tank test information

The quality and accuracy of tank tests play a large role in the outcome of full scale S/P trials. For some
ship types sea trials are normally carried out in ballast condition, whereas the contractual condition is
normally defined as the design loaded condition. For the conversion from ballast trial results to loaded
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condition the difference between the ballast and loaded tank test curves is used. Therefore, an accurate
tank test and a validated consistent method for extrapolation to full scale are required.

The tank tests shall be conducted according to the following criteria:

a) Tank tests shall be conducted at the contract draught and trim and the EEDI draught and trim, as
well as the trial draught and trim.

b) Tank tests following the scheme of ITTC Recommended Procedures for Resistance and Propulsion
Tank tests [3], including load variation tests shall be conducted.

c¢) The same methods, procedures and empirical coefficients shall be used to extrapolate the model
scale vglues to full scale for all draughts and trims. Where different empirical coefficienfls for
the different draughts are used, full details shall be recorded in the tank test report,.inclyding
justificgtion by means of full scale S/P trial data for the specific ship type, size, loading condjtion,
tank tedt facility and evaluation method.

d) The tank test report shall be transparent and give sufficient information to enable the Verifjer to
check the tank test results related to the sea trial analysis.

9.6 Scope and conduct of the measurements

9.6.1 Ship track and speed over ground

The ship’s position and speed shall be measured by a global positioning system such as DGPS| The
positioning system shall be operated in the differential mode to,ensure sufficient accuracy. Position and
speed shall pbe monitored and stored continuously.

9.6.2 Torgue

The calibratiion of the torque measurement shall notbe altered during the S/P trials.

9.6.3 Wind

The ship’s ojvn anemometer shall be used. However, if not available, a dedicated trial anemometeris to
be used. Th¢ anemometer shall be as-clear as possible from the superstructure.

9.6.4 Water depth

Water depth can be determined by examining a sea chart of the trial area or measured by the ship’sfecho
sounder during the runs<It is important that the echo sounder is calibrated before the speed rung and
that the ship’s draughty(the transducer depth) is taken into account. Calibration shall be combined|with
a comparisgn of indieated depth against the water depth given on the chart in the trial area.

9.6.5 Wayes

Preferably, the wave height, wave period and direction of waves induced by local wind and swell originating
from remote wind, shall be measured during the S/P trials. For this purpose, wave buoys in the S/P trial
area or instruments on-board the ship such as wave radar, lidar or wave scanner may be used. The wave
measurement equipment shall be calibrated and the accuracy shall be validated and documented.

If, for the wave correction, use is made of transfer functions of added resistance in waves derived from
model tests for the subject ship, the wave spectrum encountered during the S/P trials shall be measured

unless the wave height satisfies: Hyp < 0,50,/Lpp /100 (see 8.3).

If use is made of the empirical wave correction methods described in Annex D (without specific model tests),
and if the wave heights satisfy: H, /3 < 1,50, /LPP / 100 (see 8.3), the encountered wave heights, periods

and directions of both wind waves and swells may be determined from observations by multiple experienced
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mariners, including the Owner’s representative and the Verifier. In addition to the wave observations wave
data provided by an experienced and independent meteorological office may be used as well.

9.6.6 Temperature and density

The local water temperature and density shall be recorded to enable the calculation of the ship’s
displacement and corrections with regard to viscosity. The temperature shall be taken at water inlet
level. Air temperature and pressure shall be measured using a calibrated thermometer and barometer,
respectively.

9.6.7___Current

Currgnt speed shall be determined as part of the evaluation of each run.

Wheh using the ‘Mean of means’ method, after the two (2) Double Runs with thejsame po
the qurrent speed is calculated from the measured speed at each run and the (Mean of me
thos¢ two (2) Double Runs (see F.2).

Alternatively the ‘Iterative’ method may be utilized to establish the current speed (see F.1),

10 Conduct of the trial

On the day of and during the S/P trial, a number of pre-requisites shall be met in order
reliaple trial results. In this Clause an overview is given of the minimum requirements.

10.1 Initiation
Priof to the S/P trials the weather forecast shalllbe studied.

Where wave height, period or wave directions'are derived from visual observation, the sch
S/P Trials shall be arranged such that allspeed runs around EEDI power are conducted by

The dngine plant configuration during the S/P trial shall be consistent with the normal ship ope

Prior to the S/P trials, the followiilg actions shall be taken at zero speed through the water

a)
b)

c)

10.2 Ship’sitrack during trial

The $/P_trial runs shall be conducted over the same ground area. For each base course, eag
shalllbe-commenced {GOMEXJand-completed HUNEX ) at the same place

draught reading as described in 7.1 and calculation of displacement,
zero setting of shafttorque meter,

Ineasuring water temperature and density.

wer setting,
hns’ value of

to arrive at

bdule for the
Haylight.

ration at sea.

h speed run

TOrets

FINEX COMEX

—

210 min
_prroach_> S ;;min - \U\
=

COMEX FINEX

Figure 2 — Path of ship during Double Run
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Modified Williamson turns or similar types of manoeuvre shall be executed between each run to return the
ship to the reciprocal heading on, or parallel to, the trial baseline. Parallel means within one ship’s length of
the trial baseline (see also 10.6). This procedure shall be used to avoid different sea states, wind or current
conditions. Engine throttles, rpm setting(s) or pitch setting(s) shall not be altered during this period. The
rudder angle used in this manoeuvre shall be such that the ship’s speed loss in the turn is minimised.

10.3 Run duration and timing

The S/P Trial duration shall be long enough to accommodate a speed/power measurement within the
required accuracy. The run duration shall be the same for all speed runs with a minimum of 10 minutes.

The speed r

ns for the same power setting shall be evenly distributed in time.

10.4 Trial
The speed r

Consequent
fixed, the sq

direction
ins shall be carried out by heading into and following the dominant wave diréction.

y, once the heading for the speed run and the reciprocal heading fon.the return ru
lected tracks shall be maintained very precisely throughout the S/P-trial. It is imper

N are
ative

that extremilely tight control is exercised during the execution of the S/P trials to minimize as many

variables as

10.5 Steer

An experien
run. Minimy

During the {

10.6 Appr
The S/P tr

possible that could unduly influence the speed/power relationship.
ing

ced helmsman or adaptive autopilot will be required,tomaintain heading during each §
m rudder angles are to be used while maintaining a steady heading.

peed run, the maximum amplitude of rudder used shall be not more than 5 degrees.

pach

al approach shall be long enough'to ensure a steady-state ship’s condition pri

commencenjent (COMEX) of each speed run-Duiring the approach run the ship shall be kept on cq

with minim

No fixed app|
the measure
be monitord

10.7 Numl

All S/P trial
exactly the

The number]

im rudder angles.

roach distance canbe givefinIn order to verify that the ship reached the steady ship’s cond
d values of propeller shaft speed, shaft torque and ship’s speed at the control position
d. When all three valués are stable the ship’s condition shall be deemed ‘steady’.

per of speed runs

s shall be-carried out using Double Runs, i.e. each run shall be followed by a return r
ppositedirection (see also 10.2) and at the same engine settings.

of speed runs required depends on the current correction method to be applied (see Ann

peed

br to
urse

ition

shall

N in

px F).

a)

b) ‘Meano

‘Iterative’ method;

f means’ method.

Whenever possible, the runs at EEDI power shall be conducted in daylight to enable a clear visual
observation of the wave conditions. For trials in which the encountered wave spectrum and the wave
direction (both wind waves and swells) are derived by measurements, these runs may also be conducted
without daylight.

10.7.1 ‘Iterative’ method

To determine the speed/power curve for the first ship of a ship series, a minimum of four (4) Double
Runs at three (3) different power settings are required.
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These power settings shall be adequately distributed within the power range of 65 % MCR and
100 % MCR and comprise at least:

— Two (2) Double Runs for the first ship and one (1) Double Run (at the same power setting) for sister
ships around EEDI / Contract power,

— One (1) Double Run below EEDI / Contract power,
— One (1) Double Run above EEDI / Contract power.

If the wave height is around the limiting conditions and significant ship motions are observed, one (1)
additional Double Run at that power setting shall be conducted.

10.7{2 ‘Mean of means’ method

To d¢termine the speed/power curve for the first ship of a ship series, a minimum @fisix (6) Pouble Runs
at three (3) different power settings are required.

These power settings shall be adequately distributed within the power range of 65 % MCR and
100 % MCR and comprise at least:

— Two(2) Double Runs around EEDI / Contract power,
— Two(2) Double Runs below EEDI / Contract power,
— Two(2) Double Runs above EEDI / Contract power.

Two [2) Double Runs compensate for the effect of current and second order current variatipns [4].[6] . In
ordef to obtain sufficient accuracy, the time intervals'between each run at the same power petting shall
be mpore or less the same (time interval deviationof 25 % is allowed).

If th¢ results of the S/P trials of the first shipof a series are acceptable, the second and follpwing sister
shipg may be subjected to a reduced speed trial program. For such sister ships it is sufficier]t to conduct
threg¢ (3) Double Runs at three (3) diffeérent power settings.

These power settings shall be adequately distributed within the power range of 65 $% MCR and
100 % MCR and comprise at least:

— One(1) Double Run around EEDI / Contract power,
— One(1) Double Runbelow EEDI / Contract power,
— One(1) Double,Run above EEDI / Contract power.

If the wave héight is around the limiting conditions and significant ship motions are observed, and/or
current variations of above 0.2 knots are encountered, one (1) additional Double Run aff that power
setting shall be conducted.

11 Data acquisition
During the S/P trial accurate recording of the speed and power relationship is of great importance.

Apart from this an accurate quantification of the boundary conditions is necessary since the ship’s
speed and power characteristics are extremely sensitive to factors such as hull and propeller condition,
ship displacement, shallow water effects, sea state and wind velocity. Consequently, these factors shall
be monitored and documented to the greatest possible extent.

During the S/P trials, two types of data acquisition shall be used. Automated, by means of a data
acquisition system (measurement computer), and the manual recording of information by means of
a log sheet. The objective shall always be to record as many parameters as possible by means of the
measurement computer in order to increase the level of accuracy of the S/P trials.
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In general, data to be acquired maybe divided into general data which are applicable to all speed runs

and specific

data that are varying throughout every run.

