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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document concerns the procedure of analysing the results obtained from ship speed-power trials.

The primary purpose of speed and power trials is to determine a ship’s performance in terms of its speed,
power and propeller shaft speed under the ship's prescribed conditions, and thereby verify the satisfactory
attainment of a ship speed stipulated by the Energy Efficiency Design Index (EEDI) regulations and the
shipbuilding contract. To determine the contracted ship speed and the ship speed for EEDI, the same
procedure is followed. The EEDI forms an integral part of the sea trial conduct and analysis.

The contracted ship speed and the ship speed for EEDI are determined at specific draughts (either contract
draught or EEDI draught, or both). For EEDI, the environmental conditions are: no wind, no waves, no current

and deep

Normally, 4
In practice,
current [
trials, not

conditions

The purpo
provide mg¢
relevant to
to have cojf

This docuy
2 % in shaf

Tl N i aVal
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uch stipulated conditions are unlikely to be experienced in part or in full duringthe’aq

certain corrections for the environmental conditions such as water depth, surface w
2] and deviating ship draught, should be considered. For this reason, duringthe speed
pnly shaft power and ship speed are measured, but also relevant ship data and env

be of this document is to define the basic requirements for the perfepmance of speed tj
tthods for the evaluation and correction of speed trial data, covering all influences wl
the individual trial runs based on sound scientific grounds,thereby enabling owners
fidence in the validity of the final results.

hent is intended to help the interested parties to achieve the desired target accurac
t power and 0,1 knot1) in speed.[1]

The procedlure specified in this document has been developed largely based on published dat

trials and
listed in Clf

The basic d
Group and

pn ship’s performance, including the International Towing Tank Conference (ITTC)
huse 2.

evelopment of sea trial procedures using the Direct Power Method has been initiated |
later by ITTC. This document takes(into account the work of the STA-Groupl3] and the

of ITTC which are approved by the Maritimeé Environmental Protection Committee (MEPC) M

EEDIL.[
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resistance
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This third
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e first edition of this document was published. ISO 15016:2002 was based on the ey
increase and propeller characteristics.

| edition (ISO 15016:2015) enabled this document to be used for EEDI regulations as
lding contract~This new procedure was based on the direct power method. The "mear
erative” method were selected for the correction of current effects. For wave correcti
ere offered\as options in combination with observed wave conditions.

editienfakes into account methods for the correction of wind, waves and shallow w
recently developed and validated. The application of these methods has been made
1ities are avoided. This document includes modern accurate measurement methods 9
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tual trials.
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f wind and

waves. It has been updated to achieve the specified target accuracy of speed and power.

This document generally applies to ships for which survey and certification of EEDI and Energy Efficiency
Existing Ship Index (EEXI) is required under the International Maritime Organization Resolutions.[41[Z][8] For
other ships, to which the above International Maritime Organization (IMO) resolutions are not applicable,
the terms or phrases of this document are deemed to be replaced as necessary (e.g. “agreement between the
shipbuilder, the owner and the verifier” can be read as “agreement between the shipbuilder and the owner” etc.)

In this document, the unit used to express the amount of an angle is “rad” (radian) and the unit of speed
is “m/s” (metres per second). Nevertheless, “degree” as a unit for an angle and “knots” as a unit for speed

1) 1kn=1852/3600m/s.
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are used wherever indicated. Moreover, for the convenience of the users of this document, numerical values
using the units of degree and knots are stated together, where appropriate.
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Ships and marine technology — Specifications for the
assessment of speed and power performance by analysis of

speed

trial data

1 Scope

This docur
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all influeng
effects tha

2 Norm

The follow
requireme
the latest e

ITTC7.5-0

ITTC 7.5-0
Waves fron

3 Term

For the pui
ISO and IE
ISO On

IEC El¢

3.1
brake pow
power, in V
speed-redy

3.2

hent specifies requirements for the preparation, execution and reporting of speed tri
lacement type with a length between perpendiculars (L,;) from 50 metres te~500
procedure for the analysis, evaluation and correction of the gathered speed trial daf
es that can be relevant to the individual trial runs reporting on speed trialsor shipj
F can influence the speed, power and propeller shaft speed relationship.

ative references

ng documents are referred to in the text in such a way that someor all of their content
hts of this document. For dated references, only the edition-Cited applies. For undated
dition of the referenced document (including any amendments) applies.

P-03-01.4, ITTC Recommended Procedures and Guidelines, 1978 ITTC Performance Predict

P-07-02.2, ITTC Recommended Procedures and Guidelines, Prediction of Power Increase
) Model Tests.

s and definitions
poses of this document, the following terms and definitions apply.

[ maintain terminology databases for use in standardization at the following addresse

line browsing platformyayvailable at https://www.iso.org/obp

ctropedia: available at’https://www.electropedia.org/

fer

cing apd\transmission devices

contract power

hls of ships
metres. It
a covering
, including

ronstitutes
references,

ion Method

n Irregular

2]

vatts, delivered by the output coupling of the propulsion machinery before passing through any

brake power (3.1) or shaft power (3.20), in watts, that is stipulated in the new build or conversion contract
between the shipbuilder (3.21) and the owner (3.14)

3.3

contract speed
ship speed (3.23) to be achieved as agreed within the terms of the new build/conversion contract

3.4

direct power method
procedure where the measured power is directly corrected by the power increase due to added resistance

in the trial

conditions

© IS0 2025 - All rights reserved
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3.5
double run
two consecutive speed runs (3.27) at the same power setting (3.16) on reciprocal headings (3.8)

3.6

Energy Efficiency Design Index power

EEDI power

brake power (3.1), in watts, that is stipulated by the Energy Efficiency Design Index (EEDI) regulations

3.7

Energy Efficiency Design Index speed

EEDI speed

ship speed (3.23) achieved under the conditions specified by the IMO Resolution MEPC.245(66) (as amended)

3.8

heading
compass djrection (based on true North) in which the vessel’s bow is pointed, measured ovér theg centreline
of the vessel

39
headway distance
length travelled during the speed run (3.27) in the direction of the compass heading (3.8) (based on frue North)

Note 1 to enltry: The compass direction (based on true North) shall be the one atthe start of the speed ruf (3.27); see
also Figure [L.

B
¥
C
A
Key
V7 the[ship compass heading(3.8) (based on true north)
A the[Global Navigation)Satellite System (GNSS) position at start of the speed run (3.27)
B the[GNSS positionat end of the speed run
AC theheadway.distance between start and end position of the speed run, expressed in metres
Figure 1 — Determination of headway distance
3.10

ideal conditions

trial situation without wind, without waves, without current, in deep water, with a water temperature of
15 °C, a specific water density of 1 026,0 kg/m3, an air temperature of 15 °C and an air specific density of
1,225 kg/m3 (unless specified otherwise in the shipbuilding contract)

3.11

load variation test

procedure conducted during tank-testing to find out the variation of performance (in terms of efficiency,
revolutions, torque and thrust) according to the variation of load on the ship resistance

© IS0 2025 - All rights reserved
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continuous rating

maximum power output that the prime mover(s) can produce while running continuously at safe limits and

conditions

as specified on the nameplate and in the technical file of the prime mover(s)

Note 1 to entry: In case a prime mover power limitation (EPL) or a shaft power limitation (Shapoli) system is installed,
the limited installed power is as specified in the Energy Efficiency Existing Ship Index (EEXI) Technical File.

3.13
measured

ship speed

vessel velocity during a speed run (3.27) derived from the headway distance (3.9) between the start and end
position and the elapsed time of the speed run (3.27)

3.14

owner
party that

3.15
owner’s m
person in @

3.16

power set
selection o
propellers

3.17
propeller
driving scr

3.18
propeller
design pitg

3.19
pitch angl

operating blade angle of a controllable pitch propeller (CPP)

3.20

shaft pow
net power,
through al
and accouf
at the shaf

3.21
shipbuildg
shipbuildiy

cigned the new building or conversion contract with the shipbuilder (3.21)

aster
ommand after delivery of the vessel

fing
f the throttle of the prime mover(s) and the propeller shaft speed’and, in case of contro
(CPP), the selection of the pitch angle (3.19)

ew propulsor or alternative propulsion system of-the ship

pitch
h at 0,7 R for a fixed pitch propeller

e

Jy
in watts, supplied by'the machinery of the prime mover(s) to the propulsion shafting af
speed-reducingandother devices, and after power for all attached auxiliaries has bee
iting for losses in-the shaft between the propeller (3.17) and the location of power me¢

3
)¢ company that signed the new building or conversion contract with the owner (3.14)

l1able pitch

ter passing
h taken off,
asurement

3.22
shipyard

shipbuilding production facility where the subject ship is constructed

3.23

ship speed
forward velocity of the ship that is realised under the stipulated conditions

Note 1 to entry: See also, contract speed (3.3), Energy Efficiency Design Index speed (3.7) and measured ship speed (3.13).

© IS0 2025 - All rights reserved
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sister ship
ship with identical main dimensions, body lines, appendages and propulsion system built in a series by the

same shipy

3.25
S/P trial

ard (3.22)

speed and power trial
trial to establish the relationship between power and speed for a particular ship

3.26
S/P trial a

genda

speed and power trial agenda

document putlining the scope of a particular S/P trial (3.25)

3.27

speed run

track of the ship with specified heading (3.8), distance and duration for which the measured ship s
and shaft power (3.20) of the ship are calculated

3.28

tank test

model basin measurement for the prediction of the speed-power relation fer the stipulated condi
3.29

trial leadqr

duly authofized person [representative of the shipbuilder (3.21)]\résponsible for the execution o
of the speegl and power (S/P) trials (3.25) including the pre-trial preparation

3.30

trial log

data recorgled before, during and after the speed and-power (S/P) trial (3.25)

3.31

trial team

team that ¢onsists of the trial leader (3.29),.the owner’s representative, the appointed persons 1
for the spded and power trial (S/P) (3:25) measurements and, if the ship requires the Energy
Design Indgx, the verifier (3.32)

3.32

verifier

third party responsible for@erification of the Energy Efficiency Design Index

3.33

zero pitch|

blade angl¢ of a centrollable pitch propeller (CPP) at which the propeller generates zero thrust

peed (3.13)

fions

Fall phases

esponsible
Efficiency

4 Symb,olc and abbreviated terms

4.1 Sym

bols

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

1+k the ship form factor

A the direction of the bow for SNNM method

Ay the lateral projected area above the waterline including superstructures
Ay the midship section area under water

Aop the lateral projected area of superstructures above upper deck

© IS0 2025 - All rights reserved
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Aw the water plane area at the trial draught

Axy the transverse projected area above the waterline including superstructures

B the moulded ship breadth

Cap the wind resistance coefficient; C, ,(0) means the wind resistance coefficient in head wind

Cy the block coefficient

Cract the flat plate viscous resistance coefficient for the actual water temperature and water density

Crref the flat plate viscous resistance coefficient for the reference water temperature and water
density

Cumc the horizontal distance from midship section to centre of lateral projected area 4;y, where
+ means forward from midship

Cy’ the viscous resistance coefficient in deep water

d(sinkage) the increase of the ship dynamic sinkage in shallow water

E the directional spectrum

E; the angle of entrance on the waterline

E, the angle of the run on the waterline

Fp the skin friction correction force, which is the same as in the nermal self-propuldion tests

Fr the Froude number

Fry, the Froude number based on water depth

Frygq the Froude number based on a water depth of 0,3 Lgp

Froq the relative Froude number

Fy the external tow force measured during load variation test

g the acceleration of gravity

h the water depth at S/P run

Hy/s the total significant wave height

Hgp the height of top of superstructure {bridge etc.)

H¢ the height from waterline tocentre of lateral projected area A4y

Hgy/3 the significant height of local swell

Hy1/3 the significant heightefllocal wind driven waves

(1) the run number

ke the hull roughness

k., the non-dimensSional radius of gyration in the lateral direction (k,,/L,)

Lgw1. the distdnge of the bow to 95 % of maximum breadth on the waterline

Lg the length of entrance of the waterline

Loa the.overall length of the ship

Lpp the length of the ship between perpendiculars

Ly the length of run of the waterline

Nig the corrected propeller shaft speed

Nps the measured propeller shaft speed

Nycr the shaft speed at Maximum Continuous Rating (MCR) power of the main prime mover(s)

NNcRr the shaft speed at Normal Continuous Rating (NCR) power of the main prime mover(s)

Necontract the contracted shaft speed at Pgcqpiract

Pa the air pressure at S/P run

P, the power after all corrections on power have been applied, corresponding to the moulded
actual displacement volume

Pgs the measured brake power in the trial condition

© IS0 2025 - All rights reserved
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Ppiq the delivered power in the ideal condition

Ppim the initial power values for the iterative method

Ppeep the power to propel the vessel in deep water after shallow water correction

Ppms the delivered power in the trial condition

Ppmsc the delivered power in trial condition after correction of wind, waves and water
temperature and water density

Pyodel-1 the power at the trial condition at Vg, predicted by the tank tests

Pyodel2 the power at the trial condition at Vg, predicted by the tank tests

Pyrodel-3 the power at the trial condition at Vg5 predicted by the tank tests

Pref the power r‘nrrpqprmding tothe moulded reference dicp]nrpmpnr volume nsedin the tank tests

Pgiq the shaft power in ideal condition predicted by the tank tests

Pgps the measured shaft power in the in the trial condition

Poyicr the shaft power at MCR power setting of the prime mover(s)

Psner the shaft power at Normal Continuous Rating (NCR) power setting®fthe prime mover(s)

Pscontract the contracted shaft power of the prime movers(s)

Priala the power at the first power setting in trial condition obtainéd)by the S/P trials

Prialo the power at the second power setting in trial condition obtained by the S/P trials

Priial3 the power at the third power setting in trial conditionebtained by the S/P trials

Pryiarp the brake power at the trial condition predicted by\thé tank tests at V

Tsink the sinkage displacement effect

Rpa the resistance increase due to relative wind

Ry the resistance increase due to deviation of water temperature and water density

Raw the mean resistance increase in short.evested irregular waves

Raw the mean resistance increase in long crested irregular waves, as substitute for R}y

Rawm the motion induced wave resistance

Rawr the wave resistance resulting from wave reflection

Re the Reynolds number forthe subject water temperature and water density

Rpact the frictional resistange for the actual water temperature and water density

Rpret the frictional resistance for the reference water temperature and water density

Ry the full-scalecesistance in the ideal condition

Royy the increa$eof viscous resistance in shallow water

Roper the totalrésistance for the reference water temperature and water density

Rydeep the ship viscous resistance of the ship in deep water

Ry ave the'mean resistance increase in regular waves

S the wetted surface area at zero speed condition

S, the frequency spectrum

t the mid time of the steady recording for each run

te the elapsed time of the S/P run

ta the air temperature

tg the start time of the first speed run of a power setting

ty the temperature of the subject water

To1 the mean centroid wave period in seconds

T, the moulded draught at the aft perpendicular

TATanktest the moulded draught at the aft perpendicular during tank test

© IS0 2025 - All rights reserved
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Tyg the draught at the aft perpendicular (extreme)

T¢ the period of variation of current speed

Ty the average draught (extreme)

Ty the moulded draught at the forward perpendicular

Tk Tanktest the moulded draught at the forward perpendicular during tank test

Trg the draught at the forward perpendicular (extreme)

Tieep the deepest moulded draught for a trimmed condition

Ty the moulded draught at midships

Tvk the draught at midships (extreme)

T, the-mean-observed-wave periodinseconds

V'wr the corrected relative wind velocity at anemometer height

Vwr the averaged true wind velocity at anemometer height

4 the current speed

Ve the measured ship speed over ground

Vi1 the measured ship speed over ground on the first of four runs

Vio the measured ship speed over ground on the second of four«uns

Vi3 the measured ship speed over ground on the third of fournsuns

Via the measured ship speed over ground on the fourth ef-four runs

Voroup the group velocity of the incident wave

Vs the ship speed through the water

Vsq the speed through the water at the first power setting in trial condition at the S/P
Vs, the speed through the water at the second power setting in trial condition at the|S/P
Vg3 the speed through the water at the third power setting in trial condition at the SfP

VS, service Co

Intract

the service speed in contract condition at Pgcytract aNd Neoniract

Vwr the mean value of the measuredrelative wind velocity at anemometer height

VwRref the relative wind velocity at the reference height

Vwr the true wind velocity at anemometer height

VW Tref the true wind velocity) at the reference height

Z, the vertical position of the anemometer

Zpof the referenceg’height for the wind resistance coefficients

oV the ship additional displacement volume due to sinkage as fraction of the total digplacement

a the relative wave or wind direction, relative to the bow in degrees. Zero (0) degiees on the
bow~and positive to starboard (clockwise)

a, the*power factor

(%) the power factor at the first power setting

a thn mnosazne Font s o+ b o o mnd mararak o fiin o

pz A3 §a =y PU vvll 1TdULUI dl UIIv SelvuIIvu lJUVVbl ODLLIIIS

@3 the power factor at the third power setting

ACp the roughness allowance associated with Reynolds number for the actual water temperature
and water density with a minimum of 0,00

ACp ef the roughness allowance associated with Reynolds number for the reference water temper-
ature and water density with a minimum of 0,00

An the required correction for propeller shaft speed

AP the required correction for power

APgy the power increase caused by shallow water effects

AR the total resistance increase

© IS0 2025 - All rights reserved
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At half of the elapsed time between two successive runs

y the compass bearing of the incoming waves in degrees

N the wave amplitude

Mbid the propulsive efficiency coefficient in ideal condition predicted by the tank tests
Nbms the propulsive efficiency coefficient in trial condition

nr the transmission efficiency

Ns the shaft efficiency

A the scale factor

u the smoothing range

&, thelgadariationcoefficientofthe shaftspeed -
& the load variation coefficient of the delivered power Aq(p
Pa the mass density of air q>)v
Pact the water density of the actual water temperature and salt content r\(O

Pm the water density in the tank tests ;<Q\)

Pref the water density of the reference water temperature and salt pqr'lt\ent

V) the compass heading of the ship i \Q)

Y'wr the corrected relative wind direction at anemometer hei )

Y'wr the averaged true wind direction at anemometer heigk\((

Ywr the mean value of the relative wind direction at g{lQn\gmeter height; 0 means head winds
YwRref the relative wind direction at the reference hei@&\

Y the true wind direction at anemometer heig@iﬁ Earth system

1% the kinematic viscosity at the subject wa&e\r'temperature and water density

W the circular frequency of regular wa\(@

Vact the actual moulded dlsplacement\@lume during the S/P trial

Vet the reference moulded disllle@ﬁent volume used in the tank tests
4.2 Abbreviated terms @ ’

COMEX Point of startig.qu\t'é collection (US Navy abbreviation)

CFD computatio@-ﬂﬁid dynamics

CPP controlLa\Qy\ﬁtch propeller

EEDI Energybl’ficiency Design Index

EEXI E@G\%S\l Efficiency Existing ships Index

FINEX “%\lﬁt of ending data collection (US Navy abbreviation)

FPP ,.;\ fixed pitch propeller

GNSS | Glebal Navigation-Satetite System

IMO International Maritime Organization

ITTC International Towing Tank Conference

kDWT 1 000 deadweight tons

k-m3 1000 m3

LC loading condition

LIDAR light detection and ranging

LNG liquified natural gas

ms midship as shown in Figure C.19

MCR maximum continuous rating
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M/E main engine

MEPC Marine Environmental Protection Committee in IMO

NCR normal continuous rating

0 the centre of gravity of A;y in Figure C.19

rpm revolutions per minute

SOLAS Safety of Life at Sea (IMO International Convention)

SNAME The Society of Naval Architects and Marine Engineers

S/P speed/power

STA-Group The international group of owners, shipbuilders, research institutes, classification societies
and universities studying and improving sea trial procedures and Sea Trial Analyses (STA)

TEU Twenty-foot equivalent unit

ud Upperdeck shown in Figure C.19

UTC Coordinated Universal Time

5 Responsibilities

5.1 Shipbuilder’s responsibilities

The shipbuilder is responsible for the planning, conduct and evaluation of the S/P trials. The ghipbuilder

shall ensuy

all per

all quad
the sed

all reg

NOTE )i
harbour fac
these trials|
all saff

all fixe|

all waz
regula

an incl
S/P tri

e that:
an appropriately authorized trial leader is appointed to oversee all aspects of the S/P trial;
mits and certificates required for the ship to go'to sea are provided;

lified personnel necessary for operating theship and all systems and equipment requ

1latory bodies have been informed, and are available and are on board when required

Regulatory bodies include the Classification Society, the owner, ship agents, suppliers, sub

d, portable and individual material (for crew, trial personnel and guests) is on board and

fory requirenients;

ining.test has been performed, or at least an approved preliminary stability booklet, in
als’cohdition; see Safety of Life at Sea (SOLAS)[21l Convention;

trials are on board;

lities, departments organizingthe supply of provisions, fuel, water, towage, etc. necessary fof

ty measures have been checked;

ning and saféty’systems for conducting safe S/P trials have been checked in accordan

red during

contractors,
conducting

operative;

re with the

cluding the

all ship data relevant for the S/P trials preparation, conduct, analysis and reporting are ma

e available

to the trial team prior to the S/P trials. These data shall include the information requested 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 verifier (where applicable).

The shipbu

ilder shall arrange for divers to inspect the ship’s hull and propeller(s), if necessary.

The shipbuilder is responsible for the overall trial coordination. 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.

© IS0 2025 - All rights reserved
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The trial leader shall maintain contact with the trial team regarding the preparation, execution and results
of the S/P trials.

5.2 Tria

1 team

The trial team is responsible for correct measurements and reporting of the S/P trials according to this
document. They are also responsible for the analysis of the measured data to derive the ship speed and
power at the stipulated conditions.

