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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
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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

37



Froude number of about 0.33 then decreases again as the velocity is increased. This

may be attributed to the deterioration in the lift generating mechanism at higher

speeds. “The reason that damping for the other models docs ot hehave similarly

can be attributed to the fact that model M has the highest midship section
cocfficient which may cause separation of the How and thus a deterioration in the
lift generation.

It should also be pointed out that model M366 has superior damping, qualities
over model M363 when they are moving with forward speed.in spite of the Tact that
the reverse is true when they are rolling at zero forward speed. This shows that

estimating the damping qualities of ship models at zero forward speed can yield

misleading results.
4.2.2 The Effect of The Initial Angle of Heel

The effect of the initial angle of heel, at which the free roll decay starts, on the
damping coefficient has been studied. The results can also be seen in Fignre 1.5 ~

Figure 4.7 for the models M363, \

5 and M366, respectively. The initial angle of
heel has the greatest effect near zero speed. A zero and near zero speed, roll damping
consists of friction. wave and eddy making components. These three components

are functions of the roll amplitude. At s

near, but greater than, zero the
contribution of lift to damping moment is small. As the forward velocity increases,
lift effects become predominant and roll damping becomes almost. independent of

re i to

the initial heel angle, as scen from the experimental results shown in Fig

L7, Roll amplitude has the greatest effect on model M363 damping at zero speed.

The effect is less in the case of model M365 and less in the case of model M366.

The fact that M363 has a hard chine while M366 has a round bilge explains this

behaviour. At zero forward speed, most of the damping of model M363 is vicous
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while most of the damping of model M366 is caused by wave generation. Model

M365 represents a case in between these two models.

4.2.3 The Effect of Natural Frequency

In the experiments, we changed natural frequency of the model by changing

the GM value. As shown in Table 2.3, Table 2.4 and Table 2.5. The square of
the natural frequency w? is proportional to GM value. The effect of changing the
natural frequency on the equivalent linear damping coeflicient is shown in Figure 4.8

10 4.10 for models M363, M365 and M366, respectively. It is scen that the damping

is a nonlinear function of the natural frequency. ‘This has been observed in the case
of a war ship hull at zero forward speed, sce Cumming et al.[5].

It also can been seen in the Figures that the effect of natural frequency on roll

damping is not very significant. Generally speaking, the increase of frequency will
increase damping in vibration. But for ship rolling, the increase of natural frequency

is obtained by the increase of GM value, which will decrease the vertical height of

A0



the center of gravity, As a result the magnitude of the damping force arm will be

dee

wsesl. The: combined effect may be the cause that the effect of natural frequency

o roll damping is small.
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Chapter 5

Prediction of Roll Damping

The total damping of a small fishing vessel moving with forward velocity can

be divided into four components: friction, wave, lift and eddy damping, where wldy
damping can be separated into two parts, one caused by the hull and the other
caused by the skeg, Each component can he predicted separately[3][20][21]. In this

Chapter, the prediction method for each component as proposed by Tkeda and other

will be described. Esti | values will be compared with experimen-

tal results and suggestion for modification of the present estimating method will he

proposed.

5.1 Component Analysis
5.1.1 Friction Damping

Friction Damping is caused by the skin-friction stress on the hull surface. In
predicting the value of friction damping, we ignore the effect of waves and regard
the ship hull form as an equivalent axisymmetric body, Then the skin friction laws
for a flat plate in steady flow are applied to roll motion of the body.

Cited here is Kato's formula modificd by Himenof21)(no forward speed):

Bro = 0.787pS 1 /au(1 + 0. oosm(' "’"“‘ s (5.1)



e first terin in the brackets gives the result for laminar flow. which is used for the
waked model ull, while the sccond term gives the modificaticn for the turbulent
flow by Hugh’s formula, applicable o both the model hull with bilge keels and the

nts the ed surface area of the ship hull and r; the

actual ship hull. S repr

sed approximately by the formula:

average radius of roll. They can he expre
Sy = L(1.7d+ CsB)

and
! N N e
vy = —{(0.887 + 0.145C5) > + 2 - OG)
T L
In the presence of the forward speed, the frict'on damping can be expressed

as(Tamiya ot al

U
Bp = Bro(1 +4.1—7) (5.2)

whete Bio represents the friction damping at zero forward speed, which can be

ated above.

d by Kato's formul
5.1.2 Eddy Damping (Naked Hull)

In the absence of ship speed, this component is caused by the flow separation
al the bottom of the ship hull near the stem and stern or at the bilge circle near
the midship portion. The pressure drop in the separation region gives rise to this
damping.

In recent times, it has been tound that the drag coefficient of a body in an
ovscillatory motion varies with the amplitude of the oscillation. The same situation
may occur in the case of roll damping. Ikeda et al.[23] investigated this point
experimentally for a number of two-dimensional cylinders with ship-like sections.
“They confirmed through the analysis of the experimental data that the eddy damping

coeflicient can safely be considered as a constant in case of ship rolling. They further
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proposed a formula for the eddy damping for ordinary ship hall forms. This can he

written in terms of the two dimensional cross-sectional coeflicient:

(A.3)

where Fpaes R,o denote the masimum distance from the center of gravity to the
hull surface, bilge radius, arca coefficient of the section, respectively. The function
F can be determined only by the hull shape and the pressure coeflicient ), by the
the ratio of the maximum relative velocity to the mean velocity on the hull surface,

¥ = Unaz/Unean- This can be calculated approximately by a formula given by lkeda

et al., details can be found in reference[3]. The eddy damping for the whole s
form can be obtained by integrating the sectional values over the ship length.

ed ceddies

In the presence of ship forward specd, ou the other hand, the sep
flow away downstream, with the result that the eddy damping wcereases rapidly.
In this case, the eddy damping can be corrected by the following emprical fornpila

given by Ikeda et al.[3]
(0.04/)?
T+ (0.01K)?

Bi; = Bro» (5.1)
where: B issthoeily: dnnping Tordhemholeship farmatimer forward mecand

K is the reduced frequency (K = wL/U/).

5.1.3 Lift Damping

the eddy damping dee

As mentioned before, as the forward speed inci

rapidly and lift damping prevails. Therefore the lift component becomes the most
important part in investigating ship roll damping with forward speed. Yumuro de-
rived a simple formula by applying the lateral force farmula used in ship maneuvering

research field to the problem of roll damping. This formula was modificd by lkeda



et al[3]. The formulais given in the form of an equivalent linear damping as below

oG oG’
B, = .l/ll,/l/lU:NL,[u(l +14% yor ) (5.3)
2 In [
where
ky = ‘zn'[i + k(1.1B/L ~ 0.045) (5.6)
0 Cy £0.92
0.0 for 0.92 < Cay <097 (5.7
0.3 0.97 < Cay £0.99

kv ropresents the derivative of the lift coefficient of the hull towed obliquely. I, is the

lever defined in such a way that the quantity l,¢/U correspondents to the incidence

angle of the lifting body. { denotes the distance from the roll center to the center
of lift force, [, and [ were given by Ikeda et al. as

[,=03d , Ilp=05d (5.8)

According to Tkeda's fornula, the lift damping is linear, proportional to ship

speed and independent of roll amplitude.

5.1.4 Wave Damping

In the case of zero Froude number, the wave damping can be obtained by using
the strip method. In this paper,a subroutine of the program SHIPMO[8][24] devel-
aped by National Defence Department based on the Close-fit theory was used to
calenlate the wave damping at zero forward speed.

In the presence of ship speed, it is quite difficult to calculate the wave roll
damping theoretically, Tkeda et al calculated the energy loss in the far field due to a
pair of horizontal doublets and compared the results with experiments for models of
combined lal plates. Through these elementary analyses they proposed an empirical

formula for roll damping of ordinary ship forms:

3 P
B 05({( A+ 1)+ (A= 1) tanh 200 ~0.3)} 4 (2, — Az~ 1) exp{~150(r —0.25)7)]

Buo
(5.9)



where A; = 1+

=05+&"

&y =wtdlg =uw/y

The terms Al and A2 represent the maximum at the point 7 = 1/4 and the constant
value of B,,/Bu.o where the value of 7 is large. The term By stands for the value

at zero forward speed.

5.1.5 Eddy Damping due to the Skeg

Most small fishing vessels have skegs to improve their manoeuvrability perfor-

mance and for the convenicnce when they are do

1 on the slipway. Tkeda ot al,

found that the skeg decreases wave damping and increases eddy damping[20]. ‘They

attributed the decrease of wave damping to the fact that the phase of the wave
created by the skeg is much different from that created by the main hull.
The creation of eddies at the edge of the skeg leads Lo an increase in eddy

damping. Eddy damping duc to a skeg can be divided into two components. Oue

is the normal force component which is created by the pressure variation on a sk

The other is the hull surface pressure component which is created by the pressure

variation on the main hull surface due to the skeg. The normal force compone:

always positive, while the surface pressure component may be ne

Tkeda et al.[20] proposed a simple prediction method of eddy component of roll

damping due to skeg. A simple pressure distribution on the skeg and on the bottom

of a vessel is assumed as shown in Figure 5.1. "The pressure coellicient Cpp and Cpy

on the front and the back faces the skeg and the length of the ative pressure
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Fignre 5.l: Pressure distribution due to a skeg(after Ikeda et al.[20])

region S are assumed on the basis of the experimental results as follows

Cpr = 12
Cpn = -38 (5.10)
S = LG65LKM

where [, denotes the length of a skeg, K. is Keulegan-Carpenter number defined as
gy = T/15, where Upay denotes the maximum speed of the edge of the skeg, T the
period of the roll motion. Strictly, the value of Cpr depends on K. number, but it
is assumed to be constant for simplicity. Integrating the assumed pressure on the
skeg and on the hull surface, the roll damping moment M, for unit length of the

hull section can be obtained as follows
- 1 3
My = 5pU3{(Crr = Cra)lsh ~ §Cl’r"l[1 + ECPRS[:.) (5.11)

where {1y denotes the velocity of the edge of the skeg, and Iy, {; and I3 the moment
levers as shown in Figure 5.1, The equivalent linear damping of the skeg can then

be expressed as

; 1 3
Bu= 5=pesalil(Cor = Cra)lh = 5Crraly + $CrrSk] (5.12)

3r

wher. 1y is the distance from the center of gravity to the edge of the skeg.
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The experimental study by Tkeda et al. indicates that the above formula predicts

the eddy damping duc 1o the skeg very well.

