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reword

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

Hull and propeller performance refers to the relationship between the condition of a ship’s underwater
hull and propeller and the power required to move the ship through water at a given speed.
Measurements of changes in ship specific hull and propeller performance over time make it possible
to indicate the impact of hull and propeller maintenance, repair and retrofit activities on the overall

energy effi

ciency of the ship in question.

The aim of this document is to prescribe practical methods for measuring changes in ship specific
hull and propeller performance and to define a set of relevant performance indicators for hull and

propeller 1
performan

framework.
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Annex A illustrates the process in terms of a flow chart.

haintenance, repair and retrofit activities. The methods are not intended for comparing
ce of ships of different types and sizes (including sister ships) nor to be used in a regulat

hent consists of three parts.

30-1 outlines general principles forhow to measure changesin hulland propeller performg
fines a set of performance indicators for hull and propeller maintenance, repair and rett
es.

[030-2 defines the default method for measuring changes in hull’and propeller performg
" calculating the performance indicators. It also provides guidarice on the expected accuf
performance indicator.

030-3 outlines alternatives to the default method. Somewill result in lower overall accut
rease applicability of the standard. Others may resultin same or higher overall accuracy
e elements which are not yet broadly used in commiercial shipping.

information, procedures and methodologies which are generally available
ally recognized.

efines the primary and secondarjparameters as well as external information nee

formance indicator.

the
ory

nce

ofit

nce
acy

acy
but

1l principles outlined, and methods defined;:in this document are based on measurenfent

and

led.

fines how measurement data are to be acquired, stored and prepared. Clause 6 defines how
the performance indicators are to be calculated. Clause 7 provides guidance on the expected accu

acy
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Scope

5 document defines the default method for measuring changes in hull and propeller pg
calculating a set of basic performance indicators. Finally, it provides guidahce on th
hracy of each performance indicator.

5 document is applicable for commercial ship types of the displacemént type driven by cd
d pitch propeller(s) where the objective is to compare the hull dnd propeller perform
e ship to itself over time.

E Support for additional configurations (e.g. variable pitchpropellers) will, if justified, be|
" revisions of this document.

Normative references

following documents are referred to in theitext in such a way that some or all of th
Ktitutes requirements of this document. Fo¥’ dated references, only the edition cited 3
ated references, the latest edition of thexeferenced document (including any amendmen

3046-1, Reciprocating internal combustion engines — Performance — Part 1: Declarations of
lubricating oil consumptions, and test methods — Additional requirements for engines for ger

15016:2015, Ships and marine technology — Guidelines for the assessment of speed
formance by analysis of spéed trial data

19030-1:2016, Ship§ and marine technology — Measurement of changes in hull an
formance — Part 1.General principles

Terms and definitions

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

and 1EC maintain terminological databases for use in standardization at the following ad

rformance
b expected

nventional
hince of the

included in

Pir content
pplies. For
[s) applies.

‘power, fuel
heral use

and power

1 propeller

dresses:

3.1
cha

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

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

nges in hull and propeller performance

changes in delivered power required to move the ship through water at a given speed or equivalently
changes in speed through water at a given delivered power, given unchanged transmission efficiency,

and

3.2

the same environmental conditions and operational profile

reference period
period in time of a certain length used to establish a baseline
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3.3

evaluation period
period in time after the reference period (3.2), used for comparing with the baseline

3.4

reference conditions
set of comparable conditions of environmental and/or operational factors or a set of ranges of such

conditions

3.5

tabular format

formatting data in rows and columns, to break down specific data into a quickly scanable layout

3.6

unique idé¢ntifier

identifier
specific pyl

4 Meas

4.1 Gen

This claus
propeller p

4.2 Primary parameters

In ISO 190
measurem

Ship speed
sensor acc

sensor manufacturer) whichever is greater:

q

J

NOTE

hich is guaranteed to be unique among all identifiers used for those objects and fi
pose

urement parameters

bral

b describes the primary and secondary parameters for“measuring changes in hull
erformance.

B0-1, ship speed through water, V, and delivered power, Pp, are defined as the two prinj
ent parameters for measuring changes in hull and propeller performance.

ra

and

ary

through water shall be measured-directly, in knots, using a speed log with a minimpum

hracy of +1 %, at 101 of the speed-6f the ship, or 0,1 knots, at 16 (both as specified by

ince the overall accuracy associated with measurements of hull and propeller performance is hi

sensitive to
SOLAS req

Delivered
shaft torqy
is not avai
brake pow|
in Annex D)
value, deng

|

uncertainties in the measurement of speed, this requirement is intentionally stricter than cur]
rements.

ower shall be approeximated based on calculations of shaft power, Ps, from measurement
e and shaft revelutions following Annex B or, if a torque meter with required signal qu3
able and thé conditions defined in Annex C are fulfilled, shall be based on calculation

the

chly
rent

s of
lity
s of

er, Pg, from/an engine-specific SFOC (specific fuel oil consumption) reference curve defined

| continuous measurements of fuel flow and temperature and bunker analysis data (calo
ity afid-density change rate for the fuel being consumed).

rific

The appro:

icheés to calculating shaft power and brake power, as well as minimum required sensors

and

sensor accuracies for each, are specified in Annex B and Annex C, respectively.

The same approach to approximating delivered power shall be used throughout both the reference and

evaluation

periods.

1) Confidence interval of 66 %.

2
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4.3 Secondary parameters

For the isolation of comparable reference conditions and as input to data preparation (filtering,
normalization), both environmental factors and the ship’s operational profile shall be measured.

NOTE Not all factors influencing measured performance are addressed in this document, e.g. frequency of
rudder movement or side current effects. Future revisions of this document may address such factors.

The minimum sensor requirements for the secondary measurement parameters are defined in Table 1.

