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Abstract

An extensive experimental program has been carried out Lo estimate roll damping
parameters for three models of fishing vessels having different hull shapes and moving

with forward speed. Roll damping parameters are determined using a novel method.

“This method combines the Energy method and the Modulating Function technique.

The results show that this method gets better estimates compared with the original

Energy method.

A data processing system was designed to process the experimental data, A
parameter Cypp,p was introduced Lo measure the error in roll damping identification.
A database system was developed using VAX-Pascal to store the analytical results

and perform varions kinds of analyses. The data management and processing system

in this research work has proved Lo be very efficient.
The effect of forward speed. initial angle and natural frequency on roll damping

is diseussed. The effect of forward speed on roll damping was found to be nonlinear,

The effeet of initial angle is strong at zero and low forward speeds and decreases
as the forward speed is increased. The effect of natural frequency was found to be
weak.

Tkeda's method was used to predict the roll damping coefficient. The results
were compared with the experimental data. It was found that Ikeda’s method over-
estimates the roll damping at higher forward speeds for all three models. This
method fails in predicting the eddy damping for ship forms with hard chines. It
was noticed that as models move with forward speed, their mean drafts increase.

ation to lkeda's formula is proposed, making use of this observation. The

A maod
values predicted by the modified formula fit the experimental data very well.
A preliminary experiment has been done to investigate the effect of following

waves on roll damping. 1t has been found that estimating roll damping parameters,



without allowing for the time variation in the restoring moment, results in over-

estimating the values of these parameters. Further work is needed in this area.
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Chapter 1

Introduction

Although roll damping has heen extensively studied by many researchers in

Uhe past. twenty years, very little attention has been paid to the effect of forward

motion. Roll damping sulfers both quantitative and litati iations as a result
of forward motion. As the ship speed increases a new roll damping component comes
into play: the lift. component. The effect of the lift damping becomes predominant
at higher speeds.

Barr and Ankndinov[1] considered the roll damping of a ship hull without bilge
keels or other damping devices Lo arise from two sources, wavemaking and viscosity.
Viscosity is responsible for damping caused by vortex shedding at areas on the hull
which sulfer from large slope changes. Schmitke[2] used a similar reasoning to find

extimates for damping moment for a warship hull form. He included the contri-

butions from lifting surfaces such as the rudder, skeg and propeller shaft brackets.
Both these works ignored the contribution of the bare hull as a lifting surface.

Due to the fact that the ship's hull has poor section shape as a lifting surface
and because of its extremely low aspect ratio, it might be expected that the hy-
drodynamic forces and moments gencrated by the lift mechanism are much smaller
than that generated by the rudder. However, one may quote Crane et al.[4], ...

because of its very large profile area, a ship's hull does in fact generate forces and



moments far larger than the control forces and moments generated by rudder”,
to show that this is not true. This component is very important when the ship is
moving with a non zero forward speed. As a matter of fact, as the forward velocity
of chip increases, one should expect the lift component of the roll damping moment

o constitue the most significant part of the roll damping moment

One of the well known methods of roll damping estimation is the one presented

by ikeda et al.[3]

ssumed to consist

. In this method, roll damping for a ship hull is
of five components. These are friction damping, wave damping, eddy damping,
naked hull lift damping and bilge keel damping. Dilferent empirical formulae are
introduced for the calculation of the different components. In caleulating the lift
component, ikeda et al.[3] assumed the hull to be a lifting surface with a surface
area equal to its length multiplied by draft. The angle of attack is equal to the ratio

of an effective lateral velocity caused by the rotation of the hull about a center of

roll to the forward velocity of the vessel. A semi-cmpirical expression for the slope
of the lift coefficient with respect to the angle of attack, as a function of the ship's

nted. I seems

length, beam, draft and the midship section coefficient, was pres
that the expression for the slope of the lift coefficient used in ikeda’s function is
an empirical modification of that provided by Jones formnla for a low aspect ratio

wing, see Crane et al.[4]. The modification involves using an effective

pect ratio

Lio

for the hull equal to (2d/L) and adding a function in both the beam length r
and the midship section coefficient. This function reflects the fact that a thick wing

has higher slope fui the lift curve. ikeda’s formula implies that the lift coefficient is

a linear function of the angle of attack. It also assumes that the lift coe
independent of the forward speed and of the angle of roll.
An experimental study of the roll damping of a warship hull moving with for-

ward speed by Cumming et al.[5] showed the inviscid damping component to b a



nonlinear function of the forward velocity.

