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The Specialist Committee on
Speed and Powering Trials

Final Report and Recommendations to the 23rd ITTC

1. MEMBERSHIP AND MEETINGS

The 22nd International Towing Tank Con-
ference (ITTC) appointed the following mem-
bers to the Speed & Powering Trials Specialist
Committee:

Dr. Pierre Perdon (Chairman), BEC (FR)

Mr. Everett NSWCCD
(USA)

Dr. Roberto Fazzeri, CETENA (IT)
Dr. Yukio Koshiba, IHI (JPN)

Dr. Lech Murawski, CTO (PL)

Dr. Deuk-JoonYum, HHI (ROK)

Woo (Secretary),

Technical Committee meetings were held as
follows:

DGA/DCE/BEC,Val de Reuil (FR), November
1999

IHI, Yokohama (JPN), April 2000
CTO, Gdansk (POL), September 2000
CETENA, Genova (IT), April 2001

DGA/DCE/BEC, Val de Reuil (FR), December
2001

2. TASKS OF THE SPECIALIST
COMMITTEE

Tasks of the 23rd ITTC Technical Commit-
tees were given in Appendix 2 of the 22nd
ITTC Proceedings and are as follows:

1. Review and wupdate the Guide for

Speed/Powering Trials ITTC Procedure

4.9-03-03-01.3 based on the recommenda-
tions of the 22nd ITTC trials and Monitor-
ing Committee.

2. The revised procedure must be in the for-
mat defined in the ITTC Quality Manual
and it should be included in the Committee
report as a separate appendix.

3. Take into account the recommendations of
ISO TC8/SC9/WG2 Committee Draft
15016.

3. INTRODUCTION

The Specialist Committee (SC) determined,
at their first meeting, that Section 4 entitled
Speed/Power Trials and Analysis and Appen-
dix 1 entitled Suggested Procedure for
Speed/Power Trials of the 22nd ITTC Trials &
Monitoring SC final report was well received
by the ITTC members. Hence this could be
used as the basis for the modification of the
Speed/Powering Trials ITTC Procedure 4.9-03-
03-01.3. As was evident at the last triennial
meeting from the many comments and sugges-
tions, a more in-depth set of inputs was re-
quired to complete the assigned SC task. The
following approach was devised:

1. Invite shipbuilders and owners to attend the
scheduled SC meetings in order to include
their insights on how to conduct
speed/power trials and to analyze the data
obtained from those trials.

2. Expand the uncertainty analysis section to
include DGPS and optical torsionmeters.
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3. Research and summarize the various data
analysis procedures currently in use with
emphasis on:

(a) BSRA Standard Method of Speed Trial
Analysis (1978)

(b) ISO TC8/SC9/WG2 Committee ISO/
FDIS 15016 Guidelines for the assess-
ment of speed trial and power perform-
ance by analysis of speed trial data.

(c) Jinnaka, T., On a method of analysis of
ship speed trial results of ships, WSNAJ,
N°. 64, 1982

(d) Kracht/VWS et al., Evaluation of trial
tests, Proceedings of IWSH ’99, Wuhan,
China, 1999

(e) SNAME Guide for Sea Trials, SNAME
(1989) (Chapter 4.0 addresses the
speed/power trials, known as
“Standardization Trials”).

(f) Taniguchi/Tamura: On a new method of
correction for wind resistance relative to
the analysis of speed trial results, Pro-
ceeding of 11th ITTC (1966), ITTC
Guide for Measured-Mile Trials, 12th
ITTC (1969).

4. Revise the Speed/Powering Trials ITTC
Procedure to reflect the knowledge learned.

A clear distinction between the shipyard
practice (mainly devoted to delivering the ship
within budget and schedule limitations and
ship/owner requirements) and the scientific
purpose of sea trials was evident.

This newly revised guideline was developed
to include the many additional suggestions
from shipbuilders, ship owners and research &
development personnel. Both contractual and
scientific needs and concerns were considered.

4. SECTION 1: PERFORMANCE OF
TRIALS FROM THE 22ND ITTC/ISO
PROCEDURES

Within the past few years, the most recent
guidance in the conduct of ship trials has been
concentrated in the area of newly available
measuring techniques and in providing guide-

lines to ITTC members in developing a proce-
dure that demonstrates compliance to ISO 9000
International Standards for Quality Manage-
ment (1993).

As a result of the work from the previous
22nd ITTC Trials & Monitoring Specialist
Committee, suggestions from ITTC members
and further discussions with shipbuilders, the
SC has developed a number of ISO based pro-
cedures that when utilised together may serve
as a revised guideline for the conduct of
speed/power trials. This guideline attempted to
address both the practical and scientific pur-
pose for conducting speed/power trials. A dis-
cussion dealing with the analysis of the data
obtained from these trials is also presented after
the SC reviewed many of the data reduction
methods currently in use.

Instead of gathering all aspects of speed
powering trials preparation and conduct in a
single ITTC recommended procedure, the SC
felt it was more appropriate to split the differ-
ent phases of speed powering trials into differ-
ent procedures for ease of use and reference as
would normally be found in a quality manual.

Six recommended procedures have there-
fore been derived for approval by the confer-
ence.

=  “Speed/Power Trial Preparation” 7.5-04-
01-01.1

=  “Speed/Power Trial Ship Inspection” 7.5-
04-01-01.2

= “Speed/Power Trial Hull and Propulsor
Survey” 7.5-04-01-01.3

= “Speed/Power Trial Instrumentation
Installation and Calibration” 7.5-04-01-

= 0O3pked/Power Trial Conditions” 7.5-04-
01-01.5

=  “Speed/Power Trial Conduct” 7.5-04-01-
01.6

The two first procedures (Trial Preparation
and Ship Inspection) may appear to be slightly
outside the scope of ITTC preoccupations but it
must not be forgotten that most of the success
of a sea trial period lies in the preparation.
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“Hull and Propulsor Survey” is an opera-
tion, which by itself may not be necessarily re-
lated to speed/power trials nor accomplished by
the staff in charge of the trial. A separate pro-
cedure is clearly justified.

As determined by the 22nd ITTC Trials &
Monitoring Specialist Committee, the follow-
ing measurements shown in Table 4.1 were
identified as being required for the successful
conduct of speed/power trials:

Table 4.1 List of Measurements and Meas-
urement Equipment.

Physical Measurement
Quantity Equipment
ship track DGPS, Raydist, Other

radio-location systems
DGPS, Raydist, Other

speed over the

ground radio-location systems

shaft torque torsionmeter with strain
gauges

shaft rpm pick-up, laser counter,
ship revs counter

time computer clock

water depth ship echo sounder,

nautical charts

rudder angle angular potentiometer,

ship rudder repeater

ship heading external gyrocompass,

ship gyrocompass

relative wind ship anemometer,

external anemometer

master evaluation,
wave meter buoy,
weather forecast

wave height
(or sea state)

roll/pitch external inclinometer
(for fast ships)
shaft thrust strain gauges,

dynamometric load cells

S. SECTION 2: REVISED
UNCERTAINTY ANALYSIS

5.1. Introduction

The absolute certainty of a measurement is
an abstract concept. Each physical measure-
ment has a certain accuracy level; with the de-
gree of accuracy mostly depending on the in-
trinsic characteristics of the experimental set-
up and the physical quantities involved. This
leads to an inherent uncertainty that even the
most skilled scientist must consider.

The full-scale speed/power tests imply the
acquisition of data relevant to a large amount of
physical quantities, each one measured with a
given degree of accuracy. To neglect the errors
in measurements may cause a complete misun-
derstanding of the phenomenon and therefore
jeopardize any remedial actions.

The Uncertainty Analysis (U.A.) represents
the scientific method to evaluate the accuracy
of a measurement. In the case of the
speed/power tests, U.A. mainly concerns ship
speed, shaft torque and shaft revolutions.

The importance of U.A. for sea trials is
twofold; relevance to the technical aspects of
the full-scale measurements and relevance to
the contractual aspects, which are proprietary
for commercial sea trial measurements.

The first aspect does not require any com-
ment: since sea trial measurements are a spe-
cific kind of measurement and are subjected to
the same validation criteria as any experimental
measurement.