The trial team is responsible for the following:

commencement of the S/P trial;

conducting an inspection of the ship, including the condition of the hull and propeller(s), prior to the

— the provision, installation, operation and removal of all necessary trial instrumentation and|temporary
cabling;

— providing the owner’s master and the owner’s representative with the measurement data package, the
full S/P analysis and the S/P results before disembarking;

— delivering a final report upon completion of the full analysis of the measureéments taken during the trial.

If it is phypically impossible to meet the conditions described in this dotument, a practical treatment is

allowed bajsed on a documented mutual agreement between the owner,the-verifier and the shipbfiilder. This

documentdd mutual agreement shall be included in the trial report.

6 Trial preparations

6.1 General

The succegqs of the S/P trials largely depends on the-preparations. The important steps are summarized in

6.2 and 6.3.

6.2 Step 1: Installation and calibration

Assemble pll the trial instrumentatien: in the configuration that shall be used on the ship. Test the

instrumentation system for any malfunctioning or other complications.

The availahility and the proper fanctioning of the following equipment shall be confirmed prior to the S/P trials:

a) gyrocgmpasses;

b) anemrlmeter;

c) baromieter;

d) speed |ogsystem of the ship (ready for calibration);

e) propeller pitch angle indicating system (of each controllable pitch propeller);

f) draught measurement system of the ship including the longitudinal and vertical offsets against a proper
draught reading (if available);

g) water temperature sensors;

h) water depth measuring system;

i) shaft torque and shaft speed measurement system;

j) draught marks of the ship;

k) GNSS system.
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After the trial instrumentation is installed, carefully check that all shipboard input signals that shall be

recorded d

uring the S/P trials are functioning (see Clause 9).

As part of the pre-trial check for a ship equipped with controllable pitch propellers, the method shall be as

follows:

D)

zero pitch;

distribution box;

for ch
propel

At this sta
describing

[t is imporf
trial check

The shaftn
If no certif
shall be usq
measured

to conside

6.3 Step

Before dep|
shall be ad

approv

approv
calculd

The S/P tr
and power;
and table(s
members 3

The trial a
speeds, the
performed
in the S/P

determine the d
adjust the 3
anges in pitch angle due to shaft com

esign pitch angle, maximum ahead pitch angle and maximum astern pitch

pression as thrust increase and temperatufe
ler pitch control rod.

pe, an important deliverable to be provided by the shipbuilder to the trial team is 4
Lhe test set-up, including evidence of the checks and (factory) calibrations thathave been

ant to note that there are two stages to consider in performing instrumentation checl
and the post-trial check for the torque meter to verify the calibrationresults.

haterial properties, i.e. the G-Modulus, shall be fully described afid documented by the
icate based on an actual shaft torsional test is available, thedG-Modulus equal to 82 4
pd. The shaft diameter used in the power calculation shalkbederived from the shaft cirg
ht the location of the torsion meter. In case a controllable pitch propeller(s) is used, it i
the drilling diameter using the relevant data supplied’by the shipbuilder.

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

arture, a pre-trial meeting shall be held tofix the S/P trial agenda. During this meeting
ressed:

ral by the trial team of the S/P trial\agenda;

ral by the trial team of the procedures and the consequential analysis methods to
te the trial speed and to deliver the speed trial report, i.e. Clauses 11 to 13.

al agenda is a document/prepared by the shipbuilder, outlining the scope of a partid
trial, among other,elements. This document contains the procedure on how to condy
) portraying theauns which shall be conducted. It outlines the responsibilities of the
nd ship’s crewsThe scope and the trial execution shall be in line with Clauses 7, 8, 9, 10

penda shallleentain the agreements between the trial team members including the lim
limits forwave heights, the wave directions and the water depths up to which the tri
Furthermore, the wind correction method and the wave correction method shall be

triahagenda. The measured data, the analysis process and the results shall be trans

prior to dock-out, the oil distribution mechanism showing the propeller pitch angle shall be checked for

check the zero pitch angle reading in the measurement system against the mechanical reading in the oil

angle, then

to account
hffects the

document
rarried out.

ks: the pre-

hipbuilder.
00 N/mm?
umference
necessary

Ftwo items

be used to

ular speed
ct the trial
trial team
and 11.

its of wind
hls shall be
mentioned
parent and

open to al
changes re

the members of the trial team. If changes from the pre-agreed agenda are neces
quire consensus among the trial team members. The changes shall be documented.

7 Ship conditions

7.1 Trim

sary, those

The trim shall be maintained within very narrow limits. For the even keel condition, the trim shall be less
than 0,1 % of the length between perpendiculars. For the trimmed trial condition, the forward draught shall
be within 0,1 m of the ship condition for which tank tests results are available.
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7.2 Displacement volume

The difference between the ship’s actual moulded displacement volume during the S/P trials and the required
moulded displacement volume shall be less than 2 % of the required moulded displacement volume. If tank
tests results are used for the analysis of the S/P trials, the deviation of the actual moulded displacement
volume during the S/P trials shall be within 2 % of the displacement volume used during the tank tests.

The moulded displacement volume is determined as follows:
a) Immediately prior to the S/P trials in the S/P trial area, the vessel will be stopped.

b) The ship’s draught at the draught sensor positions is obtained by recording the draught sensor values
every 3 s over a period of 3 min per sensor. This sampling interval is irrespective of the sampling interval

] la. H
Of the M1 ausut IIICasul llls Dy otc1u.

c) Determine the draught at sensor position by averaging the recorded values per sensor.

d) Convert the average of the sensor readings towards draught at the perpendiculars‘@nd midghip, taking
into cqnsideration trim, longitudinal and vertical offsets.

e) Average the portand starboard draughts.
f) Calculate the average draught of the ship with the Formula (1):

Tg = (Tag + 6 Tyg + Tre) /8 (1)
where
Ty is ship’s average draught (extreme), expressed-in metres;
Thr isdraughtat the aft perpendicular (extreme), expressed in metres;
Ty is draught at midships (extreme), egpressed in metres;
Ty is draught at the forward perpéndicular (extreme), expressed in metres.

g) Deduct keel thickness to arrive at the average moulded draught of the ship.

h) Calculate moulded displacement volume in cubic metres by interpolating in the hydrostatic thbles using
the av¢rage moulded draught and trim.

i) If the feviation between-dctual displacement volume and the required displacement volume is more
than 2|%, or the trim.d€Viation is more than the trim limits as mentioned in 7.1, then adjust|the ballast
situatipn and repeatsteps a) to g).

Alternative¢ly, draught readings may be carried out by boat or with the aid of a drone.

7.3 Hull, prepeller, and shaft

The ship shall have a clean hull and propeller(s) for the sea trial. Hull roughness and marine growth can
increase the resistance of the ship significantlyl2l but are not corrected for in S/P trials. Therefore, it
is recommended that the hull and propeller(s) be carefully inspected before the sea trial and cleaned as
needed and as per coating-manufacturer’s recommendation. The dates of last docking and hull and propeller
cleaning shall be recorded in the S/P trials report by the shipyard.

Shaft torque shall be measured by means of a calibrated permanent torque sensor or strain gauges on the
propeller shaft. The measurement system shall be certified for power measurements with a bias error
smaller than 1 % so that an overall bias error smaller than 2 % (on board the ship undergoing trials) can be
achieved.

Alternative shaft torque measurement devices with a certified accuracy equal to or better than the above
figures are acceptable.
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When shaft torque measurement is not possible, an alternative power measurement method recommended
by the manufacturer of the prime mover(s) and approved by the owner and the verifier is acceptable.

8 Trial

boundary conditions

8.1 General

During the S/P trial, conditions can occur that deviate from the contract/EEDI condition. The objective

during the

S/P trial is to minimize the number of influencing factors.

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

only valid t

1p to certain limits.

To arrive &
boundary

During thg
movement
of the S/P
dominant ¥

8.2 Locs

High wind
require thg
propeller s

The S/P ty
constant a
in the S/P 1

This mean
Ideally, the

8.3 Win

In case the
of measuri

Ing the wind just outsidethe region where airflow is distorted by the vessel (in accor

t reliable S/P trial results, the trial conditions shall be as ideal as physically passib
ronditions shall not exceed the values given in the 8.2, 8.3, 8.4, 8.5 and 8.6.

execution of the S/P trials, second order effects such as wind drift, roll~orotions :
5 shall be avoided, as those second order effects reduce the vessels’ speed’during thg

vave or wind direction, depending on which effects the ship speed most.

ition

and sea state in combination with a heading deviating fronvhead waves and following
e use of excessive rudder angles to maintain the heading, which cause excessive fluc
haft torque, propeller shaft speed and the measured-ship speed.

ials shall be conducted in a location where the.environmental conditions are expsg
hd have only the smallest possible impact on-the ship to avoid unexpected environme
rial results.

5 that the S/P trial range shall be located'in a sheltered area (i.e. limited wind, waves an
area shall be free from hindrance.by;small boats and commercial traffic.

d

wind velocity is measuged-with a remote sensor e.g. a light detection and ranging (LIDA

le, and the

ind rudder
execution

trials. This means that the speed runs shall be carried out by heading into and following the

waves can
tuations in

cted to be
htal effects

d current).

\R) capable
Hance with
ht (10-min

(2)

9.3.3) or a|3D ultrasonic sensor-(in accordance with 9.3.3), the wind velocity at reference heig
average in[m/s]) during the.S/P trial shall not be higher than calculated with Formula (2):
VWTref = 10,7 + 0,23 (LPP - 50)
for ships wjith a tehgth restriction of
| 50 m ¢ Epp <500 m |
where

Vivrre 1S the true wind velocity at the reference height, expressed in metres per second (m/s);

LPP

The result

is the ship’s length between perpendiculars, expressed in metres (m).

of Formula (2) is illustrated in Figure 2.
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In case the wind velocity is measured with a conventional anemometer (e.g. cup/vane anemometer) in
accordance 9.3.3, the wind velocity at reference height (10-min average in [m/s]) during the S/P trial shall
not be higher than calculated with Formula (3):

Vwrref =9,7+0,23(Lpp —50) (3)

for ships with a length restriction of

| 50 m < Lpp <500m |

where

Vwriler is the true wind velocity at the reference height, expressed in metres per second;
Lpp is the ship’s length between perpendiculars, expressed in metres.

The result pf Formula (3) is illustrated in Figure 2.
V]

Tref

18
16
14
12

PP

1 magk permissible wind velocity with"3D ultrasonic/remote sensor, expressed in m/s [see Formula (4)]

2 the| max permissible wind vélocity with conventional sensor (e.g. cup/vane sensor); expressed [in m/s [see
Forjmula (3)]

Vwrres  the|true wind velocity atthe reference height, expressed in m/s
Lpp ship’s length between perpendiculars, expressed in m

Figure 2 — Limits for permissible wind velocity

The compljance with the wind limits shall be shown before starting the S/P trial, in accordancg with 10.2

If the true unhﬂ cponr] {urhlr‘]ﬁ IC fho mean na]no nF fho trye unnﬂ cpnnr’] nF ]'\nfln ]nrrc nF nar'ln r]r\ ble run at
reference height) exceeds the limit value during the execution of the S/P trials, the maximum true wind
speed that may be used in trial evaluation in this case is the relevant wind speed limit value +10 %.

Wind conditions are described in Table B.1
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8.4 Sea state

The total significant wave height, H; /3, is derived from the significant wave heights of local wind driven seas
Hyyq,3 and swells Hg; /3 by the Formula (4):

2 2
Hy/3 =+/Hw1/3 +Hsq/3 (4)

For all analysis methods related to waves, the following empirical criteria shall be applied in relation to the
ship’s length in order to determine the maximum allowable correction for resistance increases due to waves:

when the wave spectrum encountered during the S/P trials is measured:

Hy /3 <P,225V 155 (5)

or, when the wave height is derived from visual observations:

Hy /3 (0,15 Lpp (6)
where

Lpp is the ship’s length between perpendiculars, expressed inmetres;

Hy 3 is the total significant wave height, expressed in metres;

Hy;q,3| is the significant height of local wind driven waves,expressed in metres;
Hgy /3 is the significant height of local swell, expressed in metres.

The above |imits are illustrated in Figure 3.

See 9.3.5 fgr the definition of observations respectively measured in this context.

The directions of the waves and swells may be'\derived from visual observations in all cases.
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Hy3 th
Lpp S
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Sea state c

8.5 Wat

There is 4
is preferah
conducted

|MAX|

where

e limit of permissible wave height for measured wave spectrum expressed in-metres[see Formu
e limit of permissible wave height for observed wave height expressed in mretres [see Formula (
e significant height, expressed in metres

lnip’s length between perpendiculars, expressed in metres

Figure 3 — Limits for permissible:wave height

jance with the wave limits shall be shown before starting the S/P trial, in accorda
sible wave height is exceeded, either the S/P*trial shall be repeated at accepted w
or the wave height from Formulae (5) or (6)/depending on the observation method r
aluation.

bnditions are described in Table B.1cand Table B.2

er depth

n analysis method that>compensates for shallow water effects (see Annex G). K
le to reduce these cerrections by selecting a suitable S/P trial location. Sea trials s
in waters with a water depth lower than the outcome of Formula (7):

V2
h=2,5Ty; , h&2/4—-
9

IMAX]|

a (5)]
b)]

OY

hce 10.2. If
ave height
bquired for

[lowever, it
hall not be

(7)

is the absolute value of the maximum of the two terms;

h
Ty
Vs

g

is the water depth at the S/P run, expressed in metres;
is the ship’s moulded draught at midships, expressed in metres;
is the measured ship speed through the water, expressed in metres per second;

is the acceleration of gravity, expressed in metres per second squared.

Whenever the water depth is more than defined in Formula (7), Annex G shall be applied.
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Furthermore, areas with significant variations in the bottom contours shall be avoided. The actual water
depth during each speed run shall be read from the ship’s instruments or the sea chart and recorded in the

trial log.

8.6 Current

Ideally, S/P trials shall be conducted in a location where the current speed and direction are essentially
uniform throughout the trial area.

After finalising the S/P trials, the current curve shall be analysed.

In cases where the time history of the current deviates from the assumed parabolic/sinusoidal trend and
the change of the current speed within the timespan of one double run is more than 0,5 knots, neither of the

analysis m

9 Trial

9.1 Gen

This Clausg
measured

For this py
parameter

bral

procedure

pthods in Annex F are applicable. Areas where this may occur shall be avoided for S/P.

b gives an overview of the parameters that influence the trial speed.-All these paramet
hnd recorded as accurately as possible.

Irpose, a distinction has been made between parameters-ieasured at the speed trij
5 measured during each speed run. Table 1 and Table 2 list'the acceptable measureme

trials.

brs shall be

al site and
ht methods

and units fpr each parameter.
All relevant data shall be recorded in accordance with Annex A and shared among the members of th¢ trial team.
Table 1 lists the parameters that shall be measured at the speed trial site, and the accepted mgasurement
devices angl units.

Table 1 — Parameters measured at the speed trial site
Parameter Acceptable measurement device Unit
Weather condition
Water dengjity Hydrometer kg/mp3
Water temperature Thermometer °C
Air tempergture Thepmemeter °C
Air pressurfe Baremeter hPa,|mb
Torsion mefer Torsion meter with calibrated torque sensor or strain gauges kNm|
Trial area Geographical position (Lat-Long) by GNSS ddd-mm
Vertical position of-ané- |General arrangement plan of the ship m
mometer alpove-waterline
Draughts Physical observation and/or calibrated draught gauges m
Trim Calculated from draughts m
Displacement volume Calculated from draughts m3
Wind area Transverse projected area above the waterline including superstruc- m?2

tures calculated from the general arrangement plan of the ship and the

measured draughts
Superstructure wind area |Lateral projected area of superstructures above upper deck + height m?
for C.3.5 (Fujiwara) of superstructure, measured from the general arrangement plan of the

ship and measured draughts
Total lateral wind area for | Lateral projected area above the waterline including superstructures  |m2
C.3.5 (Fujiwara) and position of centre of gravity, measured from general arrangement

plan and measured draughts
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Table 2 lists the parameters that shall be measured during each run and the accepted measurement devices

and units.

Table 2 — Parameters measured during each run
Parameter Acceptable measurement devices Unit
Date Calendar dd-mmm-yyyy
Ship’s position GNSS Lat., Lon,, °
Speed over ground GNSS (for information purpose only) knots
Shaft torque Torsion meter with calibrated torque sensor or strain gauges |kNm
or shaft power Power calculated from propeller shaft torque and propeller kw

shaft sneed

Propeller shaft speed Pick-up, optical sensor, ship’s revolutions counter minyt
Propeller pjtch (CPP) Bridge replicator, indicator on shaft % ormnj
Time GNSS Time or UTC hh:mmiss
Time elaps¢d over the speed run |GNSS Time hh:mmiss
Water depth Ship echo sounder and nautical charts m
Ship’s headjng Gyro compass, or GNSS-compass °
Relative wind velocity Lidar, 3D ultrasonic anemometer, if not available, a convention- [m/s, °
and directibn al anemometer
Wave height, mean period and |Wave measuring device such as wave buoy, wave radar, or m,s,°

en waves

Swell heightt, mean period, and
compass difection of swell

compass difection of wind driv- |LIDAR. Observation by multiple marine¥s. The average ob-

served wave height derived from ohservations by multiple
mariners is assumed to be equal to the significant wave height
over the run length.

9.2 TanJ( test information

The quality and accuracy of tank tests play a large-role in the outcome of full-scale S/P trials. Fot

types, sea trials are normally carried out in ballast condition, whereas the contractual condition
defined asthe design loaded condition. For{the conversion from ballast trial results to loaded condition, the
difference [between the ballast and loaded tank tests curves is used. Therefore, accurate tank
validated donsistent method for extrapolation to full scale are required.

The tank t¢sts shall be conducted tn“accordance with the following criteria.

a) Tank tests shall be conducted at the moulded contract draught and trim and the moulded EE

and trim, as well as the moulded trial draught and trim.

b) Tank tests shall he-eonducted in accordance with ITTC 7.5-02-03-01.4, ITTC Recommended
and Guidelines; 1978 ITTC Performance Prediction Method.

¢) For alll draughts and trims, the same methods, procedures, and empirical coefficients shall

extrapplate the model scale values to full scale. Where different empirical coefficients for th

some ship
s normally

fests and a

DI draught

Procedures

be used to

e different

draughts are used, full details shall be documented in the tank test report, including justification by
means of full-scale S/P trial data for the specific ship type, size, loading condition, tank test facility and

evaluation method.

d) All relevant tank test information shall be provided by the shipbuilder to the trial team members. This
information shall be transparent and give sufficient information to enable the trial team to check the
tank test results related to the sea trial analysis. This means that the tank test information shall include
the measured data, the predicted full-scale data and detailed description of the applied extrapolation
method and appropriate coefficients.
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9.3 Scope and conduct of the measurements

9.3.1 Ship track and speed over ground

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

9.3.2 Torque

The calibration of the torque measurement system shall not be altered during the S/P trials. Torque and rate
of revolution measurements shall be monitored and stored continuously.

9.3.3 Wi
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encounterg
outside thd
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3D ulty
them 4

b)
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9
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heasured on trials should be as close as possible to a measurement of the undisturbed
d by the ship. To this end, it is encouraged to use technology capable of measuring ¥
region where airflow is distorted by the ship.

ity sequence:

e sensor capable of measuring the wind just outside the region*where airflow is disto
(e.g. LIDAR).

asonic sensor mounted close to the upwind leading edge.of the superstructures and as
s possible. Mounting on a foremast away from superstructure is preferable.

itional anemometer (e.g. cup- or vane anemometer) mounted close to the upwi

edge df the superstructures and as high above thent as possible. Mounting on a foremast

supers

Any anemgd
the mastd
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meter of type b) and c) should be mounted away from the mast at a distance more th
ameter to avoid disturbances by that'mast.

iter depth

'h can be determined by examining a sea chart of the trial area or measured by the
ring the runs. It is important that the echo sounder is calibrated before the speed ru
raught (the transdiicetr depth) is considered. Calibration shall be combined with a con
epth against theswater depth given on the chart in the trial area. Continuous recordil

vind speed
vind speed

e the wind velocity and direction, the following ship born sensor §ystems shall be @ised in the

rted by the

high above

nd leading
Away from

an 3 times

ship’s echo
hs and that
hparison of
g of water

depth is recommended.

9.3.5 Wgjves

The wave dpectrum and the direction can be derived either by measurements or observations.

For the methodsasspecified im D3 and D the directiomal orumi-directiomat spectrunmof wavesinduced 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 shipborne equipment such as a wave radar can be used. The wave
direction shall be included in these measurements. The wave measurement equipment shall be calibrated,
and the accuracy shall be validated and documented.

As an alternative for continuous wave measurements during all speed runs, the wave conditions may be
measured immediately prior to the S/P runs and immediately after the S/P runs with the vessel stopped in
the water. The wave condition shall be measured and analysed over a minimum duration of 20 minutes each
time. In case the wave spectra prior to and after the S/P runs are different, linear interpolation in time may
be applied for each individual speed-power run.
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In case the wave spectrum encountered during the S/P trials is not measured, the wave height, the mean
period and compass direction of the waves shall be derived from visual observations by multiple experienced
mariners during each S/P run. In addition to the wave observations, wave now- or hind- cast data provided
by an experienced and independent weather office may be used, subject to agreement with the trial team.

9.3.6 Water and air properties

Upon arrival at the S/P trial area, when the ship is stopped for draught reading and torsion meter zero
setting, the local water temperature and water density shall be recorded to enable the calculation of the
power corrections regarding sea water viscosity. The local water temperature shall be taken at water inlet
level. The local water density shall be measured with a hydrometer in a bucket of water or with a dedicated
sensor, if available.

Air tempefature and air pressure shall be measured using a calibrated thermometer and,parometer,
respectively.

9.3.7 Cufrent

The speed |of the current shall be determined as part of the evaluation of each run, See Annex F [for further
details.

10 Condpct of the trial

10.1 General

Upon arrivial at the S/P trial area, the trial team meets to confirm the procedures. Based on the actual wave
condition, the wave correction method may be changed.:Se€ Annex D for the relationship between ship
motions, wlave directions and the wave correction method.