Blok and Aalbers(6] investigated the roll damping characteristics for 13 models
from MARIN's systematic series of high speed displacement hull forms(FDS se-
ries). They reported poor correlation between experimental damping coefficients
obtained for these models and estimations obtained using ikeda's empirical method.
After modifying the estimation of the lift damping component using the theory of

trimmed flat plates by Shuford(7], in addition to other modifications introduced by

Schmitke[2) and Graham(8] for the calculations of bilge keel eddy damping, damping

coeflicients estimates agreed well with those obtained from free roll decay tests.

An experimental investigation of the lift component of roll damping has been
done by Haddara and Leungf9). The models were towed in calm water with different

forward specds at a yaw angle with the hull in the upright condition. The magnitude

and the point of action of the lift force are determined by measuring the moment
and foree acting on the model. It has been found that the equivalent lincar damping
coulicient due to lift is a nonlincar function of the forward speed of the model. It

also found that ikeda’s formula under estimates the lift component in higher

forward speed. This experiment was done under a static condition in which the
models were not allowed to heave. It may yield different results when the model is
allowed more degrees of freedom.

It thus seems, that a further study of the roll damping moment of a ship mov-
ing with forward speed is warranted. The accuracy of the assumptions underlying
ikeda's method and its limitations should be investigated. It is the main objective of
this work to investigate experimentally the roll damping moment of the ship models
moving with forward speed.

A few roll decay tests were also obtained for the model in following waves. The

main objective of this preliminary investigation is to see what effect following waves



have on roll damping.
In roll damping experiments. a large mumber of roll decay curves are usually

obtained. These curves are usually processed one by one. I this work. a new data

and hnique is used so that the experimental data can he

processed and analysed quick

correctly and completely.



Chapter 2

Experiment

The experinents were performed in the wave tow tank of Memorial University
of Newfoundland, The wave tank has inside dimensions of 58.27 m in length, 4.57
m in width, and 3.04 m in depth. Regular and irregular waves can be generated
hy @ piston Lype wave generator at one end of the tank. At the other end of the

ng of an aluminum frame covered by wooden slabs,

tank a parabolic heach, consi

is intented to absorl and dissipate the energy contained in the incident wave and
maintain a minimum reflection coefficient. A towing carriage is available for towing
lests, resistance Lests, current probe calibration, and self propulsion experiments.

The carriage has a net weight of 3.9 tonnes and attains a maximum speed of 5 m/s.

2.1 The Models and Experimental Set Up

Models for three small fishing vessels were used in this investigation. They all
tepresent fishing vessels of the less than 25 meters length class. They are all of
similar dimensions but lave quite different hull forms. Model M363 has a hard
chine while M3G6 has a round bilge. Model M365 has a round bilge with a small
tise of floor. ‘The principal dimensions of these models are shown in Table 2.1 and

the line plans are shown in Figure 2.1, Figure 2.2 and Figure 2.3,



Table 2.1: Principal Dimensions For Models

Model M363 M365 M366
Scale 1:6.8
L(m) 1.551 1.336 1590
B(m) 0.507 0.506 0.506
d(m) 0.215 0.205
LCB(m) -0.109 -0 052 01375
A (kg) 79.5 545 69.5
Cumr 0.746 0.705 0.612
Cp 0.4575 0.3750 04214

In the experiment, the models were only allowed three degrees of freedom: roll,
heave and pitch. The experimental set up is shown in Figure 2.4. Part A is composed
of two rollers which guide a rod fixed to the carriage, this keeps the model moving
along the tank and allows it to pitch, heave and roll. Part B is a universal joint,
which allows the model to move in roll and pitch. The universal joint is connected
to a rod which is supported by two lincar hearings. The linear bearings allow the
model to heave. The model is moved forward by the action of a force transmitted
from the carriage to the universal joint.

Part A and B were mounted on a board as shown in Fignre 24, The rolling
centers of Part A and B are at the same horizontal level. The vertical position of

the board can be adjusted. As a result, the roll center can he changed. In addition, &
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Figure 2.2: Lines’ Plan for M365



Figare 2.3: Lines’ Plan for M365
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Figure 2.4: Experimental Sctup



Figure 2.5: Key arrangement on the board

Figure 2.6: Picture of Experimental Setup



gvro is mounted on the board to measure the roll angle. To give the model an initial
heel angle at the start of the test, an arm connected to the model at its center of

floatation is pushed to the side and then let go. The key

rrangement on the board

is shown in Figure 2.5 and a picture showing the experimental setup i in Figure

2.6.

