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Introduction

At the Delft Ship Hydromechanics Laboratory high speed vessels of all kinds
have always been under consideration. Among the types investigated were fast
displacement ships, planing craft, hydrofoil boats and small water plane area
twin hull ships. Emphasis has commonly been placed on the semi-planing and
craft due to the fact that they offered the most readily available ships for
many purposes and there is a active industry building these types of vessels
in Holland. The swath concept has been studied in coGporation with the Royal
Dutch Navy, which considers them to be a possible replacement of their pre-
sent frigates. The investigations are focussed on two main areas, i.e. resis-
tance and the motions of the ships in waves.

In this lecture a rough outline of these investigations will be presented in
which only the work on planing and semi-planing craft and on swath ships will
be mentioned.

Semi-planing and planing craft

The distinction between semi-planing and the planing condition s arbitrary and
only a function of forward speed, therefore these craft will be referred to as
planing craft.

Planing craft became popular during world war II as a relatively easely build
ship with a high speed potential. The hard chine and the transom stern gave

it the possibility to generate dynamic 1ift at speed to such an extent that a
large portion of the ships weight (up to 75%) is carried by it, so reducing
displacement and resistance. A typical example of a planing hull form is pre-
sented in figure 1.

Important parameters that influence the resistance and trim angle of a planing
hull are: the length to beam ratio of the planing surface, the longitudinal
position of the centre of gravity with respect to the centroid of the planing
surface, the weight of the craft and the deadrise angle. Using these parame-
ters a variety of resistance calculations methods for these craft is available,
i.e. de Groot Ref 11 Savitsky Ref 2] or Clement and Blount Ref [3] .

This last method is based on an extensive model experiment with a systhematic
series of planing hull forms with different L/B, LCG positions and weight of
the craft. A1l models had the same deadrise, i.e. 125 degrees. The results of
these series are widely used.

One of the severe draw backs of planing craft is their rather poor seakeeping



behaviour. Due to their hull geometry in even moderate seas severe slamming
and vertical accelerations do occur which strongly limit the operability of
the craft at sea.

A very important parameter in the seakeeping behaviour of the planing craft
appeared to be the deadrise angle of the bottom of the ship. Among others this
was clearly demonstrated by Van den Bosch from the Delft Ship Hydromechanics
Laboratory Ref [4]. He compared the motions of the parent model of the Cle-
ment series, with 12 5 degrees deadrise angle, with the motions of a similar
model, but with a deadrise angle of 25 degrees. The geometry of both models

is presented in figure 2. Experiments have been carried out in both regular
and irregular waves and the motions as well as the vertical accelerations
forward have been measured. A result of these measurements is presented in
figure 3 in which the vertical acceleration as function of forward speed and
wave length is presented.

From this figure it may be concluded that the vertical accelerations may be
reduced by as much as 75% in certain conditions by the increase in deadrise
angle from 125 to 25 degrees.

In figure 4 the results of the tests in irregular waves is presented for one
wave spectrum only. From this figure it can be concluded that extremely high
vertical accelerations are very much less Tlikely to occur with the 25 de-
grees deadrise craft.

Because deadrise has an adverse influence on the resistance it was decided to
investigate this in the Delft Ship Hydromechanics Laboratory by extending the
original Clement series with a similar series of models with 25 degrees of
deadrise. A comparison between the two parent models is presented in figure 5
from which the difference in deadrise can be clearly seen. The new develloped
hull resembled the model of Van den Bosch. For the experiments five models
have been constructed with different L over B ratio's, varying from 2 to 7. The
outlines of these are presented in figure 6.

Each of these models have been tested with four different longitudinal posi-
tions of the centre of gravity and four different loading factors, i.e. the
weight related to the area of the planing surface: Ap/\%@ . The resistance,
the trim and the vertical displacement of the centre of gravity have been mea-
sured. The results are presented in Ref [5]. From this report the figures 7
and 8 are selected to show the influence of the deadrise on trim and resistance
for two different L over B ratio's.

From these figures it can be seen that the difference for the high L/B ratio
is very small (about 5%) and for the lower L over B ratio of



3.1 the increase of resistance with increasing deadrise is in the order of
10% - 15%. These differences in resistance remain of the same order of magni-
tude with the other loading factors and longitudinal positions of the centre
fo gravity. The differences in the trim angle due to the change in deadrise -
are even smaller with a maximum of about one degree.

In the near future this series will be extended with a series of similar hulls
with a deadrise of 30 degrees. This is done because there is growing tendency
to use hulls with even larger deadrise angles to further improve the seakeeping
behaviour.

Based on this series and the original Clement and Blount series a resistance
prediction program has been develloped.This program uses polynominal expres-
sions for constant values of volumetric Froude numbers and contains expressions
with the deadrise, the length to beam ratio, the loading factor and the longi-
tudinal position of the centre of gravity. The results of this prediction me-
thod compare well with actual measurements and this method is frequently used
now by designers. An extension of the prediction method to include the trim
angle is under consideration.