11.1 General data

Prior to the trial, the data specified below shall be recorded, based on measurements where relevant:

— Area of trial (in Latitude/Longitude coordinates);

— Weather condition;

— Watert

— Airtem
— Vertical
— Fore, m
— Displac

— Trimca
— Transve
— Lateral

— Lateral
centre (

— Bow acq

In ordertov
wind velocit
the speed tr

11.2 Data
— Date;

— Clock ti
— Timeel
— Ship’sh

— Measur
time of

arnaratiien and dancitbyg.
P perattereaRaaensity 5

perature;

position of the anemometer above waterline;

dships and aft draughts;

ement calculated from the draughts;

culated from the draughts;

rse projected area above the waterline including superstructures;

projected area of superstructures above upper deck (Egjiwara) + height of superstruct

projected area above the waterline including superstructures (Fujiwara) + positi
f gravity;

eleration (STAWAVE-1).

erify the wind data measured during the S/P trials, itis recommended to record the abs
y and direction at shore based station(s) or as measured directly prior to and after final
ials while the ship is stopped.

on each run

me at commencement;
ipsed over the'speed run;
ading;

ed ship's speed over ground calculated from startand end position of the run and the elg
the-speed run;

ure;

bn of

plute
ising

psed

— Propeller shaft speed;

— Propeller shaft torque and/or power;

— Propeller pitch in case of CPP;

— Relative wind velocity and direction by anemometer;

— Mean wave period, significant wave height and direction of wind driven seas;

— Mean swell period, significant swell height and direction of local swell waves;

— Mean water depth.

20
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11.3 Acquisition system

The acquisition system shall record time histories of the measurements described in 11.3.1 in order to ensure
quality control and to provide information that will allow for the development of uncertainty analysis.

11.3.1 Minimum data
The following parameters, as a minimum, shall be continuously recorded during each speed run:

— Time;

— Propeller shaft speed;

— Pitch of CPP;

— Relative wind direction;

— Relative wind velocity.

11.3{2 System requirements
The Iata acquisition system shall:

a)

b) Perform a time trace recording with(a‘'sampling rate of at least 1 Hz.

ecord all available parameters simultaneously.

c) Display time traces of the trial parameters specified in 11.3.1.
d) (alculate statistics (mean(min, max, standard deviation).

At thee end of each run the'data acquisition system shall display all recorded time historied to facilitate
evaluation of the qualityrand consistency of the acquired trial data and store the readings forf subsequent
graphical presentation;

Furthermore, the{acquisition system shall present the following statistical values for |each of the
meagured data:

e) Trial start time.

f) MNumber of samples taken
g) Maximum value.

h) Minimum value.

i) Average value.

j) Standard deviation.

Filtering of the run data is recommended to avoid “spikes” in the recorded time histories. Chauvent’s
criterion, which provides a ratio of maximum acceptable deviation to precision index as a function of the
number of readings (N), is to be used. Readings are automatically rejected from use in the data analysis
when they fall outside the selected mean value bandwidth.
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11.3.3 Location

The data acquisition system shall be located on the bridge.

11.4 Manual data collection

For those parameters that are not measured and recorded automatically by means of the data acquisition
system, manual data collection using a log sheet is required (see Annex A).

The log sheet is important from two aspects:

a) First, toreempletethe-datasetand

b) Second,|to provide a backup for the automated measurements and give a written overview qf the
measurpgments.

It is importgnt that the parameters that vary with time shall be recorded every few minutes so thgt the
average can|be determined over the run period.

An example|of a log sheet to be used is shown in Annex A. The sign conventiong-te-be used for wind and
wave directjon are illustrated in Figures 3 and 4.

North
Ywr
Heg, .
Ading, w Ywr
Vwr
Vg Vwr
Wind input

Figure 3 — Sign convention for wind direction

The wind direction is defined as the direction from which the wind is blowing.

Zero (0) degrees on the bow and positive to starboard (clockwise).
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Input parameters:

Y is the ship’s heading in degrees;

PYwWR is the relative wind direction in degrees; 0 means head winds;

Vwr  is the relative wind velocity in metres per second;

Ve

Computed parameters:

is the measured ship’s speed over ground in metres per second.

ISO 15016:2015(E)

Ywrt| isthe true wind direction in Earth system in degrees;

VwT is the true wind velocity in metres per second.

The Y
are approaching.

North
Hegy:
ing: , Om
Wave aire
Vg
Wave input

Figure 4 — Sign convention for wave direction

vave direction is defined as the direction relative to the ship’s heading from which the

wave fronts

Zero (0) degrees on the bow and positive to starboard (clockwise).

© ISO 2015 - All rights reserved
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Input parameters:

Y is the ship’s heading in degrees;

Hwi/3 s the significant height of local wind driven waves in metres;

Hs13  is the significant height of local swell in metres;

Om is the angle between ship’s heading and wave direction relative to the bow in degrees; 0 means
head waves;

Vg is the measured ship’s speed over ground in metres per second.

12 Analysis procedure

12.1 Genefal remarks

This Clause flescribes the essential procedures to analyse the results of S/P trials aSiconducted acco

to Clauses 5
The analysij

This Intern
in the Anne

12.2 Desci
The analysij
— evaluat
correct
correct
correct
correct
correct
— present

In the follow

For the pow,

KXeS.

to 11.
includes corrections to power and speed for environmentalinfluences during S/P tri3

htional Standard offers different methods of correction, details of which are desci

ription of the analysis procedure
of S/P trials consists of:
on of the acquired data;

on to power for resistance increase{due to wind and waves. (see Annex C and Annex D

rding

—_—

nis.

ibed

on to power for water temperature and water density(see Annex E);
on to speed for current effect (see Annex F);

on to speed for the effect of shallow water (see Annex G);

on to power for displacement (see Annex H);

ption of the trial results.

ring Clauses, details of the essential procedures are given.

er_évaluation, the ‘direct power’ method shall be used.

Details of correction methods, including the choice of a suitable correction method, are given in the Annexes.
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Preparation
Conduct

Measured data

Wave data VP n
G’ " ms’ “ms
. Correction for Water
Wind data resistance increase temperatur.e,
Water density
]
Current Speed and power
evaluation
Water depth
Displacement Correction of power

for displacement

Final performance

Figure 5 — Flow chart of analysis

12.2{1 Resistance data derived from the acquired data

The resistance values of each run shall be corrected for environmental influences by estimating the
resistance increase AR as

AR =Ry, + Ry + Bag (7)

where:

AR is the total resistance increase in newtons;
Raa is thewresistance increase due to relative wind in newtons (see Annex C);

Raw is the resistance increase due to waves in newtons (see Annex D);

Ras is the resistance increase due to deviation of water temperature and water density in newtons (see
Annex E).

12.2.2 Evaluation of the acquired data

The evaluation of the acquired data consists of the calculation of the resistance value associated with
the measured power value separately for every single run of the speed trials.

The reason that the associated resistance/power shall be calculated for each run is that a careful
evaluation shall consider the effects of varying hydrodynamic coefficients with varying propeller loads.
The recommended correction methods (except for the ones used for current effect, for shallow water
effect and for displacement) are applicable to resistance values.
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12.2.3 Evaluation based on Direct Power Method

To derive the speed/power performance of the ship from the measured speed over the ground Vg, power
Pms and propeller shaft speed npy;, the ‘direct power’ method shall be used.

The analysis is based on the delivered power. The relationship between delivered power in the trial
condition Ppms and measured power is described in the following formula:

PDms = PSms MNg (8)
where:
Pbms is the delivered power in the trial condition in watts;
Psms is tHe measured shaft power in watts;
ns is tHe shaft efficiency.
or:
PDms = PBms "M ©)
where:
Ppms is tHe delivered power in the trial condition in watts;
PBms is tHe measured brake power in watts;
nm is tHe transmission efficiency.

In this method, the delivered power Ppps is diréctly corrected with the power increase AP dpie to
resistance ificrease AR in the trial condition.

P

Did = Hbms — AP (10)

where:

Ppid is the delivered power inthe-ideal condition in watts;
Ppms is tHe delivered power,in the trial condition in watts;

AP is the required.correction for power in watts.
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The required correction for power AP is calculated by the following formula:

ISO 15016:2015(E)

ARV, n
AP = —3 4 py |1—-Dms
ms

"piq "pid
where:
AP is the required correction for power in watts;
AR is the total resistance increase in newtons;
VS ib LllC bllip'b DPCCLI L‘lll ngll LIIC wdlcCl ill ITICLI TS ptfl DELUIILI,
Ppms is the delivered power in the trial condition in watts;
Dms is the propulsive efficiency coefficient in the trial condition;
nDid is the propulsive efficiency coefficient in the ideal condition.

The propulsive efficiency coefficient in the ideal condition npiq is obtained from standard

test and interpolated to the speed Vs.

The ¢ffect of resistance increase on the propellerloading and thus.on the propulsive efficiend

NDmd is derived considering the load variation effect.

The propulsive efficiency is assumed to vary linearly with\the added resistance according tfo:

1 AR

{Dms __ §P -~ 11

1 R.

I Did id

where:
Dms is the propulsive efficiency coefficient in the trial condition;
1Did is the propulsive efficiency, coefficient in the ideal condition;
ép is derived considering theload variation effect as described in Annex J;
AR is the total resistatice increase in newtons;
Riq is the resistance in the ideal condition in newtons.

[=]
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towing tank

y coefficient
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This leads to the expression for the corrected delivered power:

ARV, P,
_ s D
Ppig = Ppms — 1- Pms 5P] (13)
Mpid Did

Then, the following quadratic equation about Ppjq is obtained by transforming Formula (13):

2 ARVS ARVS
Ppig = | Poms — Did ~ 'Dms p=0 (14)
Mpia Mpid
ARY
Finally, Ppiq|is obtained as follows under the condition (P, . — —S>0 ).
Did
1 ARVS ARVS ARVS
PDid = 73| Dms — + Dms 4‘PDms gP (15)
1 Mpid "pig "piq
where:
Ppid is the delivered power in the ideal condition in watts;
Pbms is the delivered power in the trial condition in watts;
AR is tHe total resistance increase in newtons;
Vs is the ship’s speed through the water in metres per second;
NDid is tHe propulsive efficiency coefficient in the ideal condition;
ép is d¢rived considering the load variation effect as\described in AnnexJ.