On the day of and during the S/P trial, several pre-requisites shall be met to arrive at reliable tifial results.
This Claus¢ gives an overview of the minimum requirements.

10.2 Initiation
Prior to th¢ S/P trials, the weather forecast shall be studied.
Prior to th¢ S/P trials, the following actions shall be taken at zero speed through the water:

a) the torsion meter’s zero Setting shall be carried out in accordance with the maker’s instruftions. The
zero-torque value is détermined while the ship is at rest by turning the shaft ahead and gstern, and
taking|the mean of these two readings as the zero value (refer to the ITTC procedures[12]);

b) draugrl.[t readingand calculation of displacement volume as described in 7.2;

c) determination of water temperature and density as described in 9.3.6;

d) check campliance with the wind and wave limits as described in 8.3 and 8.4

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.

The propulsion plant configuration during the S/P trial shall be consistent with the normal ship operation at sea.

10.3 Trajectory of ship during trial

The S/P trial runs shall be conducted over the same ground area. For each base heading, each speed run
shall be commenced (COMEX) and completed (FINEX) at the same place as indicated in Figure 4.
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he time between COMEX and FINEX for each speed run (minimum 10 minutes).
he approach path towards the speedrun.

Figure 4 — Path of ship during double run (in ideal condijtion)

(illiamson turns as illustrated in Figure 4 or a similar type of mangeuvre shall be executg

return the ship to the reciprocal heading, taking into consideration that the midpoint
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nis method shall be used to avoid different sea states, wind or current conditions. Propy
evolutions per minute (rpm) setting(s) or pitch setting(s) shall not be altered during t

er effects such as wind drift, roll motions and rudder movements shall be avoided as tH
fthe vessel during the execution of the S/P trials. This means that the speed runs shall
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heading during the S/P runs should be determined carefully.

, the ship’s

The speed runs shall be carried out by heading into and following the dominant wave or wind direction,

depending

on which affects the ship speed most.

Consequently, once the heading for the speed run and the reciprocal heading for the return run are fixed,
the selected tracks shall be maintained very precisely throughout the S/P trial. However, if the “mean of
means” method is used for current analysis, the trial direction can be changed between each power setting
according to change of weather (wind or waves) condition.

Extremely tight control shall be exercised during the execution of the S/P trials to minimize as many

variables a

s possible that can unduly influence the speed-power relationship.
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10.6 Steering

An experienced helmsman or adaptive autopilot is required to maintain the heading during each speed run.
Minimum rudder angles shall be used while maintaining a steady heading.

During the speed run, the maximum single amplitude of rudder angles shall be not more than 5 degrees.

10.7 Approach

The S/P trial approach shall be long enough to ensure a steady-state ship’s condition prior to commencement
(COMEX) of each speed run. During the approach run, the ship shall be kept on compass heading with
minimum rudder angles.

No fixed a
measured
shall be m(

10.8 Pow

A minimur
the power
setting ang

pproach distance can be given. To verify that the ship reached the steady ship’s cor
values of the propeller shaft speed, propeller shaft torque and ship speed at the contf
nitored. When all three values are stable, the ship condition shall be deemed “steady”

er settings

h of three (3) different power settings is required. These shall be adequately distriby
range of 65 % MCR and 100 % MCR. The speed-power runs shouldystart with the loy
| progressively run to the highest power setting. For slow steafnihg purposes, additi

settings can be trialled, but these will not be included in the analysis of EEDI and contract power.

10.9 Nun

10.9.1 Ge|

All S/P trig
the opposif

The numbd
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neral

e direction (see also 10.3) and at the same\pfropulsion plant settings.

br of speed runs required depends on the current analysis method to be applied as d
hese methods are:

brative” method;

ean of means” method.

prative” method

ne the speed-power curve using the “iterative” current analysis method, a minimum
s at three (3} different power settings is required:

double fun below EEDI/ contract power;

double runs (at the same power setting) around EEDI/ contract power;

dition, the
ol position

ted within
vest power
bnal power

Is shall be carried out using double runs, i.e. each run shall be followed by a return run in exactly

bscribed in

of four (4)

Annex F. T
a) the“it
b) the “m
10.9.2 “It
To determ
double run
— one (1]
— two (2
— one (1]

ENDL,L contract nawar
T

/] CUItrattT pUvw Ty

The EEDI/contract power runs shall be conducted neither as the first nor the last power setting in the trial

sequence.

10.9.3 “M

ean of means” method

To determine the speed-power curve using the “mean of means” current analysis method, a minimum of six
(6) double runs at three (3) different power settings is required:

— two (2) double runs below EEDI/ contract power;

— two (2) double runs around EEDI/ contract power;
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— two (2) double runs above EEDI/ contract power.

Two (2) double runs compensate for the effect of current and second order current variations(11l.[12], To
obtain sufficient accuracy, the time intervals between each run at the same power setting shall be more or
less the same (time interval deviation of 25 % is allowed).

10.9.4 Sister ships

If the results of the S/P trials of the first ship of a series are acceptable, sister ships may be subjected to a
reduced speed trial programme. For sister ships, it is sufficient to conduct three (3) double runs at three (3)
different power settings.

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

and compr

one (1]
one (1]
— one (1]
For “mean
compared

10.9.5 Po

For an exig
double run
settings sh
this MCR r

se at least:
double run below EEDI/contract power;
double run around EEDI/contract power;
double run above EEDI/contract power.

pbf means” method, if after evaluation the vessel speed deviates morethan 0,3 knots (0,1
fo the first ship, then the same procedure as the first ship should:be followed.

wer settings in case of non-availability of tank test data

ting vessel for which no speed-relevant power data from tank tests are available (e.g.
at an additional power setting is required for the post processing of the data. The
all be selected between 50 % and 100 % of MCRqift'such a way that the power setting

hnge are adequately distributed.

10.9.6 Additional runs due to limiting wave height

For the fir

5t ship of a series or for a sister ship'at any power setting, when the wave height is ¢

nditions and significant wave-induced ship motions are observed, then one (1) additig

power setting shall be conducted:

P Trial test sequence

ipbuilder shall make'trial preparations as described in Clause 5;
ip will be prepared as stated in Clause 6;
rial meeting-will be held before departure of the ship (see 5.1 and 6.3);

ip proceeds to the S/P trial area;

54 33 m/s)

EEXI), one
four power
’S covering

lose to the
nal double

that the ship condition is in accordance with Clause 7;

Fix the speed run heading, taking into consideration the dominant wave or wind direction;
Navigate through the approach distance on a direct heading;

Prepare all measurements to start;

Confirm that the S/P trial environmental conditions are within the boundaries as stated in Clause 8;

Start speed run when torque, rpm and heading are stable. Propulsion plant control levers shall remain

unchanged, maximum rudder angle shall not be more than 5 degrees port and 5 degrees starboard.
After agreed duration (minimum of 10 minutes) stop speed run;

limiting co|
run at that|
10.10 S/}
a) Thes
b) Thes
c¢) Apre-
d) Thes
e) Confir
f)

g)

h)

i)

j)

k)

Determine the achieved speed and power;
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During S/P trial run, make environmental observations;

m) Navigate the ship with small rudder angles to the counter run, taking into consideration that the mid-
point of the run will be within two (2) ship lengths from the mid-point of the first run;

n) Repeat steps h) to m).

11 Data acquisition

11.1 General

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

Apart fronll this, an accurate quantification of the boundary conditions is necessary since the

and power
displaceme
monitored

During the

auf

the)

The object
computer t

11.2 Acquisition system

characteristics are extremely sensitive to factors such as hull and propeller. cond
nt volume, shallow water effects, sea state and wind velocity. Consequently, thes€ fact
and documented to the greatest possible extent.

S/P trials, two types of data acquisition shall be used:
omated acquisition by means of a data acquisition system (measurement computer);
manual recording of information by means of a log sheet.

ive shall always be to record as many parameters as possible, by means of the mg¢
o increase the level of accuracy of the S/P trials.

ship speed
lition, ship
brs shall be

asurement

ories of all
stored for

Hata:

11.2.1 Gepneral

At the end [of each run, the data acquisition systeni-shall be able to present all recorded time hisft
recorded garameters to evaluate the quality and consistency of the acquired trial data and be
subsequent graphical presentation.

11.2.2 Sys$tem requirements

The data agquisition system shall:

a) record all available paramieters simultaneously;

b) perform a time tracerecording with a sampling rate of at least 1 Hz;

¢) calculate statistics (mean value, min, max and standard deviation).

Furthermdre, theé~acquisition system shall present the following values for each of the measured
d) trial start’time;

e) number of samples taken;

f) maximum value;

g) minimum value;

h) average value;

i) standard deviation;

j) trial end time.
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Filtering of the run data is recommended to avoid “spikes” in the recorded time histories. Chauvenet’s
criterion, which provides a ratio of maximum acceptable deviation to the precision index as a function of
the number of readings (N), shall be used. Readings are automatically rejected from use in the data analysis

when they

fall outside the selected mean value bandwidth.

11.2.3 Location

The data acquisition system shall be located on the bridge.

11.3 Man

ual data collection

For parameters that cannot be measured and recorded automatically by means of the data acquisition

system, ma
The log she
a)
b) to proy

to com

The paran
determine

11.4 Sign|

The sign cq
Figure 7.

uuod data LU}}CLtiUll i) 1 Cl.iuil Cd ubiug d }Us D}lCCt (DCC CAallllJ]lC ill AllllCA A).

et is important from two purposes:

plete the data set, and

ride a backup for the automated measurements and give a written overview of the mea

eters that vary with time shall be recorded at least every minute.so that the aver
1 over the run period.

surements.

hge can be

gure 6 and

convention
nventions that shall be used for wind and wave directionare presented in Figure 5, Fj
A 0-
270°
90°
180°

Eigure 5 — Sign conventions for the coordinate system of a ship
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Key
Y the ship’s compass heading, expressed in degrees
Ywr the mean value of the relative wind direction relative to the bow, expressed'in degrees
Vwr the mean value of the measured relative wind velocity at anemometertheight, expressed in metres pe
Ve the njeasured ship speed over ground, expressed in metres per second
Ywr the tfue wind direction at anemometer height in earth system, expressed in degrees
Vwr the ttue wind velocity at anemometer height, expressed inumé&tres per second
Figure 6 — Sign convertion for wind directions
The wind direction is defined as angle between\the ship’s heading and the direction from which

coming. Zefro (0) degrees refers to the wind-ineoming on the bow and a positive angle refers to w

in from stg

The input parameters and the computed parameters for the wind correction are given in Figure 6.

rboard (see Figure 5).

I second

the wind is
nd coming
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ship’s compass heading, expressed in degrees

relative wave direction, relative to the bow, expressed in degrees
measured ship speed over ground, expressed in metres per second
compass bearing of the incoming waves, expressed in degrees
bction of the waves

Figure 7 — Sign convention forwave direction

Hirection is defined as the angle between the ship’s heading and the direction from|
s are approaching. Zero (0) degrees refers-to the waves incoming on the bow and a poj
Aves coming in from starboard.

The input parameters for the wave correctiomare given in Figure 7.

12 Analy

12.1 Gen

This Claus
to Clauses

The analys
influences

rsis procedure

bral

e describes the procedure used to analyse the results of S/P trials which are conducted
b to 11.

is procedure includes methods to determine corrections to power and speed for env
duringS/P trials.

This docur

which the
itive angle

| according

ronmental

nent offers different analysis methods, details of which are described in the Annexes

H I, Jand K

The methods used depend on the situation and the available data. A flow chart is presented in Figure 8.

12.2 Description of the analysis procedure

12.2.1 Ge

The analys

a)
b) analys

evalua

neral
is of S/P trials shall consist of:
tion of the acquired data;

is of the resistance increase due to the wind (see Annex C);
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analysis of the resistance increase due to the waves (see Annex D);
analysis of the power increase due to water temperature and water density (see Annex E);

calculation of the power effect as a result of additional resistance with the direct power method (see
Annex K);

analysis of the speed at each run taking into consideration the current effects (see Annex F);
re-analysis of the resistance increase with current corrected speed (see Annexes D, E);

calculation of the power effect as a result of additional resistance due to the revised speed with the
direct power method (see Annex K);

analysjs of the power increase due to shallow water effects (see Annex G);
analysjis of the power effect for the displacement of volume difference (see Annex H);

presentation of the intermediate analyses and the final results.
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Figure 8 — Flow chart of analysis

12.2.2 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 shown in Formula (8):

AR:RAA+RAW+RAS (8)
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is the total resistance increase, expressed in newtons;
is the resistance increase due to relative wind, expressed in newtons (see Annex C);

is the mean resistance increase in short crested irregular waves, expressed in newtons (se

e Annex D);

is the resistance increase due to deviation of water temperature and water density, expressed in

newtons (see Annex E).

12.2.3 Evaluation of the acquired resistance data

The evalugtion of the acquired resistance data consists of calculating the resistance value asso
the measured power value separately for each single run of the speed trials.

The reaso
evaluation

12.2.4 Ev

To derive
measured
used in acdg

12.2.5 An

The currer]
ground, V

VS =VG

where

Vs ig

Ve i
Ve 1S

The currer]
or the “iter

The detail{

12.2.6 An

that the associated resistance/power shall be calculated for each single run‘is tha
shall consider the effects of varying hydrodynamic coefficients with varyingpropelle]

hluation of resistance data based on direct power method

the speed-power performance of the ship from the measured. speed over the groy
break power, Pg . and the measured propeller shaft speed, n;,-the direct power meth
ordance with Annex K.

ms’

alysis of the measured ship speed due to the effect of current

t effect is corrected by subtracting the current sp&€d, V; from the measured ship spe

at each run as in Formula (9):
_VC

the ship speed through the water, expressed in knots;
the measured ship speed.over ground, expressed in knots;

the current speed, expressed in knots.

ative” method.

of the “iferative” method and the “mean of means” method are given in Annex F.

alysis of the power curve from trial condition to full load/stipulated condition

iated with

t a careful
loads.

nd V, the
od shall be

bd over the

9

t correction can-be applied by either one of two different methods: the “mean of meas” method

For dry cargo ships, it is difficult to conduct S/P trials at full load condition. For such cases, S/P trials at
ballast condition are performed and the speed-power curve is converted to that of the full load/stipulated
condition using the power curves based on the tank tests for these conditions.

The conversion method from the trial condition to full load/stipulated condition is shown in Annex I.
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13 Processing of the results

After completion of the S/P trials, the measured data shall be processed in the following sequence.

a)

b)

f)

g)

h)

k)

D)

Derive the average values of each measured parameter for each speed run. The ship speed during a
speed run is derived from the headway distance between the start and the end position and the elapsed
time of the speed run.

Derive the true wind speed and direction at reference height for each double run using the method
described in Annex C.

The maximum allowable true windspeed shall be treated in accordance with 8.3.

Calcul

nex C.

Calcul
or the

Evalug
wave |

Calcul
speed

Calcul
based

Corred
(wind

tethe resistance increase due towind with single run value V. in accordance with A
S G ===

te the current corrected speed, V,, with the “mean of means” method in case of two-d
Inean speed in case of one double run in accordance with Annex F.

te wave heights and relative wave direction for each run and normalize towards the
eight and allowable direction in accordance with 8.4.

hite the resistance increase originating from waves for each run based on the curren
n accordance with Annex D.

hite the resistance increase originating from water temperature and water density fq
bn the current corrected speed in accordance with Annex.E.

t the measured power per run for the total resistance*increase with the direct pow
resistance based on V;; waves, water temperature.and water density based on V) in

with Annex K.

If the

If the |
metho

Calcul
run or

Apply

Calcul
accord

Calcul
based

Corred
metho
accord

mean of means” method is used for current ggrrection, continue with step q) below.

iterative” method is used, apply the speeds as calculated in step €) (using the “mean
d) as initial speed values for the “iterative” method.

hite the initial power values for agh run as the mean power value of step i) in case of
the “mean of means” power value of step i) in case of two double runs.

the regression analysis as.stated in F.1 to determine a new current corrected speed, V,

ite the resistance increase due to waves based on the new current corrected sp
ance with Annex B:

ite the resistanee increase originating from water temperature and water density fq
bn the newsgurrent corrected speed, V,, in accordance with Annex E.

t the_measured power per run as a result of total resistance increase with the di
d (wind resistance based on V;; waves, water temperature and water density, based or
ance with Annex K.

buble runs,

maximum

L corrected

r each run

er method

hccordance

of means”

one double

eed, V,, in

r each run

Fect power
new V;) in

Determine for each run the increase of power due to shallow water in accordance with Annex G.

Determine the correction of power for the difference of displacement volume from the stipulated

contra

ctual and EEDI conditions in accordance with Annex H.

Determine the correction of propeller revolutions in accordance with Annex J.

Verify the shape of the current curve as described in 8.6. In cases where the current time history deviates
from the assumed parabolic/ sinusoidal trend and the change of the current speed within the timespan
of one double run is more than 0,5 knots, neither of the analysis methods in Annex F are applicable. In
that case, the S/P trials shall be repeated in another area.
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The results of the S/P measurements are known in this stage. If speed-power data are available from

tank tests, the final speed-power relationship shall be determined in accordance with Annex I.

If no relevant speed-power data from tank tests are available, a speed-power curve shall be obtained by

conducting S/P trials for a minimum of four (4) power settings (see description in 10.9.5). The S/P curve

is dete
w)

An

rmined by using a spline fitting over the four (4) measured S/P points.

Figure 10 (analysis).

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

example calculation of the complete trial analysis procedure is presented in Figure 9 (input) and

14 Repogting
In the trialjreport, an overview shall be given of the trial conditions and all corrections that have-bg¢en applied
to arrive af the speed achieved in ideal conditions with the contract power setting and the' EEDI speed.
The trial report shall contain all relevant information to carry out the data analysis:It shall bel written in
such a way|that all results can be reproduced.
The trial r¢port shall contain the following sections:
a) Trial report summary comprising details of:
1) shjip particulars (including trial draughts and displacement yolume),
2) prppeller details,
3) prppulsion plant data,
4) dettails of hull appendages and rudder(s);
b) Contrdct conditions including contract speed, power, and displacement volume;
c¢) EEDI cpnditions including EEDI speed, power; and displacement volume;
d) Adescription of the instrumentation, describing instrument set-up, calibration methods, data pcquisition
interfqcing details, location of sensdxs(e.g. torsion sensors on shaft, anemometer type/makey), etc.
e) Description of the trial site. This gives information on geography, distance from land, water depth, etc.
f) Envirgnmental parameters,;-This shall list the measured/observed environmental condition§ at the site
during the S/P trials such-ds: wave height and period, compass direction of waves, air pressufre, relative
wind direction, windvelocity, air temperature, water temperature and water density.
g) S/Ptripl agenda-This shall give a complete and chronological order of the trial programme (bdth planned
and acfual) with-Specification of the duties of the different recording/monitoring stations on|board.
h) Trial results of each speed run:
1) date and time at start of speed run;
2) runnumber;
3) ship’s positions;
4) ship’s heading;
5) run duration;
6) mean value of measured ship speed over ground;
7) mean value and standard deviation of torque (per shaft);
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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;

11) significant wave height, mean period, and direction;

12) water depth.