5.2 Comparison of Predicted Values with Exper-
imental Results

As stated above, the roll damping of a fishing vessel is composed of four compo-

and eddy damping for

nents, namely, friction damping, wave dam ping, lift. damping

naked hull and skeg. These components are caleulated using the formulae desceribed

in the last section, As many as possible estimated values have heen calenlated and

compared with the experimental data. 1t was found that the results are quite similar

for different conditions (GM values and roll amplitudes) for a specific model. T'wo

figures are selected for each model as shown in Figire 5.2 and Figure 5.3 for M363

. Figure 5.4 and Figure 5.5 for M365 and Figure 5.6 and Figure 5.7 for M366.

At zero forward speed, the predicting method gave quite accurate results for
M365 and M366, but lower estimates for M363. As stated previously, M363 has a
hard chine which will increase the eddy damping. ITkeda et al.[20] investigated the
effect of the hard chine and draw the conclusion that it has twice the value as that
calculated for a round bilge vessel, but the results of the present work show that the

mated value obtained

difference is larger than that. The main reason is that the

by Ikeda’s formula gave a very small value for the eddy damping, which suggests

that an accurate estimated method of eddy damping for a v with hard chine
is still lacking. On the other hand, the estimated formula of the skeg proposed by
Ikeda gave quite reasonable results based on the fact that the estimating method
predicted good results for M365 and M366 at zero forward speed.

In the presence of forward speed, the predicted method over estimates the roll

damping for all three models and the difference becomes larger with the increasing
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forward speed as shown in the Figures. This leads us to conclude that Ikeda's

formula over estimates lift damping. A modification of Tkeda's formula is therefore

suggested based on a phenomenon observed during the experines
5.3 Modification of Ikeda’s Formula

eriments, it was observed that the model sinkage increases with

During the

the increase in forward speed. s can be explained casily by basic theory of Fluid

Mechanics. When the ship moves in the *luid speed on the ship hall will
increase, which creates a low pressure area under the ship hull. The ship's draft
increases with ferward speed to balance the decreasing pressure under the ship hull,
As a result, the distance between the rolling center and the water level O will

decrease with the increase of forward speed.

As stated above, all damping components have relationship with O value, but

d. Cal-

at high forward speed, nnly lift and wave component need Lo be conside
culations have been done to investigate the effect of O value on the estimation
of wave and lift damping. As shown in Figure 5.8, wave damping at zero forward
speed shows a minimum around OG/d of 0.15 to 0.25. . Therefore, the effect of i

change in OG value on wave damping is uncertain, depending on Uie value of OC/d.

Lo OF

The calculation of the lift component shows that lift damping is propor
value, which can be explained by the fact that the lever arm of the ift moment is
proportional to OG value.

The relationship between OG and forward speed may be found using the laws of

hydrodynamics. Because of the lack of rescarch work in this field, we simply assume

that the relationship is linear, i.c.
0G=0G,—b-I, (5.13)
where OGy is the OG value at. zero forward speed, bis the slope and Fy is Froude
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number. For the lift damping component. the moditication can be made by replacing

OG in equation 5.5 by cquation 5.13 i.c.

1 TGa—b- F, OG- b- 1)
Bir= b alitdiy it 4 1 QO g (OC b Y (5.10)
2 T Lin

For the wave damping component of a model moving with forward velocity, one van

calculate OG values using equation 5.13, then use this OG value to calenlate the
wave damping al zero forward speed Byy using strip theory aud, finally caleulate

9.
03 : pos oo

B, using cq.

%3 035 04 o4s 0.5

Block Coefficient
IFigure 5.10: Relationship between slope b and block coellicient

The slope b is determined by comparing the experimental data with the estimated
values. The search is done automatically by a program which finds & value for b

that makes the predicted curve closest to the experimental data. The ¢

has been carried out for different GM values. For each GM value, only one or two
initial angles have been selected, considering the fact that the effeet of initial angle is
small at high forward speed as stated in chapter 4. The results are shown in Figure

5.9. It was found that b is almost constant for cach miodel which gives a conclusion
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3 b is about 0.115, for M365 0.185

that b is only a function of ship form. For )
ane for M366 0.151. 1t has been found that b has a linear relationship with the

block coeflicient Cy as shown in Figare 5.10, The relationship can be expressed as:

h=-0.8485Cp + 0.5032 (5.15)

The final modification of Ikeda’s formula can be expressed as:

B, é/:l/l,/ll:,vl.,ln(l ¥ 132 ('0'8"55’05+ 2
2 n
OG, 8485 .5032) - F,J?
+ 07100 nm?cl'g +0502) - FP o
ol R

The modified results are shown in Figure 5.11 ~ Figure 5.16. Three curves are
given in each Figure. One is the curve predicted by Ikeda's formulae. Second one
is the curve in which the lift damping has been modified. The third one is the
curve in which both wave and lift damping have been modified. For M363 and
Mi366 the second and third curves are quite close, but for M365 the third curve
fits the experimental data better, which suggests that both the lift and the wave
components need to be modified, especially for ship forms with large value of wave
damping component, such as M365. As shown in the figures, the modified curves fit
the experimental data much petter than the curve predicted by the original Ikeda’s
formulac. For M366, the modified curves give a perfect fit on the experimental data.
For M363 the modified curves fit the experimental data very well except at zero and
low forward speed values where eddy damping is under estimated as stated before.
For M365 the modified curves still have some difference with experimental data in
the range of 0.05 < F < 0.25, which suggests that the relationship between OG
value and forward speed may not be linear for some ship forms. Actually it was
noticed in the experiment that M365 has larger sinkage than the other two model,

which may be attributed to the llat bottom of M365.
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Chapter 6

Effect of Following Waves on Roll
Damping

An experiment has been done to investigate the effect of following waves on roll
damping. When a ship is moving in a following wave, the water surface around
the ship will change with the transmission of the wave, which will generate heave
and piteh and affect the behaviour of roll motion, An experiment was designed to

investigale this effect. ‘The details will be stated in the following sections.

6.1 The Experiment

The experiment setup is shown in Figure 6.1. The model was only allowed two
degrees of freedom — roll and heave. A dynamometer was used to measure the
motion in roll and heave. The rolling center was adjusted to the same level of the
conter of gravity. An arm was fitted on the model to generale initial angles.

Model M363 was used in this experiment. The principal dimension of the model
islisted in Table 2.1, A regular wave was transmited along the model from the stern
to the bow, The wave length was taken to be equal to the length of the model, i.e.,
A = LG5hn and the wave period Ty, is 1.0 second. Four different wave heights

were used in the experiment. These have nominal values of 0.0cm, 5.0cm, 7.0cm

and 9.0cm. A probe was set 4.22m away from the midship to measure the incident
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Figure 6.1: Experimental Setup upon (following waver)

wave, The measured wave height is not usually the same as the »

comparison of the nominal values and measured values is in Table 6.1.
values, natural frequencies, periods of rolling and paramcters of restoring moment

are listed in Table 6.2. The determination of these values have been explained in

Cuapter 2.

Table 6.1: Wave height in the experiment

Nominal value(cm) 5.0 7.0

9.0

3.68 | 6.12

Measured value(cm)

731

Three channels were used to collect the data, one for rolling, the sccond for

heaving and the third for the incident wave. An example of the collected data is
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‘Table 6.2: Experimental Parameters for M363 (following wave)

LD. [ GM(cm) w Ty (sec.) " IZ)

1 5.01 3.75 1.68 0.8556 -1.1500
5 4.07 3.35 1.88 1.1080 -1.4402
6 3.13 2.94 2.14 1.1966 -1.8810

7 202 2.3 2,69 24529 -2.9807

shown in Figure 6.2 to Figure 6.4, The phase of the wave was measured with respect,
to a coordinate whose origin is located at the midship. The phase of the incident
wave was found to be close to the phase of the heave motion and they have same
period( 1.0 second).

“I'he same data processing and management technique presented in Chapter 3
and Chapter | were used Lo process the data. For each GM value, there are 7 initial
angles and - wave heights. The wave height can be treated as the same as forward
speed. The programs presented in the Chapter 3 can be directly used for processing
the data here. The analytical results are stored in the same database discussed in

Chapter 1 and analysis was done by the help of the same data management system.

A few new procedures were introduced in the system to meet the specific need of

this experiment.

6.2 Analysis and discussion

The flicient is shown

elfect of following wave on the equivalent linear damping

in Figure 6.5 to 6.8, respectively. These figures show that damping coefficient in

63



waves are larger than those measured in calm water. There may be thre

T

s

for this. First, damping parameters were estimated neglecting time variations in

the restoring moment. This may have caused a false inerease in the values of the
damping parameter. Second, the increase in the surface area of the madel as a resnlt

of the passing wave. Third, the effect of coupled heave motion. As can also he scen

from the figures, there is much scatter in the results, The seatter for GM = 5.04cmm
is more pronounced than the other two cases. For the M = 5.04em the roll natnral
period is almost twice the wave period which may indicate a parametric resonance
effect.

arch work needs Lo be done

This is a very preliminary invesiigation. Further res

in the following aspects:

 The mathematical modeling for identification of roll damping cocllicients needs

to be improved. The method of roll damping identification stated in Chapter

3 is used in this analysis. As we can scen in equation 3.1, the restoring mo-

ment is considered Lo be independent of time. This is correct in still water

condition. When ship moves in waves, the restoring moment is changing with

time. Therefore a new function D(¢b, 1) has to be found to express the

storing

moment of a ship moving in regular wave

The phase difference of the incident wave and roll motion may have an effect.

on roll damping. This should be: investigated in experiment, which can be

done by collecting the roll decay curves in the sume conditions((/M value

initial angle) for many times and comparing the results.

e Effect of parametric resonance should he investigated.

o Effect of the coupling of heave and pitch into roll should be: investigated.
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Chapter 7

Conclusions

A method which combines the Energy and the Modulation Function methods

was nsed Lo analyse the decay curves obtained from the free roll decay experiments

using models of three small fishing vessels. This method has proved to give better

estimates for the roll damping parameters than Energy method.

