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ULTIMATE 
SAILING

Sailing performance was the clear focus of the team tasked by an experienced owner 
to build the ultimate sailing superyacht capable of transiting the Panama Canal. In the 
second of his reports on Hetairos, Jason Holtom looks at how the lifting keel, composite 
construction and the lightweight interior were developed to help achieve this goal.
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In issue 132 we looked at how 
the design and installation of a 

custom designed twin retractable 
360-degree rotating propulsion system 
dramatically reduced underwater 
drag, but this was just a fraction of the 
innovative work put into the project 
over the eight years it took to design 
and build the 59.9m ketch Hetairos.

The ability to carry sufficient sail area 
to propel the hull at the performance 
levels expected requires the high 
righting moment that only a deep 
draught keel can offer. For a yacht like 
Hetairos, this meant a draught of 9m. 
The owner was never worried about 
a draught this deep; however, he did 
expect to cruise around the world 
extensively and enjoy shallow bays and 
anchorages and interesting ports, so 
he set a minimum draught of 3.5m. 

The obvious solution was a lifting 
keel. Erik Wassen, the principal naval 
architect on the project from Dykstra & 
Partners, explained that they examined 
every possibility before deciding on a 
fully ballasted lifting keel with three 
set positions: an offshore, full race 
maximum draught of 9m; an inshore 
draught of 6m, the minimum for 
setting sails; and a ‘harbour’ draught 
of 3.5m. With a scope of 5.5m in total, 
when fully raised, the keel comes up 
through the cockpit table, standing 
3.6m above the deck. 

“We did consider a canting keel, but 
decided the risk of having to crash 
tack and lean over 40 to 50 degrees 
was too much for a boat of this size. I 
think in engineering terms we could 
have made it work, even though the 
challenge would have been even 
bigger than the current set-up,” 
Wassen said. The resulting keel has a 
total weight of 85 tons, of which the 
duplex stainless-steel fin weighs 26 
tonnes with a 59-tonne lead bulb. 

Additional righting movement is 
provided by 36 tonnes of moveable 
internal liquid ballast, with tanks on 
either side at maximum beam for 20 
tonnes of seawater, 10.88 tonnes of 
fresh water and 5.2 tonnes of fuel. 
“It takes just two and half minutes to 
transfer the liquid ballast from side to 
side with a positive gain of 4.5 degrees 
of heel,” Wassen confirmed. 

Just to add to the engineering 
problem, the owner required the 
possibility for the keel to be raised 
whilst sailing. Wassen explained that: 
“It worked out that the requirement 
added only a small amount of weight 
to the system: the cylinders needed 
to be a bit larger to overcome the 
additional friction when heeling. 
Typically, you would like to avoid this 
situation, but in a racing scenario the 
keel can be lifted when sailing at up to 
15 degrees of heel.” 

It is particularly important 
that the tolerance of the 
fit of the keel does not 
create any rattling inside 
the yacht to disturb those 
aboard, particularly when 
at anchor when there is 
no side load created by 
heeling.

BELOW: HETAIROS LIFTING KEEL PLANS 
SHOWING THE TWO SAILING MODES AND 
THE ‘HARBOUR’ MODE WHEN THE TOP OF 
THE KEEL IS HIGHER THAN THE MAIN BOOM. 
NOTE THE RUDDER IS ALSO LIFTED IN THE 
‘HARBOUR’ MODE.

PERFORMANCE SAILING DRAUGHT T = 9.00M

MINIMUM SAILING DRAUGHT T = 6.00M

MINIMUM HARBOUR DRAUGHT T = 3.50M
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The engineering of the keel was a 
collaboration between APM Keels of 
Italy, SP-High Modulus (the marine 
business of Gurit) UK, M&H of 
Finland, Baltic Yachts and Dykstra 
Naval Architects, as well as the interior 
design team at Rhoades Young, and so 
creating a great deal of co-ordination 
and interaction for the owner’s 
project manager, Jens Cornelsen.  
“We designed the structure to be 
capable of taking grounding at 
moderate speed without damage with 
the keel in the down position. In 
case of a severe grounding there are 
built in weak spots that dissipate the 
blow into the surrounding structure 
by deformation. This takes a lot of 
energy out of the impact. The voids in 
the bulb are a good example of this,” 
Wassen noted.

Giampiero Galli of APM Keels 
said that an impact simulation was 
carried at 5m/sec using the NEi 
Explicit analysis code to compare a 
standard bulb with a crushable bulb 
with grooves and a softer lead alloy 
in the nose. “A significant decrease 
of the impact force is seen with the 
crushable bulb in the region of 65 
per cent. A proportional decrease 
was also found for the deceleration 
time history, confirming a relatively 
smoother impact overall in the case of 
a grounding.”