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

Conclusions: speed and power as contractually specified, as well as on the EEDI condition, derived from

the S/1

The d
descril

Recom

P trial analysis, shall be reported.

cumented mutual agreement (if any) regarding environmental conditions during {
ped in 5.2.

mendations.
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15 Example of speed trial data analysis

© IS0 2025 - All rights reserved

GENERAL INFORMATION
Ship name MV, Test
IMO Nr 111111111
Shipbuilder X
Yard number X
Shipowner X
Trial Team Leader X
Verifier X
Lpp 266,00 [m]
ByouLpen 42,00 [m]
MCR M/E 25220 [kW]
Nyicr 97,0 [RPM]
PSycy 21437 (kW]
Shaftlefficiency ETAS 0,99 [-]
Shaft|diameter (inside) 0 [m]
Shaft|diameter (outside) 0,700 [m]
G Molulus (Default =82400) 82400 | [N/mm?]
Propgller(s)
Number of propellers 1 [-]
Typelof propellers (FPP / CPP) FPP [-]
Diamkter X [m]
Design pitch (FPP) X [m]
Diredtion of rotation R R/L
Numbper of blades 4 [-]
Propglle(s) polished on 01-01-30 [[dd-mm-yy]
TRIAL CONDITION AS DESCRIBED IN THE CONTRACT CONTRACT LOADING CONDITION
Draught condition at Draught condition at
[ trial BALLAST gcontract FULL
TE-Tank test 7,90 [m] Tg 11,80 [n]
Hyll |T, 9,25 [m] Ty 11,80 []
Vet 73500 [m’] Vret 102500| %]
Transv, wind area [1h?]
Sea margin 15 [Y6]
HULIL CONDITION AT S/P TRIAL AREA PScontract 21437 [KW]
Draught PS SB Aver, Neontr 84,0 -1
Trorefmoulded at FPP 7,94  [m] Vs service contract 17,8|  [kn]
Typ thoulded 8,58 [m] PSyicr 25200 [KW]
T apr thoulded at APP 9,23 [m] Nycr 91,9 -]
Moulfled displacement voluine 73826 [m3] True wind speed 0 [n}/s]
Watefline area Ay op il 8937| [m% Wave height [m]
BlocH coefficient Cp §yriat 0,7702 [-] Wave period lis]
Kyy/Life on wial 0,25 [ AIR Z et 10 [fn]
Midship sectionAy on trial 358,0| [m?] Air temp, ¢ 15| []C]
Bow |ength'for STAWAVE - 1 52,001 () Airpress..| 1013,25| [mpar]
Totallwetted surface 12410 [m2] WATER T 15 fc)
Transverse projected wind area 1764 [mZ] ) 1025,8 [kg/m3]
Vertical position of anemometer above water 46,0 [m]
Last day of hull cleaning 01-12-30 [mz]
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DATA AT S/P TRIAL AREA
Weather condition Fair Visual
Latitude 46-28 N [dd-mm]
Longitude 006-27 E [ddd-mm]
Sea trial Site Lac Leman
Beaufort number 2 [-]
Torsion meter zero setting Y Y/N
TAIR 25 [OC ]
Twarer 17 [°C]
RHOwrer 1025,0] [kg/m®]
Atmospheric pressure | 1 012,0|[hPa, mbar]
WIND DATA
Vessel number from database (windcalculation) 4
WAVE DATA
HBR for[STAWAVE -1 | 52,00 [m]
Wave obhservation method Visual observations
Heave of pitch motions during trials No
LOAD VARIATION TEST|
Overloadl factors as presented by Model basin
&p Propiilsion (ksi-p)|€n Revolutions (ksi-n)

-0,1000 0,2000

[TANK TEST PREDICTIONS |
BALLAST DRAUGHT (Non EEDI), Tank test predictions (Speed, power, efficiency)
Vs (knots) 16,00 17,00 18,00 19,00 20,00 21,00
PSiq (kw) 12 147| 14205 16350( 18959 22211] 26367
njq [RPM] 74,0 77,8 81,6 85,6 90,0 94,9
ETAp;d [-] 0,73601" 0,7380( 0,7410( 0,7460{ 0,7500] 0,7510
FULL DRAUGHT (Non EEDI), Tank test predictions (Speed, power, efficiency)
Vs (knots) 16,00 17,00 18,00 19,00 20,00 21,00
PSiq (kWY 13901 16206 18609 21531 25173] 29828
Nig [RPM] 80,4 84,2 88,0 92,0 96,4 101,3
ETAp; - 0, 7070+—0,70901—07120+—0-74+76+—0;7210+— 68,7220
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DATA AT S/P TRIAL AREA
Weather condition Fair Visual
Latitude 46-28 N [dd-mm]
Longitude 006-27 E [ddd-mm]
Sea trial Site Lac Leman
Beaufort number 2 [-]
Torsion meter zero setting Y Y/N
TAIR 25 [OC ]
Twarer 17 [°C]
RHOwrer 1025,0| [kg/m’]
Atmospheric pressure[l 1 012,0{[hPa, mbar]
WIND DATA
Vessel number from database (windcalculation) 4
WAVE DATA
HBR for[STAWAVE -1 | 52,00 [m]
Wave ohservation method Visual observations
Heave of pitch motions during trials No
LOAD VARIATION TEST|
Overloadl factors as presented by Model basin
&p Propiilsion (ksi-p)|€n Revolutions (ksi-n)

-0,1000 0,2000

[TANK TEST PREDICTIONS |
BALLAST DRAUGHT (Non EEDI), Tank test predictions (Speed, power, efficiency)
Vs (knots) 16,00 17,00 18,00 19,00 20,00 21,00
PSi4 (kw) 12 147| 14205 16350( 18959 22211| 26367
njq [RPM] 74,0 77,8 81,6 85,6 90,0 94,9
ETApd [-] 0,73601" 0,7380( 0,7410( 0,7460{ 0,7500] 0,7510
FULL DRAUGHT (Non EEDI), Tank test predictions (Speed, power, efficiency)
Vs (knots) 16,00 17,00 18,00 19,00 20,00 21,00
PSiq (kWY 13901 16206 18609 21531 25173] 29828
Niq [RPM] 80,4 84,2 88,0 92,0 96,4 101,3
ETAp; - 0, 7070+—0,70901—0-7120+—0-74+76+—0;7210+— 68,7220
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MEASURED AND OBSERVED DATA ON TRIAL

Run number 1 2 3 4 5 6
Power setting % MCR 70% 70% 70% 70% 80% 80%
Date dd-mmm-yyyy] 2030-12-30|2030-12-30]2030-12-30{2030-12-30{2030-12-30{2030-12-30
Start time of run hh:mm:ss 7:00 7:45 8:30 9:15 10:00 10:45
Run duration mm:ss 10 10 10 10 10 10
Run direction based on dominant |[Wave/Wind]{ Waves Waves Waves Waves Waves Waves
Run direction Against/Follow| against with against with against with
Ship's heading during run [°] 304,0 124,0 303,0 124,0 303,0 124,0
Ship's speed over the ground [knots] 18,38 18,10 18,68 18,28 19,18 20,28
Relative wind at Velocity [m/s] 15,10 5,60 15,50 5,70 15,90 6,80
alfeTIToTreter h\:ighL DITECtion 1 -1,U 7,U -3,U 14,U -0,U 190
Height [m] 1,50 1,50 1,50 1,50 1,50 140
Wiind waves Direction [°] 300,0 300,0 300,0 300,0 300,0 30040
Period [s] 5,0 5,0 5,0 5,0 50 5(0
Height [m] 2,00 2,00 2,00 2,00 2,00 2,00
Swell Direction [°] 330,0 330,00 330,00 330,00 830,00 330,90
Period [s] 8,0 8,00 8,00 8,00 8,00 8,00
Brake power]  [KW] 18 200 17 900 18 220 1709201 21350 20 6p0
Prjopeller Shaft speed | [rpm] 85,30 85,30 85,30 85,30 90,20 90,30
Pitch of CPP [°]
Whter depth [m] 60,0 60,0 60,0 60,0 60,0 60{0
Run number 7 8 9 10 11 12
Pqwer setting % MCR 80% 80% 100% 100% 100% 100%
D3te dd-mmm-yyyy| 2030-12-30(2030-12-30/2030-12-30{2030-12-30{2030-12-30{2030-12{30
Sthrt time of run hh:mm:ss 11:30 12:15 13:00 13:45 14:30 15:|15
Run duration mm:ss 10 10 10 10 10 10
Ryn direction based on dominant |[Wave/Wind]] Wawves Waves Waves Waves Waves Wave
Ryn direction Against/Follow} @gainst with against with against with
SHip's heading during run [°] 304,0 124,0 304,0 124,0 304,0 1240
SHip's speed over the ground [knots] 18,23 21,08 18,38 22,03 18,48 21,38
R¢lative wind at Velocity [iny/s] 15,60 7,10 16,00 7,00 16,50 6,30
arfemometer height |Direction [°] -10,0 20,0 -9,0 18,0 -7,0 18,0
Height [m] 1,50 1,50 1,50 1,50 1,50 1,40
Wind waves Direetion [°] 300,0 300,0 300,0 300,0 300,0 30040
Period [s] 5,0 5,0 5,0 5,0 5,0 5,0
Height [m] 2,00 2,00 2,00 2,00 2,00 2,00
Swell Direction [°] 330,00 330,00 330,00 330,00 330,00 330,90
Period [s] 8,00 8,00 8,00 8,00 8,00 8,00
Brake power]  [KW] 213201 20750 24 450 23500 24480 23 5p0
Prlopé€lter Shaft speed | [rpm] 90,20 90,20 94,90 94,90 94,90 94,90
Pitch of CPP [°]
Water depth [m] 60,0 60,0 60,0 60,0 60,0 60,0

Figure 9 — Example of input data from speed trial analysis
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1 2 3 4 5 6
run number 1 2 3 4 5 6
main engine output setting 70% 70% 70% 70% 80% 80%
start time of each run Input (seconds) 25200 27900 30 600 33300 36 000 38700
time elapsed for the speed run Input (seconds) 600 600 600 600 600 600
mid time of each run Input (hh:mm) 25500 28200 30900 33600 36 300 39000
mid time of each run Input (hh:mm) 7:05 7:50 8:35 9:20 10:05 10:50
ship's heading during run Input (deg) 304 124 303 124 303 124
ship's speed over the ground Input (knots) 18,38 18,10 18,68 18,28 19,18 20,28
propeller shaft speed Input (rpm) 85,3 85,3 85,3 85,3 90,2 90,2
brake power Input (kw) 18 200 17 900 18 220 17 920 21350 20600
relative wind velocity at Input (m/s) 15,10 5,60 15,50 5,70 15,90 6,80
anemometer height
relative wind direction at
anemometer height Input (deg) -1 7 3 14 -6 19
| pean wave period (Wind waves) Input (hh:mm) 5 5 S S 5 5
h ir‘:‘efga“t wave height (Wind Input (hh:mm) 1,50 1,50 1,50 1,50 1,50 1,56
1 o of -
! ;;‘i‘?)“ angle of wave (Wind Input (deg) 300 300 300 300 300 390
hean wave period (Swell) Input (seconds) 8 8 8 8 8 8
qignificant wave height (Swell) Input (m) 2,00 2,00 2,00 2,00 2,00 2,00
ipcident angle of wave (Swell) Input (deg) 330 330 330 330 380 330
ater depth Input (m) 60,0 60,0 60,0 60,0 60,0 60,0
Hower setting Input 70% 70% 70% 70% 80% 80%
elivered power in trial condition| Input (kw) 18018 17721 18038 17 741 21137 20394
easured propeller shaft speed Input (rpm) 85,30 85,30 85,30 85,30 90,20 90,20
gverage ship's speed over the (knots) 18,24 1648 19,73
round per double run
7 8 9 10 11 12
n number 7 8 9 10 11 12
hain engine output setting 80% 80% 100% 100% 100% 100%
dtart time of each run Input (seconds) 41400 44100 46 800 49 500 52200 54900
tjme elapsed for the speed run Input (seconds) 600 600 600 600 600 600
hid time of each run Input (hh:mm) 41700 44 400 47 100 49 800 52500 55200
id time of each run Input (hh:mm) 14:85 12:20 13:05 13:50 14:35 15:20
ship's heading during run Input (deg) 304 124 304 124 304 124
ship's speed over the ground Input (knots) 18,23 21,08 18,38 22,03 18,48 21,58
gropeller shaft speed Input (rpm) 90,2 90,2 94,9 94,9 94,9 94,9
Hrake power Input (kw) 21320 20750 24 450 23500 24480 23520
plative wind velocity at Input (m/s) 15,60 7,10 16,00 7,00 16,50 6,30
gnemometer height
elative wind direction at
dnemometer height Input (deg) -10 20 -9 18 -7 18
ean wave period (Wind waves) Input (hh:mm) 5 5 5 5 5 5
9 i‘;g;a“t wave height (Wind | } (hh:mm) 150 150 1,50 1,50 1,50 1,50
“::ies‘;‘t angle of wave (Wind Input (deg) 300 300 300 300 300 300
hean wave period (Swell) Input (seconds) 8 8 8 8 8 8
gignificant wave height{Swell) Input (m) 2,00 2,00 2,00 2,00 2,00 2,00
ipcident angle of wave (Swell) Input (deg) 330 330 330 330 330 330
ater depth Input (m) 60,0 60,0 60,0 60,0 60,0 60,0
fower setting Input 80% 80% 100% 100% 100% 100%
deliveréd power in trial condition| Input (kW) 21107 20 543 24 206 23265 24 235 23285
theastrettpropeterstaftspeett Frpart frpm 626 9026 496 +96 496 9456
average ship's speed over the
(knots) 19,66 20,21 20,03
ground per double run
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WIND EVALUATION BASED ON GROUNDSPEED V

run number 1 2 3 4 5 6
the measured ship’s speed Input (knots) 18,38 18,10 18,68 18,28 19,18 20,28
over ground
the measured ship’s speed Input (m/s) 9,46 9,31 9,61 9,40 9,87 10,43
over ground
the ship's heading Input (deg) 304 124 303 124 303 124
the ship's heading Input (radians) 531 2,16 5,29 2,16 5,29 2,16
relative wind velocity at Input (m/s) 15,10 5,60 15,50 5,70 15,90 6,80
anemometer
relative wind direction at at Input (deg) 1 7 3 14 6 19
anemometer
relative wind direction atat Input (radians) -0,02 0,12 -0,05 0,24 -0,10 0,33
anemometer
true wind velocity at anemometer C.3 (m/s) 5,65 3,81 592 4,11 6,17 4,57
ruewind direction at the
C.4 (deg) -90, -66,3 -64,9 -75,6 -724,6 -64,9
hnemometer
rue wind velocity at anemometer] c3 (m/s) 565 | 381 502 | 411 617 | (%5t
rue wind velocity at anemometer] C4 (radians) 1,02 | -1,16 1,13 | -1,32 1,27 | () 148
veraged true wind velocity at c5 (m/s) 472 5,00 534
he anemometer
veraged true wind direction C.6 (deg) -61,7 -69,3 -77,9
t the anemometer
veraged true wind.velocity at Cs (m/s) 472 5,00 5,34
he anemometer height
veraged true wind direction C.6 (radians) -1,08 -1,21 -1,36
t the anemometer height
easured ship's speed over ground Input (m/s) 9,46 9,31 9,61 9,40 9,87 10,43
he ship's heading Input (radians) 531 2,16 529 2,16 529 2,16
orrected rel, wind velocity at c7 (m/s) 14,16 4,64 14,53 14,68 14,98 5,82
he anemometer height
orrected rel, wind direction C.8 (deg) -1,9 59 -4,2 14,2 -7,3 20,0
t the the anemometer height
veraged true wind.speed at cs (m/s) 470 5,00 5,34
he anemometer height
nemometer height above sealevel Input (m) 46,00 46,00 46,00 46,00 46,00 46,00
eference height windtunnel Input (m) 16,00 10,00 10,00 10,00 10,00 10,00
neasurements
rue wind velocity at the
Cc9 3,99 4,22 4,51
eference height (m/s)
rue wind direction at the
C.6 d -61,7 -69,3 -77,9
[eference height (deg)
naximum allowable true wind P (m/s) 14,08 14,08 14,08
peed
rue wind speed within limits? (Y/N) Y Y Y
ormalized wind to max wind €9 (m/s) 3,99 422 451
llowed
rue wind velocity at the c9 (m/s) 399 422 451
eference height ) ! i i
he measured ship'gspeed Input (m/s) 9,46 9,31 9,61 9,40 9,87 10,43
ver ground
veraged true Wind direction C.6 (radians) -1,08 -1,21 -1,36
t the anemOmeter
he ship's heading Input (radians) 531 2,16 5,29 2,16 5,29 2,16
elative wind velocity at the c.10 (m/s) 1343 536 1376 539 14,17 6,47
s
relative wind direction at the
reference height C.11 (deg) -1,7 4,3 -3,7 10,3 -6,5 15,0
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WIND EVALUATION BASED ON GROUNDSPEED V¢

run number 7 8 9 10 11 12
the measured ship’s speed Input (knots) 18,23 21,08 18,38 22,03 18,48 21,58
over ground
the measured ship’s speed Input (m/s) 9,38 10,84 9,46 11,33 9,51 11,10
over ground
relative wind velocity at Input (m/s) 15,60 7,10 16,00 7,00 16,50 6,30
anemometer
relative wind direction at at Input (deg) 10 20 9 18 7 18
anemometer
relative wind direction at at Input (radians) -0,17 0,35 -0,16 031 -0,12 031
anemometer
true wind velocity at anemometer C3 (m/s) 6,57 4,83 6,82 515 7,16 547
true wind direction at the c4 (deg) -80,4 -86,2 77,5 -80,8 723 76,9
anemometer
trjue wind velocity at anemometer C.3 (m/s) 6,57 I 4,83 6,82 I 5,15 7,16 | 5,4%
tifue wind velocity at anemometer C4 (radians) 140 | 1,50 135 | a4 126 | 34
ayeraged true wind velocity at s (m/s) 5,69 5,99 641
tlie anemometer
ajeraged true wind direction 6 (deg) 82,8 78,9 743
af the anemometer
ajeraged true wmd.velomty at s (m/s) 5,69 5,99 6,31
tlle anemometer height
aferaged true wind dl?‘ectlon 6 (radians) 1,45 1,38 41,30
af the anemometer height
easured ship's speed over ground Input (m/s) 9,38 10,84 9,46 11,33 9,51 11,10
the ship's heading Input (radians) 531 2,16 5,31 2,16 531 2,16
cfrrected rel, wind velocity at c7 (m/s) 14,683 6312 15,148 6,272 15,623 5,481
tlle anemometer height
cprrected rel, wind direction
af the the anemometer height €8 (deg) 101 240 89 218 73 212
ajeraged true wmd'speed at s (m/s) 5,69 5,99 6,31
tlle anemometer height
apemometer height above seale Input (m) 46,00 46,00 46,00 46,00 46,00 46,00
riference height windtunnel Input (m) 10,00 10,00 10,00 10,00 10,00 10,00
easurements
tue wind velocity at the
r¢ference height €9 (m/s) 4,80 5,05 5,32
tjue wind direction at the
riference height C.6 (deg) -82,8 -78,9 -74,3
1 ‘ax1mum allowable true 2 [h/s) 14,08 14,08 1408
ind speed
tijue wind speed within limits? (Y /N) Y Y Y
nprmalized wind to max wind ) (m/s) 4,80 5,05 532
ajlowed
tifue wind velocity at the co (m/s) 480 505 532
r¢ference height ) ! ! ’
the measured ship’s speed Input (m/s) 9,38 10,84 9,46 11,33 9,51 11,10
oper ground
ajeraged true wind/direction c6 (radians) 145 138 130
af the anemometer
tlje ship's heading Input (radians) 5,31 2,16 5,31 2,16 531 2,16
rflativewind velocity at the €10 (m/s) 13,84 6,91 14,24 6,97 14,66 6,27
! 1=}
relative wmc_l direction at the ci1 (deg) 9,0 183 79 16,4 65 15,4
reference height
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1 2 3 4 5 6
|Wind analyse method | STAWIND | STAWIND | STAWIND | STAWIND | STAWIND | STAWIND
WIND RESISTANCE WITH STAWIND
run number 1 2 3 4 5 6
mass density of air on trial C2 (kg/mS] 1,1827 1,1827 1,1827 1,1827 1,1827 1,1827
relative wind velocity at the .10 (m/s) 13,43 5,36 13,76 5,39 14,17 6,47
reference height
relative wmq direction at the ci1 (deg) 17 43 37 103 6,5 15,0
reference height
transverse section exposed to wind Input (mz] 1764 1764 1764 1764 1764 1764
wind resistance coefficientat | )0 0o ) 1,0159 1,0093 1,0108 0,9885 1,0028 0,9640
speed run
wind resistance at speed run C.1 (kN) 191,03 30,26 199,64 29,92 210,12 42,08

Steamed wind

ass density of air on trial C.2 (kg/m3] 1,1827 1,1827 1,1827 1,1827 1,1827 1,827
Elative wind velocity at the

rhference height input (m/s) 9,46 9,31 9,61 9,40 9,87 10,43
Elative wind direction at the .

rhference height input (deg) 0,0 0,0 0,0 0,0 0,0 0,0

tfansverse section exposed to wind input (m?%) 1764 1764 1764 1764 1 764 1764
ind resistance coefficient for | 7. ¢ © 1,0200 1,0200 1,0200 1,0200 1,0200 1,0200
eadwind
ind resistance C.1 (kN) 95,13 92,25 98,26 94,09 103,59 115,81

ADDITIONAL RESISTANCE BY STAWIND (kN) 95,91 -61,99 101,38 -64,18 106,54 -73,73

TOTAL WIND RESISTANCE | «N) | 9591 | -61,99 | 101,38} -64,18 | 106,54 | -73,73

Current correction method with MoM Mean of Mean of Mean of Mean of Mean of Me:;lngf
owersetting input 70% 70% 70% 70% 80% 80%

ship's speed over the ground input (knots) 18,38 1840 18,68 18,28 19,18 20,28

oip’s speed through the water F.7 (knots) 18,38 18,38 18,38 18,38 19,47 19,47
ased on MoM

ship's speed through the water

L o oM F7 (m/s) 9,45 9,45 9,45 9,45 10,02 10,02

YPEED TROUGH WATER F.7 (knots) 18,38 18,38 18,38 18,38 19,47 19,47

YPEED TROUGH WATER F.7 (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
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7 8 9 10 11 12
|Wind analyse method | STAWIND | STAWIND | STAWIND | STAWIND | STAWIND | STAWIND
WIND RESISTANCE WITH STAWIND
run number 7 8 9 10 11 12
mass density of air on trial C.2 (kg/mg] 1,1827 1,1827 1,1827 1,1827 1,1827 1,1827
relative wind velocity at the .10 (m/s) 13,84 6,91 14,24 6,97 14,66 6,27
reference height
relative wmq direction at the ci1 (deg) 9,0 183 7.9 164 6,5 154
reference height
transverse section exposed to wind Input (mz] 1764 1764 1764 1764 1764 1764
wind resistance coefficientat | )0 0o ) 0,9940 0,9426 0,9980 0,9554 1,0027 09616
speed run
wind resistance at speed run C.1 (kN) 198,48 46,91 211,22 48,35 224,73 39,46

Steamed wind

ass density of air on trial C.2 (kg/m3] 1,1827 1,1827 1,1827 1,1827 1,1827 1,1827

Elative wind velocity at the

L ference height input (m/s) 9,38 10,84 9,46 11,33 9,51 11,10
klative wind direction at the .

rhference height input (deg) 0,0 0,0 0,0 0,0 0,0 0,0

tfansverse section exposed to wind input (m?%) 1764 1764 1764 1764 1764, 1764
ind resistance coefficient for | 7. ¢ © 1,0200 1,0200 1,0200 1,0200 116200 1,0200
eadwind
ind resistance c1 (kN) 93,58 125,13 95,13 136,66 96,16 131,13

ADDITIONAL RESISTANCE BY STAWIND (kN) 104,90 -78,22 116,09 -88,31 128,56 -91,67

TOTAL WIND RESISTANCE | «&N) | 104,90 | -7822 | 116,098 -8831 | 12856 | -91,67

(urrent correction method with MoM Mean of Mean of Jacan of Mean of Mean of Mean of
owersetting input 80% 80% 100% 100% 100% 100%

ship's speed over the ground input (knots) 18,23 21,08 18,38 22,03 18,48 21,58

oip’s speed through the water F.7 (knots) 19,47 19,47 20,19 20,19 20,19 20,19
ased on MoM

opip’s speed through the water F.7 (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
ased on MoM