A database system created using VAX-Pascal is used to store the analytical

vesults and perform various kinds of analyses. 1t has been shown that this system
is very useful in the analysis of the experimental results.

Ikeda’s method was used Lo predict the roll damping coefficient. The estimated
values predicted by Tkeda’s method do not fit the experiment data well. The main

stimates roll damping at higher forward speed.

reason is that Tkeda’s method over

In addition, Ikeda's method is not suitable for estimating the eddy damping of a
ship form with hard chine. It was observed that the model's sinkage increases with
the inerease of forward speed. A modification of Ikeda's formula has been proposed
based on the modification of the distance between the center of gravity and the
water line. The values predicted by the modified Tkeda's formula give better fit to
the experimental data. The modified Ikeda's formula was proposed based on the
experiment of the three models of fishing vessels. Further research is needed for

other ship forms.
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The following conclusions can be obtained from the results of the analysis of the

experimental data:

1

A higher forward speed. roll damping is nonlinear for all three models.

For M363 it been found that the damping coefficient reaches a peak at a

Froude number of about 0.33 then decreases again as the velocity is increased,

anism at

This may be attributed to the deterioration in the lift generating me

higher spc s and the high values for the midship section cocllicient of M363.

. ‘The cffect of initial heel angle is strong at zero and low forward speed hut

@

becomes weak when the forward speed incr which indicates that the lift

damping can be considered to be independent of the roll amplitude.

The effect of the natural frequency on roll damping is not very strong, which

inay be caused by the fact that the increase of the natural frequency decre

the magnitude of the damping force arm.

Roll damping in following wave is an area where much work is still needed.
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Appendix A. Content of File S0507

* Roll Damping tests
Nov 03

DAT :47:10 1992
SCALE-HI: 10.00000
SCALE. L() -10.00000

SAMI .
NUMCHAN: 3
TOTIME:
Chan Gain - Offset.— Slope
OFF SLOPE:

003 Roll (deg)

15 T
25 T 003 Pitch (deg)
3 2 5+000 1.19645144E-004 Speed(m/s)
NUMPOINT

LND
22041 31612 'llyZ‘l"

01 36277
30178 31457 36268
1108 36278

9821 31264 3
D600 31266 3¢
331278 36272




Appendix B. Content of File S0507.AGL

-0.43332 -0.04668 0.50333

-0.21651 -0.04963 0.50019
-0.16052 -0.05157 0.50109
-0.10461 -0.05294 0.19974
-0.04866 -0.05192 0.50124
0.00495 -0.05734 0.50019

0.05666 -0.05904 0.50153

0.10606 -0.06013 0.50019

0.14981 -0.06138 0.5006

0.1882
0.22221
0.24891 -0.06235 0.49555

0.26903 -0.06243 0.19615

0.28187 -0.06183 0.19690

0.28668 -0.06122 0.50049

0.28506 -0.06074 0.49869

0.27602 -0.06066 0.19764

0.26123 -0.06017 0.50034

0.24115 -0.06021 0.19914

0.21695 -0.06078 0.49959

0.18965 -0.06062 0.50034

0.15810 -0.06005 0.50109

0.12590 -0.06138 0.19989

0.09112 -0.06138 0.50064

0.05565 -0.06130 0.50034

0.02074 -0.06126 0.50079

-0.01388 -0.06082 0.50288
-0.04781 -0.05981 0.49974
-0.07839 -0.05944 0.49854
-0.10691 -+
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Appendix C. Content of File S0507.USE

02853212

7
0189

-0.2007369
0.1920019
0.1819929
AL16TOA59
0. 1182609
0.1277389
010487
13628661302




Appendix D. Program TRSBAT.PAS
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TRSBAT. PAS
Developed by Suinin Zhang, Sept. 1992, MUN.

Translation of Experimental Data. Original experimental
data is interges which indicate the amount of valteges
measured by the equipments, such as gyroscope. The Translation
is done by the formula:

A I*s + 0
where I is the integer in the file, S is the slope and O is the
of fset

1

program trsbat(input, output, newf, oldf, nf);
const

tname = packed array([1..35] of char;

newf, oldf, nf: text;
angleA array([l..n_angle] of string(2)
array(l..n_speed] of string(2)

integer;
in_f, out_f: tname;
X: char;

X1: string(4);

(subroutine for translntion cf experimental data)
procedure trsl(in_f: tname; out_f£: tname);
var

i, mm : integer;

al, a2, b1, b2, c1, c2, 11, 12, 13: real;
begin

{Open input and output file)

open(oldf, in_f, history:=old);
open(newf, out_f£, history unknown) ;

reset (oldf) ;

rewrite (newf);

(Skip 9 lines of message)

for i:=1 to 9 do

readln(oldf) ;

(Read offset and slope)

read(oldf, mm);

read(oldf, mm);

read(oldf, al);

read(oldf, a2)

readln(oldf);

read(oldf, mm);
read(oldf, mm);
read(oldf, bl);
read(oldf, b2);
readln(oldf);



read(oldf, mm);
read(oldf, mm);
read(oldf, cl);
read(oldf, c2)
readln(oldf) ;

readln(oldf) ;
readln(oldf) ;

while not eof(oldf) do
begin
{Read data of roll, picth and forward speed)
read(oldf, 11);
read(oldf, 12);
readln(oldf, 13);
{Do translation)
1

11:=11%3.14159/180.0;
(Output results)
writeln(newf, 11:12:6, * /,
end;
close (oldf) ;
close (newf) ;
end;

(Maln program)

beg:

(7 1n1txal angle numbers )
angle[1 y;
angle[2]:=02';
angle(3 03';
angle(4 047;
angle[5]:='05";
angle[6]:=/06";

angle(7]:='07";
8 fcrward speed)
speed[1]:='00
speed (2
speed
speec[4
speed[5
speed[6
7
8

v’y

w

speed
speed

open(nf, ’trsbat_n.dat’, history:=old):
trsbat_n.dat contains I.D. and name of subdirectory
of the files. Example of contect:

A
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T363
B
T363
H
T365

T366

5
reset(nf) ;

while not eof(nf) do

begin
readln(nf, X); {( read I.D. )
readln(nf, X1); { read name of sub-directory)
speed[9 ubstr(X1, 3,2):

(forward seed number for test without joint,
63 for M363, 65 for M365 and 66 for M366 |

writeln(speed(9]):
for i:=1 to n_speed do
begin
for j:=1 to n_angle do
begin
(Con\pose input file name with sub- dlrectory)
'r rad.szhang.roll.’+X1+/]/+
speed[i] + angle(3] + ’.7;
writeln(X+speed(i]+angle[j]):

(CDmste output file name with sub-directory}

out —'[grad szhang.roll., +X1+’]/+ X +
peed[i] + angle[j] + ’.agl’;
trsl(in_f, out_f);
end;
end;
end;
end.
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Appendix E. Program DAMABAT.FOR
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* ok ok ok

11

DAMABAT.FOR
Rearragement of data
VAX-FORTRAN

Suimin 2Zhang
Oct. 1992, Engineering, M.U.N.

real Y(600), NH(50), NO(50), XH(50), XX(5),
character filen*5, in_f*35, out_£#*35

Input coefficient of restonng moment
print*, ‘input MM1, MM2/
read*, MM1, MM2

HH is the interval of measurement
HH = 0.05

open(7, file=’N_FILE1.DAT’, status=‘old’)
N_FILE1.DAT contain name of the input file
produced by NAMEMK.PAS

open(17, file=’N_FILE2.DAT’, status='old’)
N_FILE2.DAT contain name of the output file
produced by NAMEMK.PAS

do while (.true.)
read(7, ‘(A)’, end=111) in_f
read(17, ‘(A)’, end=111) out_f
open(9, file=in_f, status=‘old’)
open(8, file=out_f, status='unknown’)
REED(9, *) Y(1)

IF (¥(1) .GT. 0) THEN
TU=-1.0

D IF
Y(1) = TU*Y(1)
1

do while (.true.)
I=I+1
read(9,*, END=11) Y(I)
Y(I) = TU*Y(I)

end do

close(9)

N=I-1

PRINT*, ’N=’, N

Find amplitude of half cycle
CALL DASEL(Y,N,XH,NH,NO,3)

XX(1)=NH(1)
XX(2)=NH(3)
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5)
XINT= IH(Z)

CALL LAGINT(XX, YY, 3, XINT, YOUT)
El = XH(Z) + YOUT
Do I=1,
Y(I)—Y(I) E1/2.0
END

H *( (NO(3) -NO(1)) + (NO(4) = NO(2)) )/ 2.0
.2832/TT

WRITE(8,*) HH
WRITE(8,*) WW
WRITE(8,*) MMO
WRITE(8,*) MM1
WRITE(8,*) MM2
DO I = NH(1
WRITE(8, *) Y(I)

END DO
close(8)
close(9)

end do

close(7)

end

Find the amplitude of half cycle of
the decay curve

SUBROUTINE DASEL(Y,N,XH,NN,NO,NUB)
REAL Y(*), XH(*), NN(*), NO(*

IF (Y(1).LT. 0.0) THEN
KID=1

IF (KID.EQ. 1) THEN
SIGN=1.0

ELSE
SIGN=-1.0

END IF

X0=SIGN*Y (1)