The second aspect is specific to commercial
sea trials, and has a twofold implication. The
assessment of the degree of accuracy of the
speed-power measurements may represent a
guarantee for both shipyards and ship owners
on the quality of the results. Additionally in
case of dispute, the shipyard could make use of
the U.A. to ensure the accuracy of the per-
formed measurements thus avoiding the repeti-
tion of the trials.
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U.A. may provide the shipyard with an op-
portunity to perform a quality assurance of the
sea trials instrumentation and to support the
selection of that instrumentation. The U.A.
should not be considered as a part of the sea
trials measurements but as a quality procedure
to certify the degree of accuracy of the meas-
urements. The determination of the degree of
accuracy is performed once for each measure-
ment chain and for each component of the
chain. It does not need to be carried out for
each individual sea trial. The results of U.A.
should constitute an internal document, i.e. a
part of the Quality Manual of the company.

The SC recommends the use of the Ameri-
can National Standards Institute (ANSI) and
the American Society of Mechanical Engineer-
ing (ASME) (1986), standard on Measurement
Uncertainty and the approach described by
Coleman and Steele (1989) when conducting
an uncertainty analysis.

The following sections present additional
examples of U.A.

5.2. Determination of Torque
Measurements Uncertainty

The torque measurements are performed
with the use of an extensometric measurement
method. The uncertainty of this measurement
consists of three basic components based on:

" gauge

= calibration

= installation on a ship

= recalculation of torque

Gauge uncertainty

The torque measurement is performed with
the following systems:

The HBM system consists of components
supplied by Hottinger Baldwin Messtechnik
(HBM). The system set-up is presented in
Figure 5.1.

=

Computer system

T "MORZE” f ——
Digital voltage meter Measured-value Digital frequency meter
DP%53 transmitter DZ?224

| MT 2555A I

Speed pulse amplifier

Amplifier plug-in DV 2556

module

Receiver preamplifier
EV 2510

Optical transducer

Antenna >

Shaft

Strain gauge
rosette

Band of Reflective Strips

Figure 5.1 Power Measurement System’s
(Based on Hottinger Baldwin Messtechnik
Equipment).

The part of the HBM system responsible for
the torque measurement consists of:
1. Strain gauge bridge

CEA-06-25us-350 Q
Resistance: R=350.0 + 0.4% Q
Gauge factor at 24°C 2.04520.4%

Gauge type:

as determined by Micro Measurements,
Measurements Group Raleigh, North Carolina.

Hence, the standard uncertainty of the
gauge:

uR,) = 04% =0.2309%

NE

2. Measured-value transmitter and re-
ceiver preamplifier

Transmitter type: MT 2555A
Receiver type: EV 2510

Bridge supply voltage: 9V
Nominal input signal: £2 mV/V

Sensitivity, output frequency: Af =5 kHz
125 Hz (£0.5%)

Effect of ambient temperature on sensi-
tivity: £0.1%
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Effect of operating voltage per 1V: £0.5% -
not required for the system as the voltage is
stabilized by UPS.

The standard uncertainty of the transmitter
and receiver

(0.5%)> N (0.1%)>

u?(4f)= 3 =0.08667
u(4f) = 0.2944%

3. Amplifier plug-in module
Amplifier type: MD60C
Measurement range:  +5 kHz
Measured value
nominal voltage: Vamp=%£10V
Linearity deviation: 0.02%
Residual ripple and
disturbing peaks: 10.3%

Effect of temperature +0.1%

on sensitivity:

Effect of change in
supply voltage:

0.01% - not required
for the system as the
voltage is stabilized

by UPS.

The standard uncertainty of the Amplifier
plug-in module:
(0.02%)’ N (0.3%) N 0.1%)’
3 3
U(Vamp)=0.1829%

4. Digital voltage meter described in the
Tesar Electronics catalogne

Meter type: DP453

=0.0335

u’(v,,)=

Made by: Tesar Electronics
Computer port plug: RS485
Output limiting error: Vo, £0.346%

The standard uncertainty of the digital volt-
age meter

u(V,, )= 0:336% _ , 1998%

N

5. Computer system “MORZE”

Description: Recording and analyzing of
data: ship position, torque and revolutions,
rudder action, ship heading (gyro) as a function
of time (sample) using software. Performs all
necessary recalculations of shaft torque, revolu-
tions and power. Allows data storage in com-
puter files and quick presentation in graphical
and tabular formats. System consists of com-
puter, printer, and converters.

The computer system does not generate sig-
nificant gauge errors.

The uncertainty of measurements for all
components of the system has been calculated
on the basis of possible errors according to the
equipment’s documentation. This source gen-
erally specifies only the measured value toler-
ance and does not provide any level of confi-
dence information or probability distribution. It
is assumed that the probability of the result is
uniformly distributed in the interval specified
by the tolerance.

It is also assumed, that uncertainty of all
components of the system has equal influence
on the combined uncertainty of the whole sys-
tem.

The combined standard uncertainty of the
shaft torque measurement part of the HBM sys-
tem is:

u(QHBM)=\/C1 'uz(Rg )+ G -uz(Af)+c3 'uz(vu.np)+c4 'uz(vom)

assuming equal influence of uncertainty of
all gauges (c;=cr=c3=cC4):

W(Qupnt )= 1/(0.2309) +(0.2944) +(0.1829) +(0.1998)

u.(Quam)=0.4619 %

Uncertainty due to calibration

The information in this section is based on
data concerning gauge calibration uncertainty
in CTO Technical Report No. RK-99/T-039,
Section 8, page 22 Ship Design and Research
Center, (1998).
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A standard resistor is used for the calibra- u(Rt) 04 _ )
tion of the HBM system. It is plugged into the R, - E =0.2309% ;
system instead of the strain gage. The standard u( ) 05
calibrating resistor of type S-87150 is made by ! — =0.2887% ;

Micro Measurements’ Measurements Group
and has a limiting error no larger than 0.01%.

The shaft relative strain € is obtained from
the following formula:

R, 1 R,
&= . or: &=
R, +Rear ) 4k, 4k R,
where: R2 :Rt+RCAL

Where:

R, — strain gauge effective resistance
R;=35010.4 %

k¢ — gauge factor at 75°F
ki =2.045Q £0.5 %

Rcar, — Resistance of standard resistor
Rcar, = 87150Q2+0.01 %

Ry =R+RcaL= 350Q2 + 87150Q = 875002

2 2 2
(““’j =( 0 u(R»j +[ 0 u(R»j g
£ R, €dR,

Thus:

(] (] 2

0.0001-87150
u(RCAL ) = T

=0.8083Q;

=5.0316Q°

u(R,)=4u'(R,)+u’(R,, )=5.09611Q°

CAL

k. 3
u(R,) 5.09611

= =5.8241-107% ;
R, 87500

2
[—j = 023097 +0.2887° + (5.8241-107 |

u(e) Y’
thus: [—] =0.1367
E

The combined uncertainty due to calibra-
tion:

u(¢) =0.3697%

Uncertainty due to installation on a ship

The measurement equipment is installed on
the shaft prior to the ship’s departure from the
shipyard. The effects of different conditions
before, during transit to the trial site, or at the
trial site are eliminated by calibrations per-
formed during the transit, or included in the
section entitled “Gauge Uncertainty”. The pos-
sibility of errors resulting from the mounting of
the equipment on the shaft line must also be
considered.

For the torque measurement the only
equipment element that needs to be mounted
precisely is the strain gauge bridge. The bridge
is glued to the shaft line. It is crucial to main-
tain the proper angle between the axis of sym-
metry of the gage and the shaft. For the torque
measurements this angle must be 45° as it is
shown in Figure 5.1.

