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ABSTRACT

An efficient and practical computer-based ship-hull
generation technique has been developed in the cur-
rent research. A library of practical hull forms is first
created. The computer program then “merges” or
“blends” these hulls from the data base.

The hull is next analyzed by a ship-motions pro-
gram HYDROS, described by Doctors (1993). This
program has the ability to automatically generate the
required computer panelling and mesh needed for the
hydrodynamic analysis. Examples of the heave and
pitch response of the different hull forms are presented
in the paper.

INTRODUCTION

Background

One of the early attempts to apply computers to
the fairing of ships lines was described by Theilheimer
and Starkweather (1961). The purpose of the work
was to fair existing lines and not to create new ones.

Another approach to fitting a mathematical surface
to the hull is to use splines. There is a vast array of
different splines suitable for this purpose. An early
example is the work of Berger, Webster, Tapia, and
Atkins (1966), in which two-dimensional splines were
used to smooth a given hull surface. In the spline
approach, mathematical patches are used to cover the
surface. A well-known spline is that of Bézier (1972).

A radically different idea was proposed by Letcher
(1984). His so-called Fairline hull-definition method
comprises a family of mathematical schemes, simple
enough to implement on small computers.

Current Work
The method described in this paper is based on a
very simple idea. It requires the user to establish a

small data bank of hull forms which are known to
be practical from the point of view of, for example,
resistance, motions, and stability. The computer pro-
gram simply interpolates between selected members
of the parent hulls. Naturally, it is then necessary to
analyze the new hull form in order to determine its
usefulness.

METHODOLOGY

Hull Definition

The primary input information consists of the hull
definition. The surface of the hull is defined by a
surface mesh which consists of a set of longitudinal
lines and a set of girthwise lines.

Method of Hull Generation

We assume that there is a set of N parent hulls,
whose surface coordinates are given by X;(z:,¥:,2:).
The coordinates z, y, and z are respectively longitu-
dinal to bow, transverse to port, and vertically up-
ward. The index i refers to the particular parent hull
and, for the sake of brevity, we omit the index for the
individual points on any one hull.

The simplest way of blending the hulls is the com-
bination:

N

z = Zaz,;m:, (1)
1;,1

y = Zay.-'yn (2)

N
z = Zaz'fz.‘. (3)
i=1

Here, oz i, @y,i, and a; ;, are the scaling factors which
will, in principle, be different for each parent hull.
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Hydrodynamic Analysis of the Hull

We will now show computed results for heave and
pitch, based on the method of Salvesen, Tuck, and
Faltinsen (1970). They demonstrated that the heave
(index 3) and pitch (index 5) equations of motion
could be written as:

(Ass + M)fjs + Baana + Caana + Asstis+

+Bss7s + Casns = 1?3 exp(jwi) , (4)
Asafis + Bsana + Csans + (Ass + Is)iis+
+Bsstis + Cssns = Fs exp(jwt),  (5)

where M is the vessel mass and I is the moment of
inertia about the transverse axis (which is located at
the longitudinal centre of gravity LCG). The coeffi-
cients A;;, Bij, and C;; are the hydrodynamic added
mass, damping, and stiffness, respectively. The com-
plex heave and pitch are denoted by 73 and 7s. The
generalized forces, that is, the complex heave force
and pitch moment, are denoted by F3 and F;. The
hat ~ is used to indicate the relevant quantity without
the phaser exp(jwt).

Next, t is the time and w is the encounter angular
frequency given by

w = wy— Ukocosy, (6)

where wp is the angular frequency of the sea wave,
U is the speed of the vessel and « is the direction of
the sea (0° being stern seas). The sea wavenumber is
given by

ke = Ug /g ) (7)

in which g is the acceleration due to gravity.
Finally, the formula for the local elevation of the
sea wave itself is

¢ = Aoexp[j(—kozcosy+ koysiny + wot)], (8)

where it is understood that the real part is desired.
Additionally, Ao is the sea wave amplitude.

