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1. BACKGROUND TO THE PROBLEM

The transverse static stability of a boat depends on its general
propertions, the geometry of the hull form and the vertical centre of

gravity of distribution of weights.

It has long been recognised that the transverse dynamic stability
of high speed craft could vary considerably from their static stability.
Both Du Cane and Lord considered the subject in their textbooks on i
planing hulls (Refs 1 & 2) where much of their informaﬁion stemmed from
the development of Patrol Boats during and immediately after World War II.
One treatment of the problem was from quasi-hydrostatics whereby changes
in stability were related to those of the running waterplane and trim
of the planing surface, although it was acknowledged that this treatment
could not account for some of the important pure hydrodynamic effects
such as spray deflection. Particular attention has been paid to round
bilge forms which, in some conditions, were considered to lose stability
and the hydiodynamic effects have been studied in model experiments.
Bailey (Ref 3) tested a model from the NPL round bilge series fixed
in sway and yaw but free to roll and measured the angle of roll at
various speeds and KG heights. More recently Suhrbier (Ref 4) conducted
similar experiments but paid particular attention to the effect of any
sway force on the transverse stability and decided to fix the roll centre
at the. centre of pressure of the planing surface. Suhrbier also obtained
.some co:ielation of the dynamic .stability loss from free running models
under radio control and cbserved that broaching tenged.to follow unstable

roll behaviour.

Directional stability and the manoeuvring of ships has traditionally
been treated as a dynamic problem which has been studied using equations
of motion with inertia, stiffness and damping coefficients, derived from
some hydrodynamic theory or from model tests. The R.I.N.A. paper by
Bishop, Neves and Price (Ref;5)represents one of the recent attempts to
couple the transverse roll and sway motions with their directional
behaviour and thus derive dynamic stability limits from the equations of

moticn.



Returning the discussion to planing boats and hard chine or
prismatic hulls in particular, the transverse dynamic stability of these
appears to have received little-study partly because few boats have been
reported with problems. Indeed some references may be found which-
indicate increased stability at high speed. For example, Du Cane
(Ref 1) describes an MTB where the roll angle change after firing a
torpedo at high speed was less thén when the torpedo was loaded in dock.
However, the Wolfson Unit has details of one boat with steering diff-
iculties thought to be due to lack of transverse stability, whilst
theoretical calculations by Wellicome and Jahangeer (Ref 6) for a 15°
deadrise prismatic huil,indicated a loss in staﬁility with speed,
although experimental comparisons were limited and the effect of sway

forces was not considered.

From the precediné discussion it can be seen that a wide variety
of approaches with varying degrees of complexity has been used to
.investigate transverse dynamic stability. The work described in this
report represents an attempt to study the coupled sway/roll behaviour
of hard chine prismatic hulls in a systematic manner. The study has

included:

i) A dynamic analysis using coupled sway roll eqﬁations of motion.

ii) A systematic series of restrained model experiments to derive
the force and moment stiffness terms for input into the dynamic
analysis which included the effects of ‘deadrise “angle, length/
beam ratio, speed, loading, appendages and comparison with

hydrostatic data.

iii) A comparison of results from the dynamic analysis with those

from tank tests on models free to roll.

iv) A comparison of the results from the dynamic analysis between
the systematic series and test -data from the model of a production

boat.



v)

vi)

A comparison of the results from the dynamic analysis for the
model production boat with results from a free running model

under radio control.

A case history and comparison of results with a hard chine

production boat which exhibited poor transverse dynamic stability.



2. THEORETICAL CONSIDERATION OF THE PROBLEM

Strictly speaking, for a planing form supported largely by
hydrodynamic pressure loads on the bottom surfaces, the introduction of
a heel angle results in net transverse loads.which cause the vessel to
sway and also to yaw. Likewise the asymmetric bottom loads associated .
with sway and yaw introduce a net rolling or heeling moment to the craft.
Thus there is a coupling between these three models of motion and a

full stability investigation would need to take this coupling into account.

The procedure followed in this current investigation was to seek
a compromise between the complexity of a full analysis of the dynamic
problem and the over simplification of previous investigations which
would lead to a stabiiity criterion that could be evaluated using data
derived from experiments using a standard towing dynamometer. Measurements
of this kind could be routinely made foxr the systematic series of models
used in this investigation whereas a full investigation requiring the
use of a horizontal planar motion mechanism would only be feasible for
a small number of models as it would involve a major experimental
investigation for each model.

' The primary variable in controlling the craft stability is the height
of the centre of gravity above the keel and this investigation aims to
establish limits to the centre of gravity position as 5 function of craft
parameters such as length/beam ratio,_deadrise angles and speed. Hy@ro-
dynamic forces and momen%s do. not depend on CG position per se and are
best defined relative to the fixed point on the craft. For this purpose
the datum is taken to be the intersection of a vertical line through the

LCG with the line of keel (on centreline).

As shown in Figure 1 the forces acting on the planing surfaces will

be taken to be equivalent to:-

{i} A lateral force F acting through the keel line at X.
" {ii) A rolling moment M.
(iii) A yawing moment N.

(iv) A vertical force A through K which balances craft weight.

-4 -



Transferring the lateral force to the centre of gravity the

equivalent rolling moment becomes {for small roll angles ):

M. =M+ AKG.O - F.XG
Since the craft reacts dynamically to moments about the centre of
gravity (MG) the response c¢an clearly be related directly to the value

of KG.

Appendix I sets out an analysis of the transverse stabilility
problem in terms of the stability of a coupled sway/roll motion devised
to establish criteria for limjitations on KG within which the craft is

stable transversely.

To summarise, there appear to be two plausible estimates of the

upper limit to KG within which the roll motion remains stable. These are:

KG, = - ¢
2 .
A - FQ
and
MF -
KG. = - ¢ a M F¢
3 AR
o
. Ma
There is also, apparently, a lower limit to KG given by KGl = F
a
where M = Hydrodynamic roll moment about the keel line
F = Hydrodynamic sway force acting at the keel
and
M = M _ oM _ 9F F o= aF

2 % T w FoTw ToaT

As an aid to understanding the motions described by the foregoing
theory, the equations of motion were solved numerically using a time step
predictor method and with the inertia terms m,, and f4 set to zero.

Typical results, with suitable coefficients estimated for the self propelled
model, are given in Figures 3-5 and it can be seen that for the case with

no roll damping:



a)

b)

c)

The motion is divergent when either of the stability limits KG2 or
KG3 is exceeded.

The motion is oscillatory but unstable when the centre of gravity’
is below the KGl limit,

The motion is oscillatory and damped when the centre of gravity is
between KGl and KG2 limits,

‘Inspectibn of the equations of motion reveals that the effect of the

XG. criteria is to determine whether the sway coupling in the roll equation

has the effect of positive or negative damping. Increasing damping lowers

I<.Gl to the point where it is of no practical significance.



3. " OBJECTIVES OF EXPERIMENTAL PROGRAMME

The objectives of the experimental programme were:

{i) To determine KG2 and KG3 for a range of hull configurations

(ii) To confirm that KG., is normally lower than KG2

3

(iii) To relate KG3 to the value of KG at which a free running radio
controlled model exhibits either roll instability or steerxing

difficulties.

If KG3 can be confirmed as less than KG2 the point G3 can be

considered as the equivalent to the transverse metacentre of a floating

body.

In corder to aid presentation of the experimental data, the coeff-
icienu;F¢, M¢, Fa and Ma have been non-dimensionalised using displacement
&, and beam B. Thus:

where the moment stiffness terms have been denoted by:

Fu E@ Ha
1 2T oM T m M T m

Also in the same notation

KG M_.F. - M_.F




3.1  EXPERIMENTAL FACILITIES

All models were tested in the towing tank at Southampton. College
of Higher Eduction' (SCHE) at speeds up to 4 m/s. Selected prismatic
models from phase 2 were also tested at higher speeds, up to 6m/s, in

No. 1 tank at the Admiralty Marine Technology Establishment (AMTE).

Dimensions of the SCHE tank were 3.7m wide x 1.8m deep with a 15m
measured run and those of the AMTE No. 1 tank were 6.1lm wide x 2.4m deep
with a 50m measured run. Forces were measured on space axes using the
standard University dynamometer described in Ref. 7. Two versions of thé
dynamcometer were used as tests at AMTE were performed with the dynamometer
taken from the Southampton University Austin Lament Tank. Moments were
measured on body axes using strain gauged beams mounted between the towing
fitting and the heave post. Again two versions of these dynamometers
were used. A new small four component version was built for the AMTE
tests but in the event only the moment components were used. However, it
did enable the yaw moments to be measured in addition to roll moments for

some tests.

Signals from transducers in the dynamometérs were first amplified
then their mean value from a run recorded, initially from the display of
an analogue meter but for most of the phase 2 tests, from data acquired

into a microcomputer.