2.2 Experimental Parameters

In this experiment, the model was constrained against sway. he metacentric
height G can be changed by changing the position of the center of gravity. This

changes the natural [requency of the model. The models were tested under ditferent

GM values as shown in Table 2.3, Table 2.1 and Table 2.5 where the natural fre-

quencies were directly measnred from the decay curves and LD,

ter used
to identify cach GAM value and make up file name for cach decay cnrve.

For every GM valuie, the models were tested at 8 forward specds varying from 0.0
to 1.5 m/s as shown in Table 2.2 At cach forward speed, the roll decay curves were
measured for 7 initial angles varied from 7° 10 25", Al zero forward speed, free roll
decay tests were also performed withont the joint(Part A) so that. the influenee of

the joint could be found. Therefore, for cach GM value, 63 decay curves(s forward

speeds x al angles + 7 initial angles without joint) were obtained. More than
1300 decay curves werc obtained in total.
The determinations of GM, OGo and i,y are stated in the following sub-

sections.

Table 2.2: Forward Speed for Test(m/s)

[ooTo3 o5 Jo7J09 [T [13]15]




‘Table 2.3: Experimental Parameters for M363

L. | GM(em) w OCy(cm) " I

A 533 3.796 3.98 0.8052 -1.1035
I 1.51 477 0.9666 | -1.2682
R 3.82 3310 5.9 11920 | -1.5388
[H 3.64 3.180 5.67 1.2616 -1.6221
n 3.24 6.06 1.4448 -1.8362
S 312 2951 6.19 1.5131 -1.9140
E 2155 7.16 -2.7878

2.2.1 The Measurement of GA Values

(A is the metacentric height which denotes the distance from the center of
gravily to the metacenter, positive upward. GM values can be measured by inclining
experiments. In these experiments a small weight is moved a known transverse
distance and the heel angle is measured. GM value is calculated by the following

equation:
md

X tan0 @&

GM =
where i is the mass of the small weight, A is the mass of the model, d is the distance
of the small weight from the center and 0 is the heel angle. The experiment should
be tepeated serval times and an average value obtained for GM.

In the experiment, GM values were obtained by moving the small weight in

several known distances and the the average value was calculated.

11



Table 2.4: Experimental Parameters for M365

LD. [ GM(cm) w OGo(em) " "
n 4457 6.51 -0.1957
1 4.00 3.990 .73 -0.5900
i 3.96 3.838 T ~0.5887
2 3.39 3.605 834 -0.6635 <1888
J 3.28 3481 3.14 -0.6868 -16202
3 2.57 3.217 9.16 -0.8261 -2.0661

-0.8597 30

2.2.2 The Determination of the Center of Gravity

The height of the center of gravity above the keel can be determined by the
following equation:
KG=KB+BM-GM (22)

where K B is the height of the center of buoyancy above the keel, BM is the
from the center of buoyancy to the metacenter. The values of K13 and BM for the
test models were specified in the hydrostatic particulars list provided by IMD. If the
roli center coincides with the center of gravity, the distance between the roll center

and the still water level at zero forward speed can be determined by:
0y =KG~ KD (2.3)
where K D is the distance between the still water line to the keel.

12



Table 2.5: Experimental Parameters for M366

LD, [GMeem) | w | OGolem) | ™
Y 1.35 3423 -0.1466 -1.8781
X 3.82 3.229 5.80 -0.1514 -1.0165
0 | 857 | 2085 6.05 0.1504 | -1.0606
W osor | o283 6.61 01574 | -1.3476
N | o200 | 2730 6.68 01557 | -1.2019
V| o202 | 2288 7.60 -0.1466 | -1.8781
M| T | o8t 7.88 01457 | -2.1670

2.2.3 The Expression for the Restoring Moment

‘T'he expression for Lhe restoring moment is needed for the identification of the roll

damping parameters. The restoring moment D(¢) can be expressed in the following
form:

D(¢) = GM-A-g(¢+ md’* + 26" (24)
where g is the acceleration due to gravity (m/sec?), A is the model mass(kg) and ¢
is the inclining angle.

“The parameters gy, can be regressed from the GZ curve of a ship with the
relationship:
D(¢) = GZ(¢)Ag (2.5)

where GZ represents the lever arm of the buoyancy force. The GZ curves for the

three models are shown in figure 2.7. Each GZ curve was obtained for a specific GM

13



value. Assume the GZ and GM values for the GZ curves in Figure

L7 are GZa(o)

and GMy. The GZ curve for other (CM value can be obtained by the following

expression:

GZ(0) = GZ(0) + (GM = (I My) sin(0)

008 ; ; ;
+ - M363(GM=0.056m)
006F  + - M365(GM=0.106m)
X M366(GM=0.086m)
g L
E oo a
8 -
e oo™
002k s
= e
9 50 15 200 3
ANGLI(deg)

Figure 2.7: GZ curves for Uhree models

(2.6
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Chapter 3

Identification of Roll Damping
and Data Processing

3.1 Identification of Roll Damping

The damping parameters for the model were estimated from the free roll decay
curves using @ novel method. The method combines the Energy method, Haddara
and Bennett[10] and o modified version of the Function Modulation Technique in-
troduced by Shinbrot11], see Haddara and Wu[12]. This method has been called
“Modificd Energy Method™. Both methods are described and compared in the fol-

lowing sections.