Rod Fogg, principal engineer at SP-High 
Modulus, who undertook the complete 
engineering of the carbon pre-preg 
hull, said the keel trunk was the greatest 
single challenge: “We had engineered 
the previous composite lifting keel 
yachts at Baltic, including the 42.93m 
Carnica, the 44.85m Visione and 46.22m 
Pink Gin. Hetairos is, however, a two-
stage lift, with locks for a total stroke of 
5.5m. The ultimate grounding load of 
some 3,000 tonnes, we believe, makes 
the keel trunk one of the highest point 
loaded composite components ever 
attempted in any industry. Withstanding 
these huge overall forces was not so 
difficult, it was finding a mechanical 
solution that would hold on to the 
changing geometry of the keel fin as it 
raises. Although the ability to raise the 
keel whilst heeled in the end did not 
add much weight, it certainly added 
a lot of complexity to the composite 
construction.”

The watertight trunk, which took nine 
months to build, contains the lifting 
mechanisms and transfers the load 
from the fin and lead bulb into the 
yacht. Although built in one piece, 
conceptually the design has an inner 
and outer trunk, with the inner taking 
the mechanical systems and picking 
up the local loads and the outer 
primarily transmitting the loads into 
the main structure.  

TOP: THE RUDDER BOX IS WIDE ENOUGH SO 
THAT THE RUDDER CAN STILL ROTATE AND 
STEER THE BOAT WHEN RAISED. 
ABOVE & BELOW: CARBON KEEL TRUNK.
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THE POLISHED DUPLEX STAINLESS STEEL KEEL BLADE WITH TWIN EXTERNAL RAMS MOUNTED ON A TITANIUM YOKE AND TRIPLE INTERNAL 
RAMS LIFTS ABOVE THE MAIN BOOM THROUGH THE COCKPIT TABLE WHEN FULLY RETRACTED TO A MINIMUM DRAUGHT OF 3.5M.
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It is particularly important that the 
tolerance of the fit of the keel does 
not create any rattling inside the yacht 
to disturb those aboard, particularly 
when at anchor when there is no side 
load created by heeling. A hydraulic 
trim tab on the lower part of the keel 
to reduce weather helm adds to the 
lifting complexity. 

The keel shelf – where the keel trunk 
is located – is monolithic carbon with 
a maximum local thickness of 100mm 
laid up in three cures by Baltic Yachts. 
Grounding blocks in duplex stainless 
steel made by APM transmit the load 
from the steel fin into the composite 
structure. The keel blade was built by 
APM in duplex steel with a high 22 to 
25 per cent chromium content. The 
whole steel fin has a mirror polished 
finish with antifouling paint only on 
the lead bulb itself. 

The lifting mechanism and controls were 
built by M&H with a two-stage system. 

Lifting up from 9m to 6m draught, there 
are three rams inside the fin. Then, from 
6m to 3.5m, there are two external rams. 
The rams are manufactured to match 
precisely the anticipated deflection 
curve of the keel blade when under 
load. Positive locking positions are at 6m 
and 9m, with titanium rams in case of 
forward grounding. 

The keel runs over adjustable low-
friction Orkot bearings positioned 
either side and fore and aft. The rams 
are machined from titanium with 
very special ceramic coated shafts. 
Weight saving for the five keel rams 
in titanium was in the region of two 
tonnes. The five rams are linked to a 
massive 685kg titanium milled yoke on 
the top of the keel supplied by M&H 
Finland, one of the largest single-piece 
titanium castings ever made, said Ward 
Proctor, director at M&H. Titanium 
costs around ten times more than steel 
and for every critical decision in the 
build the owner was consulted.  

LEFT: THE IMPACT SIMULATION CARRIED 
OUT BY APM KEELS FOR THE CRUSHABLE 
BULB WITH SOFTER LEAD AND VOIDS IN 
THE FRONT SECTION SHOWS UP TO 65 PER 
CENT LESS IMPACT FORCE. WHEN HETAIROS 
GROUNDED IN ST BARTHS AT EIGHT KNOTS, 
THE FRONT SECTION OF THE KEEL ABSORBED 
THE IMPACT AND BROKE OFF, SAVING 
THE KEEL BOX AND LIFTING MECHANISM. 
BELOW: THE 59-TONNE LEAD BULB IS 
ATTACHED TO THE DUPLEX STAINLESS-STEEL 
FIN.

“The keel did exactly 
what it needed to do: 
act as a shock absorber 
and reduce the load on 
the steel keel fin and 
composite keel trunk.”



