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ABSTRACT

Groupe Finot Navd Architecs ard the School of
Engineeiing Scierces Ship Scierce of the Universty of
Souhamptonhavestartedajoint resaich projectto carry
out an experimertal investigation concerning the effects of
damming onoffshore sailing yachs.

A reliable auonomous dai@ acqlisition system was
desgred that allowed measirenents to be takenduring
long offshore races The demils of the desgn ard
implemertation of this systemarepresredtogeter with
some sanple realts from the first measuenent
canpaigns.

NOTATION

Agg Acceleation at he certre ofgravity

Bmax Maximum beam

Bwi Beamatwaterline

DSA Downwind il area

Hyss Significart wave height

LCG Longitudinal certre of gravity

Loa Lengthoverall

L Length atwaterline

nre Normalised rrs error

T Draft

TWA True wind argle

USA Upwind sail area

A Displacenert

€ Angle betveenthe boatvertical axis and the
direction of accelerdabn

O Volume displacenent

INTRODUCTION

Thelighterthe structurethe highertheloads Thisis
oneof themog interesing (ard difficult) challengesinthe
structural desgn of racirg yachs. In realty, with all the
other characeridics of the boat remaining the samg,
lighter structuresallow higherbal ag-to-weight ratiosand

thus higher righting moments. Thes in turn trarslateinto

larger sideforces largerdriving forcesand beter speed
through the water or, in other words larger aerodyanic
ard hydrodynanic loads

This challenge hasbeemmetin the pag tharksto constart

progres in material properies and more ard more
efficiert desgn. However,the challergeis always open
ard lighter structuresarnd fader boas are till to be built.

Ore of the corditionsto carrystructural opimisationto a
further stageiscertinly abetterdefinitionof theextemal

loads In this regpect while structural aralysis of sailing

yachts has relied for yearson a static or quas-static
approab, thereis anincreasng necesity for trying to

evaliate dynaric loadsand their effectin amorepredse
way.

High hydrodyramic loadsactduring aslamintheformof
alocalisedpressure pulserapidly traveling overalimited

partof the hull. Typically, asthe forward sedions of the
boat strike the water surface, the hull parels in the
damming areaare affeced by a highly non-uniform
presure distribution with peak valuesthat canreacha
thousard timesthe order ofmagritude of the hydrogatic

presure. Thes peaksonly act on a very limited area
(smaller thanthe aveage parl size) ard for avery short

time (typicalrecordecu se duraonsarebetween 15 and

50 mrs).

For desgn purposes the terdercy has always beento

repreent thes loads by an equivalert static presure
uniformly distributed over the parels. Whenthe duration
of the presure puse is corsiderably longer than the
natural periodsof the parels, this presure cansimply be
takenasthe spatal averageof the real hydrodynanic

load.Alterratively, if the parelisexpecedto showanon
neglgible dynamic regporee, the equvalert presure
would be definedasthat presure which, if appliedto the
parel, will resut in the same deformaton ard same
maximum stressprodiced by the acual loading (Heller

ard Japer,196L; Allenard Jores 1978).

Most of the publi shedresarchabou slamming onsailing

yachts has concentrated on the definition of suitable



valuesfor an equivalert presure. Several authors have
cortributed with  theoreical ard experimenal
invedigations on this subject Jowbert (19&), Brown,
Jowet ard Yan Ping (1996) ard Brown, Wraith ard
Jowet (1999) havecaried out anextersive aralysis of
local presaure loadson hull plating ard the asodated
structural regporse. They corcluded in most instancesthat
the rdesin the AmericanBureauof Shipping “Guidefor
building and classing OffshoreRacing Y achts’ might lead
to inadeguate scartlings

Reichard (1984 ard Hentinenard Holm (1994, caried
out somefull-scale measurementsby instrumenting sailing
boat with pressure trarsducers The latter also deduced
that actwal presares are higher than the ones
recommerdedby the ABS guideand thatthe unaccounted
norlinear mectarica behaviouwr of the hull parels
combined with desgn safety-facbrs would explain the
relaive abernceof damageonmostsaling vessels. Their
corclusion then was that “t here is a lot to leam abaut
dammingloads andthe mechaismsof thestructuresare
yetby no meandully undestood”.