Other errors, such as an improperly glued
gauge (i.e. air bubbles) or incorrectly connected
cables would result in gross errors clearly visi-
ble for an experienced measurement operator.
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The relationship between angle and the
strain of the gauge for the plain torsion (torque
load) is as follows:

Ey= ECOS 2
where:
&,- strain in direction 45°t ¢
& - strain in direction exactly 45°

a - direction (angle) error o0 = +3°

Thus the error:
£-€,
&

=1-cos 20 =1-0.9945 = 0.5478%

The standard uncertainty due to gauge in-
stallation on the ship equals:

u(a)z 0.5478

N

Uncertainty due to recalculation of the torque

=0.3163%

The torque is calculated from the measured
strain of the strain gages with the following
formula:

Q= 0p £[Nm]

where:
£ [-]: relative strain of the strain gage

4 .
Ao :% [Nm]: constant for the particular

shaft

4
J = ﬂ?l))z [m4]: moment of inertia for solid

shafts

G [Nm]: shear modulus

D [m]: shaft diameter

zGD’ and: O = zGD’¢
' 8

Thus: ag =

The standard uncertainties of the compo-
nents are as follows:

- for G: @zl.lS% as 35=3.45%
(according to CETENA research)

- for D: £0.1mm for D > 200mm:

u(D) _ 0.1 100%

- = 0.029%
D 200 3 ’

-for & & = 0.3697 %

&

The combined uncertainty of the torque
recalculation is calculated as follows:

wel@)f (90 ¥ (90 o (a0 ¥
[ 0 00G QoD Q0

00 1,90 _3 00 _1

030G G QD D Q0 ¢
(00759 (1)

2
(“CéQ)J =1.15>+9-0.029% + 0.3697% = 1.4667

The combined uncertainty due to torque re-
calculation:

“C(Q)zl.zno%
0

Total uncertainty of the torque measurement
system

The uncertainty of torque measurements
consists of the following components as deter-
mined above:

gauge uncertainty Uc(Quem)=0.4619 %

uncertainty due to

calibration u(e) =0.3697 %

uncertainty due to

installation u(e) =0.3163 %

uncertainty due to

recalculation u.(Q)=1.2110 %
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The total combined uncertainty of the
torque measurement system equals:

uC(TotalQ)z\/uz(gauge)+ u2(8)+ uz(a)+ uz(Q)

u(gauge) = uc(Qupm),
u.(Total Q) = 1.3844 %

The expanded uncertainty of the torque
measurement system is as follows:

U =2u,=2.7688 %

As an example, for a torque of Q = 1520
kNm for example the total combined uncer-
tainty equals:

u.(Total Q) =21.04 kNm

The expanded uncertainty for this value of
torque is:

U =42.08 kNm

Thus the torque of Q = 1520 kNm may be
presented as:

0 =1520 £ 42.08 kNm

Determination of shaft speed uncertainty

The shaft speed is determined using the
Hottinger Baldwin Messtechnik (HBM) meas-
urement system described in HBM literature.
Torque and shaft speed measurements are de-
rived using the same measurement system.

The uncertainty of this measurement con-
sists of two basic components based on:
= gauges
= calibration and installation on a ship

Gauge uncertainty

The shaft speed measurement is performed
in the same manner as the torque measurement:

The HBM system consists of components
supplied by Hottinger Baldwin Messtechnik.
The scheme of this system has been presented
in Figure 5.1.

The part of the HBM system responsible for
the shaft speed measurement consists of:

* Band of Reflective Strips
A band consisting of 60 strips of reflective
tape is glued around the shaft. The strips reflect
the light signal, which is counted by the optical
transducer. All possible errors connected with
this measurement are described in the section
entitled “Uncertainty due to calibration”.

= Optical Transducer OA1l described in
HBM literature.

The optical transducer OA1 receives light
signals reflected by the strips placed on a band,
which was placed around the shaft. It causes no
error and introduces no uncertainty.

= Speed Pulse Amplifier DV 2556 de-
scribed in HBM literature.

The Speed Pulse Amplifier transfers the
signals from the optical transducer to the digital
frequency meter. Digital output causes no error
and introduces no uncertainty.

* Digital frequency meter DZQ224 de-
scribed in Tesar Electronics catalogue.

The digital frequency meter counts signals

from the speed pulse amplifier. It sends those

results to a computer system via a RS485 plug.
The meter introduces no error or uncertainty.

=  Computer system “MORZE”.
Description: Saving and analyzing data us-
ing software. Performs all necessary recalcula-
tions of shaft torque, revolutions and power.
Allows for data storage in computer files and
quick presentation in graphical and tabular for-
mats.

* Hardware: Computer, printer, converters.
The computer system is not generating
significant gauge errors. Uncertainty of recalcu-
lations is described in the section entitled “To-
tal uncertainty of shaft speed measurement”.

The gauge itself is a simple system, which
introduces no errors or  uncertainty:
u(HBM)=0%.
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Uncertainty due to calibration and installation
on a ship

The resolution of the shaft speed is:

1St7rl.p 100% = ﬂ 100%
1 rotation 60 strips
_ lrotation

=——100% = i 100%
60 rotation 60

=1.67%

as there are 60 strips around the shaft.

The sum of possible error of the striped
band installation on the shaft including diame-
ter uncertainty and the error caused by the reso-
lution is not bigger than one strip per rotation.
As the shaft rotates, the error will appear only
at the last shaft rotation. In simpler terms, the
error appears once per measurement at the last
rotation.

For a 5 minute measurement of shaft speed
at 90 rpm, the shaft performs 450 rotations.
This causes an error of:

1 strip 100% = 1 strip

= b = ——————100% = 0.0037%
450 rotations 450- 60 strips

which gives the standard uncertainty of:
0.0037

N

which in practice, is negligible.

=0.0021%

u(inst) =

Total uncertainty of shaft speed measurement

The total uncertainty of the standard shaft
speed measurement is equal to the uncertainty
due to the gauge installation:

u(Total N) = u(inst) = 0.0021%

The expanded uncertainty for the standard
shaft speed measurement is:

U= 2-u(Total n) = 0.0042%

Therefore, the shaft speed, n, can be pre-
sented as:

n=nx U [rpm]

An example of a typical measurement is:

n =90 % 0.0042% rpm

5.3. Determination of Power Measurement
Uncertainty

A system used by the CTO measurement
team for the power measurement measures both
shaft speed and shaft torque. The determination
of the output power uncertainty for the HBM
system is as follows:

P=_—.0-N
30 ¢

where:
QO [kKNm]: torque
N [rpm]: shaft speed
The standard uncertainties of torque and

shaft speed calculated above have the following
values:

Torque total combined uncertainty:

u(Towl Q) | 2e14e

Shaft speed standard uncertainty:

u(Total N) _ ) 0r196

The combined uncertainty of the shaft
power is:

u (P)Y _( oP > op
[Pj —(PaQ-u(TotalQ)] +[P8N
oP 1 oP 1

P3Q Q PN N

[uc_(l'ﬁj2 _ (MT N (u(TotalN)jz

P 0 N

Thus the combined uncertainty of shaft
power is:

-u(TotalN)Jz

_“cI(JP ). V1.3844% +0.0021> =1.3844%
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5.4. Uncertainty in Ship Speed
Measurement Using DGPS

The ship speed is calculated by position and
time information obtained from the DGPS
(Differential Global Positional System) using
the following formula.

where

S =/Ax* + Ay’ : speed trial run length

Ax=x-x,, Ay=y—y,, At=t—t,
X, Y, : coordinates of the start point
x,y: coordinates of the end point
t,: time of the start point

t: time of the end point

The uncertainty of coordinates can be
evaluated by:

u(Ax)= u(Ay)= \/uz(x)+u2(x0)= \/Zuz(x) = u(x)\/E
u(At)z \/uz(t)— uz(to) = \/2u2(t) = u(t)\/i

Thus, the square of the uncertainty in the
run length becomes

2 2
u’($)= (ﬁ-u(m] +(ﬁ : u(Ay)]

dAx dAy
oS _ A Ak,
WA J(axf + () S
os Ay
WA () + () S

Therefore,
u(S) = u(4x) = u(4y)

The uncertainty of ship speed measurement
can be obtained by the following formula

u (VS)—[BS u(S)] + L u(Ar)

with
oV

1 Vg S
0S At oA (Ar)?

The uncertainty in time is assumed negligi-
ble in its magnitude compared to the uncer-
tainty in position measurement.

The absolute uncertainty is

1
U(Vs)=Zt-U(S)

and the relative uncertainty is

u(Vs) u(s)

u, (V) = 100 =

100 (%)
S

The 95% confidence interval of ship speed
can be presented as:

Table 5.1 shows the absolute and relative
uncertainties and 95% confidence interval with
two run lengths of 1 mile and 2 miles and two
ship speeds of 15 kn and 25 kn. The positional
uncertainty of DGPS with 95% coverage is as-
sumed to be 2 meters as provided in the Trim-
ble DGPS DSM12/212 leaflet.