NSTEP=1
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*

nonAncnonnann

DO I=1,N
IF ( SIGN*Y(I) .GT. X0) THEN
X0=SIGN*Y(I)
NO=I
END IF

IF ( (SIGN*Y(I) .GT. 0.0).AND. (NSTEP .EQ.1l) ) THEN
NSTEP=2

END IF

IF ((SIGN*Y(I) .LE. 0.0) .AND. (NSTEP .EQ. 2).AND
( (NO-NN(J-1)) .GT. NUB) ) THEN
XH(J)=Y (NO)

1.0*SIGN
XO=SIGN*Y (I)
END IF

IF ( (I.EQ.N) .AND. (SIGN*Y(I) .GT. 0.0).AND. (SIGN*Y(I)
THEN

.LT. X0))
XH(J)=X0/SIGN
NN (J) =NO

J=J+1
SIGN=~1,0*SIGN
X0=SIGN*Y (I)

Program cited from [25])
SUBROUTINE LAGINT(X,Y,N,XINT,YOUT)

THIS SUBROUTINE PERFORMS LAGRANGIAN
INTERPOLATION WITHIN A SET OF (X,Y) PAIRS TO GIVE THE Y
VALUE CORRESPONDING TO XINT. THE DEGREE GF THE INTERPO-
LATING POLYNNOMIAL IS ONE LESS THAN THE NUMBER OF
POINTS SUPPLIED

X == ARRAY OF VALUEES OF THE INDEPENDENT VARIABLE

Y =~ ARRY OF FUNCTION VALUES CORRESPONDING TO X

N -- NUMBER OF POINTS

XINT -- THE X VALUE FOR WHICH ESTIMATE OF Y IS DESIRED
YOUT -- THE Y VALUE RETURNED TO CALLER



REAL X(N), (M), XINT, YOUT, TERM
YOUT = 0.0
DO I =
TERM
Do J .
IF (I .NE. J) THEN
TERM = TERM * ( XINT = X(J) )/( X(I) - X(J) )

END IF
END DO
YOUT = YOLT + T.RM
END DO

END

(A program developed in Pascal to
compose the name of files
I.D. and name of subdirectory are needed

This program needs to be compiled separately from the
Fortran codes list above)

program name (input, output):
cons

n_angle=7;

n_speed=9;

P
tname = packed array(1..35] of char;

oldf, outf, nf: text;

angle: array({l..n_angle] of string(2):
speed: array(l..n_speed] of string(2):
i, j: integer;

in_f, out_f: tname;

X: char;

X1: string(4);

angle(6]
angle(7]

speed[3]
speed(4)
speed(5]
speed(6]
speed(7]:='13";
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speed[8]:="15";

speed[9]:=763";

write(’input EXP_ID:’);

readln(X);

write(’input name of subdirectory:’
read(X1):

(open file for storing the file name with *AGL extension)
open(nf, ’n_filel.dat’, history:=old):
rewrite(nf);

(open file for storing the file name with *USE extension)
open(outf, ‘n_file2.dat’, history:=unknown);
rewrite(outf);

speed(9] :=substr(X1, 3,2);
writeln(speed(9]);
for i:=1 to n_speed do

begin
for j:=1 to n_angle do
begin
in_f:='[grad.szhang.roll_'rxn']'+ X + speed[i] + angle(j] +

’ .AGL’
out f'—'[grad szhanq roll.’+X1+’]’+ X + speed[i] + angle(]] +
’s

wrxteln(x+speed[i]+anqle(j]).
writeln(nf, in_;
writeln(outf, out )3
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R kK F R A * % ¥

PROGRAM MODFBAT.FOR

VAX-FORTRAN

Roll Aamping parameter idetification using
Modified Energy Method

Suimin Zhang
oct. 1992, Engineering, M.U.N.

REAL PH(250), Y¥(250),H(250, 1J), PHD(250), A(250, 10),

+ 5),
PSN1(10), PSN2(10), BSN3(10, 10), EN(S, 250), VK(250),
VP(250),
V(250), OM, MMO, MM1, MM2, MUSA,
B44(4,2), CQ2(4), SPHDQ(4), ENG(S),
NH(10), XH(10), B_L(2), NH_A(10), XH_A(10

CHARACTER XXX*1, XXX1%4, IN_F*35, ANGLE(7)*2,
! SPEED(9) *2

PI = 3.1415926
0.0
5

KC = 4

ITER = 5

OPEN (15, FILE='ID_DIR.DAT’, STATUS='OLD’)

ID_DIR.DAT contain I.D. and name of subdirectory of the files.
of the files. It is the same file used in TRSBAT.PAS and
DAMABAT.FOR. Example of contect

A
T363
H
T365
¥
T366

OPEN (20, FILE=’MODF_RST.DAT’, STATUS='UNKNOWN’)
MODF_RST.DAT is a file for outputing analytical result

DO WHILE (.TRUE.)
READ(15, ‘(A)‘’, END=113) XXX
Read I.D
READ(15, ‘(A)’, END=113) XXX1
Read name of subdirectory

7 initial angle numbers
ANGLE(1)='01"
ANGLE(2)=02"
ANGLE(3)=/03"
ANGLE(4)='04"
ANGLE(5)='05"
ANGLE(6)='06"
ANGLE(7)='07"
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*

8 foruard speed numbers

Forward specd number for test with joint

763’ for M363, ‘65’ for M365, 66’ for M366

Obtain the value for name of subdirectory(T363, T365 and T366)
SPEED(9) =XXX1(3:4)

DO L =1,9
poM=1,
Compose the file name including subdirectory
IN_F=’[GRAD.SZHANG.ROLL. ’//XXX1// ']’ //XXX//SPEED (L)
//ANGLE (M) // ' .USE’
WRITE (20, *) IN_F(24:)

OPEN(77, FILE=IN_F, STATUS='OLD’)

Read data for the file
READ(77,%) DT
READ(77,*) OM
READ(77,%) MMO
READ(77,*) MM1
READ(77,%) MM2
MMO=1.0

TPER = 2.0*PI/OM

SOM = OM**2

1=0
DO WHILE (.TRUE.)
I=1+1
READ(77, *, END=11) PH(I)
END DO
N=I - 1

end of readingg

Begin roll damping idetification by
Modified Energy Method

PERIOD= N*DT
ALFA = (TE + TS)/PERIOD

A - Function calculations

DO I =1,
TSM = (I - 1) * DT
TAU = TSM * ALFA - TS
H(I, 1) = 1.0



2) = TAU

3, KC+l

H(I,K) = TAU * H(I,K-1) - (K-1-1) * H(I,K-2)
1, N
(I - 1)*DT

TSM * ALFA - TS
DO K = 1, KC+l
A(I,K) = H(I,K) * EXP(-TAU**2/2.0)
IF (I.LE.6) THEN
WRITE (88,%) I, K, A(I,K

END IF
END DO
END DO
calculation of the roll velocity
PHD(1) = -(PH(3) - 4.0%PH(2) + 3.0%PH(1) )/(2.0%DT)
PHD(N) = (3.0%PH(N) - 4.0%PH(N-1) + PH(N-2))/(2.0*DT)
DO I =2, N-1
PHD(X) = (PH(I+1) - PH(I-1))/(2.0%DT)
EN
Do I N
PH(I) **2
PHD (I)**2
PH(I)**3
PH(I) **4
0.5*MM1*PHS + MM2*PHQ/3.0
0.5 * PHDS

= 0.5 * SOM * PHS * (1.0 + MUSA)
VK(I) + VP(I
DS

ABS(PH(I))* PHDS
ABS (PHD(I)) * PHDS
PHS * PHDS

PHDS**2

Calculation of the integrals

DOK=1, 2
SUMN1 = 0.0
SPHDS = 0.0

SPHDQ (1) 3
SPHDQ (2) 4
SPHDQ(3) 5
SPHDQ(4) i
DO I =2, N-1

SUMNL = SUMN1 + V(I) * A(I, K+1
= s H

- 4



SPHDQ(2) SPHDQ(2) + EN(3,I)*A(I,K)

SPHDQ(3) = SPHDQ(3) + EN(4,I)*A(I,K)

SPHDQ(4) = SPHDQ(4) + EN(5,I)*A(I,K)
END DO

CCl = V(1) * A(1l, K+1) + V(N) * A(N, K+l)
PSN1(K) = DT * (CCl + 2.0*SUMN1)/2.0

COl = EN(1,1)*A(L,K) + EN(1,N) * A(N,K)
PSN2(K) = DT*(CQL + 2.0 * SPHDS)/2.0

cQ2(1) = EN(2,1)*A(1,K) + EN(2, N) * A(N,
c02(2) = EN(3,1)*A(1,K) + EN(3, N) * A(N,
©Q2(3) = EN(4,1)*A(1,K) + EN(4, N) * A(N,
CQ2(4) = EN(5,1)*A(1,K) + EN(5, N) * A(N,
PSN3(K,1) = DT* (CQ2(1) + 2.0 * SPHDQ(1))
PSN3(K,2) = DT* (CQ2(2) + 2.0 * SPHDQ(2))
PSN3(K,3) = DT* (CQ2(3) + 2.0 * SPHDQ(3))
PSN3(K,4) = DT* (CQ2(4) + 2.0 * SPHDQ(4))
END DO

Calculation of the matrix elements
Do II=1,4
DO K = 1,2
J =K

E(J,1) = PSN2(K)

E(J,2) = PSN3(K,II)

E52 = V(N) * A(N,K) - V(1) * A(1,K)

E(J,3) = -(E52 + ALFA*PSN1(K))

IF (II.EQ.1) THEN
B_L(K)=E(J,3)/E(J,1)
PRINT*, ’B_L’, K, B_L(K)

END IF

END DO

DO 300 I =1,
IF (E(I,T). EQ 0) THEN
GOTO 300
END IF
PIVOT = E(I,I)