"'3.2 DESCRIPTION OF EXPERIMENTS

3.2.1 Tests on Restrained Models

Figure 6: is a diagram showing the mounting of the model to the towing
carriage. It can be seen that each model was attached to the force
dynamometer via a heave post, moment dynamometer and towing fitting. The
models were free to heave and trim but were restrained in yaw and roll,
although the yaw angle could be adjusted by rotation of the centrepost and
the roll angle by rotation of the towing fitting. There was no additionél
restrainf of the model. The towing fitting was installed in each model
within approximately 50mm of the LCG required for the correct running trim.
The models were then ballasted so the VCG coincided with the pivot point
of the fitting.

At each model condition, i.e. deadrise angle B, wetted length LK,
and speed V, a number of runs were made in calm water to determine the
slope of,.firstly, roll moment vs.roll angle (3M0/3¢) and side force vs
roll angle (3F/39), then secondly,of roll moment vs yaw angle (BMD/BG)
and side force vs yaw angle (3F/3a). In addition, trim angles and wetted
chine lengths were measured and at some conditions yaw moments were

measured.

3.2.2 Prismatic Model Test Series

~The main series of models tested were constaqt beam, constant
deadrise prismatic forms. All the models had a chine beam of 0.3m and
were constructed in sections of different lengths tolgu;t the range of
running wetted lengths tested of Lk/B =.2, 2.5, 3,.3.5 and 4. Models were
constructed with deadrise angles B = 10°, 15°, 20°, 25° and 30°.

A separate bow section was built for each deadrise. The bows were
'approximately 0.3m long with both curved forefoot and chine lines

" selected such that developed sections could be used. The only function

of the bow was to smooth the motion of the planing prism during acceleration

to speed and subsequent braking.



The test displacements were selected such that the non-dimensional
_Lk x B
v2/3
of deadrise angles and wetted lengths. All of the models were tested

bot. tom loading coefficient Cp’ = was constant over the range .

at standard displacements corresponding to CP = 5.7, with the exception
of the case of § = 25°, L/B = 2, which was tested in error at a
relatively higher disélacement corresponding to Cp = 5.3, bDuring phase 1
some of the models were tested to determine stiffnesses in roll only,

at low displacements éorresponding to Cp =_7.8 for L/B = 2, -3 and 3.5

and CP = 8.1 for L/B = 4. -

Figures 7-10 show typical raw force and moment data from the

experiments whilst Fiqures 11-36 show the values of derivatives Fl'

M., Fyand M, for the models plotted to base of Froude Number NF.

l.l
Figures 37 -44 present the stability limits KG2 and KG3 derived from
these values and covering the whole range of hull forms tested. Data
is presented in order of increasing deadrise angle in each series of

diagrams. ,

3.3.3 Model Production Boat- (Model No 1)

This 1/16th scale model was of a 22.5m patrol boat designed by
Don Shead, and its sections; of approximately 23° deadrise, are given
in Figure 45. The test displacement and trim were witﬁin the original
designed range, but the hull was tested bare of rudders, propellers,
shafts and brackets. Unlike tests on the prismatic forms the LCG was
fixed and the wetted keel length varied with speed. This in turn had

the following effect on the parameters for the modél:

. = ’ = . = - C = 5.49
VS 2.5 m/s NF 0.77' L/B 3.52 P

3 ’ 0,94 .3.41 5.32

3.5 1.13 3.23 5.04

4 1.33 3.04 4.74

- 10 -



3.2.4 Tests with Self Propelled Model

The model was tested on open water sites in gravel pits at
Ringwood. Speeds were checked by timed runs between marks and
instability was determined by observation by the experimenters; some .
runs were filmed on a sequence of 35mm frames taken using a motor-

driven Nikon ‘camera, and examples are given in Figures 46-49.

A lightweight GRP/balsa sandwich moulding was made from the wood
tank model of the.Don Shead -design. The model was fitted out with a
0.25hp glow plug engine which was geared to two opposite handed 3 bladed
propellers. The steering was by two spade,rudders. Both throttle and
rudders were operated by proportional servos froma Flight Link 27 MHz
radio control unit. A weight raising mechanism was designed to enable
the VCG to be altered under way in increments of KG/E = 0.02. A float
on top of the guide post for the weight prevented the model rolling'overA

after a capsize.

Test runs were made at various speeds by driving the model directly -
away from the experimenter. 1In this direction the experimenter received
the best visual feedback of his control over the model and straight
courses could bé steered with minimum rudder movements. Measurements
were only made on calm days since both waves and windage affected the
transverse and directional stability of:the model. First the model
was set on a straight course at the‘required speed, then the weight.
was. raised with a dwell at increments close to instability. Rudder
movements were minimised and where possible not altered even if a slow
turn were being executed. The model was finally allowed to roll over
with the VCG position recorded from the switch position on the radio
control. Repeat runs were made at speeds of 2, 3, 4 and 4% m/s and
at each speed the model was clearly observed to go unstable within the
tolerance of one increment of the wéight position. In addition to the
runs to establish stability limits, the model was manoceuvred at various
stabilities and an assessment made of the handling cha;acteristics.
Results from the free model tests are shown in Figure 54.. Restrained
model test data for this model are shown in Figures 56—53!in which
derivatives measured for the model are compared to values extracted

from the prismatic series data.

- 11 -



3.2.5 Tests on Models Towed Free tc Roll

During the restrained tests in phase 1, the prismatic model,
with 8= 20° and L/B = 3 was also tested towed free to roll and heave
but restrained in yaw. Stability limits were determined by raising
the centre of gravity of the model until it was observed to loll
over and fail to recover to an upright position. These tests were

conducted in the SCHE tank and at speeds-from 2.5 to 4 m/s.

In fact the results of the free to roll tests produce estimates
of limiting KG values which vary with the height of the tow point XD
and which only agree with the restraineé model criteria when KD and
KG are equal. The comparison of the free to roll data at various KD
values and the restrained model tests is shown in Figure 55. It is
thus recommended that such tests should only be carried out with the

tow pivot at the height of the craft centre of gravity.

- 12 -



4.

DATA ANALYSIS

Some manipulation of the data from the restrained model tests was

necessary to arrange it in a format suitable for input into the

stability theory, namely:

i)

ii)

iii)

iv)

v)

vi)

Straight lines were fitted to the data from the runs for each

M oM )
- D D , 0F , 3F obtained.

model condition and the stiffnesses Ba 9% 3o Y

These force and moment stiffnesses were transformed to the keel
for reference, taking due account of the geometry of the hull
when trimmed, as shown in Figure 2, The stiffnesses were

also non-dimensionalised using displacement and beam.

Where yaw moment data was availabie, the interactions present
in the measured stiffnesses, due to the flexibility of the
mounting system, were calculated and used to indicate the global

accuracy of the data.

The reliability of the data was assessed from repeat measurements,
calibrations and correlation of measured and computed static
righting moments.

The stiffnesses from step (ii) were faired as a set of data
against deadrise (B) speed (NF) and wetted length (Lk/B), taking

account of the reliability of the data from step (iv).

Coupled roll/sway stability limits (KG3/B) were computed from
the theory using the faired data.

In order to assess the accuracy of the data presented herein

it is necessary to consider in further detail each of the steps in

the method. of data analysis that have just'been outlined.

"Complete details of the assessment of accuracy are given in

Appendix II where it is shown that the standard deviations in the

non-dimensional force derivatives F. and F, are of the order of 10% and

1 2

of the moment derivatives M, and M2 is of the order of 7%.

1

- 13 -



In the phase -l tests and some of the phase 2 tests systematic
errors were present due to the effects of dynamometer deflections. 1In
later tests these errors were assessed using measurements of yaw
moments not included earlier in the test programme. The effect of
dynamometer deflection is to produce a measureable change in estimates
of force and moment derivative values which appéar to be largely self-
cancelling in their effect on estimates of the stability limits KG,
and KG3. The change in limiting XKG values is about 1% of beam. Some
correction has been applied to phase ! data during fairing to attempt

to reduce this error.

- 14 -



5. DISCUSSION OF RESULTS

It can be seen that the data for each of the stiffness coeff-
icients shown in Figs 11-36 exhibited consistent trends with Froude
number, deadrise de length beam ratic, although in some regions there
is only sparse data to confirm the fitted curves. 1In such regions the
curves drawn have been derived by cross fairing with data from other
models in the seriés‘where possible. There is only limited data at
Froude numbers above 1.25, since the longer models required testing
at higher speeds than the short models to achieve the same Froude
number and at the higher test speeds the short models became unstable

in pitch, so data could not be obtained from the porpoising model.

The results from hydrostatic calculations were most useful for
fairing the roll moment data M;. The hydrostatic stability limits for
the series is given in Figure éS.- It should be noted that the calc-
ulations are rather unusual, since they were for fixed values of the
running wetted length, for which the associated trim and LCG had to

be interpcolated.