Indeedthe quegionabou the correctdefinitionof desgn
presures for modern sailing yachs remains an open
problem Brown etal. (1999) sugged that, becaise every
impact prodices a differert impact presure, what is
neededs anestmateof worg caseloading. This would
certinly bevaluabde informaton for desgn purposes, but
it would not besufficiert. In factif damming loadsareto
prodice a structurd failure, it is more likely to happen
because of fatigue ratherthanbecage of maximum stress
exceedrce.Forexanple,thiswasprobably the cagwith
the numerous sardwich corefailuresobservedat the erd
of leg 5 of the 1993-94 Whitbread race: as Bowler
commerted(Jefrey, 1998)fail uresonly startedto appear
onyachts after they had sailed 20000milesand mog of
themhadalready survivedcorditionssimilar to or heavier
than those ercountered during leg 5 without danege.
Herce, idealy materiak ard scartling definition should
also takeinto account non-maximum slamming loadsard
their frequercy of occurerce.

EXPERIMENTAL INVESTIGATION

Theinvedigationfocusedon Operi50ard Open’ 60
clas boas. Thes are oceanracing yachs desgned
primarily for single-hardedsailing. Severahgpecs make
themvery suitablefor this typeof study: their high beam:
to-lergth ratio and relatively low equvalent deadrse
arglesfavaur largeimpactloads Their steging reliesfor
more than 95% of the time on auto-pilot systens: such
devices while trying to ke a corstart headng or a
corstart apparern wind argle, are “blind” with regpectto
theinconing wavesand do not takeary acionto avoid or
redwce danming. Finally, Open60 are currertly anong
thefaded sailing monohulls, capable of sustaining steady
speedf morethan20 knotswhile sailing in rough seas
In choosing a way of invegigating samming loads, a
solution had to be deermined that wasconpaible with
this type of boat In addtion, it was considered that

measirenents shoud be takenduring racesasin thee
corditions voluntary speedredtction is minimal and the
higheg loads arelikely to appea. This would sersibly
narrow down the possible choicesregardng the sersors
ard the data acqusition system to be used. Presure
trarsducers although being the only devicesthat allow
direct measirement of hydrodynanic loads, were ruled
out. Thereweretwo main rea®ns for this choice:firstly,
to relve the presure distribution overthe hull ard its
evolutionintime,arelatvely derse aray of sersorsmust
beenployed (Allen ard Jores 1978 Rosnand Garne,
199). This, togeher with the necesity of sanpling the
signals at high freqlercies (i.e. more than 1 KHz),
involvesusing datiacqusition systemsthat are capabl e of
procesing ard storing largequartitiesof data,but arenot
suitade to beinstalledon boardanoffshore sailing yach
during arace.Seconlly, from a purely practcal point of
view, presure transduces potentially affect the
watertightness of the boat as they needto be fitted
through the hull ard no skipper would accept t.

Using displacenent trarsducersand strain gawges was
corsideredas an altermative. Thes devicesallow the
meagsirenent of the structural deformaton thatisinduced
by damming loads. Displacerert trarsducers in
paricular, may give anindicationof the inward deflection
of hull parels whilst strain gaugeswould provide usdul
databou the relative amount of bending ard membrare
deformation. Unfortunately, both type of sensorswould be
difficult to fit on our ted boatsard their use appeared
inconpaible with long-term unatierded measirenent
canpaigns.