3.1.1 Energy Method

‘Ihe free rolling of a model can be described by the following differential equation:
b+ N(8.6) + D(8) =0 (3.1)
where ¢ is the angle of roll, N(¢, $) and D(¢) are the damping and restoring mo-
ments per unit virtual mass moment of inertia of the model.
“The damping model can be expressed in the following nonlineear forms:
N(0.8) = 20w(é+¢l¢|¢) Lincar angle dependence (3.2)
N(8.6) = Aw(d+ddld) Quadratic (33)

15



N(o.0) = Aw(d+a')  Cubic W

N0.0) = 2w(0+0'0)  Quadratic angle dependence (45)

where ¢ and ¢ are the nondimensional linear and nonlinear datnping e flicients, o
is the natural frequency of the finear roll equation.

In many cases. it is very useful o replace the nonlinear damping moment in

equation 8.1 by an equivalent lincar damping moment. espect

the effect of different factors on roll damping, such as the effect of forward speed,
natural frequency, initial angle, ete. In this case the roll damping moment can e
expressed as:
N(0.0) = B (1.6)
where B, = 2¢w denotes the equivalent linear damping coeflicient.
The restoring moment is a function of the form of the underwater part of the
ship hull which has beed discussed in Chapter 2,

Rewriting the ship roll decay equation (eq. 3.1) in the following form:
b+ D(o) = ~N($,) o)

and multiplying both sides by 6 gives:
b+ dD(4) = —N(9,6)d (3.8)

Writing the left hand terms of above equation in the following form:

1 d

p. 4
o0 = Fg#)
" e ”
D(g)é = 5(G(9) (3.9)
yields:
Lilia s Gio) = -N6,9) (3.10)
@'z = e :

16



-
5
(o) =/ Da)ds
A
Integrating equation 3.10 from 1, Lo Ly vields

Vit = Vi) = [ N8, 6)dat (3.11)

.
i

where £, and 1, are lwo succesive instants of time, V/(t) is the total energy of the

model per unit virtual moment of inertia at time ¢

Lt 4 cie) (3.12)

V(L)

ation 3.1 shows that the cnergy loss during a small interval of time d is equal

1o the energy dissipated in damping in the same interval. Assume the damping

model is the Cubic form. Then substituing 3.4 into 3.11 yields

Vil) = V(ti) = /"" 2Ww(d + ed)dt (3.13)

Qi(t) = biniy + baniy (3.14)
where

Qi = V() = Viti)

b o= 2w
b = Awe
tigr oy
na ~/h S0t
. .
we = [ d0a (3.15)

Q, and . ny can be determined numerically from the roll decay curve. A least
square method can then be used to find the coefficients by, b, which makes the sum
of the squares of the dilference between the two sides of equation 3.14 a minimum.

The parameters of other roll damping models can be obtained in the same way.

7



3.1.2 Modified Energy Method
A modulating function operator is defined as:
.
W[f()] = / JOAREME (k=001 )
Jo

where

o

.-\"(r):exp(—r’/'l)”klw'):(-‘I)‘, xp(=r4/2)]

and [i(7) is Hermite polynomial of order k and
T F
P T”"+ ) =Ty =p1 =1,

where

(1. +13)
gl e ts)
2 T
The function A*(7) satisly the following orthogonal relationship

/‘” exp(r2 Q) A™ () AM(7)dr = V3T by

(3.16)

(317

(3.18)

where 8 is Kronecker delta. ‘They also satisly the following recursion relationships:

TANT) = A ) A ()

dAn(r) _

e
ir A )

Substitu ng the expression for N(¢, $) in equation 3.4 and operating on equation

3.1 using Wy, one gets
WV] = =2 {ld] + bild)
In equation 3.19,

v = /DTV(t)/\"(rjdt

I

AN
dr
= V(T)AKT.) = VO AX(=T,) + BWen(V(1)]

18

VIT)AK(T,) = V(0)AR(=T,) — /1["’ vy,

(3.19)

(3.20)