It is clear from the hydrostatic calculations that there are
considerable differences in static stability for the prismatic forms
particularly at low deadrise angles, and it would appear from the

data that the dynamic restoring moments M_ are related to these hydro-

static values. A maximum loss of moment gompared to the hydrostatic
estimate occurs at N, = 1.4 for § = 10°, reducing to N, = 0.65 for

B = 30°. This loss of restoring moment is not reflected in a reduction
of the stability limit because of the strong restoring influence of

the sway force F2, which is zero for the static case, but approaches a
maximum value as M, is at a minimum. The primary cause of the large

increase in the dynamic stability of the low deadrise forms was the

high values of F,.

The stiffness data in yaw F, and M; exhibits less scatter than
the stiffness data Fz'and M, in roll. Both Fi and Ml increase with

speed with a hump in the data in the range NF =z 0.7 - 1.5.

- 15 -



The stability limits computed from the faired prismatic model
data using the theory given in section 2, are shown in Figures 37-44.
In each diagram a hydrostatic stability estimate is plotted at zero
Froude Number. It is apparent that for all the bare hulls the dynamic
stability exceeded the hydrostatic stability for a particular L/B
ratio over the speed range tested. The coupled sway roll dynamic
stability limit K62 with the difference being'greatest for low deadrise
forms where the dynamic stability was also greatest.

5.1 Effect of Deadrise, 8

The effect of deadrise on the stability was dominant with the
low deadrise forms showing large increases in dynémic‘stability above
the‘hydrostatic estimate. The variation of both KG2 and KG3 with Froude
Number changes character as deadrise changes. At g = 10° both increase
sharply' as NF increasesrover_the range tested. At g = 30° both are
nearly independent of NF and for intermediate angles the curves tend
to exhibit maximum values at a point in the speed range which decreases
as B increases. Whilst the data has not been shown cross plotted

against deadrise, this was done in some instances in producing the faired

CUurves.

5.2 Effect of Length/Beam Ratio L/B

At the lower end of the speed range the longer hulls (L/B = 4)
are considerably less stable than the shorter hulls (L/B = 2}, a
trend particuiarly marked at low deadrise angles. Since, however, both
KGz and KGB reach maximum values at higher values of NF as L/B
increases, the longer hulls are the most stable at the top end of the

speed range tested.

- 16 -



5.3 Effect of Bottom LoadinggP

Although some limited tests were conducted at low displacement,
the variation of KG2 and KG3 with'Cp was not systematically studied
in this series. 1In fact the low displacement tests were all at zero
yaw and so only KGZ values are available from these tests.

The broad conﬁlusion was that the character of the stability
variation with deaarise and Froude Number was retained at the low

displacement and that the change in KG_, over the speed range was

2 ,
reasonably fairly represented by the change in the hydrostatic stability

as displacement changes.

Clearly there is scope for further investigation of this topic,

but limitation on available tank time restricted the scope of the tests.

5.4 Effect of Skegs

Skegs were fitted to the 25° deadrise prismatic form to investigate
the influence of skegs on stability. The skegs were of t;iangulax
plan form with leading edge angles of 2° and 4°. The leading edges

were made sharp to increase the lift slope. The roll stiffnesses F

2
and M2 exhibit little variation with skeg size, any differences in the
data being within experimental scatter. The sway stiffnesses F1 and Ml

do, however, increase with skeg size. The results are shown in Figures
56-63 which also ‘indicate the effects of dynamometer stiffness. The
differences in F1 have been satisfactorily predicted using slender

wing theory, assuming the skegs to behave as low aspect ratio wings

for which the lift slope dCL/dﬁ =-%? , where the aspect ratio, A, was
taken to be that of the skeg plus its reflection about the hull keel.

The centre of effort was taken at half span in order to calculate the
change in roll moment at the keel due to the skeg side force. Curiously,
the difference in roll moment whilst correct in magnitude is wrong in
sense, i.e. for the bare hull M, was positive and a positive side force

1

acting below the keel should reduce M but, in fact, an increase was

ll

- 17 -



measured. Clearly the presence of the skeg modified the hull bottom
pressure distribution in such a way that the change of hull moment is
in the opposite sense to that on the keel and is large enough to

reverse the moment correction.

Because F2 and MZ were unaffected by the addition of skegs, the

stability limit KG2 was unaffected. The stability limit KG3 reduced

primarily due to the increase in the sway force stiffpess in yaw Fl'

"5.5 Correlation of Results for the Shead:Model'

It can be seen from the body plan of the model boat .shown in
Fig 45 that it‘was.not,pﬁrely of prismatic form and the differences
in KG3 for this-model compared to the prismatic forms were possibly
caused by the slight curvature of the sections, warping in the forebody,

and the addition of spray rails.

The stability limits KG3 are shown in Figure 54, together with
data from the radio controlled free model and estimates based on the
prismatic series, from which it can be seen that the limits computed
from the restrained test results increase slightly with speed, whereas
those from the free running tests decrease slightly with speed. The
difference could be due to the effect of the appendages on the free
running model, which were not included on the model for the restrained
tests. It should be noted that the spot at zero forward speed represents
a-hydrostatic value for the model at rest. The hydrostatic estimate
corresponding to the running wetted length would be substantially lower,

as indicated by the dotted extrapolation of the model KG, curve. An

3
indication of the effect of the stability, or centre of gravity position,

on the control of the model is also shown in Figure 54, and some photo-

- graphs which demonstrate the behaviour of the model in turning are shown

-

*

in Figures 46-49,

- 18 -



5.6 Limitations of the Results from the Stability Theory

A necessary assumption for the simplification of the dynamic response
theory given in section 2 was that the lateral or sway forces act at the
ICG,. thus: aiding: the ‘decoupling:of the:yaw motion.: .Yaw:moments. were. .
measured in a limited number of tests and the associated point of zero
moment or centre. of laterél_resistance1 CLR, .was calculated frbm this
moment ‘and the corresponding sway force, both for roll and yaw motions.
It can be seen from the data presented in Figure 64 that the CLR in yaw
differs from that in reoll, both vary considerably with speed or NF and
the CLR can be well separated from the LCG. Thus it is guestionable
whether roll motion .is. independent of yaw motion. Furthermore, the
equations of motion do not include any .steering contreol terms which would

affect the-sway force..

Reference can be made to a case history of a planing boat which
exhibited unstable behaviour by a tendency to loll at speed. A comparison

of its stability with the KG_ limit predicted using the data from this

report revealed that it had iwice the margin of stability found necessary
~for good control from the free running model under radio control. Either
the estimate of KG3 could be in error because the boat had .a narrow
transom and a wedge,'or'the unstable behaviour could have resulted from
directional instabilities and associated rudder control forces. The boat
had no skeg and moderate Vee planing forms have been reported as having
poor directional stability (see Ref. 1). .The data from this paper could
be viewed in this. case as indicatingAthat the directional stability should
be studied by extending the analysis to include yaw coupling. Details

of this case history are given in Appendix III.
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CONCLUSTIONS

The feollowing conclusions may be drawn from this investigation:

In all the.models tested the roll/sway coupling limit KG, is less

than the reoll stiffness limit KGZ' The difference is most marked

(and is a significant fracﬁion of hull beam) at the lower deadrise
angles tested (10° 15° and 20°). At higher ‘deadrise angles the

two values are nearly identical.

The theoretical analysis indicates that KG, is a correct criterion

. 3
of coupled roll/sway stability at all levels of damping whereas

the KG2 1imit ié raised by damping effects above the undamped limit

given.by,thése measureménts.. We.would.thus. recommend that KG3_be

taken to represent the theoretical limit to créft VCG from the viewpoint
of transverse stability. Unfortunately KG3 is not available for all
the models tested.

It has been common practice to estimate stability on a hydrostatic

. basis using the height of the transverse metacentre as a limiting

VCG value and to estimate roll restoring moments as a function of roll
angle on a hydrostatic basis. The effects of forward speed can then

be partiai}y accounted for by basing these calculations on an estimate
of the running waterplane at a given speed rather than the waterplane

of the vessel floating at rest.

All of the diagrams relating to the prismatic forms tested show a
hydrostatic estimate of limited KG based on the chosen running wetted
length plotted at zero Froude Number. Over the speed range tested
this hydrostatic estimate forms a reasonable lower bound to both

KG, and KG_ data.

2 3
At the lower deadrise angles KG3 is rising fairly sharply throughout
the speed range tested. However,at larger deadrise angles,KG, and

2

KG3.reach maximum values part way through the speed range. This is

particularly so with the shorter models for which the curves suggest
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that the dynamic limits fall to the hydrostatic estimate level at
speeds of the order cof NF = 2.5, in line with the theoretical finite
element calculations of Wellicome and Jahangeer, indicating a possible

loss of stability at high planing speeds.