The beg solution wasto use accekroneters If they are
mountedonthe primary structure (bukheadsard girders)
theyallowrigid-body acceératonsto berecorded and the
globaldynarric structural behaviour to beidentified while,
if fixed directly onto the hull plating ard on secordary
reinforcenerts (i.e. stringersard frameg, they give an
indication abou the local structural regorse. Indeed
through double integration of their signal in the time
domin, it isalso possible to calculatetheir disgacerert
ard herce anplitudes of rigid-body motion ard of
structural deformation.

It is argwable that the magritude of the rigid body
acceeraton following animpactis propational to the
hydrodynanic loadacing onthe hull. Thisisone of the
main corclusions of the theory of Heller ard Japer
(1961, fromwhich formulae for the definition of desgn
presuresaregererally derived(seeDNV Tentative Rules
for classification of High Speedard Light crat, 1991,
A.B.S. Ruesfor building ard clasing High SpeedCrat,
1997, ard Draft ISO Stardard12215for Small Craft Hull
Constructior/Scartlings, 2000). However, their model
relied on the assumptions that “the timevariation of the
loadhasonly a small amount of high-frequencyonent’
ard thatthe hull acs “neatly” asarigid body during the
waterimpact. Although using accekromneterswould not
allow us to verify the validity of the first asumption, it
would give usagod indicaion of the relative anount of
erergypre®n intheflexible modesor, in otherwords of



how accuateit isto corsiderthe boat“rigid” through the
impact. The nextsecionwill corcertrate onthe detils of
howthes sersorsard the data acquisition systemwere set

up.

Experimental setup

For measremerts during long offshore races seven
accetronetersard a progranmable datalogging unit

were used. The postion ard the orientaion of the
sersitiveaxesof theacceéronetersare showninfigure 1.

Two sersors were mounted on the cdlision bukhead
(which isappoximately at 13%of Lo, 0n Operi50sand
at5%of Lo, 0n Open60’s) measiring acceérationalong
theY ard Z axes(respectively 1 and 2in thefigure). Four
werefixedto the bukhea closed to the certre of gravity
(approxmately at 50 % of Lo,), two onthe sides(3 ard
4) measiring accekratonalorg the Z axis ard two on the
certreline measiring along the X and Y axes(6 ard 5).

Finally, one acceleroraterwasmountedonabukheadin
the aft area(approximately at 90% of Los) measuing
along the Z axis (7). Although six acceleromaterswould
besufficiern to measirethe six comporensof rigid-body
motion, seven were used in order to have some
reduindarcy on the measirement of heave ard pitch
accetratonand to identify the anplitude of longitudinal
berding vibraion.

For two rea®ns IC Sersors 3140 accekromnmeterswere
chosen interral signal anplificaion allowedavery good
signal-to-noise ratio to be acheved degite the long
lengths of cabk, while bult-in tenperatue conpersation
guararteed verysmall drift over time (typicaly lesthan
+0.019g),avading the needfor corstant recalbration. All

hada+10gmeasirenert rargeexceptfor5and 6 wherea
+5g rarge was chosento give a beter relution. Their

linear bardwidth exterdsfrom OHz to 500Hz.

With regectto rigid-body motion measirernert, the wse
of inerfal measirement units was considered thes
devicesgereraly include threeargular rate sersors and

threeaccekronetersto measire osillatary motionin six

degreesffreedomThe main advartage over strap-down
accetronetersystensisthatoneless stageof integaton
is needed to cakuate arnguar motions, so dynamic
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Fig. 1 Position ard sersitive axesof the accetdroneters

accuacy is beter. Besdes their reliabiity ard their
weight have been sersibly improved in the recert years
tharks to the introduction of vibrating quartz and laser
ring gyros in place of traditional spinning mass units.
However, cod ard power corsumption are till

corsideraby higher than those of systens using only

acceeroneters ard thee factas were of primary
importarce for us.

For the dat acquisition, a customised logging unit

suppliedby the Crarfield ImpactCertre wasused. Upto
eight amalogue signals coud be loggedthrough an A/D

converterequippedwith progranmablefilters Datafrom
the boatinstrumerts could equally berecorde througha
stardard NMEA interface. The maximum allowed
sanpling freqercy perchamel was2 KHz.