YPEED TROUGH WATER Mo F.7 (knots) 19,47 19,47 20,19 20,19 20,19 20,19

JPEED TROUGH WATER Mo F.7 (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
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1 2 3 4 5 6
WAVE EVALUATION
run number 1 2 3 4 5 6
significant wave height (Wind input (m) 15 15 15 15 15 15
waves)
significant wave height (Swell), input (m) 2 2 2 2 2 2
total significant wave height
(Wind and Swell) 4 (m) 2,50 2,50 2,50 2,50 2,50 2,50
max, allowable significant
wave height for correction on 6 (m) 2,45 2,45 2,45 2,45 2,45 2,45
S/P trials
actual wave height within limits (Y /N) N N N N N N
significant wave height used
in calculation (Wind waves) 13.f (m) 1,46 1,46 1,46 1,46 1,46 1,46
significant wave height used
i P ——n 13.f (m) 195 1,95 1,95 1,95 1,95 195
njean wave period (Wind waves) input (seconds) 5 5 5 5 5 5
njean wave period (Swell) input (seconds) 8 8 8 8 8 8
ships heading input (deg) 304 124 303 124 303 124
ncidentangle of wave (Wind input (deg) 300 300 300 300 400 300
aves)
r¢lative direction of incoming
aves (Wind waves) (deg) -4 176 3 176 -3 176
apceptable incident angle of 45545 | 45-->45 | 45545 | 45-97%5 | 45545 | -45--> 49
aves (Wind waves)
ill wave correction (Wind
aves) be calculated /N Y N Y N Y N
ships heading input (deg) 304 124 303 124 303 124
ifjcident angle of wave (Swell) input (deg) 330 330 330 330 330 330
r¢lative direction of incoming
aves (Swell) (deg) 26 -154 27 -154 27 -154
afceptable incident angle of
-45--->45 | -45.-2£45 -45--->45 | -45--->45 -45--->45 | -45--->45
aves (Swell)
ill wave correction (Swell)
bp calculated /N Y N Y N Y N
WAVE RESISTANCE WITH STAWAVE-1
s i?’efga“t wave height (Wind 13f (m) 1,46 1,46 1,46 1,46 1,46 1,46
ave period (Wind waves) Input (seconds) 5 5 5 5 5 5
ave direction (Wind waves) Input (deg) 300 300 300 300 300 300
s¢awater density at trial Input (kg/m3) 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
0,
dJstance of the bow to 959 of 1 (m) 52,0 52,0 52,0 52,0 52,0 52,0
njaximum breadth
ship’s breadth Input (m) 42,0 42,0 42,0 42,0 42,0 42,0
ADD, RESISTANCE BY(
D.31 kN 50,72 0,00 50,72 0,00 50,72 0,00
STAWAVE-1 wave (kN) ! ! ! ! ! ’
significant swell height 13.f (m) 1,95 1,95 1,95 1,95 1,95 1,95
syvell period input (seconds) 8 3 8 8 8 8
syvell direction input (deg) 330 330 330 330 330 330
s¢awater density at trial input (kg/m3) 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
0,
djstanceofthe bow to 959 of | (m) 52,0 52,0 52,0 52,0 52,0 52,0
njaxinmum breadth
ship’$Breadth input ) 420 420 420 420 420 420
ADD, RESISTANCE BY
D.31 kN 90,17 0,00 90,17 0,00 90,17 0,00
STAWAVE-1 Swell (kN) ! ! ! ! ! ’
TOTAL WAVE RESISTANCE (kN) 50,72 0,00 50,72 0,00 50,72 0,00
TOTAL SWELL RESISTANCE (kN) 90,17 0,00 90,17 0,00 90,17 0,00
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WAVE EVALUATION
run number 7 8 9 10 11 12
significant wave height (Wind input (m) 15 15 15 15 15 15
waves)
significant wave height (Swell) input (m) 2 2 2 2 2 2
total significant wave height
(Wind and Swell) 4 (m) 2,50 2,50 2,50 2,50 2,50 2,50
max, allowable significant
wave height for correction on 6 (m) 2,45 2,45 2,45 2,45 2,45 2,45
S/P trials
actual wave height within limits (Y /N) N N N N N N
mgnlflca_nt wave height used in 135 (m) 1,46 1,46 1,46 1,46 1,46 1,46
calculation (Wind waves)
significant wave heightusedin| 5 ¢ (m) 1,95 1,95 1,95 1,95 1,95 1,95
C A% T
ean wave period (Wind waves) input (seconds) 5 5 5 5 5 5
ean wave period (Swell) input (seconds) 8 8 8 3 8 8
ships heading input (deg) 304 124 304 124 304 124
incident angle of wave (Wind input (deg) 300 300 300 300 300 300
aves)
r¢lative direction of incoming
ves (Wind waves) (deg) -4 176 -4 176 -4 176
ajceptable incident angle of 45545 | -45-->45 | -45-->45 | -45-%548 | -45-->45 | -45--> 49
aves (Wind waves)
i1l wave correction (Wind
aves) be calculated /N Y N Y N Y N
ships heading input (deg) 304 124 304 124 304 124
ifjcident angle of wave (Swell) input (deg) 330 330 330 330 330 330
r¢lative direction of incoming
aves (swell) (deg) 26 -154 26 -154 26 154
ajeeptable incident angle of 45545 | 455450 45545 | 45545 | 45545 | -45--> 45
aves (Swell)
ill wave correction (Swell)
b calculated (Y/N) Y N Y N Y N
WAVE RESISTANCE WITH STAWAVE-1
s ir;g;am wave height (Wind 13f (m) 1,46 1,46 1,46 1,46 1,46 1,46
ave period (Wind waves) Input (seconds) 5 5 5 5 5 5
ave direction (Wind waves) Input (deg) 300 300 300 300 300 300
s¢awater density at trial Input (kg/m3) 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
0,
d sta'nce of the bow to 95 % of Input (m) 52,0 52,0 52,0 52,0 52,0 52,0
njaximum breadth
ship’s breadth Ihput (m) 42,0 42,0 42,0 42,0 42,0 42,0
ADD, RESISTANCE BY
D.31 kN 50,72 0,00 50,72 0,00 50,72 0,00
STAWAVE-1 wave (kN) ! ! ’ ! ! !
sfgnificant swell height 13.f (m) 1,95 1,95 1,95 1,95 1,95 1,95
syvell period input (seconds) 8 8 8 8 8 8
s{vell direction input (deg) 330 330 330 330 330 330
s¢awater denSitysat trial input [kg/m3) 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
0,
d sta'nce ofith&’bow to 95 % of input (m) 52,0 52,0 52,0 52,0 52,0 52,0
njaximurh,breadth
ship’s breadth input (m) 42,0 42,0 42,0 42,0 42,0 42,0
ADD, RESISTANCE BY
D.31 kN 90,17 0,00 90,17 0,00 90,17 0,00
STAWAVE-1 Swell (kN) ’ ! ’ ! ! !
TOTAL WAVE RESISTANCE (kN) 50,72 0,00 50,72 0,00 50,72 0,00
TOTAL SWELL RESISTANCE (kN) 90,17 0,00 90,17 0,00 90,17 0,00
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1 2 3 4 5 6
RESISTANCE BY TEMP & DENSITY
run number 1 2 3 4 5 6
actual sea water temperature Input (°0) 17 17 17 17 17 17
reference sea water Input o) 15 15 15 15 15 15
temperature
actual sea water density Input (kg/m*) 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
reference sea water density Input (kg/mj) 1025,8 1025,8 1025,8 1025,8 1025,8 1025,8
length between perpendiculars Input (m) 266 266 266 266 266 266
total wetted surface Input (mz) 12410 12410 12410 12410 12410 12410
hull roughness in microns Input (m'é) 150 150 150 150 150 150
Vs after current iteration F.7 (knots) 18,38 18,38 18,38 18,38 19,47 19,47
Vs after current iteration F.7 (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
kinematic viscosity actual ES8 kg/m® | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06
Reynolds number, actual E6 © 2,2226E+09 | 2,2226E+09 | 2,2226E+09 | 2,2226E+09 | 2,3555E+09 | 2,3555E+09
seawater
# ES5 O] 1,3895E-03 | 1,3895E-03 | 1,3895E-03 | 1,3895E-03 | 1,3800E-03 | 1,3800E-03
for the actual water
roughness allowance E6 © 0,00015 0,00015 0,00015 0,00015 0,00016 0,00016.
associated to actual water
];;2323;]: viscosity, reference ES8 kg/m® | 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-(6
‘::;’xgig: number, reference E6 © 2,1130E+09 | 2,1130E+09 | 2,1130E+09 | 2,1130E+09 | 2,2394E+09 | 2,2394E+09
frictional resistance coefficient ES © 1,3978E-03 | 1,3978E-03 | 1,3978E-03 | 1,3978E-03 | 1,3883E:03.{ 1,3883E-03
for the reference water
roughness allowance ES © 1,4563E-04 | 1,4563E-04 | 1,4563E-04 | 1,4563E-04 (| 4,5220E-04 | 1,5220E-04
associated to reference water
frictional resistance in the Bl (kN) 876 876 876 876 982 982
actual sea water
frictional resistance in the Bl (kN) 878 878 878 878 984 984
reference sea water
total resistance for the E1 (kN) 1343 1343 1343 1343 1508 1508
reference water
ADD, RESISTANCE BY
E.2 kN -2,53 -2,53 ~2)53 -2,53 -2,86 -2,86
TEMP & DENSITY (kN) ’ ’ g ’ ’ ’
ADD, RESISTANCE BY WIND (kN) 95,91 261,99 101,38 -64,18 106,54 -73,73
ADD, RESISTANCE BY
’ (kN) 50,72 0,00 50,72 0,00 50,72 0,00
WAVE
ADD, RESISTANCE BY
kN 90,17 0,00 90,17 0,00 90,17 0,00
SWELL ()
ADD, RESISTANCE BY (kINY -2,53 -2,53 -2,53 -2,53 -2,86 -2,86
TEMP & DENSITY
TOTAL RESISTANCE
8 kN 234,27 -64,52 239,74 -66,71 244,57 -76,59
INCREASE (kN) ’ ! ’ ! ’ !
DIRECT POWER METHQD
trialcondition input BALLAST BALLAST BALLAST BALLAST BALLAST BALLAST
Vs after current iteration input (knots) 18,38 18,38 18,38 18,38 19,47 19,47
Vs after current iteratidn, input (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
delivered power in tgial condition input (kW) 18018 17721 18038 17 741 21137 20394
propulsive efficiefigy"
coefficient in thevideal input ) 0,7427 0,7427 0,7427 0,7427 0,7482 0,7482
condition
parameter derived from the . . . . . . . .
load vahiatidn test input &p (ksi-p) 0,1000 0,1000 0,1000 0,1000 0,1000 0,1000
totabresistance increase on kN 2343 645 2397 667 2446 766
trial by environmental cond, 7 ! ’ ’ ’ v
total power used to overcome KA LA 3348 299 3428 Q30 3671 1123
add, resistance during trial
Delivered power in
. P e K8 (kw) 14 670 18 620 14 609 18 670 17 465 21516
the ideal condition
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7 8 9 10 11 12
RESISTANCE BY TEMP & DENSITY
run number 7 8 9 10 11 12
actual sea water temperature Input (’C) 17 17 17 17 17 17
reference sea water Input Q) 15 15 15 15 15 15
temperature
actual sea water density Input kg/m’ 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
g,
reference sea water density Input (kg/m*) 10258 1025,8 10258 10258 10258 10258
length between perpendiculars Input (m) 266 266 266 266 266 266
total wetted surface Input (m?) 12410 12410 12410 12 410 12 410 12 410
hull roughness in microns Input (m™) 150 150 150 150 150 150
Vs after current iteration F.7 (knots) 19,47 19,47 20,19 20,19 20,19 20,19
Vs after current iteration F.7 (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
kinematic viscosity actual ES8 kg/m® | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06
S::’\:’]Zigi number, actual E6 6! 2,3555E+09 | 2,3555E+09 | 2,4416E+09 | 2,4416E+09 | 2,4416E+09 | 2,4416E+09
“‘ ES O T,3800E-03 | L,3800E-03 | 1,3742E-03 | 1,3742E-03 | 1,3742E-03 | 1,3742E-03
for the actual water
roughness allowance E6 © 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016.
associated to actual water
ls‘;:\en/':f:rc viscosity, reference E8 kg/m’ 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-06 | 1,1900E-06
Reynolds number, reference E6 © 2,2394E+09 | 2,2394E+09 | 2,3213E+09 | 2,3213E+09 | 2,3213E+09 | 23213E+09
seawater
frictional resistance coefficient ES © 1,3883E-03 | 1,3883E-03 | 1,3824E-03 | 1,3824E-03 | 1,3824E-03.] 1,3824E-03
for the reference water
roughness allowance E5 6] 1,5220E-04 | 1,5220E-04 | 1,5621E-04 | 1,5621E-04 (| A.5621E-04 | 1,5621E-04
associated to reference water
frictional resistance in the E1 (kN) 982 982 1053 1053 1053 1053
actual sea water
frictional resistance in the E1 (kN) 984 984 1056 1056 1056 1056
reference sea water
total resistance for the E1 (kN) 1508 1508 1640Q 1640 1640 1640
reference water
ADD, RESISTANCE BY
E.2 kN -2,86 -2,86 <310 -3,10 -3,10 -3,10
TEMP & DENSITY (kN) ’ ’ g ’ ’ ’
ADD, RESISTANCE BY WIND (kN) 104,90 78,22 116,09 -88,31 128,56 91,67
ADD, RESISTANCE BY
’ (kN) 50,72 0,00 50,72 0,00 50,72 0,00
WAVE
ADD, RESISTANCE BY
’ (kN) 90,17 0,00 90,17 0,00 90,17 0,00
SWELL
ADD, RESISTANCE BY
’ (kW) -2,86 -2,86 -3,10 -3,10 -3,10 -3,10
TEMP & DENSITY
TOTAL RESISTANCE
8 KN 242,94 -81,08 253,89 -91,41 266,36 -94,77
INCREASE (kN) ) ) § . ) :
DIRECT POWER METHOD
trialcondition input BALLAST | BALLAST | BALLAST | BALLAST | BALLAST | BALLAST
Vs after current iteration input (knots) 19,47 19,47 20,19 20,19 20,19 20,19
Vs after current iteration input (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
delivered power in tgiél Gondition input (kw) 21107 20543 24206 23265 24235 23285
propulsive efficiengy"
coefficient in theideal input ) 0,7482 0,7482 0,7504 0,7504 0,7504 0,7504
condition
parameQr dyiived from the input xp (ksi-p) -0,1000 -0,1000 -0,1000 -0,1000 -0,1000 -0,1000
load variation test
tofabresistance increase on (kN) 242.9 811 2539 914 266.4 94,8
trial by environmental cond, ’ ! ! ! ! '
tDtal pQWer uSEd to overcome K4 AN 3646 11383 3932 1334 4131 1.435
add, resistance during trial
Delivered power in
A p .. K8 (kw) 17 460 21730 20272 24 649 20104 24719
the ideal condition
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1 2 3 4 5 6
SHALLOW WATER
run number 1 2 3 4 5 6
draught at midship input (m) 8,58 8,58 8,58 8,58 8,58 8,58
ship’s speed through the water input (knots) 18,38 18,38 18,38 18,38 19,47 19,47
ship’s speed through the water input (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
|gravitational acceleration input (m/s®) 9,81 9,81 9,81 9,81 9,81 9,81
h1 7 (m) 21,45 21,45 21,45 21,45 21,45 21,45
h2 7 (m) 21,87 21,87 21,87 21,87 24,56 24,56
Max (h1,h2) 7 m) 21,87 21,87 21,87 21,87 24,56 24,56
water depth at S/P trial run input (m) 60,00 60,00 60,00 60,00 60,00 60,00
Seatrial allowed (Y/N) Y Y Y Y Y Y
block coefficient Input () 0,77 0,77 0,77 0,77 0,77 0,77
ship’s breadth Input (m) 42,00 42,00 42,00 42,00 42,00 42,00
length of the ship between Input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
draught at midships Input (m) 8,58 8,58 8,58 8,58 8,58 8,58
ship’s form factor (1+k) G9 1,191 1,191 1,191 1,191 1,191 1,191
Tt teTpeTtTe ATt rTteT Hrrpore =) +706 +706 +7-06 +7-06 +7-08 +7-08
water density for the actual water Input [kg/mx] 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
length of the ship between Input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
hull roughness in microns Input (m®) 150 150 150 150 150 150
kinematic viscosity for the E8 kg/m? | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,14135-06
actual water
Reynolds number for the 67 O 2,2226E+09 | 2,2226E+09 | 2,2226E+09 | 2,2226E+09 | 2,3555E+09 | 2)3555E+09
actual water
flat plate viscous resistance G.6 © 1,3895E-03 | 1,3895E-03 | 1,3895E-03 | 1,3895E-03 | 1,3800E°03“( 1,3800E-03
coeff, for the actual water
roughness allowance with G8 © 0,00015 0,00015 0,00015 0,00015 0:00016 0,00016
Reynolds Nr,for actual water
viscous resistance coefficient G5 © 0,0019 0,0019 0,0019 0,0019 1,8994E-03 | 1,8994E-03
in deep water
water density for the actual water Input [kg/mg] 1025,0 1025,0 1025,0 1,025,0 1025,0 1025,0
ship’s speed through water input (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
the wetted surface atzero input (m?) 12410 12410 12410 12410 12410 12410
speed condition
ship’s viscous resistance in G4 (kN) 1082,61 1082,61 1082561 1082,61 121243 121243
deep water
increase of viscous
resistance in shallow G.3 (kN) 18,98 18,98 18,98 18,98 21,26 21,26
water
water depth at S/P trial run input (m) 60,00 60,00 60,00 60,00 60,00 60,00
length of the ship between input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
Froude number based on a
water depth of 0,3 LPP G.13 Frhd 0,3379 0,3379 0,3379 0,3379 0,3581 0,3581
Froude number based on G13 Frh 0,3897 0,3897 0,3897 0,3897 0,4130 04130
water depth
moulded displaced volume of . 3
the vessel at trial draught input (m2), 73826 73826 73826 73826 73826 73826
water plane area at the trial input (m? 8937 8937 8937 8937 8937 8937
draught
ship’s increase of the dynamic 612 (m) 0,0664 0,0664 0,0664 0,0664 0,0761 0,0761
sinkage
shlpsaddltlona? displacement €11 %) 0,80 0,80 0,80 0,80 0,92 0,92
'volume due to sinkage
ship’s addmona! displacement (%) 0,80 0,80 0,80 0,80 0,92 0,92
volume due to sinkage
sinkage displacenient
offect G.10 ) 1,0054 1,0054 1,0054 1,0054 1,0061 1,0061
delivered trighpgWver after 14670 18 620 14 609 18670 17465 21516
wind, waveésand TD corr
incredsQayiscous resistance G3 (kN) 18,98 18,98 18,98 18,98 21,26 21,26
in shallow water
validity check viscous resistance| OK OK OK OK OK OK
ship’s speed through the water input (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
propulsive efficiency coefficient] input () 0,7427 0,7427 0,7427 0,7427 0,7482 0,7482
power correction because of
e 326 S+ 319 3t 39t +t6
shallow water
CORRECTED POWER
G.1 kW 14 351 18280 14 290 18329 17 075 21101
AFTER SHALLOW WATER (kW)

© IS0 2025 - All rights reserved
47



https://standardsiso.com/api/?name=23320e3b54899d9e835228061139ad67

ISO 15016:2025(en)