To be able to improve the seakeeping behaviour of planing craft, methods have
been sought to calculate the motions of these craft in waves. Two methods have
been used:

First calculations have been made using a lineair strip theorie model with a
frequency domain solution method develloped at the Delft Ship Hydromechanics
Laboratory. From comparison of the calculated results with actual model mea-
surements it appeared that even at high speeds the motions and accelerations
were very well predicted, although the theory is used far beyond the commonly
accepted range of application.

Secondly use has been made of a computer program develloped by Zarnich Ref 6 .
This program is based on a non lineair set of equations solved in the time
domain. With this method non lineair effects as peak accelerations and bow
slamming could be calculated. A comparison between the calculated pitch res-
ponse and the measured pitch response of a planing craft is presented in fi-
gure 9.

With the aid of the first program the motions in waves of a large number of
systematically varied hull forms have been calculated to find the trends for
improving the operability of the craft in a seaway, this has been reported by
Beukelman. The second program has been used to investigate usable methods
for improving the seakeeping behaviour, among others for a study on an alter-
native method to reduce the motions of a planing craft in a seaway. This has



been carried out at the Laboratory by prof. Wang Ref [ 7]. He investigated

the use of controllable trim tabs at the transom of the boat to reduce the
heave and pitch motions. Using a control algorithm based on the pitch ampli-
tude and velocity, he was able to achieve a considerable reduction in the
heave and the pitch motions of the craft. This theory was confirmed with ex-
periments in the towing tank of the Delft Ship Hydromechanics Laboratory. A
result of the calculations is presented in figure 10 in which the heave and
pitch response functions in regular waves are presented for different gain
factors of the controler. The vertical accelerations at the bow and amidships
can be reduced by as much as 30% using this technique. See figure 11.

One final remark relating to the improvement of the operability of planing
craft in a seaway must be made. It is kwown both from calculations and mea-
surements aboard full scale ships that the vertical accelerations, which are
thé 1imiting factor in the operability of ships at sea, vary considerably
along the length of the ship. The maximum is at the bow, the minimum at 30%
of the length aft. A carefully chosen position of the working space, that is
the bridge in most cases, may reduce the vertical accelerations by as much as
50% such as shown in figure 11. In this figure the frequently used bridge lo-
cation far forward and another further back to the stern are compared for the
measured vertical accelerations at these positions in a given seaway. The dif-
ference is obvious. This fact is eften overseen by the designers.

Swath ships

Small Waterplane Area Twin Hull Ships are an object of intensive research du-
ring the last decade in particular in the United Stated of America, but also
in Europe and Japan.

A swath ship is composed of two large fully submerged cilindrical hulls. On
these hulls, two (or four) surface piercing struts are placed which support
the cross structure high above the water. See figure 12. The biggest part of
the volume of displacement is placed far below the water surface and the area
of the surface piercing struts is only small and therefore the structure as a
whole is only very moderately affected by the disturbative influence of the
surface waves. The swath is a typical example of a vessel designed to minimi-
se the motions in waves. Ref [81].

Due to the small waterplane area of the struts of the swath sufficient static
stability must be achieved by using a large strut separation. The longitudinal
stability however remains small. The damping of the vertical motions heave and
pitch is also small due to the small waterplane area of the struts. This leads
to large natural heave and pitch periods and large amplitudes of motions at



resonance. To increase the damping of the motions of the swath fins were added
inside of the fully submerged hulls. These may be fixed but in most practical
situations they are actively controlled. These fins however do not only add
damping but they also increase the wave forces on the structure which excite
the motions. So an optimum configuration must very carefully be sought.

In figure 13 the motion caracteristics of a monohull and a swath of comparable
size are presented. The swath is fitted with fixed fins. The superior motion
characteristics of the swath in a large frequency range are clearly demonstra-
ted.

Because most of the damping of the pitch motion and to some extent also of the
heave motion is delivered by the fins, there is a strong influence of the
forward speed on these motions. In general the motions amplitudes decrease with
increasing forward speed. This is clearly demonstrated in figure 14 in which
figure the vertical displacement forward is presented for the monohull and the
swath for different forward speeds and sea states. The vertical displacements
forward of the swath decrease considerably with forward speed while those of
the monohull increase with forward speed. In the condition with no forward
speed the vertical displacements forward of the monohull are even smaller than
those of the swath.

The Delft Ship Hydromechanics Laboratory became involved in the research on

swath ships in the beginning of 1980, when the Royal Dutch Navy became inte-
rested in swath ships.