The unit was programmed to perform all the following

taksatthe sametime:

L ogbook acquisition: asingle sanple of boat speed, boat

headng, true wind speed, true wind argle ard GPS
postion was stored at reguar intervds (typically 20
secords). This provided a useful refererce abou the
sailing corditions.

Short time-histories recording: wherever the vertcal

accetraton at the bow or at the certre of gravity

exceeed prestthresold values a dort time-history of
all the accetrometer sgnals wasrecordedIn particular,
thelogging unit hadacircuarmenory buffer that allowed

it to store not only the dat following atriggering evert,

but also those that precededt. Herce, typically, the five
secords precedng a “dani ard the five following are
recordedThe analogue chamelsarenormally sanpledat

100Hz while a single sanple of boat speed,true wind

argle,truewind speal ard GPSpostionisattached to the
time-history. The unit hasa permarert internal clock so

that everyacqusition is time-stanmped.

Data reduction: multi-dimersional histograns were
cortinuoudly built up. Figure 2 shows anexanple: peak
values of accelerabn at the certre of gravity (A are
countedand separatedn differert bins depending on their

magritude and on the value of the apparetwind argle
(TWA) at the time of impact. Along the axesare shown

the certral values of eachbin. Note that the graph in this

exanple wasbuilt over a period of severaldays where
downwind sailing corditions were predaminart. This

explains the large number of impacs in the 70 —-90
degreescate@ry. Similar histograns were recorded
relaing acceératon at the certre of gravity and at the
bowto boatgpeed ad towind spead.

The prioritiesin the desgn of the dataacqusition system
were to minimise weight ard power corsumption, ard to

maximise ruggedress ard auonomy. As a reallt the
logging unit only weighted 750g ard it aborbed a
maximum currert of 225mA from a 12V supply. All the
paraneters of the acquisition were programmed before the
boatwoud leaveport: whensailing, the acquisition would

stop only in ca® of a major power supply failure (i.e.

voltage @ the hatteries dropgng below 7V) ard it would

resime as soon asthe supply wasre-edablished. Data
were corstantly savedto permarert menory ard they



were retrieved when the boat arrived to port No user
intervention was ever required during the voyage.The
whole systemwaswaterprod ard particular atention was
paid to protecting evely component from el ectro-magnetic
interfererce.
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Fig. 2 Bi-dimersional histogramof A,y ard TWA

MOTION MEASUREMENT

All DC typeacceéronetersregpond to the cormponert of
the acceératon of gravity aligned with their sersitive
axis, thus beforethe measiremernscanbe examned,they
must becorrectedfor the effects of heelard trim changes.
This canbe dore by implenenting aniteratve aralysis
procedue propcsedby Miles(1986).Thetechmique uses
integrationin the freqlercy domainto solvethe full non-
linear differential equatons for the linear ard argular
displacenents.

The method was validaed by appling it to a model
running in atowing tark. Acceleroneters were fittedon
the model in the same postions wherethey areonareal
boat Thelongitudinal separaion betveenaccelerometers
1and 7 was1440nmm; the lateralsepaation between 3 and
4 was470mm. The modelwastowed atafixed peed n
reguarand irreguar waves It wasfreeto heaveard pitch
ard corstrainedin sway, surge, roll and yaw. Heave ad
pitch displacenerts obtained from the acceeroneter
measirenens were conmpaed with those given by a
displacenent trarsducer ard by a patertiometer on the
towing pog. Figure 4 shows a typical exanple of this
conparison. Tegds were madeat four differert arglesof
heel to ases the possible pres&ce of couling in the
measireners of heaveard sway. As shown in figure 3
the normalised rms errors expectedly increagd with the
heelargle. Theeror onheavemeasirenmen waslessthan
6% even a large amgles while the eror on pitch
measirenent remained under 4%. Fnally measirenens
of sway roll ard yaw from the accekroneters gave
negigible values which werewell within the play in the

towing gructure.