There were limitations on the scope of the model series tested,
particularly with -respect to the bottom loading parameter CP. There
is some suggestion that this loading parameter does significantly

affect KG2 but to an extent 'similar to the corresponding change in

hydrostatic stability. The most sensible use of the curves presented

in this report would thus seem to be as an indicator of the margin
between the hydrostatic. estimate and the dynamic stability 'limit of

any given combination of the parameters g, L/B and Nf.

The analysis and experiment procedure was based on the neglect of
yaw coupling. Measurement of the dynamic sway force centres for

scme of the models tested show them to be a significant fraction of
model length away from the model ILCG. This implies that yaw coupling
will be present in the dynamic problem, although the extent that this

coupling affects the limiting KG for transverse stability is not known.
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APPENDIX I : Derivation of Transverse Stability Criteria based on

Coupled Sway/Roll Motion

Using a body axis system the full equations of motion for the coupled

sway, roll, yaw case, based on the forces shown in Figure 1, are:

m(\.r + Ur) = F(G, V, ?6; é' ¢|' ;, r)
T - Tt ° e
= M(\.T, v, El ér ¢r ;C: r)+ A-KG-d) - F(vl vV, é‘l ¢:, ¢r rlr} -KG

Ir - Ixz¢ = N(v,v, Er ¢, ¢, r, r)

Craft mass

5
m
5
o
2]
[

A = mg = Craft Weight .

Ix = Craft moment of iperﬁia about a longitudinal axis through G-
Iz = Craft moment of inertia about a vertical axis through G
Ixz'= Product moment about the above axes

¢ = Roll angle

v = Sway velocity

r = Yaw angula;'velocity

8}

= Craft speed.
For sufficiently small motions of the full hydrodynamic loads F,M,N,

can be expended and expressed in a linear form as:

F=F, Vv +F +Fe b + Fs ¢ + F +F- % + F r
v v ¥ $ ¢ ¢ ¢ ¢ ¢ r . r

etc.

Tﬁis procedure is standard in the treatment of ship manoeuvring
problems and leads in this instance to the need to evaluate 21
derivative values (F&, Fv, FHY ....) as set out in Bishop Neves and
Price (Ref. 5}.
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Again, following that reference, if a soluticén to these equations is

sought of the form:

— ut —
r =r e v =V e

— ut
ut and & = Be"
a quartic characteristic equation for p arises in which the coefficients
of the equation are complex functions of the derivative values, The
coupled motion is stable if the real parts of all the roots' i are

negative,

A considerable'simplification occurs if it is assumed that all lateral
forces act at the LCG, thus causing no net yawing moment, and if,
further, the product moment Ixz is negligibly small. Under these
circumstances the yawing motion decouples and the sway/roll motions

can, for transverse stability purposes, be reduced to:

mv = E$¢ + F$¢ + F¢¢ + F§v + Fvv
and
1x¢ = M$¢ + M$¢ + M¢¢ + MGG + Mvv + AKGy - KG. F(v,v, I

These can be rewritten as:

- an

v+flv+f2¢+f3¢+f4¢=o
and ; + mv +m,V + m¢ 4+ m & =0
1 2 3 4
where
-F -F
- v _ $
f1 "m-F. f2 “m - F, etc.
and KG.F - M
v v
m =
I - M + KG.F*
x ¢ ¢
: KG. (A-F + M
It U S
D3 = 7§ _ B~ + KG.Fe ' °° '
X [ ¢
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pt — ut

A substitution v=ve b =¢ e gives

20—
+ u f4)¢ = 0

{p + fl)v + (f2 + yf3

—_ 2 —_
(ml + umz)v + (= + m + pm4}¢ =0

A non-trivial solution of this type exists if u satisfies the cubic

characteristic equation:

3 ' 2
(1 - m2f4)p + (fl + m, - mlf4 - m2f3)u +(m3 + m4fl - mlf3 - mzfz)u

+ (m3fl - mlfz) = 0

The prescribed motion is stable only if Reu<o for all three roots

of the characteristic egquation.

On writing this equation as:
3 + a 2 + a + =0
a3¥ a WM T AT

The Routh criteria for stability in this case are:
. s a a, a
@ 2., X,o  2so0

a4 %3 3

and (ii) aoa3 < ala2

The coefficients m, and f4 are likely to be small-so that ag

is normally positive. Then the conditions for a stable motion

are:
(iii) fl > - m4 + mlf4 + mzf3 (a2> o)
(iv) m3 > - m4f1 + mlf3 + mzf2 (al> o?
{(v) m3fl - mlf2> o ' (ao> o)

and (vi) mlf > m3(m2f + mf, - m4) + fl(mlf + m. f_ - m4fl)

2 3 174 3 272

+tmf (o, - mE)) - (my - m - myE) (mf) - £y - m £,

(aoa3 < alaz)
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All the terms on the right hand side of the inequalities either contain
a factor dependent on the roll velocity ¢ or else terms m., and f4 which

have been taken to be small. The terms f3 and m, may be loosely

categorised as 'damping terms'. In the absence of such 'damping' each
RHS would be zero. Thus condition (iii) would reduce to f1>0, which is
simply the condition that the sway motion, considered as an uncoupled

motion, should be stable.’

-

The criteria directly relating to roll motion are conditions (iv),

'(vi and (vi). Neglecting damping the last condition reduces to:
mlf2 > 0

or since
f, <0 and M_ <O

it follows that

KG.F - M <O,
v v

Since Fv and Mv are both negative inpractice this implies:

=

v
KG > K = —
Gl F
v
This condition appears to suggest that, contrary to experience in
practice, there is a minimum safe value of KG. However, the damping
téerms on the RHS of equation (vi) are most likely dominated by the roll

damping coefficient m, to such an extent that the RHS is negative.

4
Even modest estimates of roll damping are sufficient to reduce the
minimum safe KG to the point where it no longer represents a design

limitation on any practical craft.
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Again, on neglecting damping, condition ({(iv) reduces to m3>02 This

is simply the condition that the roll stiffness term should be positive
and represents the analogue of the normal static roll stability
rquirement. Bearing in mind that MQ is negative this requirement

reduces to:

KG = KG,, =

The effect of the damping terms is to produce a negative RHS in the
inequality (iv) which in its turn raises the upper limit of stable
XG values above KG,. Thus KG,_, is a conservative estimate of the safe

2 2
upper limit to KG.

The remaining condition (v) is notable in that it contains no damping
terms at all and in that it essentially represents a coupling between

roll and sway motions.

m3fl —lmlf2 >0

implies
- - YoF } - - - > 0

{kG(A F¢) + M¢}{ Fv} {KG.FV MV}{ F¢]

or KG.A.F_~ {M,.F_ - ¥ .F.} >0
v [ Y v ¢
M .F - M_.F
. $v v ¢ .

or KG < KG, = 5oF, _

Noting that F;is positive whilst M ,M and F_ are all negative, XKG
9 o o v ¢ 3

I
v
is in fact positive. It seems to be generally the case that KG3 is
less than K.G2 and hence that KG3 represents an unambiguous upper limit

to stable KG. The point G, then becomes equivalent to the transverse

3
metacentre of a floating body.
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‘In order to obtain estimates of force and moment derivatives with
respect to sway velocity V,model tests of a restrained model have been
made at a fixed yaw angle o. Treating sway to starboard and yaw to
starboard as both positive, V is related to the equivalent a via the
equation:

v = - alU.

1 " 1 :

. = - =L, F "and M = - — .M .
- 5y u a v U «

To summarise, there appear to be two plausible estimates

of the upper limit to KG within which the roll motion remains

stable. These are:

M
¢
KG, = - —
2 A-F
¢
and MF - MF
kg, = - +2_ao¢
3 A.F
a
where M = Hydrodynaﬁic roll moment about the keel line
F = Hydrodynamic sway force acting at the keel
L .- M = F .- 9F
and My =55 My = 3% T4 "% FaT 5
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APPENDIX TI : An Assessment of Experimental Accuracy

The overall accuracy of data derived from these experiments depends on
a number of factors which are discussed under separate headings in

this appendix.

The sub-sections of the appendix are:-

(i) Basi¢ Model Measurement Accuracy

This section refers to the accuracy with which the model can be
positioned in roll and yaw and the methods used to determine trim
angle, longitudinal centre of gravity position and vertical centre of

gravity position.

(ii) Reliability of Measured Data

This section relates to the accuracy of calibrations of force and

moment output from the data recording system and to an assessment of

the repeatability of measured values of force and moment derivatives with
respect to roll and yaw angles. These factors basically determine the

accuracy of all derived data.

(iii) Dynamometer Stiffness Effeécts

Actual roll and yaw angles during a test run differed from those set
statically as a consequence of deflections of thé dynamometer system
under the influence of roll and yaw moments. These differences of
angles result in a systematic error in derivative values which produced
- step chqnges in curves derived using different dynamometry. The
magnitude of these effects were assessed using measured values of

dynamometer stiffness.
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(iv}y - Force and Moment Transformations

Basic force and moment data were measured with respect to the
dynamometer axis system. Since craft VCG position is a variable
parameter in this problem, it was decided to transfer force and moment
data to a reference position on the keel centreline_below the centre
of gravity. This necessitates a correction to the moment data which
depends upon the position of the tow fitting witﬁ respect to craft CG

and also on the running trim of the model.