Table 1 — Minimum sensor requirements, secondary measurement parameters

Parameter Acceptable measurement device/sourcea Unit
Relptive wind speed and Ship anemometer
dirg¢ction measured at the height . o mn/s,°
— minimum sensor accuracy of +1 m/s, +5
of the anemometer
Spded over ground (D) GPS Knots
Ship heading Gyro compass, or compass — DGPS °
Shdft revolutions Pick-up, optical sensor, ship revs counter; ]
rgv/min
with minimum sensor accuracy of +0,5 9%, 1o
Stafic draught fore and aft Information from loading or stability computer or
equivalent sources for static draught. m
NOTE Preference for observed draught, when available.
Water depth Ship echo sounder with miinimum sensor accuracy of:
— 0,5 m on the 20.m range scale, respectively;
— 5 m on the 200'm range scale; m
— #2,5 % of the'indicated depth, whichever is
greater,
Rudder angle Rudderzangle indicator .
— minimum sensor accuracy of +1°
Seawater temperature Thermometer °C
Ampient air temperature Thermometer °C
Air|pressure Barometer Pa
a  |Minimum sensor accufacy refers to the sensor manufacturer’s specified accuracy.
For|rudder anglethe following convention shall be followed: values shall range from -180° to 180°,
with 0° meaningamidship, positive values meaning starboard.
Trup windis'ealculated from relative wind at the height of the anemometer according to the procedures
in AnnexiE-*'Wind direction and ship heading are defined in Figure E.2.
If ambient air temperature is not measured, a constant air temperature value of 15 °C shall He used.

If air pressure is not measured, a constant air pressure value of 101,325 kPa (1 atm) shall be used.
For vessels with twin screws, shaft revolutions shall be measured on both shafts.

It is recommended to use the same sensor type on both shafts.

4.4 Sensor installation, maintenance and calibration

All sensors shall be installed, maintained and calibrated as per manufacturer specification and as per
the requirements of the ship owner’s planned maintenance system. The same set of sensors and the
same sensor settings shall be used in the reference period and the evaluation period. Furthermore, data

© IS0 2016 - All rights reserved 3
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shall be logged with the same precision over the reference and evaluation period and to at least three

significant

figures for all parameters (except time and date).

It is underlined that speed log recalibration shall only be done according to the manufacturer
specification, as the accuracy of the hull and propeller performance indicator depends critically on the
correct functioning of the speed through water sensor.

4.5 External information

Speed-power data shall be available for the vessel in question. These may originate from the following

power esti

from f
fromt

from ¢
accept
Confer

It has to be

Displacem
convert md

The speed-
and it shal
question. I
and over b

If a signific
regime dui
resolution
(see 7.2) is
draught-tr

High resol

the operatjonal parameters.

If speed-p
vessel or fq
estimated

If speed-pd

displa

mation Q]’\Y\FHQP]’\QC'
rr

h11-scale speed trials that were conducted and analysed according to ISO 15016;
bwing tank tests having demonstrated compliance with international standards)of'qualit

pmputational fluid dynamics (CFD) simulations conducted and analysed fellowing gener
bd state-of-the-art procedures, e.g. those recommended by the International Towing T
ence (ITTC);

documented how the speed-power data have been obtained.

asured draught and trim into displacement).

power data have to cover the actual operational speed=power range of the vessel in ques
I be available for the actual operational loading conditions (draught, trim) of the vessé
ata from the same approach shall be used consisténtly over the whole operational rang
pth reference and evaluation periods for, the vessel in question.

Y

ally
ank

ent tables and/or formulae for the vessel in question shall,be”made available (needed to

Fion
Il in
b Of,

hnt change in the operational behaviour of the vessel occurs, e.g. by following a slow-stea
ing one period but not during another, period or by starting to use trim optimization,
speed-power-draught-trim data shalltbe used to ensure that the estimated level of accuf
maintained. Annex F describes apreécedure on how to obtain high-resolution speed-poy
m databases.

tion speed-power-draught-trim data is generally recommended in case of high variabilit

wer reference data are not available for the actual operational speed-power range of|
r the actual operational loading range of the vessel, additional speed-power data have t
s follows.

wer reference data are available for

ementvalues within +5 % of the actual displacement, and

— for trig‘values within £0,2 % of the length between perpendiculars of the actual trim of the ves

k!

ing
igh
acy
ver-

y in

the
b be

sel,

the speed-power reference data for the displacement closest to the actual displacement shall be used as
reference data and remaining displacement variations shall be corrected for by following the Admiralty
formula [see Formula (1)]:
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14 Ai/3 " D
2 71| T 5 p
A2
where
V4 isthe speed at measured displacement:
V, isthe speed at reference displacement;
A1 is the measured displacement;
Ay is the reference displacement.
fied power

esti

If s
ves

Otk:I:Wise, additional speed-power data shall be estimated by applying the above speci

ation approaches. It has to be documented how the data have been-obtained.

beed-power reference data are not available for the actual operational speed-power range of the
sel or the actual loading conditions of the vessel, additionakspeed trials, towing tank tgsts or CFD

calqulations should be performed to obtain additional speed-power data. Alternative apprjoaches are

des

For
(as
des

As Basis for the correction, windresistance coefficients from wind tunnel tests of the vessel

sha

be ysed following ISO 15016-

Shij

5

5.1
Thi

cribed in ISO 19030-3:2016, 5.4.2.

the correction for wind resistance (as detailed in Anmex G) and the true wind speed an
gn condition):

transverse projected area of windage areaand height of its (estimated) centroid above ¥
wind resistance coefficients based en tfansverse projected area;

anemometer height above sea lével at reference condition (typically design condition).
1 be used. If these are not'available, wind resistance coefficients for the vessel type in qug
b width is needed for'wind correction and in the filtering for reference conditions.

Measurement procedures

General

1 direction

detailed in Annex E), the following quantities dare needed for one reference condition (typically

vater level;

n question
pstion shall

E clause discusses how measurement data are to bhe nr‘nlniwnd’ stored and prppqrnd

5.2

Data acquisition

Data shall be automatically and continuously collected by the data acquisition system (e.g. a data logger)
as follows in Table 2.
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Table 2 — Minimum data acquisition rates

Parameter Minimum data acquisition rate

Primary parameters |Vessel speed through water |Once every 15 s (0,07 Hz)

Delivered powera Same as for vessel speed and same time stamp as

vessel speed

Secondary parameters |Shaft revolutions Once every 155 (0,07 Hz)

Relative wind Once every 15 s (0,07 Hz)

speed/direction

qupr‘I qver grnnnd and chip Once every 1 s (ﬂ 07 H7)

heading

Rudder angle Once every 155 (0,07 Hz)

Water depth Once every 155 (0,07 Hz)

Static draught fore and aft Whenever loading condition changes

Water temperature Once every 155 (0,07 Hz)
a  The sensor measurements needed to estimate delivered power by either Annex B or Annex € shall be logged at|the
minimum adquisition rate for the primary parameters and with the same time stamp.