This table shows that the absolute uncer-
tainties of ship speed depend both on run
length and ship speed. On the other hand, the
relative uncertainties depend only on run
length.

Table 5.2 is an example of typical bias and
precision limit values for surface ship trial data.
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Table 5.1  Uncertainties in Ship Speed Measurement Using DGPS (Trimble’s DMS12/212 System).
Run Length
Ship Speed Items

1 mile 2 miles
S (m) 1852 3704
At (sec) 240 480

u(S) (m) 1.4142 1.4142

u(V;) (m/s) 0.0059 0.0029

15 kn (kn) 0.0115 0.0057
u(Vy) (%) 0.076 0.038

95% confidence 15.0+0.023 (kn) 15.0+£0.0114 (kn)
interval of V; (£0.152%) (£0.076%)

S (m) 1852 3704
At (s) 144 288

u(S) (m) 1.4142 1.4142

u(V;) (m/s) 0.0098 0.0049

25 kn (kn) 0.0191 0.0095
u(Vy) (%) 0.076 0.038

95% confidence 25.0£0.0382 (kn) 25.020.019 (kn)
interval of V; (£0.152%) (£0.076%)

Table 5.2 Example of Bias and Precision Limit Values for Surface Ship Trial Data
(17900 kW and 100 rpm).

Quantity Units Bias Limit Precision Limit Uncertainty
Ship Speed kn +0.05 +0.10 +0.11
Shaft Torque Nm +17,195 +40,145 +43,670
Optical Torque Nm
Shaft Revolutions rpm +0.392 +1.854 +1.895
EM Log kn +0.37 +0.74 +0.83
Shaft Power kW +193 +536 +569
Rudder Angle deg +0.562 +4.43 +0.531
Heading Angle deg +0.531 +1.336 +1.437
Wind Relative Speed kn +0.46 +1.24 +1.32
Wind Relative Dir. deg +5.02 +3.26 +5.98




360 The Specialist Committee on Speed and Powering Trials

23rd International ‘
Towing Tank |Q\\ ITTC,00s
Conference s

6. ANALYSIS AND CORRECTION
METHODS

6.1. Evaluation of ship speed using DGPS

Four different methods of evaluating ship
speed over ground from DGPS measurements
are examined and a comparison of speed re-
sults resulting from the adoption of each
method is presented.

The four different methods utilized are as
follows:

=  Average of Actual Speeds;
= Starting-Ending Point;

=  Step-by-step Speed;

= U.S. Navy.

The “Average of Actual Speeds Method”
concerns the evaluation of the speed as the
average of the actual ship speed during the
run. This method implies the use of equip-
ment able to supply the actual or instantane-
ous speed value, i.e., DGPS. From a statistical
point of view, the greater the number of in-
stantaneous speed samples, the greater the sta-
tistical confidence level of the speed calcu-
lated along the ship’s path. However, it does
not take into account the coursekeeping ability
of the ship.

The “Starting-Ending Point Method” con-
cerns the evaluation of ship speed by calculat-
ing the minimum distance covered at a con-
stant heading. It derives directly from the tra-
ditional “Measured Mile” method. The cov-
ered distance is calculated without any con-
sideration to the ship track, even if the ship
covered a longer distance. The ship speed is
calculated considering the rectilinear track
from the starting point to the ending point.
Generally speaking, this method is conserva-
tive since; it gives a speed smaller than the

speed calculated using the distance travelled
along the ship’s path.

The “Step-by-Step Method” is a derivation
of the previous method. This method repre-
sents the iterative application of the “Starting-
Ending Point Method” along the ship’s path.
The mean speed is derived as the average of
successive speed calculations. These succes-
sive speed calculations are obtained by divid-
ing the total number of samples in half and
using the distances and times between succes-
sive paired samples to calculate speed values.
This method takes into account the variation
of speed, seen in the incremental speed
calculations, over the course of the entire run
in the final calculation of the average speed.
The results of this method are probably the
most realistic.

The “U.S. Navy Method” is a further deri-
vation of “Starting-Ending Point Method”. It
considers the projected distance of the “Step-
by-Step” contributions on the final direction
of the run. It utilizes iterative applications, so
the mean speed is evaluated as the average of
the speeds calculated according to the projec-
tion of the “Step-by-Step Method”.

The equations for the different methods
are presented in the Table 6.1.

Table 6.2 shows the comparison of the re-
sults for the described methods applied to dif-
ferent ship types, at different speeds and dif-
ferent ship sizes. In Table 6.3 the patterns of
track and actual speed for each presented re-
sult are shown.

Comparing the results given by the three
methods based on the covered distance —
elapsed time ratio (Starting-ending point
method, Step-by-step method, U.S. Navy
method) it appears that these three methods
are substantially equivalent.
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Table 6.1 Formulas involved for each method for mean speed calculation.
Average of
Actual Starting-Ending Point | Step-by-step speed U.S. Navy speed
Speeds
“Mean” no S A VA
speed ZVl V= n DV, DV,
V=2 V = izl V = izl
n n n
i) g2
Vi Actual speed - v =S V= S,
from DGPS i 7 i 7
2 2
S - s=r-x e -ny | ¢ J[X X] i YJ 5 | +fr, ] o
! t=T, -1, 1=T,-T, t=T,-T,
s, e starting, ending points | starting, ending points | starting, ending points
ol - - - actual angle between
S and Si

Table 6.2  Comparison of speed determination methods for 3 Different Kinds of Ships.

Chemical Tanker Cruise Vessel Fast Ferry
a - Average of Actual Speeds 17.259 25.336 41.907
b - Starting-Ending Point 17.228 24.736 41.089
c - Step-by-step speed 17.232 24.792 41.093
d - U.S. Navy speed 17.233 24.794 41.092
Average of the three speeds (b, c, d) 17.231 24.774 41.091
Diff % of Starting-Ending Point -0.0002 -0.0015 -0.0001
Diff % of Step-by-step speed 0.0001 0.0007 0.0000
Diff % of U.S. Navy speed 0.0001 0.0008 0.0000
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Table 6.3 Example of Speed Measurement Obtained with DGPS for 3 Different Kinds of Ships.

deviation

Chemical Tanker Cruise Vessel Fast Ferry
Latitude - Latitude - Lafiyde s Lattude
Longitude| — . - =T —
Time Time Time
Track o
Time Time Time
Actual Spe . spee spand
Speed MM A A
time trace | | . = by C AMMWWW e WWWWWMM
Duration
00,07,00 00,05,00 00,07,00
(h, m, s)
Distance 3722.4 3821.8 8877.9
(m)
Maximum
speed 17.433 25.422 42.069
(kn)
Mean
speed (kn) 17.259 25.336 41.907
Minimum 17.129 25.245 41.670
speed (kn)
Standard 0.055 0.028 0.091
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6.2. Correction methods
Aim

Ship performance from a contractual basis
concerns ship speed through the water ob-
tained in calm weather conditions. Unfortu-
nately, the most accurate means of measuring
ship speed deliver a value of speed relative to
the ground. Since sea trials are almost never
performed in ideal environmental conditions,
corrections have to be performed to extrapo-
late the sea trials results to an ideal condition.

General content of the methods

The SC and shipbuilders from Japan, Ko-
rea and Poland met to compile a set of criteria
that all felt were important in order to have a
complete picture of what was needed to ana-
lyze speed/power trial data. The following
general “Correction Method” flow chart was
developed.

