—the state of the art

In February's Seahorse Barry Deakin concluded with a criticism of the progress that is being made in

yacht safety. Here he reviews the means of stability assessment employed by various organisations

acht designers have traditionally been concerned with

the provision of a seaworthy cruising vessel with

adequate sailing performance. Yachts evolved from
working craft such as fishing or pilot vessels, the charac-
teristics of which were well known. Designers have gradually
modified these forms and, by slowly changing parameters,
remained confident of their stability and seaworthiness.

With the growth of sailing as a competitive sport, yacht
design and construction has progressed in the direction of
performance, often at the expense of the other qualities. The
design of racing yachts is dominated by rating rules. The
traditional rules of thumb over stability issues have become
obsolete in the racing yacht design office and are sometimes
also neglected with modern cruising yachts. Modern racing
vacht forms have many benefits in terms of interior volume
and performance, and so market pressures have inevitably
brought about their use as the basis for many cruising hulls.

Designs have therefore recently diversified considerably,
as have stability properties. Various regulatory authorities

have sought ways of assessing the safety of yachts in terms of
stability. Methods of caleulation and stability requirements
have been under review in recent years, with much debate
over what constitutes ‘good stability” or ‘sufficient stability .

A considerable amount of research was carried out after the
1979 Fastnet Race which led to a much improved
understanding of capsize mechanisms. Research concentrated
on capsize as a result of an encounter with a breaking wave,
since this was the principal mechanism reported by the
Fastnet casualties. One important conclusion was that yachts
with a range of stability over about 150° would not remain
inverted following a capsize, the inertia of the roll or
subsequent wave motion being sufficient to right the yacht.

Traditionally, small cruising yachts had a range of stability
of at least 150° and would normally return upright if capsized.
Nowadays, however, such a range requirement is generally
considered to be unnecessarily conservative, and is certainly
not readily achievable with a modern hull form. In general,
traditional narrow, deep forms were more resistant to p
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Yacht Stability Data on Wolfson Unit Files and the Minimum
Required Ranges for the Department of Transport's Code of Practice
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capsize, but breaking wave height in relation to boat size is still
the overriding factor — large yachts being safer in a given sea
state since they are less likely to encounter a breaking wave of
a size that could result in capsize.

Being knocked down by a gust, or broached in a following
sea can result in a yacht heeling beyond 90°, particularly if a
spinnaker is being used. This may result in the mast touching
the water, at which point the wind heeling moment is reduced
to a fraction of its upright value, and the rig striking the water
tends to arrest the roll. For a traditional yacht this would occur
at about 90°, but for a modern beamy light-displacement yacht
the mast may not reach the water until an angle of 100° or 110°
has been reached — at which point without a positive righting
moment the yacht could become inverted or lie on its side.

All large design offices now have the facilities for
computing stability characteristics of new designs and many
incorporate a calculation of the range of stability into the
design process. Not all of these computer programs are able to
include the effects of coachroof and cockpit, however, factors
which are fundamental to stability at very large angles. There
are many individuals and small companies involved in vacht
design who do not have such facilities. If they are involved
only in cruising yacht design it is unlikely that they will
commission a consultant to produce stability data, there being
no legal requirement or public demand for such information.

Yacht designers tend to rely on their calculations for
displacement and centre of gravity location. Inclining
experiments, which are used to measure these values
accurately, are virtually unheard of for cruising yachts, unless
of course the yacht undergoes an inclining measurement for
racing purposes. Since there have been no stability regulations
for yachts, some designers have adopted their own targets,
generally regarding a range of stability of about 120° to be the
basic requirement — a value that may simply have been
selected as a result of considerable publicity given to the
USYRU recommendations in the mid 1980s.

The surest way to satisfy a regulatory authority of the
adequacy of the statistical stability characteristics is to use the
conventional procedure of detailed calculations and an
inclining experiment. Calculations must include the effects of

the keel, cockpit, coachroof and any other significant features
which affect the buoyant form of the yacht. It is essential that
stability calculations be performed with the yacht free to trim
as it heels, particularly with a modern design featuring a wide
transom and maximum beam well aft.

What allowance to make for crew weight and position is
the subject of much debate. For performance purposes the
crew weight is considered at its normal location on the yacht,
but when calculating the stability to assess the yacht’s range
and self-righting ability, the positive — or negative — effect of
the crew’s position becomes difficult to define. At the Wolfson
Unit crew weight is usually neglected in such calculations.