The correctjon of the propeller shaft speed is also carried out considering the load variation effect,
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With the Ppiq found as described above, the correction on propeller shaft speed is:

An P, —P. AV
_zgan;—Dld_i_évv_
n; Did S

(16)

(17)

ms

n., =
id
P, — P, AV
gn Dms Did +§V7+1

Ppig Vs
where:
Nms is the measured propeller shaft speed in revolutions per second;
niq is the corrected propeller shaft speed in revolutions per second;
Ppig is the delivered power in the ideal condition in watts;

Ppmq is the delivered power in the trial condition in watts;

fn/ f[/

Vs is the ship’s speed through the water in métres per second;

are derived considering the load variation effe¢tas described in Annex J;

(18)

AV is the decrease of ship’s speed due to shallow water in metres per second, determined in Annex G.

The pnalysis in Annex K, which is incloded in this International Standard, is useful to

technological knowledge, since this cal¢ulation is based on the full-scale wake fraction.

12.2}4 Correction of the meastired ship’s speed due to the effect of current

The ¢urrent effect is correeted by subtracting the current speed V¢ from the measured ship’

the ground V¢ at each runas follows:

s =V = V¢

where:

Vs is the ship’s speed through the water in knots;

deepen the

5 speed over

(19)

Vg 1S the measured ship’s speed over ground 1n KNots;
Vc is the current speed in knots.

The current correction can be applied by two (2) different methods:

a) ‘Iterative’ method

Based on the assumption that the current speed varies with a semi-diurnal period, a current
curve as a function of time will be created. In the same process a regression curve representing
the relationship between the ship’s speed through the water [Formula (19)] and corrected power
(12.2.3) is determined. So both current curve and regression curve are created in one process. The

regression curve has no relation with the speed/power curve from the tank tests.

© ISO 2015 - All rights reserved
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The analysis of the direct power method as described in 12.2.3 shall be repeated after the value of
Vs has been derived by the current correction analysis.

b)

‘Mean of means’ method

Based on the assumption that for a given power setting, the current speed varies parabolically, the
influence of current is accounted for by applying the ‘Mean of means’ method for each set of runs
with the same power setting.

The details of the ‘Iterative’ method and the ‘Mean of means’ method are given at Annex F.

12.2.5 Cor

The speed ¢

12.2.6 Cor

Displacement and trim are, in general, factors that can be adjusted to stipulated valiesat the time
ver, there may be significant reasons for discrepancies and small deyiations in displacement,

trials. Howe
i.e. within 2

12.2.7 Conyversion of power curve from trial condition to full load /stipulated condition

For dry carg
ballast cond
condition u{

The converg

g3 £il il d.d ol £E, 'S £ chall r's
CULL1IVUII Ul uIIv Dlll}l > DPCU“ UUL LU UIU CIITTLLO UL JS11dI11IUVY vwdilil
prrection for shallow water is applied in accordance with Annex G.

rection of the ship’s performance due to the effects of displacement

% of the required value, shall be corrected in accordance with Anitex H.

o ships it is difficult to conduct S/P trials at full load cendition. For such cases S/P tri
ition are performed and the speed/power curve is converted to that of the full load/stipu
ing the power curves based on the tank tests for these conditions.

ion method from the trial condition to full loady/stipulated condition is shown at Anne}j

fthe

hls at
lated

1.

13 Processing of the results

After complgtion of the S/P trials the measuredidata shall be processed in the following sequence:

a) Derive the mean value of every measured parameter for each speed run.

b) The avefrage speed component in-thé heading direction of each run is found from the DGPS recqrded
start and end positions of therun and the elapsed time.

c) The trug wind velocity and direction for each Double Run is calculated.

d) Correctjon of powerforresistance increase due to wind.

e) Correctjon of power for resistance increase due to waves.

f) Correctjonofipower for resistance increase due to effect of water temperature and water depsity
(salinity)(

g) Correction of speed for current effect.

h) Check the current curve.

i) Correction of speed for shallow water effect.

j)  Correction of power for the difference of displacement from the stipulated contractual and EEDI
conditions.

k) Determine the final speed-power relationship at sea trial draught as follows: Use the speed/power
curve from the tank tests for the specific ship design at the trial draught. Shift this curve along the
power axis to find the best fit with all corrected speed/power points according to the least squares
method. When more than three(3) power settings are obtained, it is acceptable to find the best fit
with all corrected speed/power points using the ‘least squares’ method.
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Intersectthe curve atthe specified power to derive the ship’s speed at trial draughtin the ideal conditions.

m) Apply conversions from the trial condition to other stipulated load conditions (see Annex I).

n) Apply corrections for the contractual weather conditions if these deviate from the ideal conditions.

14 Reporting

In the trial report, an overview shall be given of the trial conditions and all corrections that have been
applied as necessary to arrive at the contract speed and the EEDI speed.

The frial report shall contain all relevant information to carry out the data analysis. It sha
in such a way that all results can be reproduced.

The {rial report shall contain the following sub clauses:

a)

g)

h)

Trial Report Summary comprising details of:

1) Ship particulars (including trial draughts and displacement).

2) Propeller details.

3) Engine data.

4) Details of hull appendages and rudder(s).

[ontract conditions including contract speed, power, and displacement.
EEDI conditions including EEDI speed, power and-displacement.

A description of the instrumentation, describing: instrument set-up, calibration proc
dcquisition interfacing details, location afisensors (e.g. anemometer), etc.

Description of the trial site. This gives'information on geography, water depth, etc.

Environmental parameters. This shall list the measured/observed environmental c
the site during the S/P trials:such as: wave height and period, wave direction, air preg
dlirection, wind velocity,airtemperature, water temperature, water density, etc.

$/P trial agenda. This'gives a complete and chronological order of the trial programme (4

Trial Results,of‘each speed run:
1) Dateand time at start of speed run.

7) Runrnumber.

1 be written

bdures, data

pnditions at
ssure, wind

oth planned

gnd actual) with explanation of the duties of the different recording/monitoring stations on board.

2 Shin’c nacitiane
+— SPOS

B Ship/spositons
4) Ship’s heading.

5) Run duration.

6) Mean value of measured ship’s speed.

7) Mean value and standard deviation of torque (per shaft).

8) Mean value and standard deviation of shaft rpm (per shaft).
9) Mean value and standard deviation of shaft power (per shaft).

10) Relative wind velocity and direction.
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i)

j)

11) Significant wave height, mean period and direction.

12) Water depth.

Analysis and Correction methods. The analysis and correction of the measured trial data shall be
conducted in compliance with Clause 12.

Conclusions / Recommendations.

15 Example of speed trial data analysis

Date of Sea Trit OtH2r25 Tt
Ship builder's Najne SAJ Shipyard Loa Lpp Lpwr B Ty Tgy Try Ay A, Kyy Ay Axy Ayy Aop
Ship Number| 15016 m m m m m m m ton ton m’ m’ m’ m’
Ship Name M/V SAT - 320,00 40,00] 60,00} 19,90} 19,90 -|  301000{ 300 000| -| 1190,0] 1.000,0} -| g
Type of Ship VLCC Hull Propeller Efficiency, etc. Heigh tfor Wind CR
Draft Conditio Full(EEDI draught) H¢ Hpr Cye Ty trim Cy D Nr TNro 1-ty 1-Wygo AR Z, MCR.
Trim Conditioj Even keel m m m m m m m, m W
Sea Trial Site 1SO BAY i ] ] 19,90) 0,0) 9,86 0,970) ] ] 3 10,00 40,00 22065
Weather Fine Depth [Water Temperature Density Restrictions
Beaufort numbgr 4 h Ty P PA (A-A)A; | trim / Ty | Tgy - Tpa| by hyax | Beaufort number Vw H
Method of measurdment Visual observations m °c kg/m" kg m % % m m's m
Date of Print] 2014/7/9 17:53 500,0) 15,00 1.025,88| 1,23 03%|  -0,5% - 6 13,80 2,68
NK ID
Analysis method opfion
Wind corfection Annex C.1.1 & Annex C.2.2
Wave corfection Annex D.1
Current cofrection Annex F.1
Measured or obseryed data Ref.,, Eq. No.
1 Main enging output setting 70% 85% 100%
2 Run numbe;| 1 2 3 4 5 6 7 8
3 Course direption (deg)| o 0,0] 180,0 0,0 180,0) 0,0] 180,0] measurefd
4 Mid time of|each run (hour) I 15,07 17,40 19,67 2185 23,98 26,07 measurefl
5 Ship speed pver the ground (knots)| Vg 13923| ~13,088| 14,707| 15357| 14460 15,766 measurefd
6 Propeller sHaft speed (rpm) n 66,03 66,26 70,31 70,62 73,95 7441 measurejd
7 Brake Powgr (kW)|  Poy 15513 15425 18 790 18777 21918 22074 measuref
8 Relative wigd velocity at anemometer height (mis)| Vg 13,68 3,56 14,07 3,95 13,95 4,06 measurefd
9 Relative wigd direction at anemometer height (deg)| wwr 14,8 -79,1 144 -62,3 14,5 -59,7 measurefd
10 |True wind yelocity at anemometer height (mis)|  Viwr 7,00) 7,00 7,00 7,00 7,00 7.00] (C.2)
11 True wind direction at anemometer height (deg)| \Wwr 30,0 30,0 30,0 30,0 30,0 30,0 (C3)
12 [True wind yelocity at anemometer height (double run average) (s) WV wririeny 7,00) 7,00] 7,00 7,00) 7,00 7,00 (C.4)
13 |True wind direction at anemometer height (double run average) (deg)|V'writn 30,0 30,0 30,0 30,0 30,0 30,0 (C.5)
14 |Relative wid velocity at anemometer height (double run average) (is)[ V'wra 13,68 3,56 14,07 3.95 13,95 4,06 (C.6)
15  |Relative wipd direction at anemometer height (double run average). (deg)| V¥'wra) 14,8 -79,1 144 -62,3 14,5 -59,7, (C.7)
16  |True wind yelocity at reference height (/)| Virrer 5,74 5,74 5,74 5,74 5,74 5,74 (C.9)
17  [Relative wihd velocity at reference height (7s)| Vigper 12,47] 3,37 12.86] 4,10) 12,74 425 (C.9)
18 |Relative wipd direction at reference height (deg)| Wwreet 133 -58,5 12,9 -44.4] 13,0 -42,5 (C.10)
19 |Wind resistynce coefficient [OW 0,92 0,38 0,92 0,58 0,92 0,60 Annex C|2
20 |Mean wavd period (Seas) ()| Tum measurefl
21 Significant yave height (Seas) (measured) (m)| Hyi, 0,7 0,7] 0,7] 0,7, 0,7 07| measurefd
22 |[Significant yave height (Seas) (used) (m)| Hy;3 0,7} 07| 0,7 0,7 07| 0,7] allowablp
23 |Incident angle of wave (Seas) (deg)|  %w 30,0 -150,0 30,0 -150,0 30,00 -150,0 measuref
24 |Mean wavd period (Swell) ()] Tsm measurefl
25 _|Significant yvave height (Swell) (measured) (m)] Hys 1,00 1,00 1,00 1,00 1,00 1,00 measurch
26  |Significant yave height (Swell) (Gsed) (m)| Hg s 1,00 1,00 1,00 1,00} 1,00] 1,00 allowab
27 |Incident angle of wavé(Swell) (deg)|  x 00] 1800 00|  180,] 00 1800 measurefl
28  |Significant yave Cight (measured) (m)| Hs 1,22 1,22] 1,22] 1,22] 122 1,22] Synthetic[H
29  |[Significant yatedweight (used) (m)| Hy 1,22 1,22 1,22 1,22 122 1,22 allowablp
30 |Delivered phuwer AW o 15047l 14062l 18206l 18214l 212611 21474 (&) or (
31 Ship speed through the water (knots)| Vg 13,506] 13,506 15,032] 15,032] 15,113] 15113 mean value of Vg
32 |Current velocity (knots)| V¢ 0,418] 0418 -0325 -0325| -0,653] -0,653 V=V;s-Vg
Resistance data Ref, Eq. No.
33 |Resistance increase due to wind (KN)|  Rya 5695 -24,55 5923|  -3149 58,51  -32,78 (C.1)
34  [Resistance increase due to waves (kN)| Raw 68.85 0,00 68,85 0,00 68,85 0,00 (D.1)
35  |Resistance increase due to deviation of water temp. and density (KN)| Ry 0,00) 0,00 0,00 0,00) 0,00 0,00 (E.1)
36 |Total resistance increase &kN)] AR 125,79  2455] 12808 3149 12736] 3278 (7)