Correction Method Factors

SEA TRIAL RAW DATA
Reciprocal Runs
Vi, Va, N1, Na, O1, O2

ADDITIONAL TRIAL DATA
Wind, Waves, Rudder

Relative wind (speed and direction)
Current

Wave spectra including swell

Water characteristics (temp., density)
Water depth

Propeller Open Water characteristics
Wind coefficients (Wind tunnel tests, Database)
Self propulsion factors

RAO

Model tests loading conditions

Hull roughness Current (tidal)

Rudder

Schematically, correction methods can all
be studied using the following approach:
=  General philosophy,
= Correction items
= Data required
= Individual correction methods

It was decided to divide the methods on
this sheet into 2 different categories:

(a) Methods actively used by shipyards and
referenced (SNAME, BSRA, Taniguchi-
Tamura, ISO TC8/SC9)

(b) Other publicly noted methods (Jinnaka,
Kracht/VWS, Schmiechen)

General Philosophy Behind Each Method

(a) SNAME Method (SNAME 1989)

The basis behind the SNAME method is
a correction of speed based on the effective
horsepower curve where resistance is added
using a derivative of the power curve. Correc-
tions are limited to wind and current.

Current is corrected using the mean of
means method, which is only correct for a lin-
ear variation of current over a short period of
time.

(b) BSRA Method (BSRA 1978)

The shaft power curve is the basis for
correction where resistance is added using a
derivative of the power curve.

The assumption is made that the quasi-
propulsive coefficient does not change with
propeller loading.

(c) Taniguchi-Tamura Method (Taniguchi &

Tamura 1966)

This method uses the propeller loading
condition and propeller open water character-
istics as the basis for corrections. The propel-
ler loading coefficient is used for the balance
of forces.

(d) ISO TC8/SC9 Method

This method is essentially the same as the
Taniguchi-Tamura’s method and is based on
the propeller working point.

(e) Jinnaka (Jinnaka 1982) Method

This method uses the propeller open wa-
ter characteristics as the basis for corrections.
The balance of forces is derived from the Tay-
lor expansion.

(f) Kracht (Kracht 1999) Method
Propeller open water characteristics are
the basis for correction.

(g) Schmiechen Method (Schmiechen 1991)

The Schmiechen “Rational Method” is
really in a category by itself. It does not really
follow the same format as all of the other
methods and hence was not used in the com-
parison of factors reviewed in each method.
This method can be used in conjunction with
system identification methods.
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Correction Items

Table 6.4 summarizes the different influ-
encing factors accounted for in each of the
methods discussed in the report. In relation
with those items, additional information re-
quired for corrections are presented.

It can be observed that the ISO TC8/SC9
was the most comprehensive of the methods

reviewed in analyzing speed/power data.
However, the manner in which the method
used to handle each factor dealing with cor-
rections for environmental and ship condi-
tions might not have been the most complete
or comprehensive. Hence the SC decided to
look at each factor indicated by the ISO
TC8/SC9 method and compare how other
methods dealt with it. SC member comments
are in the attached file in tabular format.

Table 6.4  Correction Items Considered by Different Methods.

Methods Actively Used Other Public
by Shipyards and Referenced Methods
SNAME | BSRA |Tan8uchi) 180 | jinnaka | Krach
Correction Item
Wind X X X X X
Current X X X X X
Wave X X
Steering X X
Water Temperature X
Vessel Condition X
Shallow Water X X
Related Model
Test/Analysis/Database
Compilation

Resistance X X
Propulsion X X X
Propeller Open Water X X X X
Wind Resistance X X X X X
Resistance Increase in Waves X X
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SNAME Method
Data
¥
Correction for wind
R 44 = k X coefficient x A, XV?( OP:= RV, SP Corrected speed over ground
P8V V= Sprov V, =V, + 6V

Y

Correction for current

Y

“Means of means” method

n Corrected speed through water
nV,—=|—
VG mean

Vw = n/ [”/ Ve ]mum

Final result

Current speed
Vo=V, =V,

Figure 6.1 SNAME Method.

ISO TC8/SC9 Method

[VS,KQ,n]

Correction for resistance increase

Resistance increase AR=R,,+ R,y + Rss+ Ry + R\s + R

Wind R,, =05p,C,, ('// WR)AXTVWZR

Waves R,«w(}()=ZJG(G—)()US(f)wdf}da

0500 - t,)fo (A )ALV 50,

Ry, = 025zpd’Vyp?

Steering Ris =

A

Correction for shallow water I

Lackenby’s method

| Final performance

[vs + AvS,KQ,n]

Propeller open characteristics
AR > ATt — AJ,AKQ,An

[VS,KQI,nl]

[VS’KQl’nl]_) [VI’K'QI ’n]

_ )Y C .,
Water temperature and salt content R a5 = R ro [ 1 - P J + R [ 1 - Cr . J
0 F
A 0
Vessel condition R,pis = 0.65R, A 1
Correction for current
l Ve > time [vl,K'Ql,n]%[vo,K'Ql,n]
I Correction for air resistance I
Air resistance AR’ = & Cy A VZ Same step as correction for relatjve wind
2 [VO,K'Ql,n —>TVO,KQ2,n2]—>‘[v2,K'2,n

Figure 6.2 ISO TC8/SC9 Method.
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BSRA Method

| Data |

A

Wind analysis Tide analysis Shallow water correction | > I Correction to still air conditions |

‘Wind and air resistance

R, = AV/CXCAA] XVRZW

from curves of ‘No Wind’ shaft power Lackenby’s method P51 = Po + PSBA
P, = A,/ CXEx05145xV2 x 107
Wind and air effecti =

ind and air effective power Py, = EBA/”D

Ppy = R, XV, x05145%x107

Wind and air shaft power
Pyy = Ppy /71y

No wind shaft power

Py= Ps— Pgy- kW

Coi =Ca X9 %X ¢, N
2 v 2V,

— )+ (=% )cosy, -
(n+Dhn Vy, n+l Vg, Final performance curves

¢1=1+

o, = 2 (1+ﬁ % where  Z,>40m
n 2) Z
2

9= (? where  Z <40m

R

AA

Cu=

1 2
—PA Ve
zpvm

Figure 6.3 BSRA Method.

Taniguchi-Tamura Method

Measured data

[vS,KQ,n]

Correction for relative wind

Wind resistance Propeller loading coefficient )
o) oW Are AR P Cx A kW
AR=—"=C, A kW = 2 2 2 2
2 “X 1-t 20 (1-t
o1=0v, D" 2p,(1-1)v,D A7— AJ,AK,,An [v5 Kopon,]
Propeller open characteristics [ K ] N [ K' ]
[J,KT,KQ] Vs> Boishy Vi Kigy st

Correction for tidal current I

Ve € time [vl,K'Q, ,n]% [VU’K‘QI ’"]

Y

Correction for still air condition

Air resistance Same step as correction for relative wind
P, ) , :
AR’ = > Cy Ay, [v“,KQI ,n]~> [v(),ng,nz]% [\12,1(2 ,n]

Y

I— Final result |

Figure 6.4 Taniguchi - Tamura Method.
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Jinnaka’s method

> Wind resistance > corrected speed & power
-
R.= TAW kex A
1
Propeller characteristic{Kr,Kq-J) 2 Ay, = :(R’“r R"‘) i=12
Air resistance ' or 7L(?7R
H -t o
ar ( dK; )
=pnD*| 2K, - J P
o » ! dj/ RAOETA‘/éCXA o
aT_,OI’llf(l W)dKT A 4 AP1=%}’L’AQ
Fa B Current | 27 2 dK
& a I— :gn;/’D4 de(l‘W)Avt
% a1 w) e vV
& dJ
A 4
I From balance of forces |
. R \ 4
T(V,Trvuni): :R(V,Trvu'))' I,A,’ | Final result |
1 1
T(Vo’nt)::R(Vo)+:RAo vi=V.iF v+ A
\ 4 n
Mean current velocity P’» = P.+AP
1
V. :5(\/(»&\/‘2)
1 ar
1 — (RAZ_RA1)+7(}II«1_”2)
_1 (V -V )+ -t n
2| ViV a1 dR
Hh 1-tdv
Figure 6.5 Jinnaka Method.
Kracht method

During one double-run the rpm
have to be kept constant and equal.