E(I,J) = E(I,J)/PIVOT

DO 200 K =
IF (K EQ. n THEN
GOTO 200
END IF
SOB = E(K,I)
DOJ =1, 3
E(K J) = E(K,J) - SOB * E(I,J)

CON‘TINUE
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*

*

CONTINUE
B44 (II,1)=E(1,3)
B44 (II,2)=E(2,3)
END DO

WRITE(20, *) OM

N_OLD=N
N1=0

N2=0
X01=PH(1)

Find the amplitude of half cycle of the
experimental decay curve
CALL DASEL(PH, N1, N2, N, NH, XH, NUB)
WRITE(20, *) XO01
Do I=1, 9
IF (I.LE. NUB) THEN
WRITE(20, *) XH(I)

ELSE
WRITE(20, *) 0.0

DO I=1, 5
IF (I.NE.5) THEN
B1=B44(I,1)
B2=B44(I,2)
K

Produce a decay curve from the analytical

roll damping coefficients using louger-Kuto

CALL DEMKBAT (Y, DT, OM, MMO, MM1, MM2, B1, B2, KK,
N_OLD , X01)

Find the amplitude of half cycle of
analytical decay curve
CALL DASEL(Y, N1, N2, N_OLD, NH_A, XH_A, NUB_A)

ENG(I)=0.0
calculate the error coefficient
DO K=1, ITER

ENG(I)=ENG(I) + (XH(K)-XH_A(K))#*2
END DO

PRINT*, I, ENG(I)
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END DO

DO I =1,5
IF (I.HE.S5) THEN
WRITE(20, *) B44(I,1),

ELSE
WRITE(20, *) B_L(1l), O
END IF
END DO
CLOSE(77)
end do
end do
END DO
printx,
END

Subroutine for finding the ampli
of the decay curve
SUBROUTINE DASEL(Y,N1,N2,N, NH,
REAL Y(*), NH(*), XH(*)
IF (Y(1).LT. 0.0) THEN

KID=1

ELSE
KID=2
END IF

IF (KID.EQ. 1) THEN
SIGN=1.0

X0=SIGN*Y (1)
NSTEP=1

I=1
DO I=1,N

IF ( SIGN*Y(I) .GT. XO) THEN
X0=SIGN*Y(I)

IF ( (SIGN*Y(I) .GT. 0.0).AN
NSTEP=2
J=1

END IF

IF ((SIGN*Y(I) .LE. 0.0) .AN|
NH (J)=N0
XH (J) =X0/SIGN
J=J+1
SIGN=-1.0%SIGN
XO=SIGN*Y (I)
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tude of half cycle

XH, NUB)

D. (NSTEP .EQ.l) ) THEN

D. (NSTEP .EQ. 2)) THEN



,J+10
XH (J)=0.0
END DO
END

Subroutine for producing analytical decay curve
using RUNGE_KUTTA method

SUBROUTINE DEMKBAT(Y, HH, WW, MMO, MM1, MM2, Bl1, B2,
! KK, N, X01)

INTEGER I, N

REAL Y(*), X0(2), X(2, 600), F(2), XEND(2), XWRK(4,4),
& HH,WW,MMO, MM1,MM2,TT

X0 (1)=X01
X0(2)=0
TT = 0.0

Solve differential equation by the RUNGE_KUTTA mecthod

X(1,1)=X0(1)

D0 I =2,
CALL RKSYST(TT, HH, X0, XEND, XWRK, F, 2, WW, MMO,
& MM1, MM2, Bl, B2, KK, CK_FLOW)
X(1,I) = XEND(1)
X(2,I) = XEND(2)
TT = TT + HH
X0(1) = XEND(1)
X0(2) = XEND(2)
END DO

DOI=1, N
¥(I)=X(1,I)
END DO
20 FORMAT(X, I4, 3F10.4)
END
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RUNGE_KUTTA Method, Program from [25]

SUBROUTINE RKSYST(TO, H, X0, XEND, XWRK, F, N, WW, MMO,
& MM1, MM2, Bl, B2, KK, CK_FLOW)

This subroutine solve a sysstem of N first order diffrential
equations by the RUNGE-KUTTA method. The equations are of the
are of the form DX1/DT = Fi(X, T), DX2/DT = F2(X,T), etc,
where X = (X1, X2, X3, ......, Xn)

DERIVS - A subroutine that computc values of the N derivatives.
It must decleared external by the caller.

TO - The initial value of independent valiable

H - The INCREMENT TO T, THE STEP SIZE

X0 - The array that holds the initial valus of the functions

XEND - An array that return the final values of the functions

XWRK - An array to hold the values of the RK fomular, K1, K2,
K3, K4 .

N - The number of equations to be solved

F -An array that holds the derivatives

REAL XO(N), XEND(N), AWRK(A,N), F(N), H, TO, WW, MMO
& 1, MM2, B1,
INTEGER I, N, KK

Get K1

CALL DERIVS(X0, TO, F, N, WW, MMO, MM1, MM2, Bl, B2, KK, CK_FLOW)

IF (CK_] rLow EQ.1.0) GOTO 999
DoI=1,
XWRK(1, 1) =H
XEND(I) =
END DO

* F(I)
X0(I) + XWRK(1,I)/2.0

Get K2

CALL DERIVS(XEND, TO + H/2.0, F, N, WW, MMO, MM1, MM2, Bl, B2,
! KK, CK_FLOW)

IF (CK_FLOW.EQ.1.0) GOTO 999

DOI =1, N
XWRK(2,I) = H * F(I)
XEND(I) = XO(I) + XWRK(2,I)/2.0
END DO

Get K3
CALL DERIVS(XEND, TO + H/2.0, F, N,

, MMO, MM1, MM2, Bl, B2, KK, CK_FLOW)
IF (CK_FLOW. EQ 1.0) GOTO 999

DOI =1, N
XWRK(3, I) = H * F(I)
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XEND(I) = XO(I) + XWRK(3,I)
END DO

* Get K4
CALL DERIVS(XEND, TO + H, F, N,
WW, MMO, MM1, MM2, B1, B2, KK, CK_FLOW)
IF (CK_FLOW.EQ.1.0) GOTO 999 -

pOI=1, N
XWRK(4, I) = H * F(I)
END DO
* Compute result
DOI =1

N

'

XEND(I) = XO(I) + ( XWRK(1,I) + 2.0%XWRK(2,I) + 2.0 * XWRK(3,I)
+ XWRK(4,I) ) / 6.0

END DO
999 RETURN

END
* Subroutine for calculation of damping moment of
* different models and resotoring moment

SUEROUTINE DERIVS(XEND T, F, N, WW, MMO, MM1, MM2, Bl1,
B KK, CK_FLOW

REAL XEND(N), T, F(N),Bl,B2,WW,MMO, MM1,MM2
INTEGER N, KK

F(1) = XEND(2)

* Linear angle dependence
IF (KK .EQ. 1) THEN
IF ((ABS(XEND(1)).GT.9999) .OR. (ABS(XEND(2)).GT.9999)) THEN
CK_FLOW=1.0
END IF
F(2) = -Bl * XEND(2) - B2 * ABS(XEND(1)) * XEND(2) - WW2
& * (MMOXXEND(1) +MM1*XEND(1)**3 + MM2*XEND(1)**5)
END IF

¥ Quadratic

IF (KK .EQ. 2) THEN
IF ((ABS(XEND(1)).GT.9999) .OR. (ABS(XEND(2)).GT.9999)) THEN

CK_FLOW=1.0
END IF
F(2) = =Bl * XEND(2) = B2 * ABS(XEND(2)) * XEND(2) = WWk*2
* (MMOXXEND(1) +MM1*XEND(1)*%3 + MM2*XEND(1)**5)
END IF
% Quadratic angle dependence
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IF (KK .EQ. 3) THEN
IF ((ABS(XEND(1)).GT.9999) .OR. (ABS(XEND(2)).GT.9999)) THEN
CK_FLOW=1.0
END IF
F(2) = -Bl * XEND(2) - B2 * XEND(1)**2 * XEND(2) = WWx%2
& * (MMO*XEND(1) +MML*XEND(1)**3 + MM2+XEND(1)**5)
END IF

Cubic
IF (KK .EQ. 4) THEN
IF ((ABS(XEND(1)).GT.9999) .OR. (ABS(XEND(2)).GT.9999)) THEN
0

CK_FLOW=1.
END IF
F(2) = -Bl * XEND(2) - B2 * XEND(2)**3 ~ WWkk2 *
& (MMO*XEND(1) +MML*XEND(1)**3 + MM2*XEND(1) **5)
END IF
END
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Appendix G. Program LABDATA.PAS
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i LABDATA. PAS

* Database management system *
created by VAX Pascal
* for exprimental data management and analysls *

*

By Suimin Zhang
Sept. 1992, Engineeriry. M.U.N. )

program labdata(input, output);
label
11, 13; (for exit)

type
{ Definition of database for storing the analytica result)
tkey = packed array(l..5] of char;
f_rec = record

id : [key(0, ascending, nochanges, noduplicates)] tkey;
speed : real;

i_angle: real;

omega : real;

amp : array[l..10] of real;

b_eng : array(l..5, 1..3] of real;

end;

{ Definition of database for storing the result of list square

regression)
1sr_rec = record
1sr_id : [key(0, ascending, nochanges, noduplicates)] tkey;
lsr_a : real;
1lsr b : real;
lsr_err : real;
lsr_gm : real;
lsr_sp : real;
end;
var
£ : file of £_rec;
f_lsr : file of 1lsr_rec:
m_select, m_choice : integer;
m_yn : char;

{ Clear screen)
procedure clearsc:
var

i : integer;

begin

(function for geting the friction effect of the joint)
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function friction(id: char) : real;
label

193
var
ida : char;
rr, omega : real;
fcomp : text;
begin
open (fcomp, ‘compl.txt’, history := old):
reset(fcomp);

friction := 0.
while not eof(fcomp) do
begin
readln(fcomp, idd, rr, omega);
if (idd=id) then
begin
friction := rr;
goto 17:
end;
end;