The data s

and evalualtion period).

NOTE
phenomeno
associated ¢

5.3 Datg

All data co
shall be st

(UTC)? indlicating the point in time the data wete collected.

It is recom

every monlth. If the data acquisition system is kept on board the vessel, it is recommended that

backup fac

At any ong
acquisition
retrievable

Itis recom
facility at
standard.

NOTE 4

ampling rate shall remain unchanged over the full measuremént'period (reference pe

ver short periods of time, the data sampling rate may coificide with the frequency of a nat
h for the vessel in question (e.g. wave encounter frequency).and thereby influencing the accurad
ata point.

| storage

lected over the measurement period shall\be stored in the data acquisition system. All g
bred as raw data along with time stanips as time offsets from universal time coording

mended that data shall be backed up at an appropriate backup facility at a minimum of ¢

lity is located elsewhere.

time it shall be possible for the owner of the data to retrieve all data stored in the ¢
in a commonly used electronic format.

mended thatiall’collected data be stored in the data acquisition system and/or at the bac

least over the remaining life of the ship in question or as determined by the use of

\niiex H recommends a format of exporting stored data.

-iod

ural
y of

lata
ted

nce
the

lata

system or at the hackup facility as raw data along with the time stamps. The data shalll be

kup
the

5.4 Data preparation

54.1 Ge

neral

Data preparation involves retrieving, compiling, filtering and validating collected data in order to
provide a structure, format and quality that is suitable for further processing and in order to enable
corrective measures if the collected data are found to be invalid (e.g. on account of sensor drift). It
furthermore comprises the calculation of performance values (PVs) used in subsequent calculation of

performan

ce indicators (PIs).

2) UTC being defined by ISO 8601: “YYYY-MM-DDTHH:MM:SS+hh”

6
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5.4.2 Data preparation frequency

Data shall be prepared regularly, in order to enable timely corrective measures (e.g. sensor
recalibration).

Itis recommended that the data are prepared at least once every month.

5.4.3 Dataretrieval

Collected data should be retrieved such that a copy of the originally stored raw data is left on the data
acquisition system or at the backup facility (copy not deleted). This shall ensure that a copy of the
originally stored raw data will always remain available.

5.4/4 Data compilation

5.4/4.1 General

The data shall be compiled into a tabular format and sorted sequentially based on the time sfamp of the
primary measurement parameter data. The time stamp of the primary. parameter data sh4ll serve as
unifue identifier (UI).

5.4/4.2 Data preparation for data from different samplingrates

Dath collected at a higher frequency than the primary measurement parameters shall be avdraged over
the|relevant time interval. High-frequency data collected between two successive lower-frequency
megsurements of primary parameters shall be averaged as given in Formula (2):

1 ”k . . -1
- = z <
ai+f‘1 " Ly for i<k<i+f (2)

All high-frequency measurement values, g, with time stamp k, shall be averaged into an av¢rage value
a iflk is between the primary measurément parameter time stamp i and the subsequent fime stamp
i + 1 where fis the frequency at which the primary measurement parameters are colle¢ted (e.g. 1
signal every 15 s). The number of high-frequency measurement values in the so defined timd interval is
givéen by ng.

Datp from signals collected-dt a lower frequency than the primary measurement parametgrs shall be
dupllicated over the relevant time interval. The low-frequency measurement value, mg, with fime stamp
k, shall be duplicated.invalues a; with time stamps i from the higher frequency, primary mgasurement
parpmeters, where ¥ lies between k and the foregoing time stamp k — t1 [see Formula (3)]. ¢ is the
frequency at which the lower frequency measurement parameter is collected.

1

a; = my foralliink -t~ <i<k (3)

5.4.7.3~ Additional data preparation 10r twin screw vessels

In case of twin screw vessels, the arithmetic mean of the rpm and the sum of the delivered power of the
port and starboard shafts shall be computed and added to the data set.

5.4.4.4 “Data point” and “retrieved data set”

The combination of a unique identifier (UI) and a complete set of data from all signals shall be referred to
as a “data point”. The complete set of retrieved data points shall be referred to as the “retrieved data set”.

© IS0 2016 - All rights reserved 7
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5.4.5 Data filtering and validation

In the retrieved data set, outliers and missing values shall be marked invalid. To this end in consecutive,
non-overlapping blocks spanning 10 min, data for every parameter shall be filtered according to
Chauvenet’s criterion (see Annex I). If the data for one parameter is identified as an outlier, the complete
data point shall be marked as invalid. If data for one or more parameters is missing for a data point, this
data point shall be marked as invalid.

Furthermore, the data set shall be split in non-overlapping, consecutive blocks of 10 min and for every
block of 10 min, the mean, the standard deviation, the maximum and the minimum value for every
parameter shall be computed. This blocked data set shall be used in the validation procedures (see
Annex ]) aid all data points for invalid blocks with data shall be marked as invalid.

The data s¢t where all invalid data are excluded shall be referred to as the “validated data set

NOTE It is noted that 10 min data blocks can be useful for analysis.

5.4.6 Cofrection for environmental factors

The delive]
resistance

ind
um

red power entries for the data points of the validated data set are corrected for w
The wind correction shall be computed following Annex G. For twin screw vessels, the §

of delivere

NOTE

The new d

54.7 Ca

\
standards, ¢

 power for starboard and port shafts shall be corrected for wind resistance.

Vave correction will be considered in future revisions of this deeument to further align with rele
.g.1SO 15016.

hta set is referred to as the “corrected data set”.

culation of performance values (PVs)

ant

5.4.7.1 (eneral

A PV shall
set and the

be calculated for every data point:in the corrected data set. The union of the corrected data

PVs is referred to as the “prepafred data set”.

The PV is defined as the percentage speed loss compared with a reference speed-power relation.

5.4.7.2 HRercentage speed loss

The percentage speed loss; ¥y [see Formula (4)], is calculated as the relative difference in pergent

between the measured vessel speed through water, Vy,, and an expected speed through water, V.