There has been a reluctance on the part of rating
authorities to demand detailed stability calculations from
racing yacht designers. Until perhaps 20 years ago the
technology was not readily available, but more recently
specific stability requirements could have been incorporated.
Fears of additional cost and the problems associated with the
approval of results have perhaps deterred many designers.

The IMS includes a calculation of the stability curve for the
hull only, but this is derived by the rating authority from
detailed hull-only measurements. The resulting range of
stability is typically pessimistic, since the omission of the
coachroof is a major flaw in the calculation. Initially, the rule
required a minimum range of just 95°, but IMS statistics
indicated in 1989 that the average range of stability of the fleet
was decreasing and the minimum value was increased to 103°,
Even allowing an additional 10° or 20° for the buoyancy of the
coachroof, this requirement inspires little confidence.

With the introduction of the Whithbread 60 and revised
regulations for the Whitbread Maxis comes the first require-
ment for an accurate stability assessment for racing yachts. The
Wolfson Unit is being commissioned to assess all Whithread
entries to ensure that their range of stability is at least 125°,

The only UK cruising yachts currently required to satisfy
stability criteria are those which are more than 15m long and
engaged in sail training. Smaller sail training yachts may be
assessed by approximate methods but if they fail to meet the
requirements, an accurate investigation of their stability may
be used as an alternative. These Department of Transport
(DTp) requirements are detailed in the 1990 Code of Practice
for Sail Training Vessels which is now under review. They
originated from the Wolfson Unit’s proposal for a minimum
range requirement as a function of length, but considerable
discussion ensued between representatives of the sail training
industry and the DTp, resulting in some relaxation of the
criteria for yachts operating in restricted areas. Figure 1
presents graphically the requirements as defined in the Code
of Practice. Yachts in Category 3 are restricted within 15 miles
of the coast of the country of operation, those in Category 2 to
the Near Continental Operating Area, and those in Category 0
are unrestricted.

Category 1 permits operation in the Extended European
Operating Area and requires the same standard of stability as
Category 0.

Also shown in Figure 1 are actual values for yachts on
which inclining experiments have been conducted, and for
which the Wolfson Unit have reliable data. The data include a
variety of yachts. In general the samples fall into three groups:

a. A diagonal band well above the minimum requirement,
comprising traditional cruising yachts and large racing vachts;

b. A group around 10m long with a range between 115°
and 140°, mainly comprising contemporary yachts influenced
by rating rules;
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c. Scattered examples which fall well below the minimum
requirement principally because of significant modifications
which have reduced their stability.

Four casualties are also highlighted, the largest one being
Taka which remained inverted after a breaking wave capsize
(see Seahorse February).

Being reluctant to demand accurate proof of adequate
stability, yacht racing authorities have gone to considerable
lengths to develop approximate methods of assessment, The
earliest was a screening value introduced to the IOR which
estimated the value of the righting lever (GZ) at 90° of heel, A
minimum value of three inches (75mm) was required, but this
would ensure a range of about 100° and so was virtually
worthless in terms of safety in breaking waves.

The RORC introduced a more complex system known as
the Stability and Safety Screening Calculation Scheme
(SSSCS) to their CHS. Their screening value comprises a base
value, derived from rated parameters, summed with an
adjustment value which is dependent on safety-related
features such as the size of openings, provision of integral
buoyancy, and cockpit drainage arrangements.

Base Value = FBS x FDL x FBD x FSDBL x FSR x FR x
FK x FEP x FDAY where FBS, the ‘base size factor is a
measure of length, greater length being assumed to provide
greater safety. The remaining factors all have values close to
unity and hence modify the base size factor.

FDL - Displacement Length Factor; FBD — Beam
Displacement Factor; FSDBL — Sail Area Displacement Beam
Length Factor; FSR - Self Righting Factor; FR — Rig Factor;
FK - Keel Factor; FEP — Engine & Propeller Factor; FDAY —
Dayboat Factor.

Each factor is calculated using a formula derived to assign
the appropriate importance to the parameters considered, and
limits are put on the factors. The factors incorporate a number
of other screening value formulae such as that used by the
LOR, but none incorporate the beam/draught or beam/ depth
ratio, which research has highlighted as fundamental to real-
life large-angle stability.