19:
close(fcomp);
end;

(function for geting the natural frequency)
1z

function w(id: char) : rea
label
19;
var
ida : char;
rr, omega i real;
fcomp : text;
begin

open (fcomp, ‘compl.txt’, history := old);
teset(fcomp) i

0.
whxle not eof (fcomp) do
begin
readln(fcomp, idd, rr, omega);
if (idd=id) then
begin
1= omega;
goto 19;

close(fcomp) ;
end;

{Create database (LABO8O1.DAT) by file type:
procedure cr_db;:
var

£)



n_f: text;
id_key: tkey:

open(f, ‘labo80l.dat’, histor: nknown,
organization:=indexed, access_method:=keyed);

rewrite (f);
open(n_£, 'n_080l.dat’, history:=old);
reset(n_f);
while not eof{n_f) do
begin

readln(n_£, id_key):

writeln(id_key);

£r.id:= id_key:

close(f);
close(n_f):
writeln;
writeln (/++* database created *+’);
writeln;
end;

(Data Examination)
procedure exam_db;

label 15;
var
£_check : text;
£_name packed array[1..10] of char;
i, kk : integer;:
id_key i tkey;
ery i real;
begin

open(f, ‘lab080l.dat’, history:=unknown,
organization:=indexed, access_method:=keyead);

resetk (£, 0);

write(’Damping form(1:5):‘);

readln(kk):

write(’Error Level:’);

readln(err):

write(’/Output file name:’);

readln( £_name) ;

write(’Begin ID_EXP (Press RETURN if from top):’);

readln(id_key) ;

if (f_name<>’’) then
begin
open( £_check, f_name, history:=unknown);
rewrite(f_check) ;
end;
if (id_key<>’’) then
begin
findk (£, 0, id _key);
if ufb(f) then



begin
writeln(id_key, / not found! Press any Key to return’);
read (id_key);
goto 15;

end;

end;
while not eof (f) do

begin
writeln(/ID_KEY Phi0 Bl B2 Error’) ;
ii= 13
while ((i<22) and (not eof(f))) do
begin
if ((f*.b_eng(kk,3] > err) or (f~.b_eng[kk,1] = 0)) then
begin
writeln(f~.id,’ /, fr.amp(1]:8:5, ’ /, £*.b_eng[kk,1]:8:5,
£~.b_eng[kk,2]:8:5, f*.b_eng(kk,3]);
if (f_name<>‘’) then
writeln(f_check, £*.id,’ ’, £*.amp(1]:8:5, ' ’,
£~.b_eng(kk,1]:8:5, * !,
£*.b_eng(kk,2]:8:5, f£~.b_eng(kk,3]);
i = i+1;
end;
get (£)
end;
writeln(’ —
m_yn:='Y’;

write (’Continue? (Y/N)’);
readln(m_yn);
‘N’) or (m_yn=’n’)) then

15:
close(£) ;
end;

{List items in the database)
procedure 1s_db;

label 15;
var
i, kk : integer;
id_key : tkey:
begin

open(f, ‘lab080l1.dat’, history:=unknown,
organization:=indexed, access_method:=keyed) ;

resetk(f, 0);

write(’Damping form(1-5):’);

readln(kk);

write(’Begin ID_EXP (Press RETURN if from top):’):

readln(id_key) ;

if (id_key<>’’) then
begin
findk (£, 0, id_key):



if ufb(f) then

begin
writeln(id_key, ‘ not found! Press any key to return’):
read (id_key) ;
goto 157

end;

end;
while not eof (f) do
begin
writeln('ID KEY Phio0 Bl B2 Error’):

wmle ((i<22) and (not eof(f))) do
begin
writeln(£~.id,’ *, £~.amp(1]:8:5, * ', £~.b_eng(kk,1]:8:5,
£*.b eng[kk 2):8:5, £~.b_eng[kk,3]);

m
wrxte('Contlnue" (e/N) 1)
readln (m_yn) ;

i 'N’) or (m_yn=‘n’)) then

15:
close(f) 7
end;

{natural frequency average)
procedure rpt_omega;

label 15;

var
Kk : integer;
id_key  : tkey:
i, omega : real;

begin

open(f, ‘1lab0801.dat’, history:=unknown,
organization:=indexed, access_method:=keyed) ;
resetk(€, 0);
readln;
write('ID:’);
readln(id_key) ;
if (id_key<>’’) then
begin
findk(£, 0, id_key):
if ufb(f) then
begin
writeln(id_key, ’ not found! Press any key to return’);
read (id_key) ;
goto 157
end;
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end
else
goto 157

wh11e ((substr(m key,1,1)=substr(f*.id, 1,1)) and (not ufb(f))) do
begin
omega 1= omega + f*.omega;

writeln(’Omega =’, i, omega/i):
readln(kk) ;
15:
close(f) ;
end;

{ Update forward speed from measured value)
procedure updt_sp:;

var
lab_f : text;
lab_fn : packed array([1..9] of char;
id_Key : tkey;
i, sp, sp_i, qq : real;

begin

open(f, ’1lab0801.dat’, history:=old,
organization:=indexed, access_method:=keyed);

resetk(f, 0);

whlle not eof(f) do

id, key+’ .agl’;
open(lab_f, lab_fn, history:=old);:
reset(lab_i f) i

0;
while nctpecf(lab £) do
begin
read (lab_f,qq);
read(lab_f,qq);
readln(lab £,sp_1);
Sp+sp_1:
+1.0;

end;
close(lab_f) ;
spi=sp/i;
£~ .speed:=sp;
writeln(lab_fn,’ speed =/, f".speed:5:3);
update (£);
get(f) ;
end;
close(f)



end;

{ Update initial angle}

procedure updt_agloO;

var
ang_f : text;
lab_fn : packed array(l..9] of char;
id_key : tkey;

agll, agl2 : re.';
begin
open(f, ’lab0801.dat’, history:=old,
organization:=indexed, access_method:=keyed) ;

resetk(f, 0):
open(ang_f, ‘agl080l.dat’, history:=old);
reset(ang_£) ;
while not eof(ang_f) do
begin
readln(ang_f,id_key, agll, agl2);
writeln(id_key, agll, agl2);
findk(£, 0, id_key):
if not ufb(f) then
begin
£*.i_angle
update(f);
end
else
begin
writeln(id_key, ’ not found !’);
end;

= agll;

end;
close(f)
end;

{ Append data from *.rst)
procedure appe_db;

var
eng_f i text;
id_key, disp_k : tkey;
ttE : string(10);
in_file : packed array{l..20] of char;
i, J : integer;
gitem : real;
begin
readln;

write(/Input file name (Such as: MODF1112.RST)’);

readln(in_file);
open(f, ’'Iab0801.dat’, history:=old,

organization:=indexed, access_method:=keyed);

resetk(f, 0):
open(eng_f, in_file, history:=old):
reset(eng_f) ;

while not eof (eng_f) do



begin
readln(eng_£, ttt);
id_key:=substr(ttt, 2, 5);
findk(£, 0, id_key):
if ufb(f) then

begin
writeln(id_key);
£~.id := id_key;

readln(eng_f, f*.omega);
for i:=1 to 1€ do
begin
readln(eng_£, £*.amp[i]):
end;
for i:=1 to 5 do
begin
read(eng_£f, £*.b_eng(i,1]);
read (eng_f£, f£*.b_eng[i,2]):
readln(eng_f, £*.b_eng[i,3]

)i

gin
writeln(id_key, ‘already exist, record not appended’):
end;

close(f) ;
end;

( Update data from file *.RST)
procedure updt_db;
var
eng_f
id_key, disp_k
ttt : string (10

i, 3 integer;
in_file packed array([1..20] of char;
gitem real;
begin
readln;

write(’/Input file name (Such as: MODF1112.RST)’):
readln(in_file);
open(f, ‘labo80l1.dat’, history:=old,
organization:=indexed, access_method:=keyed);
resetk(f, 0) ;
open(eng_f, in_file, history:=old):
reset (eng_f) ;
while not eof (eng_f) do
begin
readln(eng_f£f, ttt);
id_key:=substr(ttt, 2, 5);

findk(£, 0, id_key):



if not ufb(f) then
begin
writeln(f”.id);
readln(eng_f, f*.omega);
do

for i:=1 to 10
begin
readln(eng_f, f£~.amp[i}):
end;
for i:=1 to 5 do
begin

read(eng_£, f£*.b_eng(i,1]);:
read(eng_S, f~.b_eng(i,2]);
readln(eng_f, f~.b_engli,3]);

end;

update (f) ;

A

er
else
begin

writeln(id_key, ‘not found’);
end;

end;

close(f);
end;

(Output damping coefficients of one forward speed)
procedure rpt_b;
var
rpt_f£ : text;
packed array(l..10] of char;
id_key : tkey;
speed : packed array(l..2] of char;
i, 3 integer:
array(1..8]) of real;
len : real;
begin
speed_v[1]
speed_v[2]
speed_v([3]
speed_v[4]
speed_v[5]
speed_v[6]
speed_v[7)
speed_v(8] 1.5;
open(f, ’1ab0n801.dat’, history:=old
organization:=indexed, access_method:=keyed);
resetk(f, 0);:
clearsc;
readln;
write(’Damping form(1-5):');:
readln(kk) ;
write(/Output file name:’);
readln(rpt_fn);
write(’KEY NAME:’);
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readln(id_key) :
speed:=substr(id_key, 2,2):
findk(£, 0, id_key):

if not ufb(f) then

begin
open(rpt_f, rpt_fn, history:=unknown);
rewrite (rpt_f);
clearsc;

wr1teln('ﬁle anp b1 b2 error’);

wmle (substr(£+.id, 2,2)=speed) and (not ufb(f)) do
begin
writeln(f£*.id, f+.amp(1], f*.b_eng(kk,1],
£*.b_eng[kk,2], £°.b eng[kk 3
writeln(rpt_f£, f£*.amp[l], f*.b_eng(kk,1]
f£*.b_eng[kk,2], £*. b _eng[kk,31) ¢

writeln(’ File not found!’);
close(f);
end;