7 8 9 10 11 12
SHALLOW WATER
run number 7 8 9 10 11 12
draught at midship input (m) 8,58 8,58 8,58 8,58 8,58 8,58
ship’s speed through the water input (knots) 19,47 19,47 20,19 20,19 20,19 20,19
ship’s speed through the water input (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
@ravitational acceleration input (m 52) 9,81 9,81 9,81 9,81 9,81 9,81
h1 7 (m) 21,45 21,45 21,45 21,45 21,45 21,45
h2 7 (m) 24,56 24,56 26,39 26,39 26,39 26,39
Max (h1,h2) 7 (m) 24,56 24,56 26,39 26,39 26,39 26,39
water depth at S/P trial run input (m) 60,00 60,00 60,00 60,00 60,00 60,00
Seatrial allowed (Y/N) Y Y Y Y Y Y
block coefficient Input () 0,77 0,77 0,77 0,77 0,77 0,77
ship’s breadth Input (m) 42,00 42,00 42,00 42,00 42,00 42,00
length of the ship between Input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
draught at midships Input (m) 8,58 8,58 8,58 8,58 8,58 8,58
ship’s form factor (1+k) G9 1,191 1,191 1,191 1,191 1,191 1,191
Tt teTTeT Tt e ot ey 56 +5-06 +5- +5- +5-5 +5-6
water density for the actual wates Input [kg/m3] 1025,0 1025,0 1025,0 1025,0 1025,0 1025,0
length of the ship between Input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
hull roughness in microns Input (m™) 150 150 150 150 150 150
kinematic viscosity for the ES8 kg/m’ 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06 | 1,1313E-06
actual water
Reynolds number for the 67 e 2,3555E+09 | 2,3555E+09 | 2,4416E+09 | 2,4416E+09 | 2,4416E+09 | 24416E+09
actual water
flat plate viscous resistance G6 © 1,3800E-03 | 1,3800E-03 | 1,3742E-03 | 1,3742E-03 | 153742603 1,3742E-03
coeff, for the actual water
roughness allowance with G8 © 0,00016 0,00016 0,00016 0,00016 0,00016 0,00016
Reynolds Nr,for actual water
viscous resistance coefficient G5 © 1,8994E-03 | 1,8994E-03 | 1,8960E-03 | 1,8960E:03 | 1,8960E-03 | 1,8960E-03
in deep water
water density for the actual wate: Input [kg/mB) 1025,0 1025,0 1025,0 1,025,0 1025,0 1025,0
ship’s speed through water input (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
the wetted surface at zero input (m) 12410 12410 12 419 12 410 12 410 12410
speed condition
ship’s viscous resistance in G4 (kN) 121243 121243 130004 130044 130044 1300,44
deep water
increase of viscous
resistance in shallow G.3 (kN) 21,26 21,26 22,80 22,80 22,80 22,80
water
water depth at S/P trial run input (m) 60,00 60,00 60,00 60,00 60,00 60,00
length of the ship between input (m) 266,00 266,00 266,00 266,00 266,00 266,00
perpendiculars
Froude number based ona G.13 Frhd 03581 0,3581 03712 0,3712 0,3712 03712
water depth of 0,3 LPP ! g : 3 " ’ ’
Froude number based on G.13 Frh 0,4130 0,4130 04281 04281 04281 04281
water depth
moulded displaced volume of . 3
the vessel at trial draught input (m3), 73826 73826 73826 73826 73826 73826
g’rzt:;}f’tla“e areaatthe trial input (m% 8937 8937 8937 8937 8937 8937
ship’s increase of the dynamic G.12 (m) 0,0761 0,0761 0,0829 0,0829 0,0829 0,0829
sinkage
ship’s addmona! displacement i %) 0,92 0,92 1,00 1,00 1,00 1,00
volume due to sinkage
shlpsadd:t:ona? displacement ) 092 0,92 1,00 1,00 1,00 1,00
'volume due to sinkage
sinkage displacement
G.10 “) 1,0061 1,0061 1,0067 1,0067 1,0067 1,0067
effect
delivered trighugWver after 17 460 21730 20272 24 649 20104 24719
wind, wavesand TD corr
IncreRQNyviscous resistance 63 (kN) 21,26 21,26 22,80 22,80 22,80 22,80
in shallow water
validity check viscous resistance] OK OK OK OK OK OK
ship’s speed through the water input (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
propulsive efficiency coefficient] input () 0,7482 0,7482 0,7504 0,7504 0,7504 0,7504
power correction because of
P Tp— ) 39+ + 456 -+ e 456
CORRECTED POWER
G.1 kW 17070 21314 19 822 24170 19 656 24240
AFTER SHALLOW WATER kw)
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1 2 3 4 5 6
DISPLACEMENT CORRECTION
run number 1 2 3 4 5 6
f]izptl:i:‘fme"t volume during Input (m* 73826 73826 73826 73826 73826 73826
f;;']’(l:z:gem volume during Input (m’) 73500 73500 73500 73500 73500 73 500
displacement factor (-) 0,9971 0,9971 0,9971 0,9971 0,9971 0,9971
power after shallow water H1 (kW) 14351 18 280 14290 18329 17075 21101
correction
additional power for (kW) 42 -54 42 54 -50 -62
displacement correction
CORRECTED POWER
AFTER DISPLACEMENT H.1 (kw) 14308 18 226 14 248 18 275 17 024 21039
CORR
(ALCULATING PROPELLER REVOLUTIONS
:ZZZ“;:?&OC‘?“IEE;T& input (rpm) 85,3 85,3 85,3 85,3 90,2 90,2
dplivered power in ideal condition (kw) 14 308 18 226 14248 18 275 17 024 21039
fflailvfgiii‘;‘l‘zer imeasuredin | (kW) 18018 17721 18038 17741 21(137 20394
pphrameter derived from the .
1 variation test Input &n (ksi-n) 0,2000 0,2000 0,2000 0,2000 0,2000 0,2000
(orrected propeller K11 (rpm) 81,1 85,8 81,0 85,8 86,0 90,8
rpm in ideal condition
Hinal results S/P trials MoM speed (knots)| 18,38 18,38 18,38 18,38 19,47 19,47
Hinal results S/P trials MoM speed (m/s) 9,45 9,45 9,45 9,45 10,02 10,02
Hinal results S/P trials Engine power | (kW) | 16 251 16 251 16 251 16 251 19 056 19 056
Hinal results S/P trials rpm (rpm) 83,4 83,4 83,4 83,4 88,4 88,4
DETERMINE POWERFACTORS FOR SHIFTING TANKCURVE
Trial MoM Speed (knots) 18,38 18,38 18,38 18,38 19,47 19,47
Trial Power at MoM speed (kW) 16251 16 251 16 251 16 251 19 056 19 056
Trial shaft power at MoM speed (kW) 16415 16 415 16 415 16 415 19 249 19 249
Tank shaft power at MoM speed (kW) 17 265 17 265 17 265 17 265 20392 20 392
Hower factor (Ptrial/Ptank) (-) 0,9413 0,9413 0,9413 0,9413 0,9345 0,9345
Weighted power factor (-) 0,9433 0,9433 0,9433 0,9433 0,9433 0,9433
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power

Figure 10 — Example calculation of speed trial data analysis
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DISPLACEMENT CORRECTION
run number 7 8 9 10 11 12
Sr‘is:lla"emem volume during the Input (m%) 73826 73826 73826 73826 73826 73 826
Seizlt’slaceme“t volume during tank | | o (m*) 73500 73500 73500 73500 73500 73 500
displacement factor (-) 0,9971 0,9971 0,9971 0,9971 0,9971 0,9971
power after shallow water H1 (kW) 17070 21314 19822 24170 19656 24240
correction
additional power for displacement KW 50 63 58 71 53 71
correction (kw) ) ) ) ) ) )
CORRECTED POWER AFTER
DISPLACEMENT CORR H.1 (kw) 17 020 21251 19 764 24 099 19 598 24169
(ALCULATING PROPELLER REVOLUTIONS

easured Propeller shaft speed in input (rpm) 902 902 949 949 949 949
tifial condition ! ! ! ! ! !
dplivered power in idelal condition (kW) 17 020 21251 19 764 24 099 19 598 24169
dplivered power imeasured intrial | o (kW) 21107 20543 24206 23265 24235 23285
cpndition
pprameter derived from the load Input © 0,2000 0,2000 0,2000 0,2000 0,2000 0,2000
vhriation test
Corrected propellerrpm | ;| (0| g6 90,8 90,8 95,6 90,6 95,6
in ideal condition
Hinal results S/P trials MoM speed |(knots)| 19,47 19,47 20,19 20,19 20,19 20,19
Hinal results S/P trials MoM speed | (m/s) 10,02 10,02 10,38 10,38 10,38 10,38
Hinal results S/P trials Engine powerf (kW) | 19 056 19 056 21878 21878 21878 21878
Hinal results S/P trials rpm (rpm) 88,4 88,4 93,1 93,1 93,1 93,1
DETERMINE POWERFACTORS FOR SHIFTING TANKCURVE
Trial MoM Speed (knots)| 19,47 19,47 20,19 20,19 20,19 20,19
Trial Power at MoM speed (kw) 19,056 19 056 21878 21878 21878 21878
Trial shaft power at MoM speed (kW) 19 249 19 249 22099 22099 22099 22099
Tank shaft power at MoM speed (kW) 20 392 20392 22929 22929 22929 22929
Hower factor (Ptrial/Ptank) (-) 0,9345 0,9345 0,9542 0,9542 0,9542 0,9542
yeighted power factor (-) 0,9433 0,9433 0,9433 0,9433 0,9433 0,9433
Tank speeds (knots) 16 17 18 19 20 21
Tjank shaft power in kW) | 13901 | 16206 | 18609 | 21531 | 25173 | 29828
dontract condition
Tank shaft power
dorrected with power (kw) | 13113 15 287 17 554 20311 23746 28137
factor
Service shaft power corrected (kW) | 15080 17 581 20187 23357 27 308 32 358
(Johtract service power Input | (kW) | 21437
Contract service speed mput [(Knots)[ 17,80
Propeller rpm at service
speed Input | (rpm) 84,0
Achieved service speed at contract |(knots)] 18,42
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Annex A
(normative)
Trial log sheet
GENERAL INFORMATION
Ship name CONTRACT LOADING CONDITION
IMO No. Draught conditionat
Shipbuildgr contract
Yard numlber Ty Draught fore [m]
Shipowner T, Draught aft [m]
Trial Team Leader Displacement moulded [m3]
Verifier jvrl"’r‘lr(‘f;’ferge projected [m?]
Lpp [m] Sea margin [%]
B (mouldef) [m] PSContract (kW]
Psmcr [kW] Neontiact [-]
NMcR [rpm] Vs service, contract [kn]
Psner [kW] True wind speed [m/s]
NNCR [rpm] Significant wave height [m]
(ns) Shaft efficiency [-] Wave period [s]
v da m Zes m]
?:liltf;ggmeter [m{ AIR |Air temperature [°C]
E;Dl\gfoa(llﬁilgzsilg(f)g [NYmm?] Air pressure [mBar]
Number of propellers [-] WATER Sea water temperature [°C]
Type of prppellers [FPP or CPP] Sea water density [kg/m3]
Diameter propel-
lera(s) eter prope [m]
Design pitfth (FPP) [m]
Direction pf rotation R/L
Number of blades [-]
Propeller(s}golished [dd-mm-yy]
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TRIAL CONDITION AS DESCRIBED IN THE CON-

TRACT EEDI LOADING CONDITION
Draught condition at trial Tr moulded at forward [m]
perpendicular
Tk Tanktest [m] T, moulded at aft perpendicular [m]
Hull T Tanktest [m] Displacement moulded [m3]
M/E shaft power at EEDI
3
Vet [m] condition [kw]
HULL CONDITION AT S/P TRTIAL AREA <O
Draught PS SB Aver. Q(],
Ty moulded at forward [m] )
perpendicular r\% ’
Ty, mould¢d [m] <QQ
N
T, moulded at aft perpen-
: [m] O
dicular \GJ
Moulded displacement volume (V) [m3] (‘\\
Waterplare area (4yy) ma<
Block coefficient (Cy) . Q]V
N\
Kyy/Lpp &\0\ [-
Midship s¢ction area under water (4y) %) [m2]
Total wetted surface (S) k\Q [m2]
Transversp projected wind area (Ayy) ;\Q“ [m?]
. . N
Vertical position of anemometer above 10 [m]
waterline [Z,) N
2 dd-mm-
Last day of hull cleanin N L
Y & O yyyy)
O
DATA AT $/P TRIALAREA (-
Weather cpndition PRX Visual
Latitude A<:)VJ [dd-mm]
Longitude o [ddd-mm]
Sea trial Site | ‘A&)‘
Beaufort nun;b&) [-]
Wave heigh%\
Swell height
Torsion meter zero setting Y/N
ta Air temperature [°C]
tw Water temperature [°C]
Pact Water density [kg/m3 ]
Atmospheric pressure [hPa, mBar]
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WIND DATA

Lateral projected wind area above waterline (Fujiwara) [m?]

Lateral projected wind area of the superstructures

above (Fujiwara)

Cyc (Fujiwara)

H (Fujiwara)

Number of reference vessel in the database

WAVE DATA

Bow length for STAWAVE 1 (Lgy1)

Heave or pitch motions during trials

Wave obsdrvation method

LOAD VARIATION TEST

Overload ffactors provided by
Tank tests

¢p Propulsion (ksi-p)

¢, Revolutions

(ksi-n)

TANK TEST PREDICTIONS

BALLAST|DRAUGHT (Non EEDI). Tank test predictions (S&@d, power, efficiency)

/A (knots) S
Psa | (kW) N
mg | [rpm] 120
"bid [-] C}‘C\)t I
FULL DRAUGHT (Non EEDI). Tank te@}’edictions (Speed, power, efficiency)
/A (knots) {—Q\
Psia | (kW) i
Nig [rpm] ,-\GJ
ma | 0| P
>
EEDI DRA:UGHT@( test predictions (Speed, power, efficiency)
v, | (knars)
Psa | kW)
Mg [rpm]
Mbid [-]

WIND PROFILE from wind tunnel test at

trial condition

(degrees)

CAA
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WIND PROFILE from wind tunnel test at contract condition

(degrees)

CAA

MEASURED AND OBSERVED DATA ON TRIAL

Run number 12|34 6 |7 |89 (101112
Power setting % MCR
dd-mmm-

Date — r<0
Start timefof run hh:mm:ss nQ
Run duratjon mm:ss R yV
Run direction. based on dominant [Wave / Wind] (,-.b\
Run direction [Against /Follow] p NT
Ship's headling during run [°] R \
Ship speed over the ground [knots] ‘\\'
Relative wlind at ane- | Velocity [m/s] &
mometer Reight Direction [°] Q\

Height [m] c\\}\ )
Wind wavgs Direction [°] R b

Period [s] DO

Height [m] 2
Swell Direction [°] e

Period [s] ,.\l~\

Brake power M )
Propeller Shaft speed L [?ﬁm]

Pitch of CPP A" []
Water deptth Q\" [m]

O
O)\Q)
O
Q.
?\
%0
?\
2
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Tables B.1 and B.2 are intended as a guide to roughly show what can be expected in the open sea, remote
from land. These tables shall never be used in the reverse way, i.e. for logging or reporting the state of the
sea. In enclosed waters, or when near land, with an offshore wind, wave heights will be smaller and the

Beaufort scale for wind velocity and Sea state scale

ISO 15016:2025(en)

Annex B

(informative)

waves steeper. Pignrnc in brackets indicate the prn]‘\:\h]p maximum hnighf of waves [13]
Table B.1 — Beaufort Scale
a Descriptive |Velocity equivalent ata standard Specifications Propable
term height of 10 m above open flat ground waye
Mean m sl km h-1 m.p.h. Land Sea Coast height
velocity
in knots
m ft
0 Calm <1 0-0,2 <1 <1 Calm: smoke Sea like a mirror Calm - -
rises vertically
1 Light aif 1-3 0,3-1,5 |1-5 1-3 Direction of Ripples withithe ap- Fishing smack 0,1 0,25
wind shown pearanceof scalesare |justhas steerage |(p,1 (0,25)
by smoke drift |formed;but without way
but not by wind | foam'crests
vanes
2 Light brleeze [4-6 1,6-3,3 |6-11 4-7 Wind felt on Small wavelets, still Of smacks which |0,2 0,5
face; leaves short but more pro- then travel at 0,3 (1)
rustle; ordi- nounced; crests havea |about 1-2 kn
nary vanes glassy appearance and
moved by wind | do not break
3 Gentle Qreeze | 7-10 3,4-5,4 |12-19 8-12 Leaves and Large wavelets; crests |Smacks beginto |0,6 2
small twigs begin to break; foam of |careen and travel | (1) (3)
in constant glassy appearance; per- |about 3 kn-4 kn
motion; wind haps scattered white
ex- tends light |horses
flag
4 Moderafe 11-16 5,5-79 20£28 13-18 Raises dust and | Small waves, becoming |Good working 1 3,5
breeze loose paper; longer; breeze, smacks (1,5 (5)
small branches | fairly frequent white carry all canvas
are moved horses with good list
5 Fresh breeze |17-21 8/0%10,7 |29-38 19-24 Small treesin |Moderate waves, taking |Smacks shorten |2 6(8,5)
leaf begin to amore pronounced long | sail 2,9
sway; crested |form; many white hors-
wavelets form |es are formed (chance
on inland of some spray)
waters
6 Strong breezeé|22-27 10,8- 39-49 25-31 Large branches | Large waves begin Smacks have 3 9,5
13,8 in motion; to form; the white double reefin 4 (13)
WhIstlng foam crests are more mainsail; care
heard in tele- |extensive everywhere |required when
graph wires; (probably some spray) |fishing
umbrellas used
with difficulty
7 Near gale 28-33 13,9-17,1|50-61 32-38 Whole treesin |Sea heaps up and white |Smacks remain 4 13,5
motion; incon- |foam from breaking in harbour and (5,5) [(19)
venience felt waves begins to be those at sealie to
when walking [blown in streaks along
against wind the direction of the
wind

I

Beaufort number.
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Table B.1 (continued)
a Descriptive |Velocity equivalent ata standard Specifications Probable
term height of 10 m above open flat ground wave
Mean m s1 km b-1 m.p.h. Land Sea Coast height
velocity
in knots
m ft
8 Gale 34-40 17,2- 62-74 39-46 Breaks twigs |Moderately high waves |[All smacks make |5,5 18
20,7 off trees; gen- | of greater length; edges |for harbour, if (7,5) (25)
erally impedes |of crests begin to break |near
progress into the spindrift; the
foam is blown in well-
marked streaks along
the direction of the
wind
9 Strong gale | 41-47 20,8- 75-88 47-54 Slight structur- | High waves; dense - 7 23
24,4 al damage oc- |streaks of foam along (10) (32)
curs (chimney |the direction of the
pots and slates |wind; crests of waves
removed) begin to topple, tumble
and roll over; spray may
affect visibility
10 |Storm 48-55 24,5- 89-102 |55-63 Seldom experi- |Very high waves with - 9 29
28,4 enced inland; |long over-hanging (12f5) |(41)
trees uprooted; | crests; the resulting
considerable foam, in great patches,
structural is blown in defise White
damage occurs |streaks alongthe
directiomof'the wind;
overall, the surface of
the seatakes on a white
appearance; the tum-
bling of the sea becomes
heavy and shock-like;
visibility affected
11 |Violent ptorm |55-63 28,5- 103-117 |64-72 Very rarély ex- |Exceptionally high - 11,91 37
32,6 perienced; ac- |waves (small and me- (16 (52)
companied by |dium-sized ships might
wide- spread be for a time lost to
damage view behind the waves);
the sea is completely
covered with long white
patches of foam lying
along the direction of
the wind; everywhere
the edges of the wave
crests are blown into
froth; visibility affected
12 |Hurricape 64 and 32,7and-/118 and |73 and - The air is filled with - 14 45
over oyer over over foam and spray; sea @] @]
completely white with
driving spray; visibility
very seriously affected
a Beaufort jumber.
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Table B.2 — State of the Sea

Code Descriptive terms Wave heights 2
m
0 Calm (glassy) 0 — —
1 Calm (rippled) 0 — 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
Very rough 4 — AQ\ b
y High 6 — \ l/v D
Very high 9 _ RN
g Phenomenal Over ADP\
a These valyes refer to well-developed wind waves of the open sea. While priority shall be given to the descriptive term e height values may be used for

guidance by thej
wind, etc.

The bound of th|

e wave height shall be assigned for the lower code figure, e.g. a height of 4 mis coded as 5.

observer when reporting the total state of agitation of the sea resulting from various factors such as wind, s

\Q)O

ycurrents, angle be

ween swell and

g\\
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Annex C
(normative)

Correction for wind

C.1 General

The resistance increase due to wind is calculated by Formula (C.1):

Rap =

where

VWRre
Pa

lpWRre

NOTE
starboard

|

Vi

The evaluation of wind data is explainedin detail in C.2.

The mass d

Pa=DPa

where

Pa

2 2
504 “Can (Wwref ) Axv - Vivrer —0,504 +Cap (0)- Axy - V§

is the resistance increase due to relative wind, expressed in newtens;

is the transverse projected area above the waterline including.stperstructures, e
square metres;

is the wind resistance coefficient; C ,(0) means the winhd'resistance coefficient in h
is the measured ship speed over ground, expressed\in metres per second;
is the relative wind velocity at the reference héight, expressed in metres per second
is the mass density of air, expressed in kilograms per cubic metre;

- is the relative wind direction at theafeference height, expressed in degrees.

ero (0) degrees refers to the wind in¢emiing on the bow and a positive angle refers to wind con

ensity of air can be calculated using Formula (C.2):
/ [2,870 5 (£4+273,15)]

is the mass density of air, expressed in kilograms per cubic metre;

ba

c.1)

pressed in

ead wind;

hing in from

(C.2)

isthe air pressure at S/P trial run, expressed in hPa (or millibar);

tp

is the air temperature at S/P trial run, expressed in degrees Celsius.

The wind resistance coefficient is based on the data derived from model tests in a wind tunnel. In cases
where a database is available covering ships of similar type, such data may be used instead of carrying
out wind tunnel model tests. Alternatively, statistical regression formulae concerning wind resistance
coefficients of various ship types have been developed.
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C.2 Evaluation of wind data

C.2.1 General

By nature, wind velocity and direction vary in time and therefore they are defined by their mean value over
a selected period.

For S/P trials, it is assumed that the wind condition is steady, i.e. that velocity and direction are reasonably
constant over the duration of each run. The mean values of direction and velocity recorded during every run
are then used as the values for that run.

C.2.2 Averaging process for the true wind velocity and direction

During eadh S/P run, the relative wind velocity and direction shall be measured as described in-9.3.3.

The true wind vector for each speed run is found from certified measuring instrumentscthat cdn measure
the wind ahead of the vessel and outside the area where airflow is distorted (e.g. LIDAR)er-from the relative
wind velodity measured and relative wind direction measured at the ship’s mast considering the heading
and speed|over ground. In the latter case, the true wind vector for the run-set js*found by avé¢raging the
true wind yectors over both speed runs of the double run (see Figure C.1). Thisxun-set averaged true wind
vector shall be used to recalculate the relative wind vector for each speed rumefthe set.

- -
——
-

G(i+1)

%4

WR(i+1)

%4

WT(i)

d)-Measured

Vl

WT(i/i+1)

V’WR(1+1]
b) Corrected
Key
Vs mepsuged ship speed over ground, expressed in metres per second
Vwr mean value of the measured relative wind velocity at anemometer height, expressed in metres per second
Vwr true wind velocity at anemometer height, expressed in metres per second

Vwr averaged true wind velocity at anemometer height, expressed in metres per second
V'wr  corrected relative wind velocity at anemometer height, expressed in metres per second
Ywr true wind direction at anemometer height in Earth system, expressed in degrees

Figure C.1 — True wind vectors and relative wind vectors
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The true wind velocity and direction at the vertical position of the anemometer are calculated by using
Formulae (C.3) and (C.4):

2 2
Vwr :[VWR +VG —2Vwr Vg COSWWR] (C.3)
sin + Vc sin
YW :atan[ we SIn (Vg +¥) =V si (‘//)} for Viyg cos(ywr +¥)—V; cos(y) =0,
Vivr cos(Wwr +¥) =V cos(y)
sin + Ve sin
- =atan[ wR SIn(Wwr +¥)-Vg sin(y) }+180
Vi cos(ywr +¥)—Vg cos(v)
for Vi peestpmmry—Veosty<b (C.4)
where
Ve is the measured ship speed over ground, expressed in metres per second;

Vwr | is the mean value of the measured relative wind velocity at anemoemeter height, eypressed in
metres per second;

Vwr | is the true wind velocity at anemometer height, expressed in fiiétres per second;
Y is the ship’s compass heading, expressed in degrees;
Ywr | is the mean value of the relative wind direction at anemometer height, expressed in degrees;

NOTE Zero (0) degrees refers to the wind in¢éming on the bow and a positive ang|e refers to
wind coming in from starboard.