Vm _Ve
V

e

0

(4)

5.4.7.3 K

xpected speed

The expected speed through water is read from a speed-power reference curve at the corrected
delivered power and at the measured displacement and trim. The origin of the speed-power reference
curves is defined in 4.5 and the same set of speed-power reference curves have to be used in the
reference and the evaluation periods. The displacement for a given draught and trim is to be read
from the displacement tables of the vessel in question. The displacement shall be computed from static
draught and trim.
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6 Calculation of performance indicators (PIs)

6.1 General

This clause discusses how the four Pls defined in ISO 19030-1 shall be calculated based on PVs extracted

from a prepared data set.

NOTE
provided in Annex K.

PIs are dimensioned in terms of speed. A method for calculating PIs dimensioned in terms of power is

6.2 Definitton of PIS

Megsurements of ship-specific changes in hull and propeller performance can be used.toydet]
effgctiveness of hull and propeller maintenance, repair and retrofit activities. Table:3/'Sumn

four Pls, defined in ISO 19030-1.

Table 3 — Basic hull and propeller performance indicators (PIs)

ermine the
harizes the

Performance indicators (PI) Definition

Dry-docking performance: Change in hull and propeller performance fgllowing
Deflermining the effectiveness of the dry-docking (“re- present out-docking (evalualtlon period) as ompared

ail” and /or retrofit activities) with the averdge from previous out-dockings (refer-
p ence perjods].
In-$ervice performance: Average.change in hull and propeller performance
Deflermine the effectiveness of the underwater hull from.a‘period following out-docking (reference period)
and propeller solution (including any maintenance tolthe end of dry-docking interval (evaluati¢n period).
actlvities that have occurred over the course of the full
dry-docking interval)
Majntenance trigger: Change in hull and propeller performance ffom the
Trigger underwater hull and propeller mainteiance start of the dry-docking interval (reference jperiod) to
inc )uding propeller and/or hull inspectiqq ’ |amoving average at a given point in time (eyaluation

period).

Majntenance effect: Change in hull and propeller performance fjom before
Deflermine the effectiveness of aspecific maintenance (rgferencg period) to after a maintenance eyent (evalu-
event, including any propeller-and/or hull cleaning ation period).

6.3| Calculation of Pls

6.3/]1 General

The following/steps apply for the calculation of each PI:

determination of reference conditions;

reference period and evaluation period;
calculation of the PI;

assessing the accuracy of the PI.

© ISO 2016 - All rights reserved
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6.3.2 Determination of reference conditions

The reference conditions are the same for all PIs and they are met when, simultaneously:

— water temperature is above +2 °C3)and if there is no other indication that the vessel is trading in ice;
— the true wind speed is between 0 m/s and 7,9 m/s (BF 0 and BF 4);

— water depth is greater than the larger of the values obtained from Formulae (5) and (6):

h=3,B-T, ()
2
h=2,”5% (6)
where

h  isthe water depth (m);

B is the ship breadth (m);

Twm is the draught at midship or mean draught (m);
Vs is the ship speed (m/s);

g isthe gravitational acceleration (9,806 65 m/s2).

NOTE1 Iif the water depths values are out-of-range of the‘water depth sensor measurement range, [this
condition cdnnot be applied.

— Deliverled power has to be within the range of-power values covered by the available speed-pdwer
referer]ce curves.

For twin sqrew vessels, the sum of delivered power for starboard and port shafts shall be considered:

— displagement has to be within £5%% of the displacement values for the available speed-power
referetce curves;
— absolute rudder angle value-is smaller than 5°

— incasdthatdelivered power is estimated by the method outlined in Annex C, the estimated delivgred
power|has to be withinythe range of power values covered by the available SFOC reference curvg.

NOTE 2  If vessel metion measurements are available, these can be used to filter the data further to incrgase
accuracy.

6.3.3 Establishment of reference period and evaluation period

6.3.3.1 General

NOTE Data are filtered and the reference and evaluation periods might therefore be discontinuous.

6.3.3.2 Dry-docking performance

The period following directly after the latest dry-docking is the evaluation period. The period(s)
following directly after the previous dry-docking(s) are the reference period(s). All periods are to be of
the same length of 1 year.

3) The filter criterion is included to exclude situations where the vessel in trading in ice.

10 © IS0 2016 - All rights reserved
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6.3.3.3 In-service performance

The period following directly after the latest dry-docking is the reference period. The period following
the reference period until the end of same dry-docking period is the evaluation period. The reference
period and the evaluation period shall both be of minimum 1 year.

6.3.3.4 For the maintenance trigger

The period following directly after the latest dry-docking is the reference period. A period after the
reference period in the same dry-docking interval is the evaluation period. The reference period and

the

The
70 ¢
cirg
mirn
the

valuation pnrind shallboth be aminimum of 3 months

o of the observations are discarded through the application of the filtering criterion: In ¢
umstances, it is possible that filtering removes more than this quantity of|data. T
imum threshold for the number of filtered samples; however, if filtering removes more t}
observations, the respective uncertainty quantifications should be seen.asjlfower boung

uncertainty analysis in ISO 19030-1:2016, Annex A is carried out by assuming that ap[Jroximately

xceptional
here is no
an 75 % of
indicative

VaL\ﬁes only. The risk of higher uncertainty should be factored into any~ftrther deploynpent of the
analysed data and a note should added to the analysed data to this effect.