Koy = Koo Jy 2V, =V,

Vew = (VARVGH —VauVor )/(VAH +Vir

w,(te) = 1=V (te)/Vi (t2)

Y

)l Change of resistance due to wind |

Corrections caused by changes of
resistance

| Assumption |

AQ,/AV, = const
AT,/AV, = const
AT, /AQ, = const

AR, :{Kmﬁ(l_tmm) _Kmk( l—tW,R)},anle

AV, = {‘]ou/(l_ Well)_ ](JR/(l_ weR)}nD
AP, =27mAQ,

RAAH,R =(10,,/ 2) ’ CAA(}/RW.R) .Vfﬂ\'H.R A
ARw= Ry~ Ruw If;«a = 050 Cono Vi AV V) A

Aer{[goH(l_tH) _IQUR(I_IR)}Q)JLZ o Ve = 084By"°
APuss = Ruo(AP/AR.,)

ARww=AR..~AR: AV haso :RAAO'(AVH/ARAA)
Y
= const.
ARH()/AV!I cons Waves
AV s 2=V 10~V iz
AP o= AR (APo/AR )
AV e = AV u(Rusni/ AR ) AV =AR. (AV /AR,
ARuons = Runs(19-AR:/AR.)
APoie =AV i AP/AV 4 Y
Vo =Viumat AV mon s | Sea water temperature |
R = Rt AR oo A 5
‘ ( DO DH DAAH R APDF - ARF'(APD/ARA,\)

A AV = AR (AV 4/AR 1)
Shallow water

P
Asz{QQ‘Q(Am/dZ 00 +1-{ur{ V| }Vm APy = APt AP APy
AVir = AV AV i AV 1 *AV

Y

| Corrected trial test result

API)I :API)AA+AP1)AM’+AP1)I<

AXZ — A aAX L AYZ LAY

Figure 6.6 Kracht Method.
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Table 6.5 Comparison of Analysis Methods.
Sea Trial | Measurement | Pre-Conditions
Necessary data for analysis Raw Data | to be dope Needeq before
Influencing Trial
Factors

Data prepared before trial
Propeller diameter General X
Propeller open water characteristics General X
Resistance curve General X
Self-propulsion factors General X
Quasi-propulsive coefficient General X
Wetted surface area General X
Wind resistance coefficient Wind X
Wind direction coefficient Wind X
Above-water cross-sectional area of ship Wind X
Height of anemometer Wind X
Response function of resistance increase Wave X
Wave spectrum Wave X X
Direction distribution of incidence wave Wave X X
Real slip ratio Steering X
Aspect ratio of rudder Steering X
Rudder area Steering X
Rudder height Steering X
Resistance deduction fraction due to steering Steering X
Effective inflow velocity to rudder Steering X X
Drift angle Steering X
Midship section area under water Shallow X

Basic data measured on trial

Displacement and trim General X
Sea water temperature and density General X X
Run No. and direction General X
Time General X
Elapsed time on each course General X
Ship speed over ground General X
Shaft torque General X
Propeller revolution General X
Air temperature Wind X
Atmospheric pressure Wind X
Relative wind velocity Wind X X
Relative wind direction Wind X X
Magnitude and direction of sea waves Wave X
Rudder angle Steering X
Drift angle Steering X
Depth of water on course Shallow X
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Table 6.6 Basis for Method Corrections.

Method Feature Notation
SNAME * Speed correction is based on effective horse- [* Mean of means method is correct only
power curve. for linear
change of current.
* Mean of means method is adopted for current |* Effect on propeller isn't considered.
correction.
* Correction is considered only for relative
wind.
BSRA * Shaft power curve is the base of correction. |* Effect on propeller isn't considered.
* Position of anemometer is considered for
wind resistance.
* Various wind resistance coefficient data are
prepared.
Taniguchi- * Propeller open water characteristics are the
Tamura basis of correction.
* Propeller loading coefficient is used for the
balance of forces.
(self-propelling condition)
ISO TC8/SC9 * Principle is same as Taniguchi-Tamura
method.
* Propeller open water characteristics are the
basis of correction.
* Propeller loading coefficient is used for the
balance of forces.
(self-propelling condition)
Jinnaka * Propeller open water characteristics and resis-
tance curve are basis of correction.
* Base equation is Taylor expansion of balance
of forces.
Kracht * Propeller open water characteristics are the  |* During one double-run the rpm have to
basis of correction. be kept constant and equal.
* It is assumed that torque, thrust and
speed are proportional to each other.
Principles Correction Items:
= Propeller open water characteristics *  Wind Correction

The use of propeller open water charac-
teristics is the basis for four of the correction
methods studied by the SC.

For controllable pitch propellers, the dif-
ficulty in accurately measuring the pitch dur-
ing full-scale trials may introduce unaccept-
able uncertainty in the correction method.

The basic inputs for wind correction are
relative wind speed and direction and aerody-
namic coefficient. Aerodynamic coefficient
can be obtained from databases e.g. Blender-
mann (1996), estimations based on regression
analysis e.g. Isherwood (1973) or more de-
sirably, from wind tunnel measurements.
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Wind speed and relative direction can be
measured using conventional anemometers.

The BSRA method corrects the wind
speed measurement to account for the height
of the anemometer. In principle, this correc-
tion is useful but in practice most anemome-
ters installed on board ships are affected by
the surrounding mast equipment. In practice,
limited to no calibration is performed with the
anemometer in place on the ship (wind tunnel
tests could be used for a proper calibration of
anemometers). Moreover, during the different
interviews the committee held with shipbuild-
ers, it was consistently mentioned that for cor-
rection purposes, the wind speed and direction
were simply obtained from visual observation
(Beaufort scale). Actual wind measurements
should be used to monitor the wind evolution
during the run as a check for consistency
and/or a source of error in the data. For that
purpose absolute (relative to ground) wind
speed and direction are calculated using ship
anemometer measurements, ship speed
(DGPS), and heading.

=  Waves

Ship performance is affected by sea state
and therefore several methods are proposed to
account for the resistance increase due to
waves. It is beyond the scope of this report to
enter into the seakeeping theory involved in
each correction method but it must be noted
that all proposed methods make the assump-
tion that ship motions remain linear and do
not significantly affect the self-propulsion fac-
tors. The maximum sea state in which speed
and powering trials can reasonably be per-
formed is therefore related to the level of ship
motions. A limitation of sea state based on
wave height/ship length ratio seems to be
more consistent. A figure of 2% is proposed
in the Kracht method while ISO TC8/SC9
proposed 1.5% and in any case less than 3 m.
The main criticism that needs to be addressed
in the correction method for waves is that the
main additional input required (i.e., wave
height, direction and period) is not measured.

* Rudder and Drift

In the ISO TC8/SC9 correction method, a
correction is proposed for both steering and
drift. In both cases added resistance formulae
refer to empirical coefficients, which may in-
troduce additional uncertainty. In any case
those corrections only consider “constant”
drift and rudder deflection (caused by wind)
and should not be applied to rudder cyclic ac-
tivity and course deviation caused by sea state
or the poor course keeping ability of the ship.
The drift angle to be considered is the drift
angle of the ship relatively to the water and
can therefore not be measured directly. ISO
TC8/SCY does not indicate how to obtain this
drift angle using onboard measurements and
only suggests the use of “theoretical or alter-
native methods”.

= Shallow Water Correction

All methods that consider correction for
shallow water effect are based on Lackenby’s
formula (Lackenby 1963). The two parame-
ters considered in the formula are related to
ship sectional area and the Froude Number
based on water depth. These two parameters
are related to two different hydrodynamic
phenomena and should therefore be consid-
ered separately.

0.5
A
AV 01249 A _0.05]41- tanh(th
1% h? v?

According to the original paper, this for-
mula was verified for 6 ships up to the follow-
ing limits:

h>2JA, and h>03V?

This limitation is implicitly taken into ac-
count in the ISO/TC8/SC9 draft, which, indi-
cates that water depth should be such that the
percentage speed loss calculated using Lack-
enby’s formula should be less than 2%.

On the other hand, the speed loss was
found to be negligible when:
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h>6.0,A, and h>0.5V> h>5(T) “4)

which could constitute an absolute limita-

tion for trial site depth when no correction is
to be applied.