{v) Straight Line Fits to Basic Force and Moment Data

“9F " 3F 3M aM
F a nt - deri i —_— T T — btai
orce and mome erivatives (3¢' 3a’ 59 au) were obtained by
fitting straight lines to the measured data.. The accuracy and
repeatébility of the derivative values is a function of the scatter

in the data and on the degree of non-linearity exhibited.

(vi) Fairing the Data

Derivative values were plotted and cross-faired in various ways with
respect to variations with craft speed and hull parameters such as
wetted length and deadrise angles. This section describes the fairing

procedure adopted.
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(i) Basic Model Measurement Accuracy

The models were set up with nominal zero roll angle of within

+30' for tests vs yaw angle and nominal_zerb sideforce of within #*1N for
tests vs roll angle. The latter condition produced an intercept at zero
sideforce within +30' of nominal zero yaw angle. Initially for each model
condition tests were conducted at roll angles of ¢ = 05 +24%°, 57, +7%°

and yaw aggles of a = 0°, #2°, i4b, +6°, résulting in a minimum of 14 runs.
Straight lines were fitted througﬁ the sideforce and roll moment data to

r F

obtain the required slopes or stiffnesses (F M. and MZ) and snecimen

1" 72" 1

plots. are shown in Figs 7=10. Subseéuent re-analysis of three B = 15°°
conditions and three 8 = 25° conditions.omitting the & = $7%° and a = +6°
data,gave slopes within 3% éf the original values. Thus to increase the
quantity of stiffness data later tests were conducted excludiné these

higher angles.

The moment dynamometer calibrations were checked each day using a
weight suspendeﬁ from a lever and normally varied by less than 1%. The
force dynamometer calibrations could be checked after every run using a
weight on an integral bell crank and, again, repeatability was normally
within 1%. Roll angles were set using a pin in holes in a quadrant
nominally at 2%° intervals but small errors exist in the drilling of these
holes and for each setting actual angles were measured using an inclinometer.
For phase 2 tests roll angles were measured before each run using an
inclinometer. Also,in scme later tests,the running roll angle was monitored
from éhe output of a potentiometer in the fitting. These measurements
indicated that the running roll angle was similar to the static roll angle
during tests vs roll angle, but that differences of up to +1% occurred
during tests vs yaw angle. The differences could be attributed to the

flexibility of the model mounting and the yaw induced roll moment.

Yaw angles were set by rotating a plate which supported the heave
post and were read from a protractor scale to within +0.1°. Running yaw
angles could not generally be read, although sightings down onto the deck
of thé model suggested that there was a change of up to H°,again attributable
to the flexibility of the mounting.
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Static trim angles were read using an inclinometer, whilst running
angles were read initially from a protractor scale and in later tests from
the output of a potentiometer on the fitting. Accuracy was estimated to be
within #0.1°. The positions of the spray and spray root of both keel and

chines were visually observed against stations marked on the models.

For the prismatic models, the LOG position to give the correct
wetted length was first estimated using Savitsky's data (Ref. 8) and was
finally adjusted by moving ballast during a set up run. Repeat tests
showed that the LCG could be determined within #0.3% of wetted length.

The VOG position was obtained by swinging the model about the
towing fitting and moving ballast until neutral stability was achieved..

This method.was unlikely to give better accuracy than +2mm in 100mm or *2%.

(ii) Reliability of Measured Data

The force and moment measurements were taken from dynamometers
which were calibrated using deadweights. Repeatahiiity within each day's
testing was normally better than 1%, During phase 2 a record was kept

-~of the calibration factors of the transducers and instrumentation and the
variation for a particﬁlar channel was usually within 3% throughout the
period of teéting. When significant differences were found, the instrument-
ation was checked and usually a fault or poor connection was found. The
amplifiers used during the phase 1 tests tended to give poor repeatability
of calibrations, due to old switch connections, so new amplifiers were used

during the phase 2 tests,

Measurements during a particular run from all 6f the phase 1 tests
were made by the experimenter observing an averagelof an analogue meter
reading, which represented the damped force or moment transducer ocutput.
During most of phase 2 a computer was used to acquire data and calculate
the average reading for a run. Other experiments in the towing tank have
-ihdicated that these two methods can yield results within 1% on average,
although the computer results are more consistent with less scatter

throughout a set of tests.
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The calibration of the roll moment measurements was independently
checked by .comparing measured and computed hydrostatic moments from the

phase 2 tests. The measured values were generally low by:

for B = 15°, average 2.8% standard deviation 3.2%

g = 25°, average 4.0% standard deviation 2.6%

Included in this comparison were both a measuré of the centre of
gravity position KG in the model, which has alxeadv been stated, to be
only accurate to within *2%, and a variation attributable to the fit of
a slope to the roll moment data, which was previously estimated as. +3%.
Part of the difference.will be attributed to a lack of stiffness of the

dynamcmeter and tow post. arrangement in.the rell mode.

Nine complete tests were repeated for the prismatic model with
B =15°, L/B =3 and V = 4 m/s. These tests included all the particular
combinétions of the egquipment, instrumentation and facilities used during
phases 1 and 2. Some of the results were poor because of faults in the
equipment which were generally recognised and rectified throughout the
test programme. Excluding these rgsults, the standard deviation, o, in
the force and moment coefficients was:

F o = 10% F g = 11% M g =7% M2,0'=6%

1’ 2! 1’
The variation in results from repeat test conditions could be
considered to encompass the individual and combined inaccuracies of the
measurements and analysis previously discussed, with the exception of the
effects of interactions and the difference in roll angle measurements

used in phases 1 and 2.

(iii) Dynamcmeter Stiffness Effects

The dynamometry used in these experiments'was originally designed
for testing sailing models and was not as stiff as-would ideally be required
for the present purpose. As a result, at high speed, actual angles of

roll and yaw were somewhat less than those nominally set prior to commencing
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a test run. This problem came to light when comparing earlier data with
data obtained later in phase 2 with a new dynamometer of different
stiffness. The effect of these modifications of roll and yaw angles is

to alter the slopes of the force and moment graphs vs roll or yaw angles.

The interaction egquations given below have been based on measurements:
of roll angle, together with measurements of yaw moment and dynamometer
stiffness. The subscript, m, has beén used té indicate the measured
~ values of forces.and moments with the notatiop given in section 2,

' ’ 9N

NQ PN reoresent the computed yaw moment stiffnesses %%-and 3a
m m

respectively based on nominal roll or yaw angles. K

d K. represent
¢ an " repr

the measured dynamometer.stiffnesses.

NQ and'Na need correcting to true:values.N

and N .
a
m m

¢
Now measurements of roll angle indicated that the static and

running roll angles were similar in tests versus roll angle, so the

principal interaction was from the yaw angle induced from the yaw moment

caused by roll

Ném
a
“DQN% |
and My, =—%— e
m o

In tests versus yaw angle, measurements indjcated that the ruqning
yaw angle differed from the static and the increment ctould be calculated
from measurements of thé yaw stiffness of the dynamometer and the yaw
moment, Ny. The running roll angle also differed from its static value
and its increment could be calculated from the roll stiffness of the

dynamometer and the roll moment M& .

m
N
. am . Dam
o= F(L+ o) +
Thus Fu Fu( ™ ) F¢ X
m o ¢
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. N . ._b_lDrx

. am
= + — ——
and Mo = Mpat T 3e? t Mpeid

Solution of these simultanecus equations yields, neglecting second

order interaction terms,

Dam @m
F - F_ = - .
a s " X Fs Fo™ X
F - m m $ F — m m o
(v} N ® . N
SN & .
a a
MD<I>m _ N,
l —
( ka ) MDam * k_m.
Mhe = Mpo N Mo = Mpo 2
m .- um m Na
1 + —) m
L 1+ 5)
o
Similar expressions may be derived to correct the measured yaw
moments.
. M
N@m ”Nam Dam
Th N - = — + N S o= 4+ —) +
us ® Nyx ¥ Ny and N NG+ Ny
m o m W]
MDam
Nam - Num X 7 N(Dm
50 o N and. N¢ N
gm um
(1 + x ) (1 - k—)
o o

Most’of?thefygw.mémént.data was. obtained from the higher speed
tests made at AMTE, with:the addi&ibn of the SCHE tests on skegs. The
positions for centre of 1atera1’resistance (CLR) computed from this data
is shown in Eigurfzééjﬁand for purposes of comparison the corrected and
uncorrected force and moment coefficients from the tests on the prismatic

hull with skegs are shown in the Figures 57-63.