6.3{3.5 For the maintenance effect
The period following directly the maintenance event is the evaluation period. The period pr¢ceding the
event is the reference period. The reference period and the eyaluation period shall both be 4 minimum
of 3lmonths.
6.3/4 Extraction of subsets of PVs from the complete set with PVs that fulfil reference
conditions for reference conditions for reference period(s) and evaluation period
Theg data points corresponding to reference conditions shall be extracted from the processpd data set
for the reference period(s) and the evaluation period. The new data set is referred to as thd processed
datj set under reference conditions.
6.3]5 Calculation of the PI
6.3]5.1 Calculation of average percentage speed loss over the reference period(s)
The average percentage-speed loss over the reference period(s) shall be calculated using Forjmula (7):

= 1 k1 n

Virer = ;Zi ;Z,- Vaji (7)
whgre

K is the number of reference periods;

j is the reference period counter;

n is the number of data points in the processed data set under reference conditions in the

reference period j;

i is the counter of data points in reference period j;

Va,i isthe percentage speed loss for data pointi in reference period j;

7 is the average percentage speed loss over the reference period(s).

d,ref

© IS0 2016 - All rights reserved 11
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6.3.5.2 Calculation of average percentage speed loss over the evaluation period

For the evaluation period data set, the average percentage speed loss over the evaluation period,

Vd,eval , shall be calculated using Formula (8):
— C1on 3
Vd,eval - ; Z,’ Vd,eval,i (8)
where
n is the number of data points in the processed data set under reference conditions of the
evaluation period;
v is the percentage speed loss for data point i in a data set of the evaluation period;
d,evalf
7 is the average percentage speed loss in data set of the evaluationperiod.
d,eval
6.3.5.3 (alculation of the differences between the average percentage speed loss of the
reference period and the evaluation period
The changp in the average speed loss in the reference period(s)>and the average speed loss in|the
evaluation|period is defined as PI and is calculated according to*Formula (9):
kHP = Vd,eval - Vd,ref (9)
where
v is the average percentage speed.loss in data set of the evaluation period;
d,eval
v is the average percentage speed loss over the reference period(s).
d,ref
7 Accuracy of Pls
7.1 General
Appropriate use of\Pls for decision-making purposes is dependent on understanding to what extent
uncertaintl influences the accuracy of each PI.
7.2 Guidanceonthe pvpprfpd accuracy of Pls

In Table 4, the accuracy of each PI has been estimated in order to offer guidance on what accuracy can
be achieved given that all requirements of this document are met.

NOTE1 The uncertainty quantifications are calculated from the simulation defined in ISO 19030-1:2016, A.7.
The simulation parameters and assumptions are considered to be representative for the ship types and sizes for
which this document is intended. However, the technical and operational specifics of an individual ship could
create significant differences in the absolute and relative uncertainties of the different part’s measurement
methods. Consequently, it is advised that when using these uncertainty quantifications, careful attention is paid to
ensure the applicability of the key assumptions and that the quantifications are treated as indicative values only.

12 © IS0 2016 - All rights reserved
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NOTE 2 IS0 19030-1:2016, Annex A estimates different uncertainties for each of the methods in Annexes B and
C. Because the differences in PV uncertainty are small, and to provide simple guidance to the user, a single value of
uncertainty for both Annexes B and C has been defined. This is a pragmatic solution to the challenge of describing
a single representative value for each of the methods in Annexes B and C. As shown in ISO 19030-1:2016, Annex A,
the lowest levels of uncertainty are achieved using Annex B.

NOTE 3  The relative importance of the different resistance components varies to a certain degree with
the operational and environmental condition the vessel is exposed to. Also, the accuracy of the models to
correct/normalize for such variations depends on the operational and environmental conditions. These
dependencies impact the accuracy of the hull and propeller performance indicators as described in the current
standard. Therefore, in the estimation of the accuracy of the performance indicators and for the intended
usage, r‘nmpar:\h]p nr_\prnfinnn] and environmental conditions over the reference and evaluation period (See
[SO[19030-1:2016, Annex A) are assumed. Future revisions of this document will re-evaluate if @agre accurate
corijection formulae are available that take the above mentioned dependencies into consideratien:

Table 4 — Guidance on the expected accuracy of performance indicaters (PIg)

Estimated uncertainty, to‘within a 95 % ¢onfidence
Performance indicator (PI) interval, associated with’'the estimated|PI values
(in percentage points)

Dry-docking performance:

Determining the effectiveness of the dry-docking 0,3 %2
(relair and/or retrofit activities)

In-'I;ervice performance:

Detlermine the effectiveness of the underwater hull
and propeller solution (including any maintenance
act]vities that have occurred over the course of the full
dry-docking interval)

+0,3 %b

Majntenance trigger:

Trigger underwater hull and propeller maintenance, 0,5 %
including propeller and/or hull inspection

Majntenance effect:

Deflermine the effectiveness of a specific maintenance 0,5 %
event, including any propeller and /or hull cleaning

a | Assuming one reference period,

b | Assuming 1-year evaluation.period/2-year dry-docking interval.

© IS0 2016 - All rights reserved 13
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Annex A
(informative)

Process of this document

[ 4.4 Sensor installation and calibration ]

4.2 Pfimary measurement
arameters
8 T~ 5.2 Measured data 5.3 Data acquisition
and storage
4.3 Se¢ondary measurement
parameters

Wind data (see 4.3)

Speed-power reference curves
(see 4.5)

Displac¢ment and trim (see 4.3

Watpr temperature, depth,
wind §peed, displacement and
rudderfangle (see 4.3), delivered

power (see 4.2)

5.4.3 Data retrieval

A

5.4.4 Data compilation

5.4.4.2 Handling of/different sampling
frequencies (ge?&ing and duplication)
8 A ¥

1

5.4.5 Data filtering and validation

An,

£

“Outlier detection
nex J: Validation

5.4.6 Correction for environmental factors

. L
Y

| 5.4.7 Calculation of performance values

——

6.3 Filtering for reference condition 5\‘

6.3.2 Filtering criteria

1 Sl
6.3.5.3 Calculation of average perceb{"sﬁeed
loss in reference and evaluatio@eriods
1

Selection of reference and
evaluatfion periods (see 6.3.3)

6.3.5.3 Calculation of perfox@vgc)e indicators
Y

[ Changes in hull a@%‘opeller performance ]
S\

14
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medsurements of shaft torque and shaft revolutions and based on Formula (B.1):

wheére

The following sensors with the following minimum sensor requirements shall be used (see ]

1ISO 19030-2:2016(E)

Annex B
(normative)

Approximating delivered power based on calculations of shaft

power

vered power shall be approximated based on calculations of shaft power, Ps, from

Ps [kW] = Qs [KNm] - 21t/60 - ng [rev/min]

Qs 1is the shaft torque;

ns is the shaft revolutions.

Table B.1 — Minimum sensor requirements, shaft power approach

continuous

(B.1)

able B.1).