Then equation 3,19 can be expressed as

an{Wald) + W)} = —V(T)ANTL) + VO)AX(=T,) = BWap(V(1)]
(k=0,1,-,n) (3.21)

Using different values of k, one can generate a number of equations similar to equa-
tion 3.21 equal to the number of the unknown parameters in equation 3.4. In this
case, we need only two equations to solve for ¢ and e. One can also generate a
larger number of equations and use a least square technique to find the unknown
parameters,

When the equivalent linear damping form is used, let ¢ = 0 and ¢ can be deter-

mined by

L =V(AKTL) + V(0)A*(=T,) = B [V(1)] ’
= 'Z"J‘l'k{d.’z] 3
or
B= V(D) AT + V(O)fiff—YL) = BYen V(1) (3.23)
Wi[¢¥]

3.1.3 Comparison of Energy Method and Modified Energy
Method

The energy and modified energy methods were used to estimate the damping
parameters from the decay curves. The damping parameters obtained by both
methods were used to generate free decay curves for the three models. These curves
are compared with the decay curves obtained from experiment. The results are
shown in Figure 3.1 to Figure 3.3. One can sce that the modified energy method
provides better predictions than the original energy method and that it is consistent

in predicting the damping parameters.
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3.2 Data Acquisition, Processing and Manage-
ment

As stated in Chapter 2, more than 1300 decay curves were measured in the
experiment. Usually, the decay curves will be processed one by one. It may take a
few weeks of hard work to finish the whole process. In the present work, a special
scheme has heen designed to process the data in batches. This scheme had to be
designed before the experiment, because the file names have key effect on the batch
processing. The file names must be composed using certain regulations so that the
processing programs can compose the file names automatically and process them
one by one. In order to perform batch processing, it takes more time in program
design and testing so that the programs work properly. Batch processing gives the
benefit that it may only take a few hours in data processing instead of a few weeks
of tedions work on the single file processing. It also gives a tidy arrangement of

the output files in each processing stage and produces a standard format of results
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Figure 3.4: The flowgraph of data processing

which provides the possibility of using database techniques in data management and

analysis. The flowgraph of data processing is shown in Figure 3.1.

3.2.1 Data Acquisition

In the experiment, a gyroscope was used to measure the roll decay curves. A
program named ‘S575' was used in data acquisition and plotting using the Keithley
system and IBM PC interrupts. This program was developed in the Wave Tank
Laboratory of M.U.N. using Microsoft C. The information of cach decay curve was

stored in a file. For the batch processing requirement, the file names were defined



in the following way:

File Name = L1, + Forward Speed No. + Initial Angle No.

Forward Specd No. = [0, 03, 05, -+, 15] for corresponding forward speeds listed in

Table 2.2, For the roll decay test without joint(Part A) at zero forward speed, the

Forward Specd No. is [63] for M363, (65 for M365 and [66] for M366. Initial Angle

No. = [01, 02, 03, -+, 07] for initial angles varying from 7° ~ 25° in increments of

about 37, LD, is the identification mentioned in Chapter 2. A few examples of the

file names are listed as follows:

S0001  (forward speed = 0.0m/s, initial angle No. 1 ~ 7%)

50502 (forward speed = 0.5m/s, initial angle No. 2 & 10°)

§1503  (forward speed = 1.5m/s, initial angle No. 3 & 13°)

§6304  (forward speed = 0.0m/s, initial angle No. 4 & 16, Without joint)
116505 (forward spred = 0.0m/s, initial angle No. 5 ~ 19°, Without joint)

Y6606 (forward speed = 0.0m/s, initial angle No. 6 ~ 22°, Without joint)

where 'S is the LD, for M363(GM=3.12cm) as shown in Table 2.3, ‘H' is the LD. for

M3G5( (M =5.22cm) as shown in Table 2.4 and *Y” is the [.D. for M366(G M =4.35cm)

as shown in Table 2.5. In different stages of analysis, the file name will be the same
but with different extension, as will be explained in detail in the following. The files
in the stage of data acquisition do not have extensions.

A file named *S0507" is shown in Appendix A as an example. The data from
three channels were collected in the file in three columns. The first column gives
the roll angle, the second column gives the pitch angle and the third column gives
the forward speed. The integers in the columns indicate the amount of voltages

measured by the gyroscope. Offsets and slopes in the file are used to translate the
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formula:

integers into degrees or m /<. The translation can be done by the following

I+S+0 A1)

where [ is the integer in the file, 8 is the slope and O is the olfset,
3.2.2 Translation of Experimental Data

Equation 3.24 was used to obtaine calibrated data. In thisstage and the following

stages, the data were processed in batches. Input a LD, such as 87 will process all

ni

the 63 files(S forward speeds x 7 initial angles + 7 initial angle withont joint) at
the same time. The program composes the file names antomatically and procosses
the files one by one. A program named "TRSBAT developed in PASCAL was used
to do the translation. The source pragram is listed in Appendis 1. The outpnt
files in this stage have the extension *AGL’, An example of the translated values
named *S0507. AGL' is shown in Appendix B, where the fitst column is rofl angles,

the second is pitch angles and the third is forward speed.