- 34 -



Generally, the effect of the interacticn corrections were to

1 by up to 0.05 and increase

by up to 0.04. The order of

reduce the coefficients Fl by up to 0.15 and M
the coefficients F, by up to 0.06 and M,
these changes was such that their effects.tended to cancel in the

. calculation of étability limits which thus only changed by up to 1%.

The data presented in this report have not been corrected for
these interactions although gome account has been taken in the cross
fairing between phase 1 and phase 2 data. It is not anticipated that
the stability limits derivéd from fhe data will be sericusly in error

from this cause..

{iv) Force and Moment .Transformation.

The geometry of the model is shown in Figure?l+2-FD and M, are

the measured restraints at the dynamometer, D, F_ and MK are the hydro-

K
dynamic loads acting at the keel, Ki; T is the trim angle,

4 The equations of motion have been written for forces acting

through the plane at the centre of gravify and whilst the height XG has

been taken normal to the keel for reference, it is clear that in analysing
the measured data it is the vertical distance that is important, and this
depended on the running of the boat. Now in the experiﬁents the longitudinal
position of the dynamometer did not exactly coincide with the centre of
gravity, so a small correction to the distance KD of less than 3%_was
: necesséry when- transforming the measured moments to the keel. This
correction, however, was not applied to phase 1 data since the required

distance DC was not recorded.

The heights used in the analysis were:

G . K.D

K = | =
ZG cOsT and K2D cosT

- DG sint

and the transformed moment was given by

EK = MD - A.K2G¢ + FK K2 G

where ¢ was nominally zero for tests to determine-ggg
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The point G, in Fig 2 represents a limiting position of the"

2
centre of gravity obtained using the stability theory. By raising G

vertically, the running trim will not be affected.

(v} Straight Line Fits

It has been previously mentioned that slopes could be refitted
through the middlé 5 points from a set of 7 within #3%. Now, for
consistency, lines were independently fitted to the phase 1 data by
Campbell. Generally‘the%tﬁo.resﬁlts“were within.5%, but as could be.
expected, correlation.was worse.through data which was not close to a
straight: line: Some:of:the:data was:clearly non-linear, ;whilst.in other
cases there just appeared to be scatter or occasionally‘hysteresis through
zexo. Sideforce vs yaw generally showed some non-linearity, as would be
éxpected since the sideforce was generated from a low aspect ratio form.
Sideforce vs roll showed increased scatter as its value épproached zero,
for example, for B = 30° and L/B = 2 at NF = 1.03 the;data &as of a sine
wave form with oF positive through ¢ = 0 and negative through ¢ = #10°,

09

whereas at Nf = 1.24 gg-was approximately zerd and small absolute changes

in slope would dead to large percentage differences.

(vi) Fairing the Data

Trial plottings of thé‘experimental data from the prismatic tests
“revealed thap the data from different length beam ratios tended to .converge
if plotted on an axis of Fréude Number, NF, based on wetted keel length,
Lk, rather than wetted beam, B. Fair curves were drawn through the data,
but no simple laws could be found to fit the curves, 'so no numerical best
fit method was applied. For example, it might be expected that the sway

force versus yaw coefficient F. would increase as the square of velocity

1

of N%. However, the data did not support this hypothesis and for the

B = 25° deadrise model, the data appeared linear above NF = 1.4, with a

region of curvature dependent on Lk/B at NF = 1.
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These characteristics were evident in data from the other deadrise
models, although the amount of curvature and the slove and onset of the linear
region all changed, but seemingly in a consistent manner, i.e. more
curvature and less linear slope, but at a higher onset wvalue with
decreasing deadrise. Unfortunately, little data was available above the .
transition value of Nf, since such data came from tests at AMTE, also there
was énly data for Lk/B = 3 at deadrise aﬁgles of B = 10° and 30° since not
all the prismatic models wereée tested in yaw during the phase 1. Thus, in
fairing the curves through the data it was necessary, in some cases, to
extrabolate through only a few data points. It was, therefore, perhaps

surprising for the case in point, i.e. F. vs N_ data, how close the curves
A g L F .

were to the data, whilst still appearing}to‘be a consistent .family. Only
in rare instances was a data point more than.5% from the mean curve. This
feature of the data is even more ‘surprising in view of the preceding
discussion on accuracy and reliability, from which it might appear that the
scatter of the data about some mean curve should be at least of the same

order as one standard deviation from the repeat condition tests, i.e. *10%.
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APPENDIX III: Case History of a Planing Boat which exhibited unstable

Behaviour -

Introduction

In 1978 the Wolfson Unit took part in trials on a 19.5m LOA planing
boat of constant deadrise form which was capable of 35 knots. The boat
had previously been tank tested by the'Wolfsoﬂ Unit and the builders kindly
released details of the design relating to-the stability, which are
summarised below... It was thought, at the time of the trials that the boat
was suffering from a loss of tranverse-stability at .speed, since its static
stability was more.than.adequate.. The limit.of transverse. dynamic stability.
-has been computed using data presented in the main body of this report and
the details are also summarised below. It must be noted that two significant
features of the boat were not incorporated in the prismatic models used to
obtain the dynamic stability data, i.e. the boat had-a narrow stern and

.was fitted with a transom wedge.’
No comment can be made on the possible effect of these features,

without further work, although the mean chine beam was used in the

calculations in an ‘attempt to allow for the narrow stern.
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Principal Dimensions

LOA = 64 ft
Station Spacing = 5.67 ft
Constant Deadriée = 15.,8°
Chine Beam at Transom = ll.4i.ft
Chine Beam at Stn 5 = 15,44 ft
DWL above Xeel = 2.95 £t

Transom Wedge 1.5 ft chord x 5.7°
Appendages - no skegs

- twin inclined shafts and propellers
- twin P-brackets, area 85 = 5 £t2 aspect ratio AR = 2.7

- twin rudders, area § = 5 ft2, aspect ratio AR = 2,7

Trials . Conditions

AT = 37T (inc 18 personnel}
Trim = 1.43 in by bow (exc 18 personnel)
1.CG = 7.58 ft aft 5tn 5

"Extract from Trials Report

Turning @ 34.8 kt, helm 30°, lists sharply’inward

Course keeping @ 35 kt, tendency to loll

Inclining Experiment

AT = 37T (half load)
Trim = 1.64 in by bow
GM = 4,425 ft

solid
GMfluid= 3.975 ft

" Statical Stability Calculations

37.46T

]

AT
Assumed VCG

1.57 ft above DWL

GM 5.03 ft

H

1.57 + (5.03 - 4.425)
2.175 ft above DWL

Hence VCG on trials from GMsolid
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Towing Tank Test Data

T = 37T

LCG = 7.8 £t aft Stn 5

VCG = 1.42 £t above DWL

Running wetted keel length @ 25 kt Stn 24 - 10 = 42.5 ft
@ 31 kt stn 2% - 10 = 41,1 ft

Data for Comparison with Predicted Stability

Displacement T = 37T
Mean Chine Beam = 13,43 ft
Wetted Keel Length @ 35 kt L = 40 ft
Centre of Gravity Position KG = 5.125 ft
Metacentre KM . = 9_55 ft
_ solid

c =1 x B/V73 = 4.5
P

L/B = 3,0

N = 1,65

F

KG/B = 0,38

Limit of Static Stability KGS/B = 0.7

(in static trim condition L/B = 4.,2)

To estimate effect of rudders and P-brackets on sway force stiffnesses

Fl and Ml. Calculate the lift slope assuming the rudders fixed in yaw.

From Hoerner-Fluid Dynamic Lift Art, 3.2

I CA -9 20 _ °
ac; T Ortmr o T 188 '
_* A(dF/Da) - 1 v2s - 96,
Now Fy = ——¢ 7P 7 @
A A radians
. 1 .64 (35x1.6892x4x5 _ 57.3
p) 32.2 37 x 2240 18.6
= 2.58
_ * moment -arm-about - keel
AM?‘.— AF1 x =
S 2.58x = = -0.19
: 13.43 —=
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Prediction of Stability Limit from Prismatic Model Data

To obtain .the limit of static KG in running trim condition

i.e. cp =4.7, L/B =3

From linear extrapoloation of the data from hydrostatics given in Fig.65

XGS/B = 0.60

This is a lower value than that actually calculated for the boat in its
static trim condition because of the change in waterplane inertia. A&n
alternative estimate could be cbtained by factoring this value of KG by

the change in wetted keel length, i.e.