(output damping coefficient of forward speed via
initial angle})

procedure rpt_va;

type
tspeed = packed array(l..2] of char;
tangle = packed array(l..2] of char;

var
rpt_f : text;
rot_fn : packed array(1l..10] of char;
speed : packed array[l..2] of char;
id_key : tkey:
speed_a : array[1..8) of tspeed;
speed_v : array(1..8) of real;
angle : array(1l..7] of tangle;
i, 3, kk, m : integer;
len : real;
exp_id : char;
begin

open(f, ’laboeol dat’, history:=old,
H 1ndexed, access_method:=keyed) ;

resetk(f, 0);
clearsc;

kk := 5;
write(’len




write(’ exp_id:’);
readln(exp_id);
wvriteln(exp_id):

write(’Output file name:’);
readln(rpt_fn);

1077
open(rpt_f, rpt_fn, history:=unknown);
rewrite(rpt_f£);

clearsc;

for m:=1 to 8 do

begin
id_key := exp_id + speed_a[m] + ‘01’;
speed =substr(id_key, 2,2);
writeln(id_key):
findk (£, 0, id_key):

if not ufb(f) then
begin
write(rpt_f, speed_v(m]/sqrt(9.8%len) , H
while (substr(f~.id, 2,2)=speed) and (not ufb(f)) do
begin
write(rpt_£, £*.b_eng(kk,1], * ’);
get(f):

end;
writeln(rpt_f):



end
else
writeln(’ File not found!’);
end;
close(f):
end;

{Output damping coefficient of a specific
initial angle)

procedure rpt_ampl;

label 17;

type
tspeed = packed array[l..2] of char;
tangle = packed array[l..2] of char;

var
rpt_f£ : text;
rpt_fn : packed array(1..10] of char;
speed : packed array([l..2] of char;
id_key i tkey:
speed_a : array[l..8] of tspeed;
speed_v : array[1..8] of real;
angle : array[l..7] of tangle;
i, 3, kk, m : integer;
len, err i real;
exp_id : char;
ampl, amp3, angl, b44l, ang2, b442, ang, b44, ee : real;
any_key : pocked array(l..1] of char
begin

open(f, ’l1ab0801.dat’, history:=old,
organizatio ndexed, access_method:=keyed):

resetk(f, 0):

clearsc;

kk := 5;

write(’.en:’);
readln(len);

write(’ exp_id:’);
readln(exp_id) ;

err := friction(exp_id):
writeln(exp_id,’ ’, err):

while true do
begi
(loop added)

write(’ amplxtude (0 exit):’);
readln(ampl) ;

if (ampl=0.0) then goto 17;
write(’Output file name:’);



readln(rpt_fn);
ampl:=

speed_a[1]
speed_a[2]
speed_a[3]
speed_a([4]
speed_a[5]
speed_a[6]
speed_a[7]
speed_a[8]

speed_v(1]
speed_v(2]
speed_v[3]
speed_v([4]
speed_v[5]
speed_v{6]
speed_v(7]
speed_v(8]

angle[1]
angle[2]
angle(3]
angle[4]
angle([5]
angle[6]
angle[7]
open (rpt_£,
rewrite(rpt_f);
clearsc;

for m:=1 to 8 do
begin

ampl*3.1416/180.0;

rpt_fn, history:

=unknown) ;

id_key := exp_id + speed_a[m] + /01/;

speed:=substr(id_key,

writeln(id_key):
findk(f, 0, id_key):

if not ufb(f) then

beqxn
write(rpt_f,
e

BiE:
while (substr(f*.id,

2,2)

speed_v[m]/sqrt(9.8*len)

=speed) and

D)
(not ufb(f)) and (ee=0.0) do

begin
amp3 := abs(f*.amp(1]);
if (amp3 <= ampl) then
begin
angl mp3;
b44l ~.b_eng[kk,1];
if (3=7) then

’

‘)



begin
anqz.=amp H
b442:=f*.b_rg[kk,1];
ee:=1.0;
if (3=1) then

b441l + (b442-badl)*(ampl - angl)/(ang2-angl);
wr1teln(ang1, ampl, ang2, bd44l, bd4, bad2);
writeln(rpt_f, bd44-err);

else
writeln(’ File not found!’);
end;
close(rpt_f):
loop added )
end;

17:
close(f):
end;

(output damping coefficient of different natural
frequency OMEGA)
procedure rpt_freq:

type
tspeed = packed array(l..2] of char;
tangle = packed array(l..2] of char;
var
rpt_f i text;
rpt_fn : packed array([l..10]) of char;
speed : packed array([1l..2]) of char;
id_key i tkey;
speed_a : array(l..8) of tspeed;
speed_v : array(l..8) of real;
angle : array(l..7] of tangle;
j, Kk, m : integer;
exp d

wnega, ampl, ampl, angl, b44l, ang2, b442, ang, b44, ee, err:

begin

real;



open(f, ’lab0g0l.dat’, history:=old,
orqanxzacxon'=1ndexed access_method:=keyed) ;

resetk(f, 0):

clearsc;

kk i

write(’amplitude:

readln(ampl) ;

write(’Output file name:’);

readln(rpt_fn

ampl:= ampl#*3. 1416/180.0;

‘00’ ;
‘03’;
1057 ;
°07°;

speed_a
speed_a
speed_a
speed_a
speed_a
speed_a[6
speed_a[7
speed_a(8

s W

speed_v
speed_v
speed_v
speed_v
speed_v
speed_v
speed_v
speed_v

RN

angle[1]
angle(2]
angle[3
angle(4
angle[5
angle(6
angle(7] := ‘07':

open(rpt_f, rpt_fn, history:=unknown):
rewrite(rpt_f);

clearsc;

write(’ exp_id(0 exit):’);
readln(exp_id) ;

err := frxctxon(exp id);
writeln(exp_id,’ ’, err);

while (exp_id <> ./0’) do
begin )
omega := w(exp_id);
writeln(’Omega = /, omega);
write(rpt_f, omeqa)
for m:=1 to 8
begin
id_key

exp_id + speed_a[m) + ‘01’;
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speed:=substr(id_key, 2,2);
writeln(id_key);
findk(£, 0, id_key):

if not ufb(f) then
begin

Ji=1;
while (substr(f+.id, 2,2)=speed) and
(not ufb(f)) and (ee=0.0) do
begin
amp3 := abs(f*.amp(1]):
if (amp3 <= ampl) then
begin
angli=amp3;
b44l:=£~.b eng[kk,l]i
if (3=7) thel
begin

b441 + (b442-b44l)*(ampl - angl)/(angz—angl),
writeln(angl, ampl, ang2, b441l, b44, b442
write(xpt_f, b44 - err, * );

end

else
writeln(’ File not found!’);
end;
writeln(rpt_f);
write(’ exp_id(0 exit):’):
readln(exp_id):
err := friction(exp_id);
writeln(exp_id,’ ’, err);
end;
close(f);
end;

(Compare two set of file)



procedure comp;

var
rpt_f£ text;
rpt_fn packed array[l..10] of char;
id_keyl, id_key2 tkey:
speed packed array[l..2] of char;
i, 3, kk integer:
suml, sum2, no : real;
begin
open(f, ‘lab080l.dat’, history:=old,
organization:=indexed, access_method:=keyed) ;
resetk(f, 0);
clearsc;
n .07
write(’Damping form(1-5):’);
readln(kk) ;

write(’KEY NAME 1:');
readln(id_keyl);
write(’KEY NAME
readln(id_key2):

)i

speed:=substr(id_keyl, 2,2);
£indk (£, u, id_keyl) ;
suml:=0.
if not ufb(f) then
begin
clearsc;
writeln(’file amp £ly s
while (substr(f-.id, 2, 2)—speed) and (not ufh(f)) do
begin
wrlteln(fA.ld £+.amp{1]), £*.b_eng(kk,1],
.b_eng(kk,2], f£*.b_eng({kk,3]):
uml + f*.b_eng({kk,1];

else
writeln(’ File 1 not found!’);:

speed:=substr(id_key2, 2,2):
findk(f, 0, id_key2):
sum2:=0.0;
if not ufb(f) then
begin
clearsc;
writeln(’file amp error’);
while (substr(f~.id, 2,2)= speed) and (not ufb(f)) do
begin
writeln(f~.id,f~.amp(1], f*.b_eng[kk,1],
£.b enq[kk 2], £*.b_eng(kk,31);
sum2:=sum2 + f*.b_eng[kk,1];
get(f):
end;



end
else
writeln(’ File2 not found!’):

writeln(’ Average difference: ‘, (suml-sum2)/no);
close(f):
readln(i)

end;

(Least square regression for a specific
forward speed number)
procedure lsr;

var
rpt_f : text:
rpt_fn : packed array([1..10] of char:
id_key : tkey:
speed : packed array[l..2] of char;
i, kk, no : integer;
X, Y : array(l..7] of real;
Xsum, ysum, Xysum, xxsum, a, b: real;
dd, err g real;
begin

open(f, ‘1ab0801.dat’, history:=old,
organization:=indexed, access_method:=keyed) ;

resetk(f, 0);

clearsc;

write(’Damping form(1-5):’);
readln(kk) ;

write(’Output file name:’);
readln(rpt_t£n);

write(‘KEY NAME:‘);
readln(id_key):

write(’ dd:’);

readln(dd) ;

write(’ initial angle:’);

speed:=substr(id_key, 2,2);
findk (£, 0, id_key);

if not ufb(f) then

begin
open(rpt_f, rpt_fn, history:=unknown):
rewrite(rpt_£f):
clearsc;

while (substr(f*.id, 2,2)=speed) and (not ufb(f)) do
begin

ii=i+1;

x(i]:=(f*.amp(1]);
y[i]:=£".b_eng[kk,1] - dd:
writeln(i, x[i), y[i)):
get (£) 7




for 1 to no do
begin
xsum := xsum + X[i];
ysum ysum + y[i];
xysum xysum + x[i]*y({i];
xxXsum xxsum + x[i]*x[i];
end;
b (no*xysum - WA - xsum

a: (ysum = b*xsum)/no,
err

for 1 to no do

begin

err := err + abs(y(i] - (a +

b*x[i])):

writeln(x[i], y[i], a+b*x[i]);
wr.celn(rpt_£, x(i], y(i], a+b*x(i]);

end;
writeln(’--
writeln(’a
end
else
writeln(’ File not found!’);
close(f):

end;