Other formulae for trial site depth are pro-

posed in the literature. They are less restric-
tive than the one above and, depending on
ship type, have a variable severity when com-
pared to each other:

SNAME 1973/21st ITTC Powering Per-
formance Committee

h> 102
JL
d>10TVI(L)"® 2)
d = water depth, ft
V = speed, kn

L = length between perpendiculars, ft

SNAME 1989 from Det Norske Veritas
Nautical Safety- Additional Classes
NAUT-A, NAUT-B AND NAUT-C,
July 1986

h>5.0JAm and h>0.4V?
h = water depth, m
A,, = midship section area, m>

V = ship speed, m/s

T = Mean draft, m

22nd ITTC Trials & Monitoring Spe-
cialist Committee/12th ITTC based on
ship section and Froude Number

2
h>3.0vBT and h> 2.75V—
8

h = depth in appropriate length units
B =beam in appropriate length units
T = draft in appropriate length units

V = speed in system of units consistent
with the above dimension

g = acceleration due to gravity in units
consistent with the above dimension

h = water depth, m
A,, = midship section area under water, m’
V = ship speed, m/s

AV = speed loss due to shallow water
effect, m/s

g = acceleration due to gravity, m/s

Another limitation the correction proposes
is a global factor, which makes no differentia-
tion between resistance increase and alteration
of propulsion works.
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Table 6.7 Comments on Analysis Method Handling of Various Correction Factors.

Water Tem- Vessel Correction for Correction for
ISO TC8/SC9 Wind Waves Steering Drift perature & oo Shallow Water Still Air
Condition Current .
Salt Content Resistance
SC Comments limitation of additional data  |assumption is salt content draft formula correction based |tidal currentis  |coefficient
on ISO TC8/SC9 actual sea state  |needed from 0.25 is constant  |forrmula based |used if differ- on Lackenby -  |considered after |related to rudder
references refer to perform the  |regression eqns |coefficient for  |on: ence between Annex F, p.40  |disturbance needed, not
to Draft Internatl test are SS 5 for |or data base (not |drift. how drift is | 1. Change in actual & speci- really a stand-
Std ISO/DIS ship > 100 m and |much data measured is not |density of water |fied displace- alone correction,
15016 SS 4 for ship < |available) addressed by 2. Change in ment < 2% part of a global
100 m not really a stand | ISO TC8/SC9 frictional resis- ship system
limitation is ship |alone correction tance resistance
motion but part of a
global ship
system resistance
propulsion factor [mean value of ISO considered |see Annex E, p. SC indicates correction really
assumed con- rudder, rudder using 39, formula E1 need to separate |deals with
stant angle coeff 1. Salt content  |ISO TC8/SC9 current & still air | superstructure
1. thrust deduc- |related to rudder formula needs to define conditions, ISO [resistance & not
tion is needed need 2. Temperature |when this for- assumes tidal with the resis-
2. Wake frac- |lift of rudder formula mula should be current tance of just the
tion Appendix C p.35 used hull (w/o super-
- formula is structure)
noted in Appen-
dix & not in
main body as
available infor-
mation
SNAME SNAME Global N/A N/A N/A N/A N/A N/A reciprocal run, N/A
Coeff is approx similar to BSRA
same as ISO
TC8/SC9
BSRA wind speed N/A N/A N/A N/A N/A N/A tidal current, N/A
corrected correction on
Caar= Caax0;x¢y power using
power curve,
similar to
SNAME
Taniguchi/  |same as ISO N/A N/A N/A N/A N/A N/A same as ISO N/A
TC8/SCY with TC8/SC9
Tamura exception of use
of
different notation
Jinnaka same as ISO N/A N/A N/A N/A N/A N/A disturbance is N/A
TC8/SC9 removed
current in still air
condition
identified at the
same time
more reasonable
than
ISO TC8/SC9
method
Kracht/ VWS |same as ISO limitations are: N/A difference formula based on N/A N/A current is con- N/A
TC8/SC9 with between viscous |difference sidered before

exception of use
of
different notation

1. wave height,
{< 2% of Lpp

2. No ship
motion

coeff at

actual tempera-
ture vs reference
temperature

between viscous
coeff at actual
temperature vs
reference
temperature

disturbances

Qand V are
constant in

JRwWHR= PWR two reciprocal
runs is a big
no consideration assumption
to changes in
wetted surface
related to con-
tractual condi-
tions
as well as wind
and wave condi-
tions
need for addi-
tional coeffi-
cients
to account for:
1. Boundary
layer

2. Anemometer
location
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7. CONCLUSIONS

1.

10.

A revised guideline for conducting
speed/power trials has been established
by the Specialist Committee to account
for the concerns of shipbuilders, ship
owners and the scientific community.
Uncertainty analysis is a useful tool in
developing an increased confidence in
the trial data obtained.

DGPS has become the universal stan-
dard for obtaining ship position.

The Specialist Committee evaluated dif-
ferent data analysis methods to derive
ship speed (over ground) from DGPS in-
formation and has determined that all of
the data analysis methods are substan-
tially equivalent.

There is no definitive standard for the
analysis of trials data, though Final Draft
International Standard ISO ISO/FDIS
15016 (E), ISO/TC 8/SC 9WG 2 of 2001
guidelines is the most comprehensive.
Some data analysis procedures now in-
clude a correction for sea state. There-
fore, greater emphasis should be placed
on the acquisition and evaluation of sea
state trial data when developing or revis-
ing data analysis procedures.

Current data analysis procedures assume
that ship motions are limited.
Uncertainty Analysis should be per-
formed for each measurement chain ac-
cording to the example provided in the
report. (HBM system and DGPS in the
text).

Sea state should be directly measured or
obtained from hindcasting as opposed to
the current practice of estimation based
upon long time sea experience.

A time history with appropriate time
sampling of each trial measurement is
necessary to increase confidence in the
trial data and to evaluate it’s level of
quality.

8. RECOMMENDATIONS TO THE
CONFERENCE

1. Adopt the Procedure “Speed/Power Trial
Preparation” 7.5-04-01-01.1

2. Adopt the Procedure “Speed/Power Trial
Ship Inspection” 7.5-04-01-01.2

3. Adopt the Procedure “Speed/Power Trial
Hull and Propulsor Survey” 7.5-04-01-
01.3

4. Adopt the Procedure “Speed/Power Trial
Instrumentation Installation and Calibra-
tion” 7.5-04-01-01.4

5. Adopt the Procedure “Speed/Power Trial
Conditions” 7.5-04-01-01.5

6. Adopt the Procedure “Speed/Power Trial
Conduct” 7.5-04-01-01.6
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The Specialist Committee on
Speed and Powering Trials

Committee Chair: Dr. Pierre Perdon (Bassin d’Essais des Carénes)
Session Chair: Dr. Seung-Il Yang (KRISO)

I. DISCUSSIONS

I.1. Discussion on the Report of the 23rd
ITTC Secialist Committee on Speed
and Powering Trials: Rational
method for evaluating traditional and
quasusteady trials

By: Michael Schmiechen, Germany

The Committee Report deals with tradi-
tional methods for evaluating traditional trials
in great depth, essentially without drawing
any conclusions. But the Report hardly men-
tions other methods, referring only to the Pro-
ceedings of the 2nd INTERACTION Berlin
’91 devoted to the METEOR project, far be-
yond the scope of the SC work. Therefore I
would like to draw the attention of the Con-
ference to rational procedures for evaluating
trials.

At first I mention the development of a ra-
tional method for evaluating traditional trials,
which has been triggered by the Japanese pro-
posal for an ISO standard five years ago and
has since reached a state of maturity. During
the same time ISO Committee Draft 15016
became a standard proper, although since the
early stages of discussion the procedure pro-
posed has been shown to lead to inconsistent
results.

Secondly I like to draw the attention of the
Conference to the rational method for evaluat-
ing ‘rational’ quasisteady trials already ap-

plied in the METEOR project. This method
has finally reached a state of maturity only
during the last half year, triggered by a semi-
nar | gave at the Gdansk Ship Model Basin in
January 2002 taking into account all the les-
sons learned during the past fifteen years.

For those interested in the development I
brought a short leaflet with references to all
the related material on my website
http://www.t-online.de/home/m.schm. For
those who do not like to surf the Internet and
to download files I brought a longer version
with all the details of the evaluations printed
on paper.

The essential point of the rational proce-
dures is to get away from the ever more de-
tailed models generating more problems than
solving them and to move towards highly ag-
gregate models with only few parameters to
be identified from the few data available. This
permits to evaluate trials without reference to
model test results and other prior information,
as it should be. Unless we start evaluating tri-
als as objectively as possible we cannot rea-
sonably talk about scaling.