3

Figure — Example of speed trial data analysis (Part 1)

2
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Direct Power Method Ref., Eq. No.
37  |Propulsive efficiency coefficient in ideal condition MNpo 0,694 0,673 0,717] 0,696 0,685 0,665 Tank Test
38 Load variation effect Ep -0207) -0207| -0207[ -0207| -0207| -0207 Annex J
39  |Delivered power (kW)[  Ppc 13515] 15255| 16480 18634 19519 21851 (15)
40  |Load variation effect En 0,248] 0,248 0,248 0,248| 0,248 0,248 Annex J
41  |Load variation effect £, 0,193 0,193 0,193 0,193 0,193 0,193 Annex J
42 |Propeller shaft speed (rpm)|  n, 64,23 66,57 68,52 71,01 72,35 74,78 (18)
Current correction (1) : specified in Annex F.1 Ref., Eq. No.
43 |Avaraged ship speed (knots)|  V, 13,506 15,032 15,113 mean value of Vg
44 |Avaraged brake power (kW) P, 14 830 18 100) 21325 mean of Ppe/my
45 |Brake power on curve kW) P 13933) 15727| 16990 19210 20123| 22527 Vg = (F2)
46  |Avaraged brake power on curve (kW) P, 14 830 18 100 21 325 mean value of P'
47 Ship speed corrected for current (knots)|  V'g 13459 13,988 14335 14905 15,127 15,678 (E.5)
48  |Current velocity (knots)|  V'c 0,465 0,899 0372 -0451] -0,667| -0,089) (F.4)
49 {Current velocity on current curve (knots)| Vg 0465 0,899 03721 0451 =0667] __-0089 (E.1)
DirectIPower Method (2) Ref.,, Eq. No.
50 | |Delivered power (kW)[  Ppc 13521 15266 16568 18630 19518] 21 869 (15)
51 Propeller shaft speed (rpm) n, 64,241 66,59 68,61 71,01 82,35 74,80 (18)
Curre it correction (2) : specified in Annex F.1 Ref.,, Eq. No.
52 Ship speed corrected for current (knots)|  V'g 13,446 13,980 14,351 14,899 15,122 15,681 (E.5)
53| [Current velocity (knots)|  V'c 0477 0,891 0356 -0458] -0,662] <0086 (F.4)
54 Current velocity on current curve (knots)| V¢ 0477 0,891 0356 -0458] -0,662| \,.-0,086 (E.1)
Shalloy water correction Ref.,, Eq. No.
55 | |Minimum water depth (m)|  hyn - - - \ - - 8.4
56 | |Maximum water depth (m)| hyax - - - - - - 8.4
57| [Water depth (used) (m) h 8.4
58 | |Decrease of ship speed due to shallow water (knots)| AV Annex G
59 | |Ship speed through the water in deep water (knots)| Vg (G.1) =Vy
|Displa ement correction Ref., Eq. No. I
[ 60| pelivered power W] Poc | 13491 1523] 16532] 18589 19474] 21 821] (H.1) |
Final fJerformance Ref.,, Eq. No.
61 Propeller shaft speed (rpm) n, 64.24] 66,59 68,61 71,01 72,35 74,80] copied from 51
62 Ship speed through the water (knots)| Vg 13446 13,980 14351 14,899] 15,122| 15,681 copied from 52
63 | [Brake power (kW)|  Ppe 13908 15703| 17043] 19163] 20077| 22495 Ppenr
Figure — Examplelof speed trial data analysis (Part 2)
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Annex A
(normative)

General information and trial log sheet

GENERAL SHIP DATA
Ship name | I
IMO Nr. | |
Hull condlition
Last date of hull cleaning [mm/yyyy
Roughness
Area of wetted surface of hull only [m?]
|Hull appgndages
|Descript on
Area of wetted surface bilge keels m’]
Area of wetted surface rudder(s) [m?]
Area of wetted surface other appendages [mz]
|Pr0pelle (s)
No. of Propellers [-]
Type (FPP/CPP) [-]
Diameter [m]
Design pitch (FPP) [m]
Direction of rotation (looking from aft) [R-L]
Number of blades [-]
|Shaft(s)
G modulus (default =82400 N/mm) [N/mm]
Diameter (inside) [m]
Diameter (outside) [m]
DATA Al S/P TRIALS I
Vertical position of anemometer above waterline [m]
Draught] PS SB
Trore [m] Transverse projected winid>area [m?
Twin [m] Lateral projected wind\area above waterline P [ (m)
Tarr [m] (Fujiwara) [m?] H, (m)
Trim [m] Lateral projectéd.wind area of superstructures 2 Hpr (m)
Displacenent [Mtons] above upper-deck. (Fujiwara) (m’]
ISea Trial Area Tar [°C]
Weather condition Visual Twarer [°c]
Latitude [dd-mm] RHOwter [kg/m?)
Longitude [ddd-mm] Atmospheric pressure [hPa, mbar]
Wave observation method Visual/Measured
S/P RUN DATA
Run Nr. [-] 1 2 3 4 5 6 7 8 9 10 11 12
Power sqtting %MGR
Date yyyy/mm-dd
Start timge of run hh:nun
Directiof: Forward / Return [-]
Run durftion mm:ss
Heading| [°]
Measured Ship's Speed [knots]
Relative pvind V?locit_y [m/s]
Direction [°]
Height [m]
Waves Direction [°1
Period [s]
Height [m]
Swell Direction [°]
Period [s]
Power [kW]
Propeller PS Shaft Speed [rpm]
Pitch of CPP [°]
Power [kW]
Propeller SB Shaft Speed [rpm]
Pitch of CPP [°]
Vert. G force at bow (STAWAVE-1) g
Water depth [m]
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Beaufort scale for wind velocity
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This table is only intended as a guide to show roughly what may be expected in the open sea, remote
from land. It shall never be used in the reverse way, i.e. for logging or reporting the state of the sea. In

enclgsed waters, or when near land, with an off-shore wind, wave heights will be smallersand the waves
steeper. Figures in brackets indicate the probable maximum height of waves [Z] .
Velocity equivalent at a standard Specifications
height of 10 m above open flat ground p
. Probable
+« |Qescrip- wave
tjveterm :
Mean height
velocity |m s-1 kmh-1 |m.p.h.|Land Sea Coast
inknots
m ft
0 (alm <1 0-0,2 <1 <1 Calm; smoke rises ver-|Sea'like’a mirror Calm - -
tically
1 |lightair|1-3 0,3-1,5 [1-5 1-3 Direction of wind showit}JRipples with the appearance | Fishing smackjugt|0,1 1/4
by smoke drift but né6tby | of scales are formed, but with- | has steerage way
wind vanes out foam crests (0,1) |(1/4)
2 Bight|4-6 1,6-3,3 [6-11 4-7 Wind felton face; leaves | Small wavelets, still short|of smacks which|0,2 1/2
Hreeze rustle; ordinary vanes [ but more pronounced; crests | then travel ataboyjt
moved by wind haveaglassyappearanceand | 1-2 kn ©3) |
do not break
3 Gentle|7-10 3,4-5,4 [12-19( [8-12 |Leaves and small twigs |Large wavelets; crestsbegin |Smacks begin tp|0,6 2
Hreeze in constantmotion; wind [ to break; foam of glassy|careen and travgl
ex- tends light flag appearance; perhaps scat-|about 3-4 kn M (3
tered white horses
4 [Mod-|11-16 (5,579 |20-28 |13-18 |Raises dust and loose|Small waves, becoming|Good working|1 31/2
drate paper; small branches |longer; breeze, smackf
Hreeze are moved . . carry all canvap (15) |(5)
fairly frequent white horses| it good list
5 |Hresh|17-21 |8,0-10,7 [29-38 |19-24 |Smalltreesinleafbegin|Moderate waves, taking|Smacks shortehp|2 6
‘LICCLC tUbVde,LlCDthVVﬂVC:CtD ad nmIorc Pl uuuuu\,cd }Ulls bdl: 2 5 (81/2)
form on inland waters |form; many white horses (2,5)
are formed (chance of some
spray)
6 |Strong|22-27 |10, 8 -|{39-49 |25-31 |Largebranchesinmotion;|Large waves begin to form;|Smacks have dou-|3 91/2
breeze 13,8 whistling heard in tele- | the white foam crests are | blereefin mainsail;
graph wires; umbrellas | more extensive everywhere | carerequired when ) (13)
used with difficulty (probably some spray) fishing
* Beaufort number.
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Velocity equivalent at a standard