An extensive experiment was carried out to validate the results of a computer

program put at our disposal by D.T.N.S.R.D.C. to calculate the motions of a
swath in waves. The tests were more or less first in their kind and included:

- forced oscillation tests with an unappended model of the swath 6A in the
heave, the pitch, the yaw and the sway mode to determine the added mass and
the damping as function of the forward speed and the frequency of oscilla-
tion,

- a series of tests with the model of the swath 6A in regular head and follo-
wing waves to measure the heave and the pitch motion. For these tests the
model was fitted with fixed fins.

The results of these tests have been reported in Ref [9..

From these tests it appeared that the added mass and damping calculations cor-
related poorly with the measured results. This was partly due to numerical
instabilities in the calculation procedure and to the fact that both the mu-
tual interference of the hulls and the influence of forward speed was not pro-
perly accounted for in the strip theory used. Also viscuous effects on the



two hulls appeared to be of importance. In particular in the heave and the
pitch mode the added mass and the damping of the hulls appeared to be small
when compared with the forces excerted on the fins. This implied that in the
calculation procedure of the vertical motions of the swath in waves these hy-
drodynamic forces are of minor importance. Nevertheless substantial improve-
ments in the calculation procedure have been inplemented by D.T.N.S.R.D.C.
using these experiments which yielded satisfactory results Ref [10] and the
program is now frequently used for design studies.

The motion measurements with the swath 6A in head waves clearly demonstrated
the great potential of the swath concept as a superior design concept. The
results of these tests are presented in figure 15.

The motion measurements have been carried out at three different Froude num-
bers, i.e. Fn=0.22, Fn=0.44 and Fn=0.78. The influence of this forward speed
can clearly be seen from the response functions for both heave and pitch.
Only at the lowest Froude number heave shows a resonance peak in the wave
length range investigated.

The phase angle between heave and pitch is favourable, i.e. the relative mo-
tion at the bow with respect to the waves was small as could also clearly be
observed during the experiments. The correlation between the measured and cal-
culated respons functions was reasonable.

In following waves the situation was quite reverse.The heave motion response
function shows a large response for all three speeds investigated. This is
shown in figure 16. Due to the relative low frequency of encounter, the Tong
natural periods and the low damping of the swath high resonance response did
occur. The phase lag between the heave and the pitch motion and the wave cau-
sed the swath to dig its nose into the waves. The relative motion of the bow
of the cross structure with respect to the waves was so severe and adverse
that only the addition of a large amount of buoyancy on the cross structure
could save the swath during the test from an all too frequent crash. Never-
theless at the highest speed the swath crashed several times and the measure-
ments had to be abrupted in these situations. The correlation with the calcu-
lated motions was generally poor.

The results of these tests focussed the attention of many research parties on
the optimalisation of the motions of the swath in following waves.

One way of achieving this is by putting active control on the fins. To inves=
tigate this possibility a calculation method was developed at the Delft Ship
Hydromechanics Laboratory using a set of non lineair coupled differential
equations incorporating all the forces on the fins and a solution method



in the time domain Ref [117] . Forces on the wings due to heave and pitch mo-
tions and orbital velocities were incorporated. Active control of the fins
could be simulated. Using another method this was also being done by Living-
stone Ref . The accuracy of the prediction method was first checked using
the motion measurements in the following waves situation with the fixed fins
on the swath 6A. From these tests it could be concluded that the motion pre-
diction corresponded reasonably well with the measured results. So the program
could be used for the pilot study on the effect of active control on the
motions of the swath.

Using the computer program active control of the fins was added on the same
fin configuration and the tests in following waves were repeated.

The results of these calculations are presented in figure 17.

The control algorithm was based on the pitch angle and the pitch angular ve-
locity, and incorporated a time lag due to the hydraulic system and a Timi-
ted angular velocity of the fins. The control could be established to "plat-
form" or "contour" the waves.

From the calculations it appeared that the motions of the swath can be signi-
ficantly reduced using such an active control. In the platforming mode the
motions could be reduced to about 10% of their original value.

In no situation a crash of the swath did occur, such as happened with the
configuration with the fixed fins. The swath can sail in following waves sa-
vely with active control. This poses the problem of inherent stability, i.e.
the stability of the swath when a failure in the control does occur. This in-
herent control was investigated further by changing the fins Tayout. But from
additional calculations with fixed fins in which the respective area's and
positions of the fins were altered it appeared that the motions altered only
slightly, even with 50% larger fins. It may be concluded from this that the
fins do not only contribute to the motion reduction but also add a conside-
rable .part to the exciting forces. Furthermore the phase between motions and
exciting forces is unfavourable with fixed fins. The calculation method was
extended to include effects of surge and it appeared that this had a large
influence on the motions in following waves. However this was not investigated
in detail.

From this study it was concluded that an investigation on the motion characte-
ristics of a swath should include active control on the fins. Special time
domain calculation methods are necessary to perform these kinds of calculations.
Therefore emphases in the near future will be placed on the development of
these methods.
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Figure 1. Planing hull.
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