Thee reallts proved the aralysis procedue to be very
accuate ard gaveus corfiderceto appl it to full-scale
measirenens.

DETERMINATION OF ENCOUNTERED SEAWAY

Among all the facbrsthat detemine the magritude ard
the frequercy of ocaurrerce of slamming, sea state is
certinly one of themod relevan. In orderto give abetter
interpreaion of our resilts, it was then extenely
importart to obtain information abou the ercowuntered
seavay. Normally, during seakeepirg tegs, wavebuoys
are used to measire the main wave characerigics
Otherwise, on-board wave radarshave proved to give
goad edimatesof significart wave height and main period
in mog caes None of these devices however, canbe
used for long-tetm measiremert canpaigns, so an
alterratve source of informaton had to be defined
Through the Southarmpton Oceargraphic Certre, itwas
possible to acces measremerts of significart wave
height ard zem up-crosing period taken by satellite
altimetes. Dataabout localwaveheight and periodwere
equally providedby a conputational wavemodelbasd
onwinds ard currerts ard run by the Ocean Modeling
Brarch (OMB) of the U.S. Natonal Oceaic ard
Atmospheric Administration (NOAA). Satellite altimeters
areregarded asthe mog accuatesource of informaton,
however, as they orbit around the globe, their ground
footprint is very oftentoo distart fromthe acual postion
of the boatto give useful information. Onthe other hard,
conputational modek canbelessreliable, but they always
provide values very close to the posdtion of the boat
(typicd data grid dersitiesare 1 deg latitude by 1 deg
longitude).Wherewerit waspossible to compare themthe
two sourceswere gererally in goad agreenert: figure 5
illustrates the statistical distribution of the differerce
betwveenthe measirerrerts of Hy; by the two methods
overthe month of March2000 (whenthe first canpaign
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(heel angle: 19deq)
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Fig. 4 Comparion of heave neasuemnerts

was caried out). These daf are closely matched by a
gauwssian distribution with a 0.057 averageard 0.134
stardarddeviation, suggeging thatthe value givenby the
conputational model approxmates the satelite
observatonwith better than 19% acairacy in 70%ofthe
ca®s

In view of these reallts, it seened justified to use data
from the conputational wave model in our aralysis ard
integrate them with satellite altimeter measremens
wherever tlese vereavaiable.

SAMPLE RESULTS FROM
MEASUREMENT CAMPAIGNS

THE FIRST

At thetime of writing, three main measurement campaigns
havebeencariedout, two during deliverytripsaciossthe
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Fig. 5 Percetagediffererce betweensignificart wave
heights egimatedby computational model and measured
by satellite atimeter.

Atlartic Oceanon Operi60s ard one during a single-
harded trarsatlartic race on an Operl50. The main
characerigics of thee boat are listed in table 1.
Although when not racing, the corstraints abou weight
ard power corsumption are less strict, the system has
alwaysbee usedin its “racing” corfiguration i.e. with
only sevenaccekronetas. The rea®n for this wasthe
necesity to tegd the systemthoroughly in view of its use
during the Vendee Globe Challerge 2000, a non-stop
round-the-world race.Sofar, recordhgshave beentaken
over 51 dag ard 9650 siled niles

During our first canpaign acros the Atlantic, one of the
auhors coud be on board:this was paricuarly useful,
notonly to idertify and solveinitial problens, but also to
perform severaldifferert typesof acqusition during the
sanme trip. Typicaly, the two main problens in the
begining were to identify suitable triggerirg conditions
for thetime-history recordngsard cut-off frequenciesfor
the low-pasfilters