height of 10 m above open flat ground Specifications
D . Probable
« | Descrip wave
tiveterm Mean height
velocity |m s-1 km h-1 |m.p.h. [Land Sea Coast
in knots
7 N e a r|{28-33 [13,9-171|50-61 |[32-38|Whole trees in motion; | Seaheaps up and white foam | Smacks remain in |4 131/2
gale inconvenience felt when | from breaking waves begins | harbour and those
walking against wind | tobe blown in streaksalong|at sea lie to (5,5) |(19)
the direction of the wind
8 Gale 34-40 |[17,2-20,7|62-74 |39-46|Breaks twigs off trees; | Moderately high waves of | All smacks make 5,5 18
generally impedes pro- | greaterlength; edges of crests | for harbour, if néar
gress beginto breakinto the spin- (7.5) |[25)
drift; the foam is blown in
well-marked streaks along
the direction of the wind
9 |Strong|41-47 |20, 8 -|75-88 |[47-54 |Slightstructuraldamage | High waves; dense streaks|- 7 P3
gale 24,4 occurs (chimney potsand | of foam along the direction
slates removed) of the wind; ¢xests of waves (10 32)
begin to topple, tumble and
roll over; spray may affect
visibility
10 |Storm [48-55 (24,5 -[89-102 |55-63|Seldom experienced|Very high waves with long| - 9 P9
28,4 inland; trees upraooted;|over- hanging crests; the
considerable struetural |resulting foam, in great (12,/(41)
damage occurs patches, is blown in dense 5)
white streaks along the direc-
tion of the wind; on the whole,
the surface of the sea takes
on a white appearance; the
tumbling of the sea becomes
heavy and shock- like; visibil-
ity affected
11 |Violent|35-63 |2 8,45(-|103-117 |64-72 | Veryrarely experienced; | Exceptionally high waves|- 11,5 |B7
storm 32,6 accompanied by wide- | (small and medium-sized
spread damage ships mightbe for a time lost (16) 52)
to view behind the waves);
the seais completely covered
with long white patches of
foamlyingalongthe direction
of the wind; everywhere the
edges of the wave crests are
blown into froth; visibility
affected
*  Beaufort number.
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Velocity equivalent at a standard Specifications
height of 10 m above open flat ground p
. Probable
+ | Descrip- wave
tive term Mean height
velocity |m s-1 kmh-1 |m.p.h.|Land Sea Coast
in knots
12 |Hurri-|64 and|32,7 and|118and|73and|- Theairisfilled with foamand | - 14 45
cane over over over over spray; sea completely white
with driving spray; visibility Q) Q)
very seriously affected
*  Heaufort number.
State of the Sea
Codg Descriptive terms Wave height*
m
0 Calm (glassy) — —
1 Calm(rippled) — 0,1
2 Smooth(wavelets) 0,1 — 0,5
3 Slight 0,5 — 1,25
4 Moderate 1,25 — 2,5
5 Rough 2;5 — 4
6 Very rough 4 — 6
7 High 6 — 9
8 Very high 9 — 14
9 Phenomenal Over 14
NOTHE1  *These values refer to well-developed wind waves of the open sea. While priority shall be given to the

descifiptive terms, these height values may be used for guidance by the observer when reporting the
agitation of the sea resulting from various factors such as wind, swell, currents, angle between swell

NOTH 2

total state of
aind wind, etc.

The bound of the.wave height shall be assigned for the lower code figure; e.g. a height of 4 m{is coded as 5.
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Resistance increase due to wind

ce increase due to wind is calculated by:

RAA::QSPA'CAAOVWRmﬁ'Axv'Vﬁkmf‘*lsPA'CAA«»'Axv'Vé
where:
Raa ig the resistance increase due to relative wind in newtons;
Axvy igthe transverse projected area above the waterline including superstructures in square mg
Can ig§the wind resistance coefficient; Caa(0) means the wind resistarce coefficient in head
VG i the measured ship’s speed over ground in metres per second;
Vwrref  i9the relative wind velocity at the reference height in meétres per second;
Ywrref i9the relative wind direction at the reference heightiin degrees;
PA ig the mass density of air in kilograms per cubigimetre.

The evaluat

The wind re
where a dat
out wind tu
coefficients

C.1 Evaluation of wind data

By nature W
over a selecf

For S/P trial
constant ovq
run are ther

sistance coefficient is based on the data derived from model tests in a wind tunnel. In
hbase is available covering ships-ofisimilar type, such data may be used instead of cari
hnel model tests. Alternatively, statistical regression formulae concerning wind resist
of various ship types have been developed. The recommended methods are described ij

on of wind data is explained in detail in C.T.

ind velocity and-direction vary in time and therefore they are defined by their mean
ed period.

usedq@s the ‘actual’ values for that run.

€.1)

tres;

vind;

rases
rying
ance
n C.2.

ralue

5 itis assumed that the wind condition is steady, i.e. that velocity and direction are reasonably
1 the durdtion of each run. The mean values of direction and velocity recorded during ¢

very

C.1.1 Ave

raging process ior the true wind velocity and direction

Usually, the relative wind velocity and direction are measured by the on-board anemometer, which is
generally located on the radar mast on top of the bridge. Both wind velocity and direction at this location
may be affected by the geometry of the ship, in particular the shape of the superstructure.

The true wind vector for each speed run is found from the ship’s heading and speed over the ground and
the measured relative wind velocity and direction. By averaging the true wind vectors over both speed
runs of the Double Run, the true wind vector for the run-set is found. This run-set averaged true wind

vector shall

38

be used to recalculate the relative wind vector for each speed run of the set.
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Measured Corrected

Vaw

V'wrei ,
WRO Viwryi+ 1)

WR+ 1)

Figure C.1 — True wind vectors and relative wind vectors

The frue wind velocity and direction at the vertical position of the anemometer are calculated by:

2 2
Uyt = \/VWR + V" = 2VyrVecosy yr (C.2)

=

wrSINW g +v) — Vgsin(y)
(

|74
-1
= tan for V,s€0S(yywpn +v)—V.cos(y) >0,
WT {Vw Ve +W)_VGCOS(W)’ WR WR G

RCOS

~ tan- ! VwrSInW g +v) —Vgsin(y)
wr =Ry

<=

4+ 180 for Vyy,ncos(yyvn +w)—V.cos(y]) <0 (C.3)
WREOSW wr T W) — VGCOS(I//)} WR WR G

where:

VG is the measured ship’s speed over,ground in meters per second;

Vwrl isthe mean value of the measured relative wind velocity at the vertical position of the anemom-
eter in metres per second;

VwT is the true wind velocity at the vertical position of the anemometer in metres per sgcond;
Y is the ship’s heading in degrees;

Ywr  is the meanxalue of the measured relative wind direction at the vertical position of the ane-
mometeyin degrees;

Ywi isthe'true wind direction at the vertical position of the anemometer in degrees.

The §rug wind velocity and direction are corrected by an averaging process over both runs df the Double
Run.

2 2
. ~Ywr@cosY wray T Vwrii+1)COS Y wrgi+1 Vwr)SInV wray T Vw05V wrgi+1)
WT(i/i+1) = +
2 2
(C.4)

| 1 | Ywr)SIV wray T VYwr+)SIY w1
Vwrasicn = B, v for
WtV wri) T VYwri+1)OSY wr(i+1)

VitV wrq) T Vwr(i+1)€0SV wrgi+1) = 0
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\ ViyrenSiny A+ Vigmes L 4SINY o
‘VWT(i/i+1):tan71 VWT(I) WT(i) VWT(H—I) WIG+D) | a0 for
wr(COSY wri) T VYwri+1)OSY wr(i+1)

Vwr i€V wrg) T Vwr(is1)COSV wrgi+1) <0 (C.5)

! |2 2 ! !
Vwray = \/ Vwriy T Vew + 2wV wri — Vi) (C.6)

1 [ VwroSinW wriy —¥i) ]fm sty T
| | G(i) WT(i) WT(i) @/ ="
Yoy + Ywriy©0sW wry — Vi) J

Y wr() £ =

1 YwroSinWwrg V)

Ywr@) T tan~ : : -+ 180 for VG(I.) + VWT(i)COS(l/’WT(i) - 1//(1.)) 0
Ve T VWT(i)COS(‘VWT(i) - l/’(i))
(C.7)
where:
Vg is tIe measured ship’s speed over ground in metres per second;
Vwt  is the true wind velocity at the vertical position of the aneimometer in metres per second;

V’'wt istheaveraged true wind velocity at the vertical positieti-of the anemometer in metres per se¢ond;

V’'wr is the corrected relative wind velocity at the vertical position of the anemometer in metrejs per
second;

Y is the ship’s heading in degrees;

Ypwr isthe true wind direction at the vertigal position of the anemometer in degrees;

Y’'wr isthe averaged true wind direction at the vertical position of the anemometer in degrees;
YP’'wr isthe corrected relative wind direction at the vertical position of the anemometer in degrges;
(1) is the run number.

And then trge wind veloeityA/wr(;), true wind direction pwr(;), relative wind velocity Vwg(;) and relative
wind directjon Ywr(.are replaced by V'wr(), ¥'wr(@), V'wr() and Y’'wr)-

The true wind velo€ity and directions shall be checked by taking the following into consideration:

a) The consistency of the curves of true wind velocity and direction with time during each run.

b) The consistency of the curves of air temperature and atmospheric pressure with time during each run.

c) Publicly available weather information.

C.1.2 Correction for the vertical position of the anemometer

The wind effect on the ship consists of two components: shear flow and uniform flow. Shear flow is the
natural wind. Uniform flow is the relative speed between still air and the ship’s own motion.

To calculate the wind resistance, the wind velocity and direction at the reference height of the wind
tunnel tests on which the wind resistance coefficients are based, shall be used. Therefore the wind
velocity and direction at the vertical position of the anemometer shall be corrected to those at the
reference height.
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The difference between the vertical position of the anemometer and the reference height for the wind
resistance is to be corrected by means of the wind velocity profile given by:

Zref
Z

a

(C.8)

Viwrret = Ywr

where:

Vwrrer is the true wind velocity at the reference height in metres per second;

Vw s thetruewind-velocity at the verticat positiomof theamemonreter irmetres persgcond;
Zref is the reference height for the wind resistance coefficients in metres;
A is the vertical position of the anemometer in metres.