Some factors have a doubtful effect. For example the
beam/ displacement factor (FBD) penalises a boat with narrow
beam. Since yachts of similar size carry similar sail plans, a
vacht with narrow beam requires more ballast to obtain the
necessary righting moment to hold the rig and sail efficiently.
Whilst the initial stability (GM) may be low, this only affects b

i

P.45: Merit during the 1989/90 Whitbread and Flyer

(above) during the 1981/82 Whitbread. The Wolfson
Unit will stability screen this year’s Whitbread entries
Photographs, P.45: Philippe Schiller; above: Onne Van Der Wal - PPL
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inverted for several minutes, and two crew died. The capsize
mechanisms and means of minimising them have been well
researched and documented but not built into the regulations.

Stability curves for two 8.7m yachts
of the same class with different rigs

S — Roller furling rig — Conventional rig Thus in 1991 Taka, a yacht with a range of stability of 114°,
' capsized and remained inverted for about three-quarters of an
hour with the subsequent death of six crew.
04k . Yacht racing will never be 100 per cent safe, but if the
authorities wish to minimise the likelihood of incidents such as
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the amount of sail that can be carried and does not prejudice
the range. In fact, narrow yachts, because of their high ballast
ratios, usually have excellent ranges of stability and should not
be penalised on the grounds of safety.

This system appears to be gaining in popularity despite its
unwieldy nature (it requires a computer program to determine
the value from rating parameters). Perhaps it is this same com-
plexity which convinces the authorities that it is technically
sound. The method has, for example, been incorporated into
the Department of Transport’s Code of Practice, modified to
include a further factor based on yet another approximate
method. This latter approximation is the range estimate
method of assessment proposed by the Wolfson Unit for use
with existing cruising yachts seeking DTp approval for sail
training. A simple example formula was proposed from which a
pessimistic estimate of the range could be derived. If a yacht
could meet the minimum requirement on the basis of this low
estimate it would be sure to pass on the basis of an accurate
assessment. One expense of approval would thus be avoided
by existing traditional yachts with very good stability
characteristics. Unfortunately, pressure from the industry
forced the DTp to revise the formula to give a more optimistic
value of the range, while at the same time the minimum
requirements were reduced. The result is that some yachts
have been able to meet the requirements by the use of
approximate methods, when they would undoubtedly be
deemed unsuitable if examined accurately.

An illustration of the dangers of approximate assessments is
given by a comparison of the stability curves for two examples
of a class of 8.7m production cruising vacht in Fig. 2. The

| vacht with a range of 127° has a conventional rig as designed.
The other with a range of only 96° has had a mast furling
k mainsail and roller furling headsail fitted. The additional
; weight aloft on this yacht has reduced its range by 31°. The
; only way to identify such effects accurately is with an inclining
| experiment and a conventional stability calculation.

Thus there are two aspects to stability assessment: the
range needs to be determined properly and there needs to be a
sufficiently conservative minimum requirement. If an
approximate method must be used an increased factor of safety
should be introduced.

! That these criteria are not being met has been
: demonstrated by the recent capsize of Taka. In 1979 a yacht
with a range of stability of 117° capsized and remained

o

SEAHORSE 48 MAGAZINE




HS MAST SLIDER SYSTEM

Designed for full batten mainsails that experience very
high loads. The system’s aluminium sliders contain HS
composite fibre inserts that run on aluminium track.

The track is mounted using
| aluminium-inserts, without

HS composite fibre: a
new material that's dura-.
ble aver long period of use
and offers extremely low
friction coefficients.

Tripl of double slider
with link plate assem-
bly is used

Triaxial joint
AISI 316/L.

Simplesiider can be
attached to the sail
‘with webbing.

A specral section of the track at
the base of the system allows

unload‘ed easny.

marine equipment

TEL. FAX TEL. FAX
ITALY ANTAL SRL  (49)8701265  (49)760906 SPAIN RADEMAKERS ~ (3)2020996  (3)2021335
USA. EUROMARINE (401)8490060 (401)8493230  S. AFRICA  MANEX&POWER (21)5116234 (21)5101487
FRANCE BM SAILS D. (046)442500  (046)446491 U. KINGDOM MARINEWARE ~ (703)330208  (703)339667
GERMANY RECKMANN  (4101)34051 (4101) 35863 HOLLAND  H.MARTIJNSE  (3456)9700 (3456)9849

SEAHORSE 49 MAGAZINE