Measurement Acceptable measurement device2 Unit
Shdft torque (Qs) Torsion meter: kNm
— minimum sehsor accuracy for torque of 0,5 % (10)
Sh{ft revolutions (ns) Pick-up, optical sensor, ship revs counter revy/min

— minimum sensor accuracy of 0,5 % (10)

a

Minimum sensor accuracy refers to the sensor manufacturer’s specified accuracy.

Theg measurements of shaft torque and shaft revolutions shall be conducted and made ay

coll
spe

For

It isrecommended\to use the same sensor type on both shafts.

Sha
rev

starbodrd and port propeller, respectively.

rified under 5.2.

vessels with twin'serews, shaft torque and shaft revolutions shall be measured on both s

ift power(shall be calculated for both shafts from the respective measured shaft torqu
plutiosfollowing Formula (B.1) and be used as approximation to the delivered po

railable for

ection by the data acquisition system, in accordance with the data sampling rate requirements

hafts.

b and shaft
wer at the

Th

©IS

fottowing comditions stattbe et for thisanmex to beappticabte:

shaft torque and shaft revolutions shall be measured after bearings as seen from main engine;

inline with classrequirements, the shaftline, includingbearings, shall be sufficiently well maintained
to ensure transmission efficiency (shaft power vs. delivered power) remains unchanged throughout

the reference and evaluation periods.

02016 - All rights reserved
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Annex C
(normative)

Approximating delivered power based on calculations of brake

power

If a torqud
fulfilled, d
engine-spe
temperatu
being cons

Py

~

where

Mroc

LCV
f

meter with required signal quality i1s not available and 1f conditions listed below
blivered power shall be approximated based on calculations of brake power, Pg¥ _fron
cific SFOC reference curve defined in Annex D, continuous measurements of fuel flow
Fe and bunker analysis data [calorific value, density and density change raté)for the

imed; see Formula (C.1)]:

2

s the mass of consumed fuel oil by main engine (kg/h);

LCV
42,7

s the lower calorific value of fuel oil (M]/kg);

s the SFOC reference curve.

Mass of co
that mass
from volu

MFOC

where

Vroc

The SFOC

f
rIe (Vroc) and temperature (Tro) of consumed fuel oil [see Formula (C.2)]:

hsumed fuel can be obtained from a mass flew meter or a volume flow meter. In the ey
consumed fuel oil is obtained from a volunie flow meter, mass of fuel oil shall be calculg

=V

FoC % [PFO —&p X (TFO - 15)]

is the volume of consuired fuel oil per unit time (1/h);

is the density of fuel oil at 15 °C (kg/1);
is the density change rate per 1 °C temperature change of fuel oil (kg/1);

is thestemperature of fuel oil at flow meter inlet (°C).

are
| an
and
fuel

C.1)

rent
ted

£.2)

reference curve shall be based on actual shop tests of the specific engine in quest

ion,

shall cover
ISO 3046-1

all Televant engine output ranges and shall be corrected for environmental factors as
and for a normal fuel of 42 700 k]/kg.

per

The following sensors with the following minimum sensor requirements shall be used (see Table C.1).

4)

16

In case of twin screw vessels, the calculation of brake power shall be done for both engines.
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Table C.1 — Minimum sensor requirements, brake power approach

Measurement Acceptable measurement device? Unit
Mass or volume of consumed fuel | Flow meter
er unit time for main engine ..

p 8 — minimum sensor accuracy of +0,5 % for the kg/horl/h

(Mroc or Vroc) :
full working range

Temperature of fuel at flow Thermometer

meter inlet (T .. o

(Tro) — minimum sensor accuracy of (0,3 + 0,005t) %, C

where tis °C

a IV:illilllulll SCTIISULI dlUl Ul a\,y T CfCl o tU t‘llC SCIISUT Auauufa\,tul CI ,D opc&,iﬁcd dallUul Clb_y-

The
acq

Any
and|
cha

1isition system, in accordance with the data sampling rate requirements specified under

change in fuel being consumed by the main engine that will cause a change to the cal
or density shall either be automatically or manually entered into the data(Set so that the
hge is clearly defined and the new values are available for calculating Mgp¢.

measurements of Vroc and Tro shall be conducted and made available for collection by the data

5.2.

brific value
time of the

New data points shall be recorded when changing from one batch offuél to another batch of fuel or
wheén changing from residual fuels to distillate fuels.
In addition, for the fuel consumed at any given point in time, theffollowing bunker analysis feport data
shall be available (see Table C.2).
Table C.2 — Bunker data requireménts, brake power approach
Bunker data Acceptable source Unit
Lower calorific value of fuel 0oil ~ |Bunker deliverya M|/kg
(Ldv)
i a

Delrsity of fuel oil at 15 °C (pp( ) Bunker delivery e/l

Dellsity change rate per 1 °C ASTM,Table 54B and 56 or equivalent kgfl/°C
tenjperature change of fuel oil

(a r )

a  |Bunker analysis reports and/or equivalent.

Thd
au

=t

The

SFOC correction shall be done according to ISO 3046-1. The data used for the correctio
pmatically collectéd and obtained from suitable sensors.

following eonditions shall be met for this annex to be applicable:

This anhéx is only applicable on single or twin screw vessels with direct drive propuls
and isneither applicable on LNG fueled vessels nor dual fuel vessels.

ns shall be

jon system

Thic annaw ic nat annbichla An vaccale vith chaft gonaratore and /oy o voccale vasha
15—t —+ P Ppreanre-0R—VeS55erSs—wWttH—S51at geReratorsahia oo h—vVesSerS— et

power can be taken off the shaft and/or the main engine.
This annex is not applicable in the event of:

changes in maximum continuous rating (MCR) of engine;

auxiliary

changes in components in the Technical File which is normally produced by the engine

manufacturer and approved by the Administration in accordance with 2.4.1.1 of 2008 NOx

Technical File (NTC);

© ISO 2016 - All rights reserved
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— changes in settings out of allowable range in the Technical File which is normally produced by
the engine manufacturer and approved by the Administration in accordance with 2.4.1.2 of

20

08 NTC.

— Fuel flow meter(s) shall be placed in such a way so as to exclusively measure the mass/volume
actually combusted by the main engine.

— Inline

NOTE

large variaHility in.SEOC for an envelope of propeller curves covering the typical operation range of the spe
vessel in questiofwill increase the uncertainty when approximating delivered power based on calculatior
brake power.