3.2.3 Rearragement of the Data

The translated files still need some rearrangment hefore they be e

0
roll damping parameter identification. A program named "DAMABAT written m

FORTRAN was used to do this work. The source program is listed in Appendis Fi.

The function of the program is listed as follow

1. Cut off the first half cycle of the data. As stated in Chapter 2, the initial angle

was generated by hand throngh an arm attached to the model, Some heave

and pitch coupling are inevitable in the begining of the rolling. Therefore tie

first half cycle of the data was not used in the analysis.

©

Adjust the x-axis. In the experiment, the gyroscope may not be parallel to

the water level and the roll decay curves may have some bias, The x axis wis
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Fignre 3.5: Roll decay curve before and after the rearrangement
adjusted to minimize the bias,

Measure the natural frequency from the decay curve.

1. Create a file for the identification of roll damping parameters.

‘The output files in this stage have the extension *.USE’. An example of the sutput
file named *SO507.USE" is shown in Appendix C. The first five values are sampling
frequency(1/s), natural frequency and coefficients of restoring moment(1,u1, ft2).
From sixth to end are the rolling angles. The pitch angle and forward speed were
not included in the file in order to save space. Figure 3.5 shows the roll decay curve

before and after the rearragement.
3.2.4 Calculation of Roll Damping Parameters

A program named *MODFBAT" developed in FORTRAN is used to calculate the
roll damping parameters by using Modified Energy Method. The source program is

listed in Appendix I, The files obtained by the previous process such as 'S0507.USE’
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were used as input. A coellicient was used to measure the error. The coeflicient is
defined as :

=¥

(A -

Corror

where A, is the amplitude of cach half cycle of the decay curve obtained from
experiment. A, is the amplitude of each half cyele of the decay curve generated

by the roll damping parameters obtained by Modified Energy Method and n is the

number of the amplitnde of half cycle. n was assigned 5 in the calenlation.

le 3.1 In the

An example of the output of the program is shown in ‘Ta ble line

01) is the input file name. Line 02) is the natural frequency. Lines 03) to 12) are the

amplitudes of hall cycles. Lines 13) to 16) are the nonlincar damping coeflicients

(2wC, 2wCe) defined in equation 3.2 to 3.5 and the Corpor defined it equation 1,25,

In line 17), the first value is linear cquivalent damping coeflicient (1.) and the third

value is Cerror. As we can sce in Table 3.1, the errors of nonlinear models are ller

than the error of linear equivalent model, which indicates that the nonlinear models

fit the experimental data better than the linear equivalent model.
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Chapter 4

Management and Analysis

4.1 Management of the Experimental Results Us-
ing Database Techniques

4.1.1 Introduction of the Database Management System

As we saw in the previous Chapter, the output of the caleulation is in simple
file style(text file). Usually, investigators will analyse the data according to these
files, which can be refered to as “simple file approach”[13]. This may work well if
the amount of data is small and the relationships between the different, components
of the data are simple. In the present work, there are more than 1300 results as the

ase shown in Table 3.1. The usage of the data is quite diverse. Usage includes:

. Output data for different initial angles at a s ¢ forward speed

. Output data for different forward speed at a specific initial angle

. Output data for different natural frequencies at a specific forward speed

As we can see, the data arc used in different applications.

When simple file approach is used, it has the following problems:

1. Data redundancy. It is unavoidable that some data elements are nsed in num-

ber of applications as the situation stated above. Since data is required by

multiple applications, it often is recorded in multiple data files. In most cases,
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the dati is stored repeatedly, which may jeopardize the integrity of the data.

as well as putting pressure on storage.

ity constraints. When data are scattered in a number of files, it

alot of time and effort Lo search for the proper data to be used (usually

done mannally), which may lead to incomplete analysis of the data.

Dataloss. In simple file approach, the various utilitics of the operating system,

sueh as copying, sorting, merging and cditing, have to be used to handle the
files and prepare data for further calculation or plotting. A small mistake can
cause data loss and it will be unrecoverable. As there are many files in the
storage, it is easy to forget the name and directory of the file, which may also

lead to data loss.