Ywr | is the true wind direction at anemometerheight in Earth system, expressed in degregs.

The true wjind velocity and direction are corrected by an averaging process over both runs of the [double run
using Formulae (C.5), (C.6), (C.7) and (C.8):

V(i /f+1)
Ve,  + V(s iy P T Viren si T P (€5)
|| YWrr) COSYw(iy T YW+ 1) COSYwT(i+1) N WT(i) SIMYwr(i) T YwT(i+1) SMYWT(i+1)
2 2
, B VwreySinWwriy + V(i) SIMYwr(i1)
Vwr(i/j+1) =atan e N )
WT(i) COSYwt(i) T YWT(i+1) COSYWT(i+1)
for V(i) cos¥wr(i) +Vwr(ir1) COSWwr(ir1) 20,
Vv sin i FVwrie1) SID i
W{NT(i/Hl):atan WT(i) SIMY'wr(i) T YwT(i+1) SIMYWT(i+1) +180
Vivm 1) COS N +FVwr(ie1) COS ;
WT(i) COSYwt(i) T VwT(i+1) COSYWT(i+1)
for Viyr(i) coswwr(i) +Vwr(is1) COS¥Wwr(i+1) <0 (C.6)
Vivr(i) \/V +VG2( 1y + 2V V(i) cos[ Wiyr(n) ~¥ (1) | (€7)
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V(i) Sin[‘/’\,NT(i) _W(i):'

=atan ; "
Va(i) TVwr(i) cos [V/WT(i) —‘//(i)]

) Ve s Wiy~ (i) |20,

V‘;\,T(,-) sin[‘/f\'NT(i) “/’(i)]

=atan , ,
Va(i) +Vwri) cos [WWT(I') —W(i)]

+180 for VG(,-) + V\}VT(,-) cos [l//\'NT(i) A0 ] <0

(C.8)

is the measured ship speed over ground, expressed in metres per second;

is the true wind velocity at anemometer height, expressed in metres per secend;

is the averaged true wind velocity at anemometer height, expressed in mgtres per se
is the corrected relative wind velocity at anemometer height, expressed in metres pd
is the ship’s compass heading, expressed in degrees;

is the true wind direction at anemometer height in Eartl{system, expressed in degre
is the averaged true wind direction at anemometer height, expressed in degrees;

is the corrected relative wind direction at anememeter height, expressed in degrees;

NOTE Zero (0) degrees refers to the windsincoming on the bow and a positive ang
wind coming in from starboard.

is the run number.

true wind direction Yy, relative wind velocity Vi) a

rue wind velocity VWT(%, ’ ’ ’ ,
Y Vawriy Y'wriy V'wre and Y'wrey:

tion yyyp(;) are replaced

sistency of the curves)of true wind velocity and direction with time during each run;
sistency of the curves of air temperature and atmospheric pressure with time during

y available.weather information.

rrection for the vertical position of the anemometer

ind velocity and directions shall be checked by taking the following into consideration:

|

rond;

r second;

le refers to

nd relative

each run;

pffect on the ship consists of two components: shear flow and uniform flow. Shear

flow is the

YWR(i)
where
Ve
Vit
Viwr
V'wr
(2
Ywr
‘Wt
'WR
()
And then {
wind direc
The true w
a) theco
b) theco
c) publicl
C.2.3 Co
The wind
natural wi

nd. Unirorm riow 1s the relative speed between Stlll alr and the ship s own motion.

To calculate the wind resistance, use the wind velocity and direction at the reference height of the wind
tunnel tests, on which the wind resistance coefficients are based. Therefore, the wind velocity and direction
at the vertical position of the anemometer shall be corrected to those at the reference height.

The reference height for the wind coefficients is 10 m above sea level.
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The difference between the vertical position of the anemometer and the reference height for the wind
resistance shall be corrected by means of the wind velocity profile given by Formula (C.9):

VWTref

where

1
Zref 9
VA

:VWT(

a

Vwrer 1s the true wind velocity at the reference height, expressed in metres per second;

VWT

is the true wind velocity at anemometer height, expressed in metres per second;

(C.9)

Z

re

Z

a

f

The referel
wind resis

The evalug
done in acq

The relativj

VWRref

The relativj

Y WRref

Y WRref

where
Ve
VWRre

VWTref

]

lerRreF

nce height for the wind resistance coefficients, Z, is selected as the correspending he

e wind velocity at the reference height is calculated by Form@la{C.10):

e wind direction at the reference height is calculated by Formula (C.11):

is the reference height for the wind resistance coefficients, expressed in metres;

is the vertical position of the anemometer, expressed in metres.

ance coefficient from wind tunnel tests.

tion of the maximum allowable calculated true wind velocity, Vi .o, [Formula (C.9
ordance with 8.3.

2 2
= \/ Vivrret V6 +2Viwtres Vg €O (Wwr —¥)

ViwTref SIN(Wwr —¥)
Ve +Vwrrer COS(Wwr —¥)

= atan[
= atan[

is the measured ship.Speed over ground, expressed in metres per second;

} for Vg +Vwrrer cos(Wwr —y) 20,

ViwTref SIN(Wwr —¥)
VG +VivTres COS(Wwr — W

}+180 for Vg +Viyprer COS(Wwr —¥)<0

is the relativewind velocity at the reference height, expressed in metres per second
is the true‘wind velocity at the reference height, expressed in metres per second;
is thesship’s compass heading, expressed in degrees;

is\the relative wind direction at the reference height, expressed in degrees;

ight for the

)] shall be

(C.10)

(€.11)

Ywr

NOTE Zero (0) degrees refers to the wind incoming on the bow and a positive angle refers to

wind coming in from starboard.

is the true wind direction at anemometer height in Earth system, expressed in degrees.
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C.3 Wind resistance coefficients

C.3.1 General

The wind resistance coefficients C, , determined by the methods in C.3.2, C.3.3, C.3.4 and C.3.5 shall be used.

C.3.2 Wind tunnel test

If wind tunnel test results are available, the wind resistance coefficients evaluated by these tests sh

C.3.3 Wind resistance coefficients by CFD

Wind resi

all be used.

solver are

tance coefficients derived from a computational fluid dynamics (CED) viscous flow
acceptable|provided that the CFD code and the user have demonstrated verification and validat
qualified wind tunnel results for similar ships.

C.3.4 Data set on the wind resistance coefficient

A data set ¢f wind resistance coefficients, C, 4, has been prepared by STA-JIP[12] and\gthers. Data a1
for: tankerss, LNG carriers, container ships, car carriers, ferry/cruise ships, bulkers and general
as shown in Table C.1. The wind resistance coefficients, C, ,, for ships in the data set, are shown in
to C.18. Graphs of these coefficients as a function of the angle of attack are presented in Figures (

on against

e available
fargo ships
Tables C.2
.2to C.18.

Before making use of these coefficients, the ship type, shape and outfitting shall be carefully ev3
compared with the geometry of the ship for which the data set has been prepared. The images of
are presented in Figures C.2 to C.18.

luated and
these ships

The data provided is limited to common ship types at the timé&of publication of this document. THe database

is not suitable for special ships such as tugs, offshore supply vessels, fishery vessels and fast ¢raft, all of

which have very individual geometries.

Table C.1 — Ship types included in the data set
Table | Higure Ship type LC Superstructure Vessel Refé¢rence

Cc.2 C.4 Tanker convention- | Laden Normal 280 kDWT Wind funnel [3]
al bow

C.2 C.4 Tanker conventiof- |) "Ballast Normal 280 kDWT Wind tunnel (3]
al bow

C.3 C.3 Tanker cylindrical | Ballast Normal 280 kDWT Wind tunnel [3]

bew

C4 C4 LNG)carrier Prismatic integrated 125 k-m3 CHD (3]

C.5 C.9 LNG carrier Prismatic extended deck 138 k-m3 CHD [3]

C.6 C.4 LNG carrier Spherical 125 k-m3 CHD 8]

C.7 C.7 Container ship Laden | Without containers, with | 6 800 TEU Wind tunnel [3]

draught lashing bridges
C7 C.7 container ship Ballast | without containers, with 6 800U TLEU Wind tunnel [3]
lashing bridges

C.8 C.8 Container ship Laden With containers 6800 TEU Wind tunnel [3]

C.8 C.8 Container ship Ballast Without containers 6 800 TEU Wind tunnel [3]

Cc9 Cc9 Car carrier Normal Autosky CFD (3]

C.10 |C.10 Ferry/cruise ship Normal Wind tunnel [3]

Cc.11 |Ca1 General Cargo ship Normal Wind tunnel [3]

C12 |Ca2 Handy size bulk Heavy No cranes Wind tunnel [1]
carrier Ballast

C12 |Ca2 Handy size bulk Ballast No cranes Wind tunnel [1]
carrier
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Table C.1 (continued)

Table | Figure Ship type LC Superstructure Vessel Reference
C.13 |Ca3 Handy size bulk Heavy Cranes Wind tunnel [
carrier Ballast
Cc13 |C.13 Handy size bulk Ballast Cranes Wind tunnel [1]
carrier
C.14 |C.14 Multi-purpose Laden With partly containers | 19 000 DWT Wind tunnel [1]
carrier carrier
C.14 |C.14 Multi-purpose Ballast With containers 19 000 DWT Wind tunnel [1]
carrier carrier
C.15 |C.15 Cruise ship Wind tunnel [1]
Cil6 |Cd6 Twin island con- Ballast No containers Wind funnel (3]
tainer vessel
Cil6 |Cd6 Twin island con- Laden With containers Wind tunnel [3]
tainer vessel
c17 |ca7 Cape size bulk Laden No cranes Wind funnel [3]
carrier
c18 |C.18 Cape size bulk Ballast No cranes Wind tunnel (3]
carrier

Table C.2 — C,, values for a 280 KDWT tanker with.a conventional bow

Angle of Can

attack a (°) Laden Ballast
0 09655 0,869 0
10 09310 0,765 5
20 0,8550 0,627 9
30 0,737 9 0,459 3
40 0,620 7 0,3310
50 0,496 6 0,213 8
60 0,344 8 0,137 9
70 0,179 3 0,0759
80 0,0759 0,055 2
90 -0,0410 0,000 0
100 -0,1241 -0,069 0
110 -0,2069 -0,1655
120 -0,2759 -0,2759
130 -0,3890 -0,3517
140 -0,5103 -0,452 4
150 =06483 -05448
160 -0,7338 -0,5931
170 -0,772 4 -0,634 5
180 -0,758 6 -0,6180
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i~

Pholo courtesy of STA-groui

c) Images

Key
C,a wind resistance coefficient
a  relative wind direction, relative to the bow in degrees
a is zero (0) degrees on the bow and positive to starboard (clockwise)

Figure C.2 — Graphics of a 280 KDWT tanker with a conventional bow
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Table C.3 — C,, values for a 280 KDWT tanker with a cylindrical bow

Angle of Can
attack a (°) Ballast
0 0,869 0
10 0,765 5
20 0,627 9
30 0,459 3
40 0,2759
50 0,014 0
60 -0,2897
70 -0,455 2
80 -0,4600
90 -0,2759
100 -0,1600
110 -0,1655
120 -0,2759
130 -0,3517
140 -0,452 4
150 -0,5448
160 -0,5931
170 0,634 5
180 -0,6180

n) f'AA values for a hallasted condition
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Photo courtesy of STA-group

b}Hmage

Key
Cpa wind re¢sistance coefficient "1,
a  relativg wind direction, relative to the bow in degrees y\% :

ais zerp (0) degrees on the bow and positive to starboard (clockwise) '\QDQ

Figure C.3 — Graphics of 280 KDWT tanker with a cyl{&cal bow

X
)
Table C.4 — C,, values for an LNG carrier (pl;i)@gtic integrated)
Angle of \\
o D
attack a (°) .

0 201,02

10 ’?ﬁ 0,99

20 R\ 0,93

30 X0 0,83

0 O 0,67

50 0,48

6‘§‘ ‘ 0,3

(70 0,14

-’80 0,03
&7 90 ~0,05
Qf ) 100 -0,11
& [ 110 -0,24
Q?“ 120 ~0,41
?‘% 130 ~0,56
A 140 20,68
) 159 0,79
160 -0,88
170 -0,92
180 -0,91
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Pholo courlesy of STA-group

b) Image

Key
Cna wind r¢sistance coefficient
a  relativg wind direction, relative to the bow in‘degrees

ais zerp (0) degrees on the bow and positive'to starboard (clockwise)

Figure C.4 — Graphics of an LNG carrier (prismatic integrated)

Table C.5—~¢€,, values for an LNG carrier (Prismatic extended deck)

Angle of
attack a (°) Can
0 0,815
7,5 0,839
15 0797
30 0,936
45 0,555
60 0,278
75 0,127
90 0,207
105 0,000
120 -0,173
135 -0,784
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Table C.5 (continued)

Angle of
o Can
attack a (°)
150 -1,057
165 -1,018
180 -0,582
CAA

b) Image

Key
Cpa wind r¢sistance coefficient
a  relativg wind direction,relative to the bow in degrees

a is zerp (0) degrees‘on-the bow and positive to starboard (clockwise)

Figure C.5 — Graphics of an LNG carrier (prismatic extended deck)

Table C.6 — C,, values for an LNG carrier (Spherical tanks)

Angle of
attack a (°) Can

0 1,117
7,5 0,975
15 0,792
30 0,708
45 0,571
60 0,367
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Table C.6 (continued)

Angle of

attack a (°) Can
75 0,132
90 -0,291
105 -0,561
120 -0,821
135 -0,6
150 -0,781
165 -0,942
180 -0,731

%) b) Image

wind resistance coefficient
relative wind direction, relative to the bow in degrees
a is zero (0) degrees on the bow and positive to starboard (clockwise)

Figure C.6 — Graphics of an LNG carrier (spherical tanks)
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Table C.7 — C, 5 values for a 6,800 TEU container ship

Angle of Can
attack a (°) Without containers
with lashing bridges

Laden draught Ballast

0 1,012 3 09601

7,5 1,0500 09561

15 1,112 8 1,048 6
22,5 1,116 7 1,034 6

30 11170 0,894 5

45 09579 0,791 4

60 0,738 2 0,644 6

75 0,451 8 0,472 3

90 0,1309 0,252 0

105 -0,273 4 -0,126 3
120 -0,7595 -0,497'8
135 -1,080 7 -0,9050
150 -1,1729 -1,0397
165 -1,171 4 -1,070 5
180 -09314 -09178

CAA

a) C, 5 values, laden draught
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Key

Cpa wind rq

a  relativd
a is zer

O c) Image
2
sistance coeffi
wind directien, relative to the bow in degrees
o (0) de on the bow and positive to starboard (clockwise)

Figy

ners

@7 — Graphics of a 6,800 TEU container ship, with lashing bridges, no contail
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Table C.8 — C,, values for a 6,800 TEU container ship

Angle of Can
attack a (°) Laden Ballast
with without
containers lashing bridge
0 0,666 9 0,8631
7,5 0,7357 0,8111
15 0,759 8 0,888 6
22,5 0,7209 0,859 6
30 0,6558 0,699 5
45 0,401 4 0,681 4
60 0,248 2 0,604 6
75 0,2135 0,460 3
90 0,260 8 0,282
105 0,043 0 -0,04
120 -0,3539 -0,416
135 -0,682 3 40,8
150 -0,8928 =0,98
165 -0,846 4 -0,996
180 -0,6707 -0,88

a) C, 5 values for a laden condition
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sistance coefficient

Figure C.8 — G

S

wind direction, relative to the Bew'in degrees

S

o (0) degrees on the bow ae) sitive to starboard (clockwise)

ics of a 6,800 TEU container ship without lashing bridges

Table C.9 — C, 4 values for a car carrier

%Qv Angle of

&?\ attack o (°) Can
c.) 0 0,529
7,5 0,578

15 0,501

30 0,412

45 0,215

60 0,076

75 0,049

90 -0,112

105 0,283

120 -0,162
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Table C.9 (continued)
Angle of
o Can
attack a (°)
135 -0,668
150 -0,883
165 -0,855
180 -0,75
CAA

b) Image
o |

Cpa wind resistance coefficient

a  relative wind direction, relative to the bow in degrees

ais zero (0) degrees on the bow and positive to starboard (clockwise)

Figure C.9 — Graphics of a car carrier
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Table C.10 — C, , values for a cruise ferry

Angle of
attack a (°) Can
0 0,700
7,5 0,720
15 0,730
30 0,700
45 0,350
50 0,250
60 0,260
75 0,005
85 -0,180
90 -0,025
95 0,050
100 0,050
110 -0,086
120 -0,220
140 -0,555
155 -0,820
160 -0,800
170 =0,720
180 -0,650

a)l C. . values
T AL
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relativd
ais zer|

Figure C.10 — Graphics of cruise éﬁ'y

<

N\
Table C.11 — C, 5 values for a geﬁg}\al cargo ship

b) Image
sistance coefficient
wind direction, relative to the bow in degrees O
o (0) degrees on the bow and positive to starboard (clockwise) g\\%
O

Qs
Angle of \‘g\v c
attack a (°) . O AA

0 N 0,600

10 Y 0,876

20 O 1,003

30 U 1,001

’ 0,880

(50 0,845

~- 60 0,660

S 70 0,430

Q;O‘ 80 0,280

<& 90 0,100
Qv 100 ~0,080
@ 110 ~0,480
%& 120 -0,840
=6 =1;380

150 ~1,470

160 ~1,330

170 -0,913
180 ~0,806
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wind r¢
relativg

a is zer|

sistance coefficient

wind direction, relative to the bowl{in

o (0) degrees on the bow and

‘\C)
egrees

Q{:cive to starboard (clockwise)

®)

Fi%l'g't.ll — Graphics of a General cargo ship

S
Tabla % — Cy 5 values for handy size bulk carrier without cranes
?) Angle of Can
§ attack a (°) Heavy Ballast Ballast

&?\ 0 0,68 0,59

c.) 10 0,67 0,63

20 0,66 0,56

30 0,62 0,55

40 0,58 0,50

50 0,45 0,36

60 0,31 0,21

70 0,13 0,06

80 0,10 -0,01

90 0,13 0,00

100 0,05 -0,02

78
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Table C.12 (continued)
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a) C, 4 values for a’heavy ballast condition

180

150

120

90

60

30

b) C, , values for a ballast condition
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c) Image Q(lz
. . NeX
sistance coefficient Q
wind direction, relative to the bow in degrees 7\63
o (0) degrees on the bow and positive to starboard (clockwise) %O
N\

Figure C.12 — Graphics of a handy size bulk carrig(r@ thout cranes

Table C.13 — C,, values for handy size b

u&grrier with cranes
N
AA

%
Angle of X

attack a (°) Heavy ball&g‘t\»‘ Ballast

0 0,757," 0,71

10 091 0,84

20 094 0,89

30 087 0,82

40 [~ o080 0,70

50 s 0,59 0,49

60 (- 0,34 0,23

70y 0,18 0,12

N80 -0,02 -0,01

790 -0,11 0,02

< 100 -0,10 -0,02

§ ' 110 -0,22 -0,12
Al 120 ~0,44 -0,36
S 130 -0,65 -0,55
140 ~0,78 0,71

150 -0,81 ~0,76

160 -0,85 ~0,79

170 -0,82 ~0,80

180 -0,70 -0,68
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c) Image

Key
C,a wind resistance coefficient
a  relative wind direction, relative to the bow in degrees
ais zero (0) degrees on the bow and positive to starboard (clockwise)

Figure C.13 — Graphics of a handy size bulk carrier with cranes
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Table C.14 — C, , values for a multi-purpose carrier

Angle of Can
attack a (°) . . . .
With partly containers |With containers

0 0,81 0,84

15 0,76 0,93

30 0,71 0,96

45 0,59 0,76

60 0,47 0,52

75 0,22 0,33

90 -0,04 0,14
105 -0,44 -0,23
120 -0,83 -0,64
135 -0,92 -0,81
150 -1,00 -0,97
165 -0,94 -0,81
180 -0,89 -0,62

b) C, , values for a loading condition with containers
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’ ik 1]

c) Multi-purpose carrier, with containers

B e Ny P

d) Multi-purpose carrier, partly with containers

Cpp wind r¢
a  relativd

sistance coefficient
wind direction, relative to the bow in degrees

a is zerp (0) degrees on the bow and positive to starboard (clockwise)

Figure C.14 — Graphics of a multi-purpose carrier

Table C.15 — C, , values for a cruise ship (average)

Angle of
attack a (°) Can

0 0,684
10 0,719

20 0,753

30 0,676

40 0,544
50 0,403
60 0,367
70 0,211
80 0,177
90 0,113
100 0,26

110 0,179
120 0,101
130 -0,033
140 -0,32
150 -0,552
160 -0,708
17U =U,675
180 -0,568
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b) Image

Key
Cna wind r¢sistance coefficient
a  relativg wind direction, relative to thetbow in degrees

ais zerp (0) degrees on the bow and-positive to starboard (clockwise)

Figure C.15 — Graphics of a cruise vessel

Table C.16 — C, , values for a “twin-island” container vessel

Angle of Can
attack o (°) Ballast V\_/ithout con- | Laden with contain-
tainers ers

0 1,032 0,783
10 1,036 0,964
20 0,99 1,076
30 0,961 1,029
40 0,841 0,933
50 0,733 0,842
60 0,618 0,697
70 0,513 0,545
80 0,446 0,454
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Table C.16 (continued)
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a) C, 5 values for ballast condition with no containers on deck

b) C, 4 values for a loaded condition
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c) Image

a  relative

a is zer]

Table C.17 — C, , values for a cape size bulk ca Or
AA p g@

wind direction, relative to the bow in degrees

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

Figure C.16 — Graphics of a twin island container vesse%oQ
N

6.