Gartrore Group4 | saithatdreamcom
Class Open60 Open60 Open50
Loa 18.28m 18.28m 15.24m
Buax 5.60m 5.60m 4.95m
L 18.28m 18.28m 15.24m
Bwi 3.50m 3.50m 2.93m
T 4.5m 4.5m 4.12m
A 9.4t 9.2t 5.2t
USA 28am° 24an° 192m°
DSA 500m° 500m* 345m°
/O 8.72 9 8.8
Material | Carba fibre | Carbon fibre | Carban fibre
(hull) /nomex /nomex /nomex

Table 1 Main boatcharaceristics
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Fig. 6a Typicd power specta ofsignals from acceeroneters mounted rearthe bowand nearthe LCG.
Fig. 6b Plase difererce betveenthe sgnalsof acceerometers mounted at he bowand close to LGG.

Before being acqured, all the signals were low-pas
filteredto avadd aliasng: initially the cut-off freqlercy
wassetto 40 Hz ard the sanpling frequercy to 200Hzin
orderto checkthefrequercy cortert of the signas. Figure
6a shows typical freqercy specta of the signals from
accetronetersl, 3 ard 4. Mog of the power is in the
0-1Hz bard, coregonding to the wave ercouwnter
frequercies Minor peskscan be distinguished particularly
onthebow acceérometerat7Hz, 12Hz, and 15Hz: thee
correpord to reonarce of flexible modes In order to
distinguishthe frequercy conporertsof thesignal related
to rigid-body motion from those related to structural
deformation, the phase of the signals were aralysed
Figure 6b shows anexanple of the diff ererce between the
phase of the signals from acceleroreters 1, 3 ard 4.
Non-zerovaluesin the 0-1 Hz bard areprodwced by the
comrbination of heave ad pitchrigid-body modes while
phas differercesof up to 160 degin the freqiercy rarge
abo\e 5 Hz indicae structural deformation (in this cae
longitudinal berding vibration). This patem was
corsistert throughall the measuemenson Operi60sand
Open50s with dightly higherresonart frequerciesin the
latter case.It wasthen concludedthat mog of the erergy
associatedwith flexible modesof the hull would bein the
frequercy bard above 5Hz ard 6Hz regectvely for
Operi60s ard for Open50s ard that the rigid-body
conporert of thesignalswoud beidertified by low-pas
filtering with a5Hz cu-off frequercy.

Recorded rigid-body accelerations

The higheg acceleratonsweremeasiredonthe Oper50
Salthatdreamcom duwing the Euopel Newman
trarsatlartic race.As shown by figure 7, upwind sailing
corditionswerepredaninart in thiseven. The maximum
recorded/aluesof accelerdabnwere 1.72g at the centre of

gravity ard 5.31g at the bow. Thes occured while the
boatwasbeaing at approxmately 8 knotsin 5.1 metres
edimated significant wave height. In the same
circumstarces several impacts produced aaeleraions
greaerthanl.5gatthe certre of gravity and than4gat the
bow. Table 2 wasconstructed from the recadings made
over the whole race: it indicaks that, at closer wind
argles the average magritude of the acceératons
increagd almost linearly with the wawe height.
Cornvergly, atall true wind angles the frequercy of the
impactsappearedo behigherfor significant wave heights
betveentwo and three metres This is mog likely to be
explined bythe wave ecouwnter frequercy being higher
in this rarge of significant wave heights. The datain
table 2 also show that no significart accekraton was
recordedvhil e sailing attrue wind anglesgreater than 120
degrees however the number of hours spert at this
heading was too small to allow ary corclusion to be
drawn. In fact, the third measiremert canpaign proved
that substartial aceleratons can be experernced when
sailing downwind. Here several severe “dans’ were
recordedat true wind argles higher than 120 degrees
whenwawe height wasgreaerthan4m. In paricular, the
higheg recaded acceleraion was1.22gat the certre of
gravity ard it occured while the boat wassailing at 22
knots with a rue wind argle of 133 degrees

At this point, it should be notedthat, in severalimpacts
thetrarsverse accderaion componen wasfound to be of
a similar magritude to the vertical ore, therebre
suggesing that a corsiderablepartof the hydrodynamic
loadwasbornby the hull topsides As shown in figure 8
and 9, the actual oriertation of the maximumacceératon
expecedly depenledboth on the heel argle ard on the
true wind angle (which oftencorrepordsto the headng
relaive to he waves.
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function of heelargle.