18

The back wash drain from the fuel oil filter before the main engine shall be recorded and
deducted from the consumed fuel oil.

With semi-mono fuel system [with separate circulation line for main engine and aux. engine(s)

regpectively], one set o

Ow meters shall be provided on fuel/diesel oil supply line for.main
engine [after branch-off to aux. engine(s)].

w
my

Th
re
re
re
of

M{
in
an

Shi
trg

th mono fuel system [with common circulation line for main engine and aux. engine(s)], fflow

bters shall be provided as follows:

one set on common fuel oil supply line for main engine and aux. engine(s) (Mroc-1);
one set on fuel oil supply line for aux. engine(s) (Mroc-2);

one set on fuel oil return line for aux. engine(s) (Mroc-3);

in this case, temperature of fuel should be measured at ea¢cli flow meter inlet and Mo
Mroc-3 should be separately obtained from the Formulay(€.2);

fuel oil consumption for main engine, yshall then be calculated
Mroc = Mroc-1 = Mroc-2 + Mroc-3.

with the Classification Societies requirements:

emain engine shall be maintained continueusly and in accordance with engine manufactur
rfommendation in order to ensure engine efficiency remains unchanged throughout

1 to

as

er’s
the

ference and evaluation periods. Setvice hours of wearing parts (replaced parts) affter

blacement shall be within the enginie manufacturer’s recommendation and cleaning inter
the turbocharger and inter-cooler’shall be strictly kept.

hin engine performance shall'’be continuously monitored and sufficient records shall be |
order to allow verificationthat engine efficiency does not change throughout the referg
d evaluation periods¢

aft line, including  bearings, shall be sufficiently well maintained in order to ens
insmission efficiency remains unchanged throughout the reference and evaluation perio

ifferent distributions of draft/trim conditions across the evaluation and reference periods and

rals

fept
nce

ure
s.

or a
cific
s of
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Annex D
(informative)

SFOC reference curve

This annex shows how to approximate Formula (C.1).

In the shop trial report for the main engine, brake power (kW) and subsequent fuel oilgnsumption
(kgfh) are given at different rated engine loads. The SFOC reference curve shall be approximated at
leagt as a parabolic function. The curve shall not be used to extrapolate below the lowest lopd given in

the[shop trial report. The type of approximation shall be documented.

An example is given in Table D.1 and in Figure D.1.

Table D.1 — Shop trial report for the main engine (Example)

Logd % 25 50 75 85 100
Brgke power kW 2,584 5/170 7,759 8,791 10,338
(PB
Spdcific fuel oil consumption (SFOC)a b g/kWh [167,2 161,8 162,1 162,9 165,6
Fudl oil consumption¢ kg/h 432 837 1,258 1,432 1,712
LCV
Mroc *
42,7

a |LCV corrected to 42,7 M]/kg.

b |SFOC corrected to ISO reference condition,

¢ |Fuel oil consumption = Brake power xSEOC/1000.

© ISO 2016 - All rights reserved
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Annex E
(normative)

Calculation of true wind speed and direction

True wind velocity, vyt (m/s), and true wind direction, ¢t (°), at height of the anemometer is computed

haralativa wind valocity L /) tha vacca l cnoaad ovaer around v O /c) thao diracti
from-therelative-wind-velecityyvwr—mfs)-the-vessel-speed-overgroundv—Onis)-the-dires tion of the
reldtive wind, {wr (°), and the vessel heading, ¢ (°), according to Formulae (E.1) and (E.2):

Figuire E.1 illustrates the sign conventions for directions relative to the vessel heading.

|2 2
Vit —\/VWr v, -2V . Vg COSY

-1 Vir - sin (l//wr +W0)_Vg5in (WO)

Ve = tan v cos (er +W0) ~vcos (WO) for v cos (‘/’wr +l//0)— V,C0S (‘/’0)2
v -sin(l// +y,)—v sin(l//
Ve = tan ! warrcos (l//wv:rﬂlloo))— Vggcos (WOO)) +180 for v cos (‘//wr +‘I/o)_ V,C0s (Wo)

o

North

270;

180°

Figure E.1 — Sign conventions

(E.1)

(E.2)

Figure E.2 illustrates the true and relative wind speed, the vessel speed over ground, the relative and

true wind direction and vessel heading.

© ISO 2016 - All rights reserved
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J North

To calculaf]
tunnel test
velocity an

If a referen
difference
be correctg

th,ref -

where

Vwt,ref
Vwt
Zref

Za

The relativj

Vwr,ref

The relatiy

4

Wind input

Higure E.2 — Calculation of true wind speed and direction at referencehieight

d the direction at anemometer height shall be corrected to thoséat the reference height.
ce height of wind tunnel tests is not available, a reference height of 10 m shall be chosen.

bd by means of the wind velocity profile using Formula-(E.3):

1/7

is the true wind velocity at reference height in m/s;
is the true wind velocity at anemometer height in m/s;
is the reference height above current sea level in m;

is the anemometer-height above current sea level in m.

e wind velocity-atreference height above current sea level is calculated using Formula (H

2
wt,re

- v

e wind direction at reference height above current sea level, in degrees, is calculated u

2
N\ Vg + ZVWmergCOS (wwt —l//o)

e the wind resistance, the wind speed and the direction at the reference height of the w
s, on which the wind resistance coefficients are based, shall be Gsed. Therefore, the W

between the height of the anemometer and the reference height for the wind resistance i

ind
ind

The
S to

|e9]

3)

[.4):

F.4)

bing

Formula (H.5):
v sinfy = —w )
_ -1 wt,ref ( wt 0
Y wrref = tan ( ) for Vg +V ot ref €OS (th - l//o) >0
Vg + th,refc(oS th - l//0
v sinly . —y
-1 wt,ref wt 0
Y s = taD +180 for Vo + Vit ref COS (y/wt - Wo) <0

vV +V
g

w‘c,refcOS (th - l//0 )

(E.5)

The heights above current sea level depend on the current loading condition, in particular on the
current draught. Wind resistance coefficients are generally given for one reference condition, typically
design loading condition.
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Heights are converted to current sea level as follows, assuming negligible effect of trim:

AT =T, ~T
A=A +AT-B

Z,=Z, +AT

a are

. - PR IR
, Aref Lrefref ¥ 1) T 5 B OI
ref A
whére
AT is the difference between design draught and current draught, in m;