“The solution to such problems lies in database management systems(DBMS). DBMS
is widely used in business and has spread Lo science and technology(13]. A database
can be defined as[11]: “a common pool of shared data in which the data is interre-
falend  where eneh ihenyof Uhe:data is stored only once and which reprosents a seevice
Lo a wide range of applications.”

“I'he most popular database model is the relational model. The relational database
can he simply considered as a two-dimensional table. The column is called data item
or field and the row is called record. All records are distinct(no duplicate records
are allowed), To ensure that all records are distinct, each record has a key, A key
can be one field or a combination of a number of fields in the record. The records in
the database can be indexed(or sorted) by the key in ascending or descending order.

A data management system is a computer software that builds and uses the
database[13). The capabilities of data management systems are shown in Figure

4.1 The advantages of using  database management system are:
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Figure 4.1: Capabilities of data management system(after Rumble and Hampel (1))

1. Redundancy is minimized. Because the data is only stored onee

storage space and guarantees the integrity of the data.

2. In a data management system, the data s isolatedl from the application pro-
grams. Changes in data file format, such as increasing a field length or adding a
nevw field, and access methods, do not force modification in the application pro-

grams which use the files. This feature is referred as “data independence”[15).

3. With the help of a database, application programs can he

tained and enchanced easily and quickly.

1. With the help of the key ficld, one can retrieve the required dati

5. The data in the databasc can be shared by different users, which is an im-

portant feature in business DBMS and is important in science and technology
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applications when a grosp of people participate in the same project and anal-

yse different aspects of the data.

Usystems, many functions are similar, such as appending,

5. In data managen
updating, deleting, listing, etc.. It is pessible to develop a set of common
subroutines which can be used by different databases with a little change,
which will save time and cffort in programing, especially in large research
prajects which involwe the processing of a great amount of data with different

structures,

4.1.2 The Creation of a Database

A database created by PASCAL is used to store the results such as the one

shown in table 3.1, PASCAL is better in the field of data management than many
other languages such as FORTRAN. The reason is that PASCAL offers a richer
repertoier of structured data ty pes{16]. Here record data type is used. The record is
a structure with named components which can be of different types. The result of
analysis of each decay curve, as shown in Table 3.1, can be considered as a record.
The definition of the database can be written as follows:
type

key type = packed array[1..5] of char;

frec =record

id : [kex(0, ascending, nochanges, noduplicates)] keytype;

omega ;
speed

rray[1..10] of real;

amplitude
b array(l.5. 1..3) of real;
end;
var
F : lile of frecs

where *id"is the field to store the file names of the decay curves such as ‘S0507".

=

“This is the key field in the record. The file is accessed in an index mode offered by
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VAX

PASCAL{IT)[18]. To create a database, the file can e opened by:

open(f. “lab0801.dat’, history:=unkuown.

organization:=index, accessmet hod:=keyed):

rewrite(f):

To read or update the database, the file can be opened hy:

open(f, “1ab0301.dat’. history:=old,

lox, accessmethodi=keyed);

resetk(f. 0);
where 'Iab0301.dat” is the name of the database, A record can be located by:
tndk([. 0, '$0507")

where 'S0507" s the key of the record to be found.
A program named 'LABDATA" has been developed W ereate and manage the
database. The source progeam is listed in Appendix G. The prograrm has two sub-

routines. Oneis for data management, the other is for data analysis and reporting.
4.1.3 The functions of the data management sub-routine
The functions of data management sub-routine are listed as lollows:
1. Create (or rewrite) database.

2. Append analytical results obtained by Modified Encrgy Method. The analyti-
cal results such as the one shown in Table 3.1 will he added into the database,
3. Data examination. In this function, Corpr of cach record will be compared
with a specified value. The program will list all the records in which Chr

is greater than the specified value. In the analysis, it has been found that
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when Corrge > 001, the predicted damping coelficient is unacceptable. which
means the decay curve generated by the predicted damping coefficients do
not. fit the decay curve obtained in the experiment, well.  In this case, the

ts llave to be re-estimated according to other results with

damping cocfli

better conditions.  There are more than 1000 records in the database, only

23 Y of the results needed to be reestimated, which indicates that the

Madified Encrgy Method hias given a very good estimation of the roll damping

ent,.

cocll

1. Update analytical result. In this function, the data in a record can be modified.

A List records in the database.

4.1.4 The functionsof the data analysis and reporting sub-
routine

As soon as all the analytical resulls are stored in the database, we can output

the results in varions combinations, In the analysis, equivalent damping coefficient
is used in most of the cases. o without specification, the output damping coefficient
is the equivalent, damping cocfficient.