The teference height for the wind resistance coefficients, Zefis selected as the-€orresponding height for
the wind resistance coefficient from wind tunnel tests.

The relative wind velocity at the reference height is calculated by:

hal

2 2
WRref — \/ Vivtret- V6" + 2ViwrrefVCosW wr — ) (C9)

The relative wind direction at the reference height is calctilated by:

ViTresSINV wr — V)

-1
WRref = tan | }for Ve + VirrreCOSW wr —w) =0,

ll Ve + VwrrerCOSW wr — V)
Wvreer = tan [ VwrrerSNW wr — 99 ] +180 for V. + Vi COS(W yr — W) < 0 (C.10)
ref Ve + Vigreor oSy — ¥ G T VWTref WT
whefe:
VG is the measured ship’s'speed over ground in metres per second;

VwRref  is the relativewind velocity at the reference height in metres per second;
VwTprer  is the trueWwind velocity at the reference height in metres per second;
Y is the;ship’s heading in degrees;

YwRref JSthe relative wind direction at the reference height in degrees;

Pw is the true wind direction at the vertical position of the anemometer in degrees.

C.2 Wind resistance coefficients

The wind resistance coefficients determined by the following methods shall be used.

C.2.1 Wind tunnel test

If wind tunnel test results are available, the wind resistance coefficient evaluated by these tests
shall be used.
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C.2.2 Data set on the wind resistance coefficient

A data set of wind resistance coefficients has been prepared by STA-JIP [6]. Data are available for; Tankers,
LNG carriers, container ships, car carriers, ferry/cruise ships and general cargo ships as shown in
Table C.1. The wind resistance coefficients, where Caa = -C¥, for each ship type, are shown in Figure C.2.

Before making use of these coefficients, the ship type, shape and outfitting shall be carefully evaluated
and compared with the geometry of the ship for which the data set has been prepared, as illustrated
in Figure C.3. The data provided is limited to the present-day common ship types. The database is not
suitable for special ships such as; tugs, offshore supply vessels, fishery vessels and fast craft, all of which
have very individual geometries.

Table C.1 — Ship types included in the data set

Ship type Loading condition |Superstructure Test ship
tanker convé¢ntional bow laden normal 280 kDWT
tanker convgntional bow ballast normal 280kDWT
tanker cylindlrical bow ballast normal 280 kDWT
LNG carrier average prismatic integrated 125 k-m3
LNG carrier average prismatic extended deck 138 k-m3
LNG carrier average spherical 125k-m3
container shjp laden with containers 6 800 TEU
container shjp laden miﬂlg(:;t contaigers, with lashing 6 800 TEU
container shjp ballast with lashing bridges 6 800 TEU
container shjp ballast without lashing bridges 6800 TEU
car carrier average normal Autosky
ferry/cruise ship average normal

general cargp ship average normal
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Figure C.2 — Wind resistance coefficients for representative ship types 6]
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e

Photo courtesy of STA-group

a) Container ship, Laden with containers

Photo courtesy of STA-group:

€) 280k DWT Tanker cylindrical bow, Ballast

A e

f) Car carrier
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i) LNG carrier spherical

T i

j) General cargo ship

Pr oo

K) Cruise ferry

Figure C.3 — Ship profiles

C.2.3 Regression formula by Fujiwara et al.

Regression formula based on wind tunnel tests developed by Fujiwara et al.[8]:
. 1 . 2 .
Capn(Wwr) = CLpCOSW g + Cxpp |SINW g — ESanWRCOS W wr [SINV WRrCOSW i +

: 3
C ALpSINY (WRCOS™Y (C11

with:

for 0 <y, g <90(deg.)
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Ay Cu
=Byt By Ly B + /312 Lo (C.12)
A A
Cyry =08, +8 T\ S—" (C.13)
XLI 10 11 12
OAHBR BHBR
A B
— oD
Catrp = €10 T €11 T +&45 T (C.14)
LV
for 90 <prr—=180(deg
B H AOD Ayy N
Crp = Ppo + By LT B2 Lo + Py 0 oy 2 (F-15)
0OA LOA B
A A B A
Corr =450 +6 Y 45,15, —+5, 2 (£.16)
XLI 20 21 22 23 24
LoaHpg Ay Loa BHpg
A
_k oD i
CaLr = 20 T €21 i (F-17)
for y g = 90(deg.)
1 al
CAA(90):E{CAA(9O—M)+CAA(9O—|—M)} (£.18)
where:
Caa(¥wr) [is the wind resistance coefficient;
PWR is the relative wind direction.in.degrees;
Loa is the ship’s length overallin metres;
B is the ship’s breadth in‘metres;
Aop is the lateral projected area of superstructures above upper deck in square metres;
Axvy is the transSverse projected area above the waterline including superstructures in square
metres;
ALy is the lateral projected area above the waterline including superstructures in square megtres;
Cmc is the horizontal distance from midship section to centre of lateral projected area ALy, where
+ means forward from midship in metres;
HpRr is the height of top of superstructure (bridge etc.) in metres;
Hc is the height from waterline to centre of lateral projected area ALy in metres;
U is the smoothing range in degrees, normally 10 (degrees.).

The non-dimensional parameters fjj, §;; and ¢;; used in the formulae are shown in Table C.2.
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; J
0 1 2 3 4
1 0,922 -0,507 1,162 - -
Pi 17 -0,018 5,091 10,367 3,011 0,341
1 -0,458 3,245 2,313 - -
% 1,901 -12,727 -24,407 40,310 5,481
1 0,585 0,906 -3,239 - -
T2 0,314 1,117 - - -

The ¢oordinate system is shown in Figure C.4. and sign conventions are shown in Figure 4.

center of Ay

Axy

upper deck

midship

Figure C.4 — Input parameters forregression formula by Fujiwara et al.
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Annex D
(normative)

Resistance increase due to waves

Irregular waves are represented as linear superposition of the components of regular waves.
Therefore the mean resistance increase in short crested irregular waves Raw is calculated by linear

superpositi
increase in

RAW -

where:
Raw
Rwave
A
1)
a
Vs
E

If the direct
measured d
be calculate

bn of the directional wave spectrum E and the response function of the mean resist

p

egular waves Ryave.

fzn foo Rwave(w’a’VS)E(a) a)doda
o Jo ;2 ’

the mean resistance increase in short crested irregular waves in héwtons;
the mean resistance increase in regular waves in newtons;

the wave amplitude in metres;

the circular frequency of regular waves in radians;péer second;

the angle between ship’s heading and componént waves in radians; 0 means head way
the ship’s speed through the water in met€es per second;
the directional spectrum in square metre seconds.

ional spectrum is measured at‘séa trials by a sensor and the accuracy is confirmec
irectional spectrum shall betavailable. If the directional spectrum is not measured, it
d by the following relationship:

0)G(at)

E = Sn(
where:
Sy ist
G

The standand form of the frequency spectrum and the angular distribution function are assumed fa

is the angular distribution function.

e frequencyspectrum in square metre seconds, as described in Formula (D.3);

ance

(D.1)

es;

, the
shall

(D.2)

r the

calculation. For wind waves the modified Pierson-Moskowitz type frequency spectrum of ITTC 1978,
shown in Formula (D.3), shall be applied.

_ T fw T fw
5, (@) = L exp(— L
(0] w
2
1/3
A, =173
fw 4
Toy
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(D.5)

For the narrow band wave spectrum (e.g. North Sea), the JONSWAP frequency spectrum shown in

Formula (D.6) is generally applied.

2
w
exp| ~0,5(1,37g .° ~1) /af2]

S, (0) =L exp(-—L)33 (D.6)
605 Q]
. 0,072Hf/3
As = (2w (D.7)
T4
01
0,44
By =(2m)t= (D-8)
T4’
01
27
0,07 for o< T
g, = w01 (D.9)
! 0,09 for w>—2%
3Ty,
where:
mg
1, =27 —C (D.10)
my

and:

Hi/3  is the significant wave height in metres;

W is the circular frequency of négular waves in radians per second;

mp is the nth moment of frequency spectrum.

For the angular distribution_function the cosine-power type shown in Formula (D.11) |is generally

applied, e.g. s = 1 (for wind waves) and s = 75 (for swells) are used in practice.

28 ')

4(a) R cos® (o — 6,) for (—% <a-6,< % (D.11)
wherte:
s is the directional spreading parameter;
r is the Gamma function;
a is the angle between ship’s heading and component waves in radians; 0 means head waves;
Om is the primary wave direction in radians; 0 means head waves.

For wind waves and swells Raw is calculated for each with different wave height, period and direction.
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50
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M

P ship’s heading
J

component waves

primary wave direction

Figure D.1 — Ship’s heading and wave direction

g resistance increase due to waves, one of following methods shall be used:

that the pitch and heave during a run have been small the ‘simplified estimation met
n D.1, maybe used.

hn ‘empirical estimation method’ for the frequency response function,¢préscribed in
| for correction. This empirical transfer function covers both the mean'resistance inci
reflection and the motion induced resistance.

igitudinal prismatic coefficient) and Cwp (water plane area coefficient) curves are avai
oretical method with simplified tank tests in short waves’, asjprescribed in D.3, may be

liable way to determine the decrease of ship’s speed in‘waves is to carry out sea ke
jous speeds, in regular waves of constant height but different wavelengths and direct
ansfer functions of sea keeping tests, as prescribed in"D.4, are available, they shall be
n of the S/P trials.

lified correction method for ships\with limited heave and pitch durin
runs (STAWAVE-1)

and simplified method to estimate:the added resistance in waves with limited input
yelopedlé] specifically for speed trial conditions with present day ships.

are conducted in low to mild sea states with restricted wave heights. In head wave
equency of the waves ighigh. In these conditions the effect of wave induced motions c

cometry is approximated based on the ship beam and the length of the bow section o
Figure D.2).

hod’,

D.2,
rease

able,
ised.

ping
ions.
used

18

data

s the
in be
. The
n the
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Formula (D.12) estimates the resistance increase in head waves provided that heave and pitch are small.
The application is restricted to waves in the bow sector (less than + 45 degrees off the bow). For wave
directions outside this sector no wave correction is applied.