(batch least square regression
results stored in LSR0801.DAT)
procedure lsr_bat;

a, 'b =', b, ‘error=’, err):

type
tspeed = packed array(l..2] of char;

var
f_rpt ¢ text;
f_name : text;
id_key : tkey;
speed : tspeed;
speed_a : array(l..8] of
speed_v : array(1..8) of
i, i1, kk, no : integer;
X, Y : array(l..7] of

Xsum, ysum, Xysum, xxsum, a, b:
dd, err, gm ;

exp_id :
begin
speed_a(1]

speed_a(2]
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tspeed;
real;

real;
real;

um) ;



speed_a[3]
speed_a[4]
speed_a[5]
speed_a[6]
speed_a[7]
speed_a(8]

speed_v(1]
speed_v(2]
speed_v(3]
speed_v[4]
speed_v(5]
speed_v([6]
speed_v(7]
speed_v([8]

open(f_lsr, ’‘lsr080l.dat’, history:=unknown,
organization:=indexed, access_method:=keyed) ;
rewrite(f_lsr);:

open(f_rpt, ‘lsr0801.rpt’, history:=unknown) :
rewrite(f_rpt);

open(f_name, ‘lsr_n.dat’, history:=old):
reset(f_name);

cpen(f, ‘lab0801.dat’, history:=old,

organization:=indexed, access_method:=keyed) ;
resetk(f, 0);
clearsc;
kk := 5;

while not eof(f_name) do
begin
readln(f_name, exp_id);
readln(f_name, dd);
readln(f_name, gm);

for 11 := 1 to 8 do
begin
id_key := exp_id + speed_a[il] + ‘01';
writeln(id_key) :
speed:=substr(id_key, 2,2):
findk(£, 0, id_key):

if not ufb(f) then
begin
clearsc,

whlle (substr(f*.id, 2,2)=speed) and (not ufb(f)) do
begin




.amp[l]+f‘.amp(2]+f‘.al|\p[l])/3 0;
yli] *.b_eng[kk,1] -
( writeln(i, x[i], [11)41

xsum + x[1i
ysum + y[(i

- e

1i
1
(1]*y(i):
xxsum + x[i]*x[i];

(no*xysum - xsum*ysum)/(no*xxsum = xsum*xsum);
(ysum - b*xsum)/no;

begin
err := err + abs(y[i] - (a + b*x[i])):
{ writeln(x[i], y[i], a+b*x[i]):)

writeln(id_key, b, err);
.1sr_id:= id_key;
.1lsr_a
.1sr b ;
ife .lsr_err :i= err;
f_lsr~.lsr_gm gm;
£ lsr~.1sr_sp := speed v[il);
put(f 1sr):
writeln(f_rpt, id_key, gm, a, b, err):
end
else
writeln(’ File not found!’);
end;
end;
close(f);
close(f_lsr);

end;

(Least square regression for one GM}
procedure lsr_gml;

type
tspeed = packed array([1..2] of char;

var
f_rpt_n : packed array[1..10] of char:
f_rpt : text:
id_key : tkey:
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speed
speed_a
speed_v
i, i1, kk, no intege!
X, ¥, array[l..7] of real;
Xsum, ysum, Xysum, xxsum, a, b : real;
err, gm, angle, len : real;
exp_id : char;

tspeed;
array[l..8] of tspeed;
array( 8] of real;

begin

wnnn
L-L-L-1-1
o000
o000
Q000

11
oo

'}
o
o
]
a
»
EREEEE

')
o
o
o
Q
<
CR e

write(’Input len:’);
readln(len):

write(/Initial Angle:’):
readln(angle);
angle := 3.1416%angle/180.0;

write(’Input exp_id:’);
readln(exp_id)

write(’Input report name:’);
readln(f_rpt_n);

open(f_rpt, f_rpt_n, history:=unknown);
rewrite(f_rpt):

open(f, ’lab0801.dat’, history:=old,
organization:=indexed, access_method:=keyed):
resetk(f, 0):

if ((exp_id='A’) or (exp_id =’B’) or (exp_id=’C’)
or (exp_id=’D’) or (exp_id='E’)) then

begin

findk(f, 0, ’E6301'):

for il := 1 to 7 do



dd(il] := £*.b_eng[5,1];
get(f):
findk(f, 0, exp_id+’0001’);
for i1 1 to 7 do
dd(il] := £".b_eng(5,1] - dd[il];
get(f);
end;

if ((exp_id=‘H’) or (exp_id ='I’) or (exp_id='J’) or (exp_id='K’))
then

begin
Eindk (£, 0, exp_ m+'5501').
for il := 1 to
ad(il] := £ b enq[s 35
get(f)
findk (£ P xd+’0001’).
for il
ad[i1] b enq[5 1] - dd[i1);
get (f)
end;

if ((exp_ 1d='L‘) o5 (exe_ id ='M’) or (exp_id='N’) or (exp_id='0")
P)

begin
findk(f, 0, exp_id+’6601');
for i1 := 1 t 7 do
dd[il] := f*.b_eng[5,1]:
get(f):

£indk(f, 0, exp_id+/0001’};
for il := 1 to 7 do

dd[il] := f*.b_eng(5,1] - dd[il];
get(f);
end;
clearsc;
kk := 5;
for il := 1 to 8 do
begin
id_key := exp_id + speed_a(il] + ’01’;

writeln(id_key):

speed:=substr(id_key, 2,2);
findk(f, 0, id_key):

if not ufb(f) then
begin
clearsc;

while (substr(f*.id, 2,2)=speed) and (not ufb(f)) do

begin
ii=i+1;
x[i):=(abs(f*.amp[1l])+abs(f*.amp[2])+abs(f*.amp[3]) )/3.0;
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y[i}:=f~.b_eng(kk,1] - dd{i};
¢ writeln(i, x{i}, y[(i}):)
get (£);

ysum + y[i];
xysum + x[i]*y[i];
xxsum + x[i]*x[i];

(no*xysum - Xxsum*ysum)/(no*xxsum - xsum*xsum);
(ysum - b*xsum)/no;

0;
to no do

err := err + abs(y[(i] - (a + b*x[i])):
end;
writeln(f_rpt, speed_v[il]/sqrt(9.8*len),’ ’, a,’ ', b,’
a + b*angle, ' /, err);
end
else
writeln(’ File not found!’);
end;

close(f):
close(f_rpt);
end;

{begin main program)
begin
while true do
begin
writeln;
writeln;
writeln;
writeln(’

writeln(’] VAX PASCAL/VMS 5.4 Suimin zZhang Sept.1992
writeln(’

writeln(’ <MAIN MENU>

writeln(’

writeln(’ EXPERIMENTAL DATA MANAGEMENT AND PROCESSING
writeln(’

writeln(’ 1. DATA MANAGEMENT

writeln(’

writeln(’ 2. DATA ANALYSIS AND REPORT
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writeln(’ £
writeln(’ 0. EXIT .
writeln(’ )
writeln(’ Please Select ‘)
writeln(’ "
writeln(’ )
writeln(’ 2
writeln;

writeln;

writeln;

read(m_select) ;

if m_select = 0 then goto 11;

if m_select = 1 then
begin
while true do
begin
writeln;

wrltell’h

writeln;

writeln(’ <-- Data Management -->');

writeln;

writeln(’ 1. create(or rewrite) dababase’);

writeln(’ 2. Update forwardspeed’);

writeln(’ 3. Update initail angle’);

writeln(’ 4. Append analytical result by E.M.F. Method’);
writeln(’ 5. Data examination (error finding) ’);
writeln(’ 6. Update analytical result by E.M.F. Method’):
writeln(’ 7. List records in the Databse’);

writeln;

writeln(’ 0. Return to Main Menu’);

writeln;

write(’ Please select:’);

writeln;

writeln;

writeln;

writeln;

writeln;

read(m_choice) ;
case m_choice of
1: begin
writeln(’ All data in the database may be deleted !’);
write(’ Are you sure?(Y/N)’);
m_yn:=’N’;
readln(m_yn) ;
If ((m_yn=’Y’) or (m_yn=’y’)) then
cr_db
else
writeln(’ Database not created (or rewrite)’);
end;



updt_sp;
updt_aglo;

goto 13

if m_select = 2 then

begin

while true do

begin

writeln;
writeln;
writeln;
writeln;
writeln;
writeln;
write a(’ <--

writ

writein(’ 1.
writeln(’ s
writein(’ 3.
writeln(’ 4.
writeln(’ .38

writeln(’ 6.
writeln(’ 7

writeln(’ 8.
writeln(’ -
writeln(’ 0.
writeln;

write(’ Ple:
writeln;
writeln;
writeln;
writeln;
read(m_choice) ;

case
17
2:
3¢
4:
53
[
9
8:
9:
0:

m_choice of
rpt_b;

rpt_ampl;
rpt_freq:
rpt_omega;
goto 13

Data Analysis and Report -->’);

output damping coef. of one speed’);
compare two file’);
single least square regression’);

batch least square regression(LSRO801.DAT)’);

least square regression for one GM’);
output damping coef. of speed vie angle '

. output damping coef. of 1 amplitude amp[1l
output damping coef. of differenr OMEGA');

statistics natural frequency’);
Return to Main Menu’):

ase select:’);

];):
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