\o
N

Angle of Can 2, O
attack a (°) La@q@\
0 0,927
10 ©0)832
20 o 0,878
30 0780
40 IR 0,683
50 O 0,525
60 o 0,486
70 0,329
80 - 0,138
()90 0,003
U 100 -0,117
Y 110 -0,253
N 120 -0,447
Q 130 ~0,577
\e 140 -0,708
%Q 150 -0,751
s 160 ~0,752
© 170 -0.739
180 ~0,750
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b) Image

Key
Cpa wind r¢sistance coefficient
a  relativg wind direction, relative to the Bew'in degrees

a is zerp (0) degrees on the bow and positive to starboard (clockwise)

Figure’€:17 — Graphics of a cape size bulk carrier (laden)

Table C.18 — C, , values for a cape size bulk carrier

Angle of Can
Attack a (°) Ballast
0 0,684
10 0,719
20 0,753
30 0,676
40 0,544
50 0,403
60 0,367
70 0,211
80 0,177
90 0,113
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Table C.18 (continued)

Angle of Cap

Attack «a (°) Ballast
100 0,26
110 0,179
120 0,101
130 -0,033
140 -0,32
150 -0,552
160 -0,708
170 -0,675 \%)
180 -0,568 Qq’

b) Image

C,a wind resistance coefficient

a

relative wind direction, relative to the bow in degrees

ais zero (0) degrees on the bow and positive to starboard (clockwise)

Figure C.18 — Graphics of a cape size bulk carrier (ballast)
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C.3.5 Regression formula

The regression formulae based on wind tunnel tests developed by Fujiwara et al. 14l are shown in
Formulae (C.12) to (C.19):

. 1 . 2 .
Can (WwR)=Cpp cosyyp +Cxp | sinyyg ~5SINVWR COS"YwR [SINYwR COSYwR

with:

: 3
+CaLF SINY R COS™ YR

for 0 SWWR <90 (deg)

Crr =1

Cxui =

Calr =

for 90 5

Crp=/

Cxui =

CaLr =

for yryp =
Can (9

where

Can Wy

Cmc
B12

LV

10 T B11 +

LopaB Loa

A

b10 +611 +61, XV

LopHgr BHpgr

Aop B
10 t€11—  TE€127—

Ay Loa
cywr <180(deg)

B He Aop Ayy
20+t —+Paa T+ P P,

0A 0A Lop B

A A B A

D20 021 LV +87 XV +0,3 +624 XV

LopHgr LV Loa BHgg

Aop
€20 t€21 —

Ay
D0 (deg)

1

)):E[CAA (90 1)+ Cpp (90+u)]

vr) ¥sthe wind resistance coefficient; C, ,(0) means the wind resistance coefficient, in

(€.12)

(C.13)

(C.14)

(C.15)

(C.16)

(C.17)

(C.18)

(C.19)

head wind;

Ywr
NOTE

isthe mean value of the relative wind direction at anemometer hnighf’ pvprnccpd

in degrees;

Zero (0) degrees refers to the winds incoming on the bow and a positive angle refers to wind

coming in from starboard.
is the ship’s length overall, expressed in metres;

is the moulded ship’s breadth, expressed in metres;

is the lateral projected area of superstructures above upper deck, expressed in square metres;

is the transverse projected area above the waterline including superstructures,

in square metres;
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is the lateral projected area above the waterline including superstructures, expressed in
square metres;

is the horizontal distance from midship section to the centre of lateral projected area A;y,
where + means forward from midship, expressed in metres;

is the height of top of superstructure (bridge etc.), expressed in metres;
is the height from waterline to centre of lateral projected area 4;y, expressed in metres;

is the smoothing range, expressed in degrees, normally 10 (degrees).

The non-dimensional parameters f;;, 6;; and &;; used in the formulae are shown in Table C.19, the coordinate

systemiss

own In Figure C.19 and the sign conventions are shown 1n kFigure 5.

Table C.19 — Non-dimensional parameters for Fujiwara method

; J
0 1 2 3 4
1 0,922 -0,507 -1,162 - -
Bi 2 -0,018 5,091 -10,367 3,011 0,341
1 -0,458 -3,245 2,313 - -
O 2 1,901 -12,727 —244807 40,310 5,481
1 0,585 0,906 -3,239 - -
i 2 0,314 1117 i : i
Key
Bii, ;i €; [the non-dimensional parameters in the Formulae (C.¥3) to (C.18)
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ms
the ship’s length overall, expressed in metres qig
the moulded ship’s breadth, expressed in metres (]9
lateral projected area of superstructures above upper deck, expressed in square metres\Q) :
transverse projected area above the waterline including superstructures, expresse quare met
lateral projected area above the waterline including superstructures, expresse@rﬁquare metres
ceptre of Ajy \CJ
m|dship X
upper deck O
hqrizontal distance from midship section to the centre of lateraQ)Qjected area Ay, where + me|
from midship, expressed in metres \\
hdight of top of superstructure (bridge etc.), expressed in méﬁ%s

he

ight from waterline to centre of lateral projected are@\s@?f expressed in metres

N

Figure C.19 — Input param&@rs for regression formula

res

ans forward
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Annex D
(normative)

Resistance increase due to waves

eral

Irregular waves are represented as a linear superposition of the components of regular waves. Therefore,

the mean 1
of the dire
waves, R |

Rpw =
where

RAW

R

wave

NOTE For {
wave resis

A

The theor
Formula (1]

E=S),

ctional wave spectrum, E, and the response function of the mean resistance increasd

o> as shown in Formula (D.1).

ZJ.ZﬂJ.w Ryave (w'aJVS)
RS

E(w,0)dodo

is the mean resistance increase in irregular waves, expressedin newtons;
is the mean resistance increase in regular waves, expréssed in newtons;

he unit wave amplitude of 1 m, R corresponds to.the value of the transfer functioi

fance.

wave

is the wave amplitude, expressed in metres;
is the circular frequency of regular waves, expressed in radians per second;
is the relative wave direction, relative to the bow, expressed in degrees;

Zero (0) degrees refers to the winds incoming on the bow and a positive angle refg
coming in from starboards

is the ship speed through the water, expressed in metres per second;
is the directional\Wave spectrum, expressed in square metre seconds.

btical directignal wave spectrum is defined by the following relationship as ex

).2):
0)G(or)

esistance increase in short crested irregular waves, R,y, is calculated by linear suﬂ)

erposition
in regular

(D.1)

h for added

rs to wind

pressed in

(D.2)

where

Sy

G

is

is

the spectrum, expressed in square metre seconds, as described in Formula (D.8);

the angular distribution function.

During trials the (uni) directional wave spectrum is measured, therefore no use is made of theoretical or
empirical angular distribution functions.

The wave spectrum is defined by Formula (D.3):

Sy (@)

dw=1/2¢3 (o)

© IS0 2025 - All rights reserved
92

(D.3)


https://standardsiso.com/api/?name=23320e3b54899d9e835228061139ad67

where

5,(@)
Ca

w

ISO 15016:2025(en)

is the spectrum, expressed in square metre seconds, as described in Formula (D.8);
is the wave amplitude, expressed in metres;

is the circular wave frequency, expressed in rad/s.

The variance of the water surface elevation is found from the total area under the wave spectrum curve as

expressed in Formula (D.4):

m, = I:Sn (w)dw (D.4)
where

m, is fthe area under the wave spectrum, expressed in square metres;

S, isthe spectrum, expressed in square metre seconds, as described in Formuta(D.8);

w isthe circular frequency of regular waves, expressed in radians per second.
The signififant wave amplitude is derived from Formula (D.5):

£ a1/3 F£2ymy (D.5)
where

m, is the area under the wave spectrum, expressedin square metres;

CA1/3 [s the significant wave amplitude, expressed in metres.
The statistlical value of the significant wave height is defined as the average (centroid) of the Righest 1/3
of the wavies in the wave elevation record.-There is a good correlation between the wave height visually
observed hy experienced mariners and the-significant wave height. The significant wave height can also
directly belfound from the wave spectral area as expressed in Formula (D.6):

Hy 3 ={4y/m, (D.6)
where

Hy 3 s the total significant wave height, expressed in metres;

m, s the aréa’'under the wave spectrum, expressed in square metres.
Generally d b0 measure

14 Sea trlal the dlrectlon of thei 1ncom1ng waves is measured on the compass. Buoys al

dlon relative

wave dlrectlons To calculate the angle between the sh1p S headmg and the wave dlrectlon of the incoming

waves, Formula (D.7) shall be used:
a =atan?2 [cos(y - ), sin(y - Y]]
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where

i

NOTE

ISO 15016:2025(en)

s the relative wave direction, relative to the bow in degrees;

coming in from starboard.

i

i

s the ship’s compass heading in degrees;

s the compass bearing of the incoming waves in degrees.

D.2 Wave correction method to be used

In calculat
sequence:

a) Usetr
wave {

b) Use th
SNNM

This n

Use th
for spd
motion

In casq
obstruyl
waves
and pe

d)

BfW =
The sig

The m
to as

Formglla (D:11) shall be used in Formula (D.9) and Formula (D.10) to derive the modified PM

hinsfer functions derived from seakeeping tank tests in combination with the in sity

e semi-empirical SNNM method in combination with the in situ measured wave spe

e dedicated method STAWAVE-1 (see Reference [3]) to estitmate the added resistang

1s and for waves in the bow sector (less than *+ 45 degrees off the bow). See D.5;

ng resistance increase due to waves, one of following methods shall be used in the-giv

pectrum (see D.3);

method has been developed to approximate the transfer function gfthe mean resistanc
ethod has been validated with tank tests with measured wave ¢onditions (see D.4);

ed trial conditions in combination with visual wave height observations, small heav

pitch and heave obstruct the use of STAWAVE-1 and the absence of a measured wavsg
cts the use of SNNM as described in b) above, thie: SNNM method may be used for uni-
with the modified Pierson-Moskowitz spectriim (ITTC 1978)[10] based on observed W
riod as described in Formulae (D.8) to (D.1\}):

)

B pw

(04

A
0]

2
Hi3

4
To1

691
)
To1

173

pan centrold wave period T, is derived from the “mean zero up-crossing wave perio
. Thé-value of T, closely relates to the observed mean wave period. The value g

Zero (0) degrees refers to the waves incoming on the bow and a positive angle refers to waves

en priority

measured

trum. The
e increase.

e in waves
b and pitch

P Spectrum

directional
fave height

(D.8)

(D.9)

(D.10)

pnificant waye height H, /3 is equal to the wave height visually observed by experienced mariners.

1" referred
f Ty; from

spectrum:

Ty, = 1,086 T,

where

To1

T,

Z

is the mean centroid wave period, expressed in seconds;

is the mean observed wave period, expressed in seconds.
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D.3 Seakeeping tank tests

Transfer functions of the resistance increase in waves (R, ,,. for 1 m wave amplitude) may be derived from
the tank tests in regular waves of constant height but different wavelengths and different wave directions.
The tank tests shall be conducted for the specific ship geometry at the trial draughts and trim, and at
contractual draughts if required. A minimum of two different ship speeds (V) covering the speed range
tested in the speed-power trials shall be tank tested.

[f the trials are not conducted in head seas and following seas, the tank tests shall not only comprise head and
following waves but also the relevant oblique wave conditions. A maximum interval of incident wave angle
shall be 30° for head to beam seas (0° to 90°) but may be larger for beam to following seas (90° to 180°).

These tests shall be performed for a combination of circular frequency of regular waves (w), angle between

ship headil
a minimun
shall folloy
in Irregular

D.4 SNN

The semi-¢
resistance
the effect g
for a popu
wind dired
approxima
secondary
results by

The mean
componenf

R

wave
where

R WAVE

NOTE For {
added wav

Rawm

Rawr

The expres

ions for arbitrary wave directions, it can also be,used to correct for following sd

g and incident regular waves (a) and ship speed through the water (V) based on the
1 of 5 wavelengths in the range of 0,5 Lpp and less than 2,0 Lpp. The test set-up @nd
y [ITTC 7.5-02-07-02.2, ITTC Recommended Procedures and Guidelines, Prediction-of-Pow
 Waves from Model Tests.

mpirical SNNM method has been developed to approximate the transfer function o
increase in regular waves with the use of some additional inputparameters. The meth
f wave reflection and ship motions and has been developedbased on regression of tar
ation of various ship types.l12] As S/P trials are conducted heading into the domina|
tion, the prime purpose of SNNM is to correct for these dominant waves. As the meth

wave systems from other directions. The SNNMamethod has been validated agains
TTC.[20]

added resistance in regular waves, R, ;& 1s calculated as the sum of the moti
, Rawwm and the wave reflection induced component, R g, as expressed in Formula (I

®,0,Vs)=Rawm +Rawr

is the mean resistance/inerease in irregular waves, expressed in newtons;

he unit wave amplitude of 1 m, this value corresponds with the value of the transfer f
e resistance.

is the motidirinduced wave resistance, expressed in newtons;

is theawvave resistance resulting from wave reflection, expressed in newtons.

sionof Ry s given by Formulae (D.13) to (D.21):

following:
procedure
er Increase

M Semi-empirical method for predicting the added resistance in waves

[ the mean
bd includes
k test data

Int wave or

bd includes
as and for
t tank test

bn-induced

.12):
(D.12)

inction for

Rawm

where

w=2,1

{(—1,3771«72 +1,157Fr|cosa] +

b 2_11_6’(11)
a,aaz@® et
0,111

0,17
1- In
j { c ( T,

deep
0,618(13+cos20.)
14

2
B® 134, 2
C5ky,

2
=3859,2p,: 9% 4
Lpp

[

Cy B

0,65

Lpp
Yy an

423k

]
}a)

© IS0 2025 - All rights reserved
95

B

(D.13)

(D.14)


https://standardsiso.com/api/?name=23320e3b54899d9e835228061139ad67

ISO 15016:2025(en)

(1+Fr)coso -1
1+2cosa
a (OS(X SE): 0,87 n_B_ | (i+Zcosa) (D.15)
2 CB Tdeep 3
0,87 1+Fr ] -1
— In for Vg >Vgroup and Frig 20,12
CB Tdeep
0.87 In 5 elsewhere
CB Tdeep
. J0,007 2+0,1676Fr forFr<0,12
a, (OSaS—W: L (D.17)
<) [Fr-7oe 27 for Fr=0,12
0,007 2(2Vs /Vgroup —1)  for Vg <Vgroup
a, (aqm)=4 0,0072+0,167 6Fr,,  forVg >Veroup and Frig <0,12 (D.18)
F rrell'Se_3'5Frrel for Vg >Vgroup and Frig 20,12
Ty —T,
az =1, )+28,7atanM (D.19)
Lpp
11,0 forv<1
b, = (D.20)
18,5 elsewhere
—2,66
LppC ’
566[%) for@<1
d; = D.21
1 Lpp |+ |Ta —T¢| e
4566 — (4—125atan———) elsewhere
B Lpp
where
Pact | 1s the water density for the actual water temperature and salt content, expressed inj kilograms
per cubic metre;
g is the accelerationof gravity, expressed in metres per second squared;
$a is the wave amplitude, expressed metres;
B is the mowdded ship’s breadth, expressed in metres;
pp is thewship’s length between perpendiculars, expressed in metres;
Cp 1s\the block coefficient;
kyy is the non-dimensional pitch radius of gyration as fraction of L;
Tyeep foratrimmed condition Ty, is the deepest moulded draught, expressed in metres;
Fr is the Froude number;
a is the relative wave direction, relative to the bow in degrees;
NOTE Zero (0) degrees refers to the waves incoming on the bow and a positive angle refers to waves
coming in from starboard.
W is the circular frequency of regular waves, expressed in radians per second;
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Vg is the ship speed through the water, expressed in metres per second;

Veroup is the group velocity of the incident wave, Varoup = Zg , expressed in metres per sec
W

Frrel Z(VS _Vgroup /2)/ \lgLPP;

T, is the moulded draught at aft perpendicular, expressed in metres;

Ty is the moulded draught at the forward perpendicular, expressed in metres.

Rpwwm in stern oblique waves, i.e. for E <o <r, is found by linear interpolation between the

ond;

values of Raywm (0= g) in beam waves and Rpyy (=) in following waves.

The expre;
to (D.30):

Rawr ¥

where

Rawr 1 =

Rawr 4

fq

Rawr 4

forE,gasm

RAWR /

sion of the added resistance due to reflection effect, R g, is calculated with Eorma

1lae (D.22)

4
Y Rawr,i
i=1

_ 2,25 25
4 acthCA OC * {Sm (El +OC)
20V 0,87 (T+#VFr ) f(or)
+ [cosor—cosEjcos(Eq +or)]p| —==
g (B
r0sasm—-E;
2 25 .
20 9B a7 {sin® (Ey —a)
20V 0,87 (1+4x/ﬁ)f(oc)
+ [cosa—cosEqcos(Eq —a)]
g Cp
r0sask
2,25 200V

=— pacthCA o« {sm (Ey —0)+ —>[cosa—cos E,cos(E, —(x)]}

g

20V

285 P S [cosa —cos Epcos(E, +0¢)]}

=— pacthCA o {sm (Ey+o00)+

(D.22)

(D.23)

(D.24)

D.25)

(D.26)

forn-E, Tazm
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Ly thelength of run of the waterline, expressed in metres
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0,495 x B

Lg thelength of entrance of the waterline, expressed in metres

E, the angle of entrance on the waterline, expressed in radians
E, the angle of the run on the waterline, expressed in radians
A thedir¢ction of the bow
B the mollded ship’s breadth, expressed in metres
Figure D.1 — Sketch of the half waterline of a ship and relatedydefinitions
cosax 0<a<E; I
f(o)4 (D.27)
0 a>E
o+ idthe draught coefficient, calculated as:
g T
1-e \2mg/o® ZALeP ) 2M9 o
WL
o+ = PP . (D.28)
T o 9 25
CDZLPP
for Rayr 1 and Rpawg 2
*
T =Tgeep (D.29)
and for Rawg 3 and Rywg-4
. [ Tieep (4++/lcosef J/5 € <0,75
T = (D.30)
Taeep (2+lC0s| )/3 €5 >0,75
where
Pact Is the water density for the actual water temperature and salt content, expressed iff kilograms
per cubic metre;
is the acceleration of gravity, expressed in metres per second squared;
is the moulded ship’s breadth, expressed in metres;
$a is the wave amplitude, expressed in metres;
E, is the angle of entrance on the waterline, expressed in radians, as shown in Figure D.1;
Lg is the length of entrance of the waterline, expressed in metres, shown in Figure D.1;
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a is the relative wave direction, relative to the bow in degrees;
NOTE  Zero (0) degrees refers to the waves incoming on the bow and a positive angle refers to waves
coming in from starboard.

W is the circular frequency of regular waves, expressed in radians per second;

Vs is the ship speed through the water, expressed in metres per second;

Cg is the block coefficient;

Fr is the Froude number;

E, 1S the angle of the run on the waterline, expressed in radians, as snown in Figure.D]l;

Ly is the length of run of the waterline, expressed in metres, shown in Figure D.1;

Ly is the ship’s length between perpendiculars, expressed in metres;

Tyeep for a trimmed condition Ty, is the deepest moulded draught, expréssed in metres
The SNNM|method has the following restrictions:
75m < Lpp|< 400 m;
5,0 < Lpp/B|< 8,0;
2,0<B/T <8,0;
0,52 < (Cy £/0,88;
0,09 < Fr <|0,30.
D.5 STAWAVE-1: wave analysis method
STAWAVE-] is a dedicated method to estimate the added resistance in waves for speed trial fonditions.
This meth¢d has been developed and verified by STA-JIP [3] and validated by ITTC 2014.[5] STAWAVE-1 only
requires the input of the vessel beam,the length of the bow section and the significant wave height.
Speed trials are conducted in low-to mild sea states with restricted wave heights. In head waves, the
encounter [frequency of the waves is high. In these conditions, the effect of wave induced motipns can be
neglected and the added resistance is dominated by the wave reflection of the hull on the waterline. The
water line geometry is approximated based on the ship beam and the length of the bow section on the water
line (see Figure D.2).
Formula (I).31) estimates the resistance increase in head waves if heave and pitch are small. The ppplication
is restrictdd to waves in the bow sector (less than + 45 degrees off the bow). For wave directigns outside
this sectorfne wave correction is applied.

1 2 B
Raw =——Pact9Hi 3B (D.31)
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R,y  isthe meanresistance increase in irregular waves, expressed in newtons;

Pact is the water density for the actual water temperature and salt content, expressed in kilograms
per cubic metre;

g is the acceleration of gravity, expressed in metres per second squared;
B is the moulded ship’s breadth, expressed in metres;

Hy,3  is the significant wave height, expressed in metres;

Lgy, [[1SThe distance of the bow to 95 % Of MaxImum breadti on the Watertine, eXpresseq in metres,
shown in Figure D.2.

The STAWAVE-1 method can be used under the following restrictions:
a) heave and pitch during speed and power trial are small;

b) wave direction is in the bow sector [head waves * 45 (°)].

95% B
g

Key
B the n[oulded ship’s breadth, expressed in metres
Lgw, the djistance of the bow to 95 % of maximum breadth on the waterline, expressed in metres

Figure D.2 — Distance of the bow to 95 % of maximum beam on the waterline
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