KGS/B .= 0.71 x 3/4.22 = 0,51

To estimate: the force -and moment stiffnesses from which the- dynamic

stability can be calculated

Using the data presented for CP = 5.3 at g= 15° and N_ = 1.65

F
F, from Fig 22 F2 = 0.65 (near its maximum value)
M2 from Fig 3Q = M2 (@NF = 1,65) - AH2 (@NF = 0)

where AMé is the difference in the static

stability limit between the boat and the model

- M, = 0.517- {0.64 - 0.60)
- M2 = 0,47
Fl from Fig 12 ‘ = Fl + AFl {appendages)
’ = 0.85 + 2.58
F1 = 3.43 '
My from Fig 17 = Ml + AMl {appendages)
' = 0.91 + 0.19
Ml =1.10

Hence the coupled sway roll stability limit

M
= - 1 1.10
KG, M, + F2§I = 0.47 + 0.65 x =

= 0.68
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TABLE

1

DETAILS OF RADIQO CONTROLLED MCDEL

Model of 22,5m Patrol Boat Scale 1/16th Hullform

Gearbox Ratio 1l:1.5

- 42 -

60.25 i

1.53 m
1.22 m
1.195 m

0.078 m
0.391m

0.332 m
0.397 m?

3.67

4.26

14.5 Kg

1.45'x 10~ m3
0.012 -
10.389

0.825

0.056

Fwd of Stn 10

0.507

10 Fwd of Stn 10

Length Overall LOA n
Length, Waterline IWL,D 48.15
Length between Perps Lap ‘ 47.2 in
Draught and Ships Keel
to LWL T 36.07 in
Moulded Beam Bh 15.4 in
Wetted Beam B 13.1 in
Wetted Surface Area S 614.88 in?
Length/Beam Ratio LWL/B 3.67
Beam/Draught Ratio B/T 4,26
Displacement, Weight AT 32,0 1b
Displacement (Volume) 8.847 in3
Volumetric Coeff (V/IWL3) Cy 0.012
Block Coeff (V/LBmT) CB 0.389
Longitudinal Prismatic
Coeff (V/Am.L) Cp 0.825
. Longitudinal Centre of
Buoyancy 1CB 19.92 in
Fwd of Stn 10°
Longitudinal Centre of LCG 20 in
Gravity Fwd of Stn
Vertical Centre of'Buoyancy
above keel VCB 1,976 in
Appendages -
2 propellers P/D = 0.9 B.A.R. = 0,65 DIAM = 0.18 ft
3 Blades Revs = 8000 rpm
2 Rudders + Shafting and Skegs
" Engine -
Merco 61 Glowplug Engine Revs = approx. 12,000 rpm
S.H.P. = 0.25 hp '

0,0502



TABLE 1 continued

Ballast Control-

.

Ballast Control Weighﬁ 3.6 1b 1.63 Xg

Overall Travel of Weight 21.4 in 0.5435 m

Zero @ 3.6 in 0.0914 m above deck
Vertical Centre of max 8.71 in max 0.2212 m

Gravity VCG above keel min 6.30 in min 0.16002 m
Control

.4 sexrvos-overall

Throttile. 1 proportional Servo
Engine Cut out 1 2 position Servo
Rudders 1 proporticnal Servo
Ballast Control* 1 Step achieving Servo

* Stepping Servo produced the demand signal for a mechanical feedback
system controliing the 6V winch motor for ballast control, thus 9
different positions for the ballast weight were possible, achieved in

steps up and down the mast.
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TABILE 2 .

SURVEY OF SKEGS FITTED TO PLANING CRAFT

L/B Deadrise @ Skeg Area Skeg Thickness

Vessel Type Ratio . 5tn S,B° Length x Beam Beam
95' Vee Form Hull 4.6 20 0.0l3 0.035
(B Olienski) -
34.5' Round Bilge Hull 2.6 20 0.125 0.032
{(Murray Cormack)
68.3"' Round Bilge Hull 3.3 20 . 0.032 0.041
(James & Stone)
90.8"'" Vee Form Hull 3.8 25 0.02 0.025
(Groves & Guttridge) -
43.6' Round Bilge Hull 3.1 30 0.073 0.04
{(J Askham)
31.1' Vee Form Hull 2.5 20 0.096 -
(Bennet)
85.8' Round Bilge Hull 3.7 20 0.063 -
(D Sheqd)
85.3' Vvee Form Hull 4.5 22 0.0 0.0
(D Shead}
118.1' Round Bilge Hull 4.4 12 0.033 .-
(D Shead)
25' Vee Form Hull 2.4 18 0.0 0.0
(JCL)
32.5" Round Bilge Hull 2.6 18 0.049 -
(Watercraft)
70.5' Vee Form Hull 3.6 . 18 0.013 -

Av = 3.43 Av = 22° Av = 0.052° Av = 0.038

35.43' Prismatic Model 3.0 25 0.036 0.037
(Skeg A) ' :
35.43' Prismatic Model 3.0 25 0.071 0.037
(Skeg B}
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TABLE 2

SURVEY OF SKEGS FITTED TO PLANING CRAFT (continued)

SRC PLANING SKEG DESIGN

Skeg Area = 15.055 x a where a = 28.34 tan® and 8 = angle between L.E.
skeg and hull.

Area

SKEG A, © IxB

2° Area = 14.90 sq in 0.036

Area

I
!
I

SKEG B, 8 = 4° Area = 29.88 sq in 0.071
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FIGURE 1 & 2.

Transverse dynamic stobility of planing craft

Mc= M+D.KGo —F KG

Stb
5 G Stb
Ky Ky| K1 R .
N ™ F
A
FIGURE 2 FIGURE 1

WOLFSON UNIT M.T.I.A.
CLTIENT - S.R.C.

TI;FLE : Model geometry

Scale: N/A




FIGURE . 3

Transverse dynamic stability of planing craft

Computer modelling of equations of motion

Equations developed for model boat’ data without appendages
Solutions for intially rolled condition varying damping
KG/B set 0.82, KGI1=8.569, KG2=0.851, KG3=0.844.

- Roll
|+ or - 90deg

ne demping ) : with damping

‘T
[~ Time
i 0 to 1B sec
Sway
+ or — B.5m
, with domping

no damping

Time

= : . ' é to 18 sec




FIGURE .4

Transverse dynamic stability of planing craft

Computer modelling of equations of motion

Equstions developed for model boal . dato without oppendages
Solutions for Intially rolled condition varying damping -
KG/B set B.4, KG1=0.596, KG2=0.651, KG63=0.644.

Roll
| + or — 90deg

no damping )
2 i with damping ' . ﬂ .
Time

- B to IQ sec

L

Sway
+ or - B.5m

with damping no damping

N

Time

8 to 18 sac



FIGURE .5

or

Transverse dynamic stabi lity of planing craft

Computer modelling of equations of motion

Equations developed for modael boat data without oppendages

Selutions for intitially rolled condition with varying damping
KG/B set 8.67, KGI=0.596, KG2=0.651, KG3=0.644.

" Roll’

with domping

no damp ing

-
B ) Time
- . 8 to 19 sec
[ Sway .
+ or - 9.5m
5 uiih-dcmping
- no damping
Time
i B to 10 sec




FIGURE .6

Transverse dynamic sfdbi|ily of planing craft

| Towing carriage frame

WOLFSON UNIT M.T.I.A..

2 Side force‘dynamomeier

3 Drag force dynomometer

-4 Yaw turntable

5 Heave post

CLIENT : Ss.R.C. ‘
TITLE. : Prismatic mbdel;

mounting and dynamometry

Scale : 1718

& Yow dynamometer
7 Rell dyncmometer

8 Roll potentiometer

9 Roll/ pitch centre
- Cand pitch potentiometer)

¢

N




SWAY FORCE LBF.

FIGURE .7

Transverse dynamic stability of planing craft
Raw data from 25 deg deadrise mode! , L/B=3 , Nf=i

KD/B=8.31
» Data for F| + Data for F2
4 T T I T
3 —
2+ _
1 e —
el _
._| b— p—
_2 — -
-3} ]
1 1 1 |
-6 -2 2 6 19

ROLL OR YAW ANGLE DEG.



ROLL MOMENT LBF.IN

FIGURE .8

Transverse dynamic stability of planing craft

Raow data from 25 deg deadrise model , L/B=3 , Nf=i

KD/B=8.3!
X Data for M1 O Data for M2

20 T T ; T

ROLL OR YAW ANGLE DEG.



SWAY FORCE LBF.

FIGURE .9

Transverse dynamic stability of planing craft

Raw data from 25 deg deadrise model , L/B=3 , Nf=2

KD/B=0.3 3 _ .
* Data for FI + Data for £2

4 I I T ]

*// -3 -1 1 3 5
) ROLL OR YAW ANGLE DEG.