SUPERYACHT REPORT | HETAIROS

56    THE SUPERYACHT REPORT |  ISSUE 133

In this case, the significant weight 
savings of the titanium yoke compared 
with 1.2 tonnes in steel.

A test of the integrity of the lifting 
keel came sooner than expected or 
hoped for during the first race of 
the 2012 St Barths Bucket. Wassen 
was racing on board and reported: 
“The boat grounded with a speed of 
approximately eight knots. We hit the 
rocks twice: first, a little touch, then a 
direct frontal hit, where the boat came 
to a complete standstill, causing some 
people sitting on deck to fall over.

“We quickly inspected the boat for 
damage and leaks, but it all seemed 
OK visually. We finished the race, and 
divers inspected the keel directly after 
the finish. We had lost the forward 
(sacrificial) part of the bulb, which is 
constructed from softer lead and has a 
few strategically positioned voids that 
allow the bulb to deform and absorb 
a lot of the impact from grounding. 
The keel did exactly what it needed to 
do: act as a shock absorber and reduce 
the load on the steel keel fin and 
composite keel trunk.

“The bulb was damaged, but the 
lifting mechanism and all the other 

structure remained intact and the keel 
remained fully retractable. Obviously 
it was a great disappointment for 
all on board we could not continue 
racing, but I am grateful we decided 
to incorporate the crush-box feature 
in the design of the keel. The damage 
could have been a lot worse.”

WEIGHT WATCHERS
Reducing drag with retractable drives 
and increasing righting moment 
with a deep draught lifting keel are 
just two areas of many in the overall 
go-faster systems built into Hetairos. 
The most critical performance 
enhancement, however, was the strict 
regime on reducing weight, right 
from the design stage through to the 
actual construction. A lighter yacht 
will be more easily driven with the 
same sail area. 

At every point, all the members of 
the team were expected to make a 
positive contribution. One suspects 
that at some stage it became a 
competition on whom could produce 
the best weight saving. The biggest 
gain came from advanced carbon 
pre-preg composite construction, 
saving around half the weight of an 
equivalent aluminium yacht. Baltic 

In the relentless focus 
on weight watching, 
Oldenburger managed 
to build the interior with 
a weight ration of 55kg 
per square metre, a figure 
unparalleled in a cruising 
yacht.
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SIGNIFICANT LOADS FROM THE SAILS
& RIGGING SEEN IN THE STRUCTURAL
DRAWING ABOVE ARE CONCENTRATED IN
THE DECKHOUSE (TOP) WITHOUT 
COMPROMISING THE RELATIVELY OPEN 
PLAN DESIGN. DICK YOUNG’S INTERIOR 
MANAGES TO CONCEAL MANY OF THE 
CARBON BEAMS, SHOWING THEM AS 
CLASSIC STRUCTRURAL ELEMENTS AS 
WELL AS OFFERING SPACES FOR THE AIR 
CONDITIONING SUPPLY AROUND THE DECK 
HEAD.

Yachts was the clear choice of builder 
once the decision had been made 
to work in pre-preg carbon with the 
company’s long history of working in 
advanced composites. The laminated 
surface area of the 59.9m hull is in 
the region of 700m2, which is believed 
to be the largest single pre-preg 
structure ever attempted. 

By comparison, the 75m sloop 
Mirabella V, built by Vosper 
Thornycroft and launched in 2004, 
is a large composite yacht, but uses a 
relatively ‘low-tech’ lay-up at over three 
times the displacement of Hetairos’s 
230 tonnes. SP-High Modulus also 
undertook the composite engineering 
and supplied the materials, and 
Fogg observed that: “Hetairos was our 
biggest project and one of the longest 
we have worked on. The sheer scale of 
the yacht created constant challenges 
for everyone involved.” 

The forward sections of the bottom 
of the hull were designed for DNV 
slamming pressures of 10–20m of 
water head depending on panel size 
and location with a solid single-skin 
laminate and no core. The lower 
mid sections that take the loads of 
the lifting keel were also single-skin 
construction. Elsewhere the hull 
sandwich is Corecell™  foam, which 
is excellent where there are slamming 
loads. The deck uses Nomex core, 
which is lighter and stiffer and good 
in areas of compressive loads. 

Rather than the normal procedure 
with sandwich construction in pre-
preg laminating in two or three cures 
with an inner skin, core bond and 
outer skin, Baltic Yachts cured Hetairos 
in more stages, including the need 

to avoid exothermic reactions during 
the curing of the thickest areas of 
laminate to avoid any distortion.  