This contribution does evidently not only
relate to the Report of the SC on Speed and
Powering Trials but to Reports of the Com-
mittees on Propulsion, on Resistance, on Pro-
cedures for Models Tests and on Test Proce-
dures for Waterjets.
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L.2. Discussion on the Report of the 23rd
ITTC Secialist Committee on Speed
and Powering Trials: Comments on
Procedures

By: G.G.J. Mennen, MARIN, The Nether-
lands

Comments on Procedures:
ITTC Standard Procedure 4.9-03-03-01.7
Chapter 5.6, and

ITTC Standard Procedure 4.9-03-03-01.8
Chapter 5.1

In these procedures wave heights are indi-
cated either as Sea state (procedure 01.7) or as
wave height in m and relative wave direction
(procedure 01.8) without further information.

In Standard Procedure 4.9-03-03-01.6 on
page 6, item 2.c, however, a distinction is
made between wave and swell height together
with other wave characteristics.

Often during speed trials waves due to
wind are present together with swell from an-
other direction. Because the origin of both
wave systems is different they influence the
performance of the ship in a different way.
Therefore, it can be of importance to:

a. select the ship’s heading by taking into
account effects due to the most dominant
wave system, but taking into account
other sources of drift as well.

b. Collect the following wave data of both

wave systems separately for each run:
Waves due to wind:

wave height (m)

wave period (s)

relative wave direction (deg)
Swell:

wave height (m)

wave period (s)

relative wave direction (deg)

The wave height should be the significant
wave height H 3.

I.3. Discussion on the Report of the 23rd
ITTC Secialist Committee on Speed
and Powering Trials: Foul Release
Coating Surface Characteristics and
their Measurements

By: M. Atlar and M. Candries, University of
Newecastle-upon-Tyne, United Kingdom

In fighting against to ship fouling in con-
ventional way, for years the most widely ap-
plied marine antifoulings have been Tributyl-
Tin Self-Polishing Co-Polymers (TBT-SPC).
However, due to environmental side effects
related with TBT, the International Maritime
Organisation (IMO) has decided in October
2001 to prohibit the application of TBT-SPCs
from 2003 and hence completely phase out
their use by 2008.

There are currently two alternatives on the
market that can also offer satisfactory anti-
fouling performance. The first alternative,
Tin-free SPC, uses the same chemical princi-
ple but instead of TBT uses other chemically
bound moieties, based on copper, silyl or zinc
compounds which have much less impact on
the marine environment. The second alterna-
tive, Foul Release coatings, acts as a physical
rather than a chemical defence against foul-
ing. Instead of killing marine organisms that
have attached to the hull, they try to prevent
the attachment of the organisms altogether by
virtue of their surface properties. Most of the
Foul Release coatings currently on the market
are silicone elastomers based on polydi-
methylsiloxane (PDMS). PDMS has an ex-
tremely flexible backbone, which allows the
polymer chain to readily adapt to the lowest
surface energy configuration.

Recent research carried out at the University
of Newcastle by Candries (2001) indicated that
Foul Release coatings can offer attractive re-
duced drag characteristics compared to Tin free
SPC coatings. The attraction of Foul Release
coatings is being further exploited by some ma-
jor shipping companies by coating their propel-
lers to keep them clean and hence to save fuel.
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The latter aspect of these coatings is being cur-
rently investigated at Newcastle University as
reported by Atlar et al. (2002).

However an important practical implication
of using Foul Release surfaces is that, the proce-
dure adopted by the International Towing Tank
Conference (ITTC) to correlate roughness with
ship resistance only accounts for a single rough-
ness amplitude parameter. This procedure will
not work for Foul Release surfaces, unless a tex-
ture parameter is included in the roughness char-
acterisation as proposed by Candries and Atlar
(2003). Even then, full-scale data should be
gathered in order to adjust and validate the pre-
diction of added drag from measured roughness
characteristics. It is also recommended that more
roughness profiles will be collected from dry-
dockings since this study has only analysed
newly applied coatings.

It may be noted that the measurement of
the Foul Release surface, using stylus type
devices (e.g. BMT Roughness Analyser) re-
quires special care in that the coated surface
has to be moistened slightly with a cloth in
order to get meaningful readings. If the sur-
face is too dry, the stylus will stutter, and if
the surface is too wet, the drive wheels will
slip very easily; both practices will give erro-
neous readings. In the case of propeller sur-
faces these measurements get even more diffi-
cult due to high curvature of the propeller sur-
faces requiring sophisticated roughness and
texture analysers.

One practical solution for the measurement
of relatively flat hull surfaces could be, if a rela-
tively simple modification of the stylus type in-
strument (e.g. BMT Hull Roughness Analyser)
is carried out to record the entire profiles digi-
tally, rather than only the average extreme am-
plitude, to extract necessary texture parameters.
However, the measurement of the propeller sur-
faces still requires other solutions.
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II. COMMITTEE REPLIES

I1.1. Reply of the 23rd ITTC Specialist
Committee on Speed and Powering
Trials to M. Schmiechen

The committee recognises that no empha-
sis has been placed on “new” methods for
evaluating ship performance at sea such as the
rational method promoted by Dr. Schmiechen.
The reason for this is that as far as the com-
mittee knows, no shipyard or organisation ac-
tually uses such a method in its daily work.
Therefore it is not justified to debate such a
method with the final objective of establishing
a standard.

Concerning the method itself, the commit-
tee feels that system identification methods in
general may suffer from robustness, i.e., that
different series of tests performed on the same
ship may lead to significant differences in the
values of parameters identified.
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I1.2. Reply of the 23rd ITTC Specialist
Committee on Speed and Powering
Trials to G.G.J. Mennen

The committee fully agrees with Mr. Men-
nen on the necessity of obtaining more complete
information on waves characteristics. This is an
essential part of ship trials where it is important
to define the conditions of the ship being tested
and the environment/trial site conditions where
that ship is being evaluated.

The use of instruments such as wave rider
buoys or bow-mounted wave sensors was rec-
ommended by the 22nd ITTC Trials and
Monitoring Specialist Committee and is en-
dorsed by our committee. Our committee in-
dicates in our final report that this essential
information required for the correction of the
trials data is commonly not available as an
actual measurement. Typically this informa-
tion, if available, is visually acquired and fil-
tered by the experience of the observer.

The committee does indicate in the final
report, the use of global drift as a mean for the
trial team to obtain reliable information. The
global drift will include the wave information
as part of its overall make-up but does not al-
low for the separation of all the individual
factors making up this useful tool. Informa-
tion is required by many data analysis proce-
dures to correct the speed/power data for envi-
ronmental effects. This information should be
acquired by direct measurement.

In conclusion, the committee strongly rec-
ommends the acquisition of all the measure-
ments identified in the final report using cali-
brated instrumentation, and in recording that
information with a computer. This enables the
conduct of a meaningful uncertainty analysis

and a more realistic correction of the
speed/power data for ship conditions and trial
site environmental conditions.

I1.3. Reply of the 23rd ITTC Specialist
Committee on Speed and Powering
Trials to M. Atlar and M. Candries

The committee would like to thank Dr. At-
lar for his comments regarding the measure-
ment of roughness of the ship hull and propel-
lers. Dr. Atlar is correct in reminding the
committee about some of the deficiencies re-
garding the BSRA/BMT roughness gage. The
stylus-type gage is not suitable for rough sur-
faces. Hence only measurements done on
fairly smooth surfaces can be considered reli-
able. However, this is the standard instrument
in use for this kind of measurement.

The committee agrees with Dr. Atlar that
the BSRA/BMT roughness gage is not suit-
able for all situations. It is hoped that some
organisation will develop a gage suitable for
the measurement of all kinds of surfaces with
a high degree of accuracy and reliability.

The committee knows of only one com-
prehensive attempt to determine the effect of
hull roughness on ship speed. This was a US
Navy study conducted in the early 1980s
where it was determined that small differ-
ences in paint and paint thicknesses in combi-
nation with different cleaned areas produced
significant fuel cost savings.

Therefore it would be of interest to the
ship community that a comprehensive study
of the relationship between hull and propeller
surface roughness and ship speed/power be
investigated.
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