RESULTS AND DISCUSSION

Examples of Generated Hulls

Figures 1(a) and (b) show the body view and a
pictorial view, respectively, for the three parent hulls
used in the current investigations.

Parent 1 is a 20 m demihull suitable for a catama-
ran, which was drawn by Soars (1987). The design
waterline length is 18.5 m. This corresponds to a
nominal draft T of 1.500 m (relative to the base-
line) and a draft of 0.658 m. Parent 2 is identical to
Parent 1, except that the longitudinal fairing line in
the planing part of the hull surface below the chine
has been shifted outward and forward to create a bul-
bous bow. Finally, Parent 3 is identical to Parent 2,
with the single exception of the forward-most point on
the abovementioned shifted longitudinal fairing line,
which is now somewhat lower, creating a deeper bulb.

We now turn to Figures 2(a) and (b), which show
three out of the five linear combinations of Parents 1
and 2. For this purpose, the parameters in Equa-
tions (1) to (3) have been selected as follows:

@z = @i = az;; = (1/18.5)ai, (9)

in which the overall scaling factor has been chosen to
make the waterline length of Parent 1 equal to unity.
This is the nominal length Ly, which, in addition to
g and the density of the water p, is used for nondi-
mensionalizging the results.

The two parts of Figure 3 may be compared to the
corresponding two parts of Figure 2. In this case,
however, Parents 1 and 3 have been combined —
rather than Parents 1 and 2.

Lastly, we examine Figure 4, in which all three par-
ents have been combined in the proportions noted by
the values of the scaling factors «;.

Systematic Investigation of Hull Variation

The first set of results for heave and pitch is shown
in Figures 5(a) and (b), respectively. The heave am-
plitude A; and the pitch amplitude As; have been
made dimensionless in the usual way, as has the an-
gular frequency of the sea wave wy. Other parameters
on the graph include the nominal-draft-to-length ra-
tio T /L, the ratio of the longitudinal radius of gy-
ration to the nominal length ks /Ly and the nominal
Froude number Fy = U/+/gLn.

Regarding heave, in Figure 5(a), the effect of adding
the bulbous bow by means of merging Parents 1
and 2 — corresponding to the geometries shown in
Figure 2 — 1is seen to decrease the peak accelera-
tion response and to lower the frequency at which
this occurs. On the other hand, the pitch response
in Figure 5(b) is seen to drop substantially, on a per-
centage basis, in the neighborhood of a dimensionless
frequency of 1.75.

Similarly, we see the heave and pitch response in
Figure 6 for merging Parents 1 and 3 — correspond-
ing to the geometries shown in Figure 3. While the
gross variations in heave in Figure 6(a) are greater,
we observe some really substantial reduction of pitch
in Figure 6(b), of the order of 85% at a dimensionless
frequency of around 1.6.

Next, in Figure 7, are shown the responses for merg-
ing all three parents, corresponding to the geometries
seen in Figure 4 — and maintaining a fixed beam and
draft. We note an even greater improvement in the
pitch response, in that there is a marked increased
range of frequencies over which the pitch is reduced.
The greatest pitch reduction is now up to about 90%.

CONCLUSIONS

The research in this paper has shown the great ease
with which practical hull forms can be generated by
the extremely simple approach of adding linear com-
binations of parent hulls. Clearly, it is possible to
extend the method even further by using scaling fac-
tors that vary in a prescribed spatial manner over the
individual hulls.
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Figure 2: Sections for First Set of Mergers
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Fugure 4: Sections for Third Set of Mergers
(a) Front Elevation

265

Figure 1: Input Mesh for the Parent Hulls
(b) Pictorial View
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Figure 5: Response Curves for First Set
of Mergers (a) Heave Acceleration
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Figure 6: Response Curves for Second Set
of Mergers (a) Heave Acceleration
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Figure 7: Response Curves for Third Set
of Mergers (a) Heave Acceleration
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