During the lay-up process, the 
laminates were vacuumed and heated 
up to between 35 and 40oC each 
night to allow the resin to flow and to 
achieve debulking so that there were 
no voids. Then, after the completion 
of the hull, the whole structure was 
post cured at 85oC. This post curing 
was then repeated when secondary 
parts like the keel and rudder trunks 
had been bonded in. The sheer size of 
the hull and the amount of laminate 
required SP-High Modulus’s SE84 
pre-preg with an eight-week out-life so 
that the layers could be built up.

Particular care was taken in the deck 
structure where there are discontinuities 
created by hatches, cockpits and deck 
houses. Fore and aft stiffening material 
was added in the form of thick planks 
of unidirectional High Modulus carbon 
fibre incorporated into the deck and 
topsides. 

An example of the complexity of 
the composite engineering and the 
skill of the Baltic laminators can be 
seen where the rigging loads of the 
mizzen forestay, mizzen babystay and 
mainsheet are all connected into the 
primary structure through the 6.5m 
x 5.5m deckhouse. A total of around 
100 tonnes of vertical working load 
and an additional 17 tonnes side 
load all pass through the relatively 
open deck house structure. This 
carbon structure also has to leave the 
interior space and headroom as clear 
as possible with the use of composite 
straps to take the load into the main 
structure. 
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The maximum 40-tonne vertical 
working load of the mainsheet is 
taken through the salon area on to 
the centreline bulkhead under the 
sole with a continuous carbon strap.
The pressure to reduce weight was 
carried through into the interior 
design by Rhoades Young. Designer 
Dick Young has always been a 
specialist in sailing yacht interiors 
and understands the need to keep 
them as light as possible as well as 
working within the constraints of 
more complex spaces created by the 
shape of the hull and the structures 
necessary to carry the rig loads. 

Young had worked on the previous 
Hetairos as well as the owner’s house, 
so he had a feel for the owner’s 
style. The strict weight regime meant 
that a weight analysis was carried 
out for each area. Since the effect 
that the owner wanted was that of 
a former commercial sailing ship 
fi tted out as a private yacht, there was 
plenty of rich wood and potentially 
heavy cabinetry to make up. Young 
worked closely with the German 
outfi tters Oldenburger to recreate the 
traditional feel whilst optimising the 
lightest-weight joinery possible. 

Foam and honeycomb cores were 
covered in the thinnest veneers and 
marquetry or painted to create illusions 
of the original materials. The bath tub 
was made of carbon and then sprayed 
with a metal powder to give the feel of 
brass and the stone and marble tops 
are all made of foam and then painted. 
Young kept some elements like the 
brass door handles in the original 
material, albeit milled hollow, so that 
the illusion is maintained. When you 

fi nd them cold to the touch it is possible 
to believe that everything is real. 

In the relentless focus on weight 
watching, Oldenburger managed 
to build the interior with a weight 
ration of 55kg per square metre, a 
fi gure unparalleled in a cruising yacht 
and lower than an aircraft fi t-out for 
which Oldenburger also have a special 
division. Adding to the complexity 
of the task, Oldenburger was asked 
to create a distressed effect in many 
of the areas to give the illusion that 
Hetairos had a former past as a trading 
vessel. Walnut fl oor planks were 
not always cut straight, repairs were 
recreated and a patina was added to 
many of the fi nishes and furniture. 

Looking back after eight years 
working on the creation of Hetairos, 
Wassen remarked that this fi ne 
balance between modern technology, 
functionality and classic appearance 
was the most challenging part: “We 
needed to design and build in the 
necessary structural strength and 
stiffness for the sailing loads to sail 
safely and at the same time achieve 
the lightest weight possible and not 
have any breakages. It is far easier to 
overbuild than to get it just right. It 
is diffi cult fi nding the right balance 
between the extreme sailing capabilities 
and creating a yacht as complex and as 
classic looking as Hetairos that catches 
people’s eyes on the water.”     

Images: Images: Peter Neumann/YPS, 
SP-High Modulus and APM Keels

To comment on this article, email 
issue133@superyachtreport.com with 
subject: Ultimate Sailing

TOP & ABOVE: FOAM & HONEYCOMB 
CORES WERE COVERED IN THE THINNEST 
VENEERS WITH MARQUETRY OR PAINTED 
TO CREATE ILLUSIONS OF THE ORIGINAL 
MATERIALS IN THE OLDENBURGER INTERIOR. 
BELOW: THE TWIN EXTERNAL TITANIUM 
RAMS TO LIFT THE KEEL ARE ATTACHED 
TO AN 685KG MILLED TITANIUM YOKE. 
A FURTHER THREE RAMS INSIDE THE KEEL 
ALLOW THE KEEL TO ACHIEVE A FULL 5.5M 
SCOPE.
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