RpwL = % png12/3B LL (D-12)
BWL
where:
Raw1, is the mean resistance increase in long crested irregular waves in newtons, as substitute for Raw;
Ps 1S the water density 1n full scale In Kilograms per cubic metre;
g is the acceleration of gravity in metres per second squared;
B is the ship’s breadth in metres;
Hy/3 is the significant wave height in metres;
Lpwi is the distance of the bow to 95 % of maximum breadth on theywaterline in metrgs, shown in

Figure D.2.
with|the following restriction:

1. gignificant wave height (H1/3);

Hy /3 < 2,25, Ly, /100

2. lheave and pitch during speed/power trial arg’small (vertical acceleration at bow < 0.03g);

3. vave direction is from ahead [within 0*to’+ 45 (°)].

S
/

95% B

Figyre D.2 — Definjtion for the distance of the bow to 95 % of maximum beam on th¢ waterline

D.2 | Empirical correction method with frequency response function for ships
which heave and pitch during the speed runs (STAWAVE-2)

An dmpirical method [6] has been developed to approximate the transfer function df the mean
resistance increase in regular head waves by using the main parameters such as ship dimensions and

speed (see Figure D.3).
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Rwave |

L (. Gy)

[\

/ \ f (. )

I A\

/ X !

/ f (Lyp B) !

2 1 1/2  1/4 1/8
wave length /ship's length

Figure D.3 — Parametric transfer function of mean resistance increase in regular wave

Vi

This empiri¢al transfer function Ryave covers both the mean resistance increase due to wave refleftion
Rawrl and the motion induced resistance RawML.

Ryave ={ RawmL T Rawre (p-13)
The comporents are calculated as shown in the following formulae.
, B2 —
RpwwmL T 4Ps96 A 7 law (@) (p-14)
PP
with:
— _b, by —d; 1.50
r,, (@) =@t exp 1o ey exp (—3,50Fr) (P.15)
1
}'Pi 3/k
w="14 ——y (p.16)
1,1 EARN
a, =60,3C;>" (D.17)
11,0 foro <1
by = {—8,50 elsewhere (D-18)
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—2,66
d, = L 7 D.19
1 —566 [ﬂ] elsewhere ( )
B
and:
1 2
RywrL = > ps9é xBo, (w) (D.20)
ﬂ2112(17 SkTo)
o, (o) = - 5 fi (D.21)
717 (1,5kTy;) + K1 (1,5kTy)
0,769
%
f, = 0,692 —S +1,81C,%% (D.22)
TMg
wherte:
Ps is the water density in full scale in kilograms per cubic mgtre;
g is the acceleration of gravity in metres per second squared;
{a is the wave amplitude in metres;
Lpp is the ship’s length between perpendicularsif’metres;
B is the ship’s breadth in metres;
Tm is the draught at midships in metres;
Cg is the block coefficient;
Fr is the Froude number;
Vs is the ship’s speed through the water in metres per second;
kyy is the non-diménsional radius of gyration in the lateral direction;
I is the modified Bessel function of the first kind of order 1;
K1 is thesmiodified Bessel function of the second kind of order 1;
k isithe wave number in radians per metre.
With| the following restrictions:
75(m) < Lpp,
L
4,0 < P2 <90,
B
2,2< B <9,0,
Ty
0,10 < Fr < 0,30,
0,50 < €z < 0,90 and
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wave direction is from ahead [within 0 to * 45 (°)].

The method is applicable to the mean resistance increase in long crested irregular head waves RawL,
[see Formula (D.23)]. The application is restricted to waves in the bow section to * 45 (°) off bow waves
which are treated as head waves for this method. Waves outside the + 45 (°) sector are omitted from the
wave correction in this method.

R

AWL

where:

w; V.

wave( S)S (a))da)

C 2 n
A

OOR
Zf
0

(D.23)

Rawl, iS

Rwave ig

{a

D.3 Thed

The applica
tanker or ro

The applicat
bow). For w

Applying thg

the compon
term which

R

wave

where:

Rawwm

RawR i9

=R

the mean resistance increase in long crested irregular waves in newtons, as substitute.for|
the mean resistance increase in regular waves in newtons;

the wave amplitude in metres;

the circular frequency of regular waves in radians per second;

the ship’s speed through the water in metres per second;
rpe is known for the expression [see Formula (D.3)].

retical method with simplified tank tests’in short waves

Fion of this method is restricted to the certain ship types of container ship, bulk ca
-ro cargo ship (vehicle carrier), whose lengtlris more than 190 m.

ion is also restricted to waves encountered in the bow sector (less than * 45 degrees o
hve directions outside this sector ng wave correction is applied.

e theoretical method, the meanresistance increase in regular waves Ry ave is calculated
ents of the mean resistance.ncrease based on Maruo'’s theory [2] Rawm and its corre
is primarily applicable to‘short waves Rawr.

awM T Rawr

the meamresistance increase in regular waves based on Maruo’s theory in newtons,
calculated from the radiation and diffraction components;

the correction term of RawMm in newtons.

Raw;

the frequency spectrum in square metre seconds, for wind waves modified Pierson-Moskowitz

rrier,

'f the

from
ction

D.24)

rhich

Rawnr shall be calculated with high accuracy because the mean resistance increase in short waves is the

dominant fa

The express

Rawm =

54

ctor for the evaluation of the mean resistance increase in irregular waves.
ion of RawM is given in the following formulae:
mc o0
ampg(— [+ [ )|ty (m)
—0o0 md

2 (m+ kor)z(m + kcosa)

Jm+ kge)* — m2k2)

dm for v >

N

(D.25)
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m m 00 zm—i-krzm—i—kcosa
R =d4mp (—| "+ by )|H, (m) ( 0?) )dmforr<l (D.26)
AWM SV e Im m 11 4 2,2 4
d a \/(m+kor) —m°kg)
where:
oV
r=—LES (D.27)
g
2
k=2 (D.28)
Y
Ky = % (D.29)
Vs
@p = © + kV;cosa (D.30)
ko(1—2t +~+1—41)
m, = (D.31)
2
ko(1—2t —N1—41)
my, = (D.32)
2
ko(1+ 2t ++1+47)
m, =— (D.33)
2
ko(1+2t —y1+41)
my =— (D.34)
2
H, (m)= fL o (x)e™ dx (D.35)
wherte:
Ps is the watérdensity in full scale in kilograms per cubic metre;
g is the:atceleration of gravity in metres per second squared;
Vs isithe ship’s speed through the water in metres per second;
1) is the circular frequency of regular waves in radians per second;
WE is the circular wave frequency of encounter in radians per second;
a is the encounter angle of incident waves in radians; 0 means head waves;
Hi(m) is the function, in cubic metres per second, to be determined by the distribution of singularities

o(x) which represents a periodical disturbance by the ship.

where the distribution of singularities o(x) is, as a practical treatment, calculated by the application
of slender body theory, as shown in the following formula, in which the singularity is concentrated
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at a depth of CpyTym, and the semi-infinite integration of RawmM is calculated paying attention to its

convergence [10],[11],[12],[13],

o(x)=— i(in — Vg %) {Z,(x0B(x)} (D.36)
where:
B(x) is the sectional breadth in metres;
Cpv is the vertical prismatic coefficient;
™ i the draught at midships in metres;
X id the longitudinal coordinate in metres;
WE id the circular wave frequency of encounter in radians per second;
Vs id the ship’s speed through the water in metres per second;
Zr ig the vertical displacement relative to waves in steady motion in metres.
The expressjon of Rawr is given by Tsujimoto et al[14]. The calculation method introduces an experimgntal
coefficient ipn short waves into the calculation in terms of accuracy andtakes into account the eff¢ct of
the bow shape above the water.

1 2

R \wr3 > Ps9G xBBra (1 +CyFr) (D.37)
where:
Ps ig the water density in full scale in kilograms per cubic metre;
g igthe acceleration of gravity in métres per second squared;
qaA i the wave amplitude in metres;
B id the ship’s breadth in metres;
Br id the bluntness coefficient, as calculated in Formula (D.41);
Cy id the coefficientof advance speed;
Fr id the Froude'number;
ar id theleffect of draught and encounter frequency, as calculated in Formula (D.38).
and:

272
P T Il(keree;p) (D.38)
717 (ke Tgeep) + K1 (KeTgeep)
k ,=k(1+Qcosa)? (D.39)
oY (D.40)
g
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1 .2 . .2 :
B = E{ fI sin(a + By, ) sin Bydl + fl sin?(a — By )sin Byl (D.41)
where:
I is the modified Bessel function of the first kind of order 1;
K1 is the modified Bessel function of the second kind of order 1;
k is the wave number in radians per metre;
Tdee}: 1s the draught in metres; for a trim condition Tgeep 1S the deepest draught;
g is the acceleration of gravity in metres per second squared;
Vs is the ship’s speed through the water in metres per second;
W is the circular frequency of regular waves in radians per second;
a is the encounter angle of incident waves in radians; 0 means head waves;
Bw is the slope of the line element dl along the water line in radians.
and domains of the integration (/and IT) are shown in Figure D.4&:When B; <O then R . = ( isassumed.
e fore
aft sy — T— I]
s L
AN [ D
\\\\\ wavesf I
Y
Figure-D:4 — Coordinate system for wave reflection
The ¢oefficient of the advance speed in oblique waves Cy(a) is calculated on the basis of the empirical
relatjon line shown in-Figtire D.5, which has been obtained by tank tests of various ship typles following
the pgrocedures in the riext clause. When Cy(a = 0) is obtained by tank tests the relation usgd in oblique
wavgs is shifted parallel to the empirical relation line, as Formulae (D.42) and (D.43). This ifs illustrated
in Figure D.6 foryboth fine and blunt ships.
4, = %3108, + 68 for B; <58 /310 (D.42)
C, =10 for B, > 58 /310 (D.43)
NOTE The empirical relation line in Figure D.5 was obtained as follows. Cy is derived from the result of tank

tests and RawR, as Formula (D.44).
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is the Froude number;

(D.44)

is the mean resistance increase in regular waves measured in the tank tests in newtons;

the mean resistance increase in regular waves based on Maruo’s theory in newtons;
calculated from the radiation and diffraction components;

the water density in full scale in kilograms per cubic metre;

the acceleration of gravity in metres per second squared;

the wave amplitude in metres, to be deleted;

the ship’s breadth in metres;

the bluntness coefficient, as calculated in Formula D.41;

the effect of draught and encounter frequency, as cdleulated in Formula D.38.