The main functions of the data analysis and reporting sub-routine are listed as

follows:

wl error caused by the joint by comparing wo sets of data. As stated in
Chapter 2, at zero forward speed, both experiments with and without the
joint were tested. Two sets of data were compared to find the error caused by
the joint. In this function, the average error caused by the joint is calculated
and the data were output. for plotting. The results are shown in Figure 4.2 ~

Figure 1.4, We can see that the error caused by the joint is almost constant

33



©

g

.

Table 1.1: Damping Coeflicient V=0.5m/s, id="§"

Tnitial Anglo(rad.) | 3w | 2w

8 0.34161 0.0
048094 0.0
048768 | 0.0
116 0.0 903E-01
032 0.0 3. 508104
25176 281 0.0 T.O108 M
0.23694 0.61011 | 0.0 | 1O75K03

Table 4.2: B, as a function of forward speed and initial angle, i

Fr Tnitial Angle

fid 9 1§ T
0.364-4 0.4512 0.5420 0.6
0.3200 0.3778 0.4501 0.5045
0.3471 0.4123 7| 04685
831 0.1191
0.4961 0.5093
0.6102 | 0.6409
0.7943 0.7572 0.7106
0.6518 0.7141 0.7647

at different initial angles. In the analysis, the error will be deducted from the

damping cocfficients obtained from the experiments with joint.

. Output damping coefficients of one forward speed. An wxample of the output

is shown in Table 4.1.

Output damping coefficient. as a function of speed and initial angle. An ex-

ample of the output are shown in Table 4.2, where the initial angles are inpit

as many as the user wants.

. Output damping coefficients a function of w(natural frequency ) and speed. An
example of the output is shown in Table 4.3. The user has to specify an initial
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angle at first and then slect the values of w by selecting the 1D, listed in

Table 2.3, Table 2.1 or Table 2.5.

Least square regression. In this function,  straight line is created Lo it the
data for differcnt initial angles with the same forward speed. Exatnple of using

this function can be shown in Figure 4.2 to Figure 4.4.

Table 4.3: B, as a function of w and forward speed, initial angle=11"

ID.| w Forward Speed(n/s)
0.0 | 03 05 [ 0.7 ]09

1.3 1.5

0.443 | 0.382 [ 0.372 | 0.426 | 0.476 0.623 | 0.540
0.445 | 0.367 | 0.343 | 0.375 | 0.465 0.654 | 0.562
0.554 | 0.435 | 0.442 | 0.460 | 0.531 0.661 | 0.706
0492 | 0.401 | 0.386 | 0.406 | 0.526 | 0.605 | 0.773 | 0.772
0.488 | 0.378 | 0.364 | 0.382 | 0.477 | 0.643 | 0.734 | 0816
51 | 0.542 | 0.450 | 0.432 | 0.438 | 0.532 | 0.665 | 0.741 | 0.765
2.455 | 0.499 | 0.398 | 0.396 | 0.463 | 0.590 | 0.756 | 0.809 | 0.862

mroUQR® >




4.2 Analysis and Discussion

The effects of different factors on roll damping have been investigated in detail

by the help of the functions provided by the database system introduced in previous
seetion.

4.2.1 Effect of Forward Speed on Roll Damping

{ficient of the

The elfect of forward speed on the equivalent linear damping

models M363, M365 and M366 is shown in Figure 1.5 to 1.7, respectively. It can be

seen from Figure 4.5 thal there is a minimam point in the damping coefficient of

M3 at a Froude number around 0.1 to 0.2, This phenomenon has been observed by

several investigators, see Cox and Lloyd[19] and Cumming et al.[5]. The decrease in

damping is attributed 1o 1 vortex cancellation mechanism caused by the bilge keels.
However, model M363 does not have bilge keels but has a hard chine which could
I easing the vortex cancellation mechanism in this case. The velocity at which
the miininmm roll damping oceurs can’ be estimated by the “reduced frequency™

relationship| 19]:

whee _,
o= (4.1)

In the case of the data in Figure 1.5, w = 3.796 and Lk can be taken as the length
of the hard chine whieh is abont 1.0 meter long. Then we get U = 0.6042 and

0.155 which is approximately the value observed in Figure 4.5.

In addition, it has been noticed that as the forward speed increases there is
a rapid decrease of the eddy damping accompanicd by a slow increase in the lift
damping until a certain speed is reached. As the forward speed increases beyond
this vaalue, 1ift damping increases rapidly and this causes a steady increase in the
total damping of the madel. For all three models the damping coefficient increases in

4 nonlinear manner. Actually, for M363 the damping coefficient reaches a peak at a
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