TWA
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ug= £ - oM 0.82g 0.86g 0.84g

P 0.09/h 0 0 0
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4 o052 0 0 0

5= & = M 1.03g

H1/3:5'6m0

Table 2 Exanple of impactcharacerigicsasafunction of truewind argle ard significart waveheight. Thevaluein
thetop-leftcorrerof eachcel indicatesthe averagenumberof impactsperhour thatprodiceanaccekratongreate
than2g atthe baw. A value equal to O mears thatthe 2g threshold wasnever exceededT he numberin the bottom:
right correr repreens the corregponding averageacceération at the certre of gravity. Cells areenpty wherethe
corditions were ot of the spectum met during the measiremert canpaign
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Fig.9 Exanple of relation betweentrue wind angle,
argle of acceleaton at the bow (¢) ard heelargle
(9). The curvesrepregn the moving averageof the
measired vales
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Fig.10 Exanple of relative freqiercy of aceleraton ai
the certre ofgravity.

Maximum values of rigid-body acceleratons from each
measirenernt canpaign were aralysed dstatisticaly.
Figure 10 showsanexanple of the histograns of the peak
acceeratons at the certre of gravity, built during the
meagsirenert canpaigns. By aralysing thesedatainterms
of cumulative distributions, it was observed that the
recordings always matched very closely a Weihull
probalility distribution function. This hadto bewrittenin

the form:

_(x-x0
F (x)=1-e &
where X,was equal to 0.5g, the certral value of the

smalled bin in the recordedhistograns. Paraneters*k”
ard “r" wereedimatedby alinearleas squaresmethod.
Figure 11 shows anexanple of the reailts fromthe eds
on an Open60. With k ard r known, the probaility of
acceératons exceedig a given value x coud be

)I’

calculated as the joint probability
P[A,, 20.5] [P,[A, >x] where:
P = 21N , y
17 a
T, [,
Ho g
P =el k O
2
with:
N, numberof countedacceératonsexceedig 0.59
®, . averageercounterfrequercy overtherecading
period (whichcoud beedimatedfromacquired
time historieg
T. : recordng time.

R
Similarly, the averageof the 1/N™ higheg acceeratons
coud be obtiredas

X, =k M E('”M)M+1[I'(1/r)[(1—P(1/r,|n|\/|))E
o M r C

1
N

with: M =N/P, =N g}eﬂ

TIN ,
ard ' and P regpecively the conplete ard incomplete
Ganmma functions.

CONCLUSIONS

A data acqusition system has been desgned ard

implemertedto study slamming onoceansailing yacHs.

Slamming events have beencharacerised by measiring

the rigid-body accelerdbns ard the vibration that they
induce in the structure. Rigid-body acceérations have
beenmeasrred in six degreesof freedomby mears of

sevenstrap-down acceéronetas. An iteratve aralysis
proceduethatallowsthe calalationof linear and angular

displacenerts from aceleraton recordings has been
experimertally validatd.

Statistical amalysis of the reaults from long measuenert

canpaigns has shown that peakvalues of acceératon

alwaysterd to follow a Weibul probaility distribution

function. A method has been outlined that allows the
cakuation of the probablity of exceedace of given
thresholdsand of averagesf highed values.

Time histories of the accekrometer signals recorded



during slans have suggeded that corsiderabé berding
ardtorsional vibratonsareinitiated by damming. Further
measirenernt canpaigns are plamed in which a larger
numberof sersorswill be usedto getabeterdefinition of
modalshapesard anplitudes
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