FIGURE .10

Transverse dynamic stability of planing craft

Raw data from 25 deg deadrise model , L/B=3 , Nf=2
KD/8=8.33
X Data for M O Data for M2

28 T L T |

ROLL MO&ENT LBF .IN

-3 : -1 1 3 S

ROLL OR YAW ANGLE DEG.
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FIGURE . 11

Transverse dynamic stability of planing craft

Data from 10 deg deadrise model

O L/B=2
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SWAY FORCE COEFFICIENT Fi

FIGURE .12

Transverse dynamic stability of planing craft’
Data from 15 deg deadrise model

O L/B=2 + L/B=2.5 X |/B=3 ¢ L/B=3.5 O L/B=4
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FIGURE .13

Transverse dynamic stability of planing craft

Data from 20 deg deadrise model
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SWAY FORCE COEFFICIENT Fi
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FIGURE .14

Transverse dynamic stability of planing craft

Data from 25 deg deadrise model

O L/B=2 + L/B=2.5 X L/B=3 @ L/B=3.5

O L/B=4
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SWAY FORCE COEFFICIENT Fi

FIGURE .15

Transverse dynamic stability of planing craft
Data from 30 deg deadrise model

8 1/8=2 .+ L/B=2.5 X L/B=3 ¢ L/B=3.5 O L|/B=4
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FIGURE . 16

Transverse dynamic stability of planing craft
Data from 18 deg deadrise model

@ Lm=2 + L/B=2.5 X L/B=3 ¢ L/B=3.5 ©O L|/B=4
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ROLL MOMENT COEFFICIENT M1

FIGURE .17

crafl

Transverse dynamic stability of planing
Data from 15 deg deadrise model|
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FIGURE .18

Transverse dynamic stobility of planing
Data from 208 deg_deoarise mode |

O {s8=2 .+ L/B=2.5 X L/B=3 ¢ L/B=3.5 ©O L/B=4
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FIGURE .19

Transverse dynamic stability of planing craft
Data from 25 deg deadrise model

O|/B=2 + L/B=2.5 X L/B=3 © L/B=3.5° ©O L/B=4
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FIGURE .20

Transverse dynamic stability of planing craft
Data from 30 deg deadrise model

Q /B=2 + L/B=2.5 X L/B=3 ¢ L/B=3.5 ©O L/B=4
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SWAY FORCE COEFFICIENT F2
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FIGURE . 21

Transverse dynamic stability of planing croft
Data from 10 deg deadrise model

0 L/B=2 + L/B=2.5 X [/B=3" @ O L/B=4
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FIGURE 22

Transverse dynamic stability of planing craft
Data from 15 deg deadrise model

O 1L/B=2 + L/B=2.5 X L/B=3 ¢ L/B=3.5 O L/B=4
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FIGURE .23

Transverse dynamic stability of planing
Data from 28 deg deadrise mode]

8 /=2 + L/B=2.5 X L./B=3 © L/B=3.5 ©O L/B=4
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SWAY FORCE COEFFICIENT F2
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FIGURE .24

Transverse dynamic stability of planing croft
Data from 25 degree deadrise model

O L/B=2 +°'L/B=2.5 X L/B=3 ¢ L/B=3.5 O L/B=4
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SWAY FORCE COEFFICIENT F2
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FIGURE . 25

Transverse dynomfcvstdbilily'of planing

Data from 30 deg deadrise model

8 L/B=2 + |/B=2.S5 X L/B=3 © 1[/B=3.5 O |/B=4
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FIGURE .26

Transverse dynomié s{obility of planing craft

Data from 10 deg deadrise mode! at low displacement
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FIGURE 27

Transverse dynamic stability of planing craft
- Data from 20 deg decdrise mode! at low displcéement
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FIGURE .28

Transverse dynamic stability of ploning craft
Data from 30 deg deadrise model at low displacement
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FIGURE .29

Transverse dynamic stability of planing croft
Dotoifrom 18 deg deadrise model
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FIGURE . 30

-~ Transverse dynamic stability of planing croft
Data from 15 deg deadrise model
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FIGURE . 3l

Transverse dynamic s{obility'of planing craft
Data from 20 deg deadrise model

@ L/B=2 + L/B=2.5 X L/B=3 © L/B=3.5 O L/B=4
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FIGURE . 32

Transverse dynamic stability of planing
Data from 25 deg deadrise model
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FIGURE .33

Transverse dynamic stability of planing craft
Data from 30 deg deadrise model
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FIGURE .34

Transverse dynamic stability of ploning craft.

Data from 10.deg deadrise model at low displacement
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FIGURE .35

Transverse dynanic sfcbility of planing craft

Data from 20 deé deadr ise mode! ot low displacement
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FIGURE .36

Transverse dynamic stabilily of planing craft

Data from 30 deg deadrise model at low displacement
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FIGURE .37

Transverse dynamic stability of planing craft
Predicted stability limits from faired mode! data

Deadrise=10 deg standard displacement
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FIGURE .38

Tronsverse dynomfé stability of planing craft

Predicted stability limits from faired model data

Deadrise~10 deg low displacement )
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FIGURE .38

Transverse dynamic stability of ploning craft
Predicted stability limits from faired model data
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FIGURE .40

Transverse dynomiﬁ stobility of planing craft

Predicted stability limits from faired model dota
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FIGURE .41

Transvérse dynamic stobility of planing craft

Predi&ted stobility limits from faired model data

Deadr ise=28 deg low displacement
X L/B=3 O L/B=4

1 1 i I

- % _
8
i

¢ s

1 | | i !

A.5 i 1.5 2 2.5

- FROUDE NO.



K62/B

KG3/8B

FIGURE .42

Transverse dynamic stability of planing craft
Predicted stobility limits from faired model data

Deadr ise=25 deg standord displacement
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FIGURE .43

Transverse dynamic stability of ploning craft
Predicted stobility limits from faired model data

Deadrise=30 deg stondard displocement
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FIGURE .44

Transverse dynamic stability of planing craft

Predicted stability limits from faired mode! data

Deadr ise=38 deg low displacement
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FIGURE .45

Transverse dynamic stability of planing craft

Body plan of radio controlled model boat
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FIGURE .46

Transverse dynamic siobi|ity of planing craft

Mode!l boat in turn showing early stages of caopsize
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FIGURE . 47

Transverse dynamic stability of planing craft

Model boat showing sequence of capsize
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FIGURE .48

Transverse dynamic stability of planing craft

Model boat showing sequence of capsize
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FIGURE . 48

Transverse dynomic stability of planing craft

Model boat with varying stability executing turns
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FIGURE .50

Transverse dynamic stability of ploning craft
Data from model boat no.! ,23 deg deadrise ,L/B=3 to 3.5
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FIGURE .5

Transverse dynamic stability of planing craft
X Data from mode! boat no.l ,23 deg deadrise ,L/B=3 to 3.5

© Data interpolcted from prismatic modal results

1.6 'lII'ITIIlTllll'llll]lITlIITIITFI'IIl'l"llll]1¥l'lllll¥

{.4

1.2

I'lIll]lllllllllllli‘llll’lllllllllllllll

*o

ROLL MOMENT COEFFICIENT M1

0.8

e.4

8.2

lllllllll'llllllllllllll(llllllll’lllll

‘!llllllllllllIllllllllllllll_lllIlllllllllllll!ll

]IllIlllllllllllllIllllllIllllI.l.IIlIIIIll.lllllllllIlIILlIllIIlllllIILllllllll‘ll

L

8.5

! {.5
FROUDE NO.

2

2.5



SWAY FORCE EJOEFFICIENT Fe

FIGURE .52

Transverse dynamic stability of planing craft
* Data from model boat no.! ,23 deg deadrise ,L/B=3 to 3.5

© Data interpolated from prismatic model resultls
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FIGURE .53

Transverse dynamic stability of planing craft .
*  Data from model boat no.! 23 ,deg deadrise ,L/B=3t03.5

©® Dota interpolated from prismatic model results
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FIGURE .54

Transverse dynamic stability of planing craft

stobility limits for model beat no.l

¥ Results from free running tests .
% Predicted limits from restroined model tests

oS Predicted limits interpolaled from prismatic model daota
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FIGURE .55

Transverse dynamic stability of planing craft

Stabitity limits from prismatic model towed free to roll

Deadr ise=28 deg standard displacement L/B=3
X Predicted limits from restrained model tests
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FIGURE .56

Transverse dynamic stability of planing craft

Data from 25 deg deadrise model , L/B=3
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FIGURE . 57

Transverse dynamic stability of planing craft

Data from 25 deg deadrise model , L/B=3

Data corrected for interaction effects
X no skag- #* small skeg O large skag
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FIGURE .58

Iransverse dynamic étobility of planing craft

Data from 25 deg deadrise model , L/B=3
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FIGURE .59

Tronsverse dynamic stability of p|0n|ng craft
Data from 25 deg deadrise model , L/B=3

Data corrected for interaction effects
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- FIGURE .69

- Transverse dynamic stability of planing craft
Data from 25 deg deadrise model , L/B=3
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 FIGURE .61

Transverse dynamic stability of planing craft
" Data from 25 deg deadrise model , L/B=3

 Dalta corrected for interaction effects _
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.. FIGURE: 62

ﬁ'Tﬁbnéverse dynamic stability of planing craft
'Do£c from‘25 deg deﬁariSe méde|‘, L/B=3
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.- FIGURE 63 "~ .
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FIGURE 64 . . .. -

Tronsverse dynomlc stcblllky of p|on|ng craft
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