See

Thd
in M

Tref is the design draught, in m;

T is the current draught, in m;

Aref is the transverse projected area in design condition, in m2;

B is the ship width, in m;

Zaref 1s the anemometer height above sea level for design cendition, in m;

Zrefref 1sthe reference height above sea level for design cendition, in m.
Annex G for computation of Aref.

expression for wind direction reverses numerator and denominator compared with For
[EPCI3]. A simple test case is head wind whi¢h shall again give head wind as relative win

© ISO 2016 - All rights reserved

(E.6)

(E.7)

(E.8)

(E.9)

ula (D.10)
direction.
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Annex F
(informative)

Procedure to obtain ship specific power-speed-draught-trim

databases

Power-spe
trim. They

In any case
— bedoc

— follow
Towin

— consid

pd-draught-trim databases express the required power as a function of speed, draught
may be based on model tests, sea trials or computational fluid dynamics (CFD).

, the approach chosen shall:
umented;

generally accepted state-of-the-art procedures, e.g. those recommended by Internati
b Tank Conference (ITTC) or ISO 15016;

er the ship in propulsion condition;

hnd

nal

— cover the complete relevant range of input parameters (speed, draught, trim) with sufficient denfsity

to kee
in the

— calibrg
If a CFD ap
— be abl

b interpolation errors for the power below 2 %. This shall be’verified by omitting data po
nterpolation and comparing interpolated and actual values for these data points;

te results against sea trials.

proach is employed, the approach shall:

draught conditions with partially submergingbulbous bows;

— haveb
“num

cen validated for simulations of ship‘flows with working propeller and free to trim and :
erical propulsion tests”). Full-scale simulations are preferable.

Ints

b to capture breaking waves. Otherwise-larger errors are to be expected at intermedjate

ink
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Annex G
(normative)

Correction for wind resistance

Delivered power entries, Pp, are to be corrected for wind resistance by subtracting the wind resistance

cor

whg

As basis for the correction, wind resistance coefficients from wind turnmeltests of the vessel

caction AD followinag Earmula (C 1).
e oA oW e ta o=+

P

D,corr

= P, — AP,

ere

Pp,corr are the corrected delivered power entries.

G.1)

n question

shall be used. If these are not available, wind resistance coefficientsifor the vessel type in qu¢stion shall
be ysed following ISO 15016.
Thg wind resistance correction shall be computed followingFormula (G.2):
(Rrw _ROW)'Vg { nDMJ
AP, = +Py|1- 2 (G.2)
"o "po
whére
R, = % P, str A-C, ('/’wr,ref)
and
Ry, =%-pa Vi - A-Coy(0)
wheére
APy is the wind correction in W;
Rrw 1S the wind resistance due to relative wind in N;
Row is the air resistance in no-wind condition in N;
Vg is the ship speed over ground in m/s;
Vwr is the relative wind speed at reference height in m/s;
Crw is the wind resistance coefficient, dependent on wind direction of relative wind Y wr ref [-1;
Cow is the wind resistance coefficient for head wind (0° wind direction) [-];
Da is the air density in kg/m3;
A is the transverse projected area in current loading condition in m?;
© IS0 2016 - All rights reserved 25
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W is the relative wind direction at the reference height (0 for head winds, 90° for wind fr
wrref o beam) in °;

Moo is the propulsive efficiency coefficient in calm condition [-];

n is the propulsive efficiency coefficient in actual voyage condition [-].
DM

om

Calculation methods for the propulsive efficiency coefficients are described in ISO 15016:2015,
Annexes K and ]. If the propulsive efficiency coefficients are not available, they shall be set to 0,7. The

same appr,

ach in h:\ndling the prnpnlcivp pf‘fir‘ipnr‘y coefficients shall be used in the reference

nd

evaluation

Different s

period.

ign conventions are used for wind resistance coefficients. Care should be taken that w

ind

the

resistance [coefficients follow the definition in this document.
The expose¢d areas above current sea level depend on the current loading condition, in~particular on|
current draught. Wind resistance coefficients are generally given for design loading-condition.
The transyerse projected area in current loading condition is approximated-uising Formulae (.
and (G.4):

AT =TT (

A=Al +AT B (i
where

AT s the difference between design draught and current draught, in m;

Tref 1s the design draught, in m;

T s the current draught, in m;

Aref 1s the transverse projected-area in design condition, in m2;

B s the ship width, in m.
Air densityf shall be estimated from air temperature and air pressure using Formula (G.5):

p
Py = (
R (T, +278,15)

where

0 tstheair d\:uait_y T }\5/1119,

a

p is the air pressure in Pa;

R is the specific gas constant (287,058 J/kg/K);

Tair  is the air temperature in °C.
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Annex H
(informative)

Protocol to export data from data logger

This annex provides a CSV format protocol by which to export data from a data logger for the four data

sets

Tha dalimitar hatwaoaan naramatarc chall ha 2 coma o
—re-aerHiteroe eehpataiietersSSaartroe SHia-:

The

Thd
foll

Thd

The
poil

Eac

FIRST line of the CSV file shall describe what data set type is being presented as pex the
1_RETRIEVED_DATASET

2_VALIDATED_DATASET

3_CORRECTED_DATASET

4_PREPARED_DATASET

SECOND line of the CSV file shall describe the method used.to ealculate delivered powel
pwing:

ANNEX_B_SHAFT_POWER
ANNEX_C_BRAKE_POWER
THIRD line of the CSV file shall describe the specific fields that are being presented in th

FOURTH line of the CSV file shall be thefirst data point in the data set, with each foll
1t on a new line.

h field is to be presented as per Table’H.1 based on the Application column:

missing value shall be represented as NULL by simply showing no data (e.g. in “
22T16:32:37+400,7(3,,,1182.17"the, , illustrates no data are available for that el

Fields marked “O”care’OPTIONAL; however, the THIRD line of the CSV file shall announ
or not this fieldds,present and all data points shall be presented consistently.

Fields left blank shall not be displayed.

following:

as per the

e file.

bwing data

Fields marked “X” shall be ‘displayed. For the 1_RETRIEVED_DATASET, any fields with a

014-08-
ntry).

re whether
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