entioned coefficient Cy(a = 0) is determined by simplified tank tests which shall be ca
waves since Rawr is mainly affected by shortiwaves. The tank tests shall be conducte
ship geometry at the trial draughts and trim; and at contractual draughts if required
rave frequencies is one in short waves. The length of short waves shall be 0,5Lpp or lesg
corresponding to a sea state of Beaufort number?) 6, i.e. incident wave height: 3 m,
However, upper or lower limitatign‘of the wave height can be set as the wave height t

s etc. In any case the wave steepness (a ratio of the wave height to the wavelength) shs
to avoid nonlinear wave behaviour. Incident waves are to be measured for 10 waves or
i conditions [17] . The test;sét-up and procedure shall follow ITTC 7.5-02 07-02.2.

ee Figure D.7).

ts shall be eohducted for at least three different Froude Numbers (Fr). Fr shall be sel¢
e speeds during the sea trials lie between the lowest and the highest selected Fr.

rhich

rried
d for

The
. The
is to
o the

ratio (2¢a /Lpp) being 1/100 when reasonable restraint exists for suitable reasons, such as

]l be
more

ent of advance speed-Cy is determined by the ‘least squares’ method through the drigin
against Fr (d

bcted

2) The Beaufort Scale is given in Annex B.
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Figure D.5 — Relation between the coefficient of advance speed onthe added resistgnce due to
wave reflection and the bluntness coefficient for a conventional hull form abovel water
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Figure D.6 — Shift of the empirical relation in oblique waves (left; for fine ship B, <58 /310,
right; for blunt ship B, > 58 /310)
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).
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the followi
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Annex E
(normative)

Effect of water temperature and water density

Both water temperature and water density affect the viscosity of the water and thus the ship resistance.

The prediction calcutations of S/PTrials are usually based on a temperature of the seawaterjof 15° C and
a dersity of 1 026 kg/m3. For EEDI correction, those base figures shall be used.
The ¢ffects of water temperature and water density are calculated as follows.
Ps Cro
Rpg =Rpo|——1|—Rp|—— (E.1)
Pso F
with
R, =L psvic E.2
F= 5 PsoVstE (E.2)
R = < po SVEC E.3
F0 ~ 5 Ps0°¥s “Fo (E.3)
Roo = < po SVEC E.4
To = 5 Ps0°’s “10 (E4)
wherfe:
Ras is the resistance increase.du€ to deviation of water temperature and water density in newtons;
Cr is the frictional resistance coefficient for the actual water temperature and watejr density;
Cro is the frictionalTesistance coefficient for the reference water temperature and water density;
Cto is the totalresistance coefficient for the reference water temperature and water|density;
RF is the frictional resistance for the actual water temperature and water density i} newtons;
RFo isthe frictional resistance for the reference water temperature and water densityin newtons;
R0 is the total resistance for the reference water temperature and water density in newtons;
S is the wetted surface area in square metres;
Vs is the ship’s speed through the water in metres per second;
Ps is the water density for the actual water temperature and salt content in kilograms per cubic
metre;
Ps0 is the water density for the reference water temperature and salt content in kilograms per
cubic metre.
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Annex F
(normative)

Effect of current

Considering the nature of currents, the current speed shall be estimated from the measured ship’s
speed at each run.

There are ty

The ‘Ite

The ‘M¢

vo methods to account for the effect of current.
Fative’ method, where the current speed is assumed as a semi durational phenomenon

an of means’ method, where current speed is assumed to vary paraboliéally [15] wit

given power setting.

F.1 ‘Itere

In the ‘Iterat
current cury

and unknow

itive’ method

e is determined as a function of time as follows:

2 . |2
-COS [T—W t|+ VC,Ssm [Tl t|+ VC’Tt + Vc,o
C C

the current speed in knots;
the period of variation of currentspeed;
the time for each run.

n factors V¢ ¢, Ve,s, Verand Ve o.

hin a

ive’ method, the current speed is assumed to vary with, interalia, the semidiurnal period. A

(F.1)

The most dpminant period is,the’lunar semidiurnal period of 0,517 53 day (12 hours, 25 minutes
and 12 secgnds).
The ship’s speed throughrthe water Vs is derived from a regression curve (F.2) which represents the
relationship between _the'ship’s speed through the water and its power corrected in accordance|with
12.2.3 and i$ defined as follows:
Stage 1: first approximation of ship’s speed through the water

P(Vg)=a+bVd (F.2)
Therefore:

P(V.|—a
S

Ve =1§ ( b> (F.3)
where:
P(Vs) is the regression curve;
Vs is the ship’s speed through the water in knots.
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and unknown factors a, b and q.

The initial value of Vg shall be taken as the average of the measured ship’s speeds V' of a Double Run.
As a first approximation of the regression curve representing the relationship between ship’s speed
and power, a mean curve is derived by determining the unknown factors, a, b and q of Formula (F.2) by
fitting the Formula (F.2) to combinations of the initial value of Vs and averaged corrected power P’iq by
the ‘least squares’ method.

The ship’s speed on the mean curve at the corrected power for each run is calculated as the updated ship’s
speed through the water Vs from the Formula (F.3) applying the coefficients obtained as described above.
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by fit
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The
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The @ipdated regression curve representing the relationship between ship’s speed and powe

by d
spee

The 4
one

2.

2: calculation of current vplnrify

bnt speed at the time for each run V'c is calculated by subtracting the updated ship/ssp
Fater Vs from the measured ship’s speed over the ground V.

!
c=Ve Vs

rent curve is obtained by determining the unknown factors V¢ ¢, Vg5, Ve and Vi, o of F
ting the Formula (F.1) to the combinations of time and current speed obtained from F
e ‘least squares’ method.

furrent speed on the current curve at the time for each run V¢ is calculated as the upd
 from the Formula (F.1) and applying the coefficients obtained as described above.

P 3: calculation of ship’s speed through the water

bhip’s speed, corrected for current V’s, is calculated by subtracting the updated currg
the measured ship’s speed over the ground Vg

r_

S VG o VC
etermining new factors of Formula (F.2) by fitting the Formula (F.2) to the combinat]
hip’s speed through the.water at the corrected power for each run Vs is recalculated as

2
p(V3), — Pas | ASminimized:

 obtained from Formula (F:5)*and corrected power by the ‘least squares’ method again.

eed through

(F4)

ormula (F.1)
brmula (F.4)

hted current

nt speed V¢

(E.5)

ris obtained
ion of ship’s

the updated

from the Formula,(F.B), and the processes of Stage 2 and Stage 3 are then repeated until
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v, P
v
V’G' P’id'
v
P(V)=a+bVga

v

id’ t

V.=V
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v

Converged ?

2 (P(V'Y,-P,)?

27
TC

v

DPM

v

2z
Vc = VC’C cos( —tj + VC'T t+ Vc'0

Refer to Clause 13. k).

F.2 ‘Mea
If two Doub

This metho
formula is u

Figure F.1 — Flow chart of the ‘Iterative’ method

n of means’ method
e Runs, i.e. four runs, are carried out, the ‘Me&an of means’ method can be used.

l assumes that the current speed varies parabolically over the time, and the follo
sed to account for the current effect:

L T3V, +3Ves + Ve,

where:
Vs

Va1
VG2

V63

8

the ship’s speed thirough the water in knots;
the measuredsship’s speed over the ground on the first of four runs in knots;
the measured ship’s speed over the ground on the second of four runs in knots;

the:measured ship’s speed over the ground on the third of four runs in knots;

wing

(F.6)

VG4
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If the current speed varies parabolically, a current curve is defined as a quadratic function of the time.3)

Ve =V,

J

where:

2
2T = Vet Ve

Vc,0, Vc,1 and V¢ 2 are unknown factors.

3)

64

In case of three (3) Double Runs applied, Formula (F.7) is changed to quartic function.

(F.7)
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If two Double Runs, i.e. four runs, are conducted, the following relationship is derived for each run from

Formula (F.7).

2
Vey = Vs + {Vc,z(t +3A46)" =V, (£ +3At) + VC’O}

N
I

2
o =Vs— {VC,Z(t + At)” — Vc,1(t + At) + VC‘O}

Veg = Vg + {VC,Z(t — At)? — V(£ - At + VC‘O}

Yoy = Vs — {VC‘Z(t —3At)? — Vg (6 —3A0) + VCIO}
wherte:
Vs is the ship’s speed through the water in knots;
VG1 is the measured ship’s speed over the ground on the first of four runs in knots;
VG2 is the measured ship’s speed over the ground on the second of four runs in knotsj
V63 is the measured ship’s speed over the ground on th@third of four runs in knots;
VGa is the measured ship’s speed over the ground on.the fourth of four runs in knots;
t is the start time of the first speed run of a*power setting;
At is half of the elapsed time between tw@’successive runs.

The qurrenteffectisaccounted for by substituting the above four Formulae (F.8) to (F.11) for F
The $hip’s speed through the water is-the“Mean of means’ of the two Double Runs.

The turrent speed for each individual speed run shall be checked by comparing the ‘Meg
result at one power setting.

The propeller shaft speed-and power shall be averaged over the two runs of each Double R
over [the Double Runs fof-the same power setting.

© ISO 2015 - All rights reserved
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Annex G
(normative)

Effect of shallow water

The following formula [16] shall be used to correct the ship’s speed for shallow water effects:

/2
%:01242 1;11—1\24—0,05 +1- tanhi—z for 1;11—1\2’[20,05 (G.1)
S S
where:
AV i the decrease of ship’s speed due to shallow water in metres per second;
Vs id the ship’s speed through the water in metres per second;
h id the water depth in metres;
Am id the midship section area under water in square metres;
g id the acceleration of gravity in metres per second squared.
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Annex H
(normative)

Effect of displacement

Ifthe displacement of the ship at the S/P trial differs from the required displacement within the limit of 2 %,
specified in 7.1, the following formula, based on the Admiral-formula, shall be applied to the power values:

2/3
VZ
R, =P == at each speed (H.1)
1

wherte:
Py is the power in watts corresponding to displacement volume 4, _during the S/P tfial;
P2 is the power in watts corresponding to displacement volume V', used in the tanl test;
v, is the displacement volume during the S/P trial in.cubic metres;
v, is the displacement volume used in the tankKtest in cubic metres.
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