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ANCHOR CHAI' N

Background of the invention

The present invention relates to the field of anchor
chains, and nore particularly to anchor chains for
applications at sea.

In the present context, the term "anchor chain" is
used to nmean a succession of |inks connected to one
another for transmtting nechanical tension, and serving
in particular to connect a floating body to an anchor
point in order to restrict the novenent of said floating
body. The lIinks of such an anchor chain may in
particul ar be nmade of nmetal. They may be stud links, in
order to avoid thembeing flattened, or they may be |inks
wi t hout studs.

Al t hough anchor chains are designed to transmt
mechani cal forces mainly in tension, in practice, chains
anchoring a floating body and subjected to high |evels of
tension can al so be subjected, at their ends, to | arge
bendi ng stresses, in particular in the proximty of their
connection wth the floating body. The cause of this
bending is the conbination of pivoting novenents of the
floati ng body and of geonetrical inperfections in the
areas of contact between adjacent |inks.

Specifically, the inperfections in conbination with
hi gh level s of tension prevent hinging between adjacent
links. Movenents of the floating body thus lead to
| ateral forces on the anchor chain and to bendi ng nonents
that are transmtted between adjacent links. In the |ong
term such recurrent bending can in particular give rise
to breaking by fatigue, as described in particular in the
article "Failure of chains by bending in deepwater
nmoori ng systens", presented by P. Jean, K Goosens, and
D. L'Hostis at the 2005 O fshore Technol ogy Conference in
Houst on, Texas, USA.

In the prior art, in order to avoid such fatigue,
and thus lengthen the lifetinme of anchor chains, attenpts
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have been made to |limt the bendi ng novenents to which
the links of the chain are subjected by inproving the

hi nges at the ends of chains or by locally nodifying the
I'inks.

Thus, by way of exanple, in international patent
applications WO 2010/ 112603 and WD 98/ 40306, proposals
are made to interpose universal joint connectors and | ong
| ever arnms between the end of the anchor chain and the
floati ng body. Neverthel ess, such connectors present the
drawback of being heavy and vol um nous, which can make
themdifficult to integrate. Also, the cost of universa
joints, in particular if they are to withstand a hostile
envi ronment such as seawater, is very high

Proposal s have al so be made in particular in
i nternational patent application WO 2008/0951106 to
i nterpose, not hinged joints, but rather segnents of
cabl e between the end of the anchor chain and the
floati ng body. Nevertheless, that nornmally presents the
drawback of requiring the length of the cable segnent to
be determ ned accurately before anchoring the floating
body, and thus also of requiring the position of the
anchor point to be determ ned accurately.

Devi ces and net hods have al so be proposed to repl ace
segnents of chain in operation before they reach a
fatigue threshold. By way of exanple, that can be
achi eved by passing such segnents through a defl ector
sheave or a specific fairlead and by changing the |inks
beari ng agai nst the connection by neans of a wi nch, e.g.
as shown in French patent application FR 2 601 322.
Nevert hel ess, that normally requires heavy and expensive
devices to be installed on the floating body, and al so
storage for replacenent segnents of chain. Furthernore,
the links of those replacenent segnents of chain can al so
be damaged by passing through such devices.

(bj ect and sunmary of the invention
The present invention seeks to renedy those
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drawbacks. Mre specifically, the present description
seeks to propose an anchor chain that makes it possible
to avoid bending fatigue in links at the end of the
chai n.

In at | east one enbodi nent, this object is achieved
by the fact that the anchor chain conprises a first
plurality of links, and a second plurality of Iinks at
the end of the chain and conprising at |east three
successive links in each of which at |east one properly
selected fromits bar dianeter and the elastic limt of
its material is substantially greater than in each of the
links of the first plurality. The "bar dianmeter" of a
[ ink nmeans here the m nimum di aneter of a cross-section
of a bar formng the |ink.

As expl ai ned above, the geonetrical inperfections of
the area of contact between adjacent |inks play an
inportant role in transmtting bending nonents between
links at the head end of a chain. It has been discovered
that strength tests perforned on chains before they are
installed constitute a significant source of such
geonetrical inperfections. Such tests are normally
performed to be sure of the quality of the welds of the
bars formng the links, and also that the chain wll not
suffer significant plastic I engthening during its
intended lifetime. Typically, during such tests, chains
are tested up to 70% of their breaking |oad, which can
neverthel ess cause the elastic imt of the material of
the links to be exceeded at certain points, thereby
permanent|ly deform ng the areas of contact between |inks
and creating flats at the interfaces between adjacent
links. Such flats can subsequently contribute to
transmtting bendi ng nonents between the |inks, thereby
generating additional and varying stresses in the |inks,
in particular at the head end of the chain, whenever the
floati ng body perfornms pivoting novenents.

Because of the increase in the bar dianmeter and/or
the elastic imt in the material of at |east three
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successive links at the end of the cable, it is possible
tolimt the formation of flats, and thus the
transm ssi on of bendi ng nonents, between these at | east
three links that are the nost exposed to |ateral forces.

In particular, the bar dianeter of each of the |inks
of the second plurality may be substantially greater than
the bar dianmeter of each of the links of the first
plurality, and in particular at least 1.2 tinmes the
di aneter of each of the links of the first plurality.
The term"substantially greater” is used herein to nmean
that the difference is greater than manufacturing
tol erances, which may be as nmuch as 5% of said dianeter,
for exanple.

Furt hernore, by spreading out forces during the
strength tests, this increase in dianeter limts |ocal
pl astic deformation of |links during strength tests,
thereby reducing the formation of flats. Furthernore,
for a given bending nonent, the bending stress is
inversely proportional to the cube of this dianeter.
Consequently, even if the lever arm and thus the bending
nmoment, increases in a manner that is directly
proportional to said dianmeter of the link, for a given
| ateral force, the stress will reduce with the square of
the dianmeter. As a result of these two effects in
conbi nation, increasing the dianeter of the links in the
second plurality thus nakes it possible to reduce the
bendi ng stresses at the head end of the chain very
significantly whenever the anchor chain is subjected to
| ateral forces by pivoting novenents of the floating
body.

Neverthel ess, as an alternative to or in addition to
this larger dianmeter, the elastic limt of the nmaterial
of each of the links in the second plurality may be
substantially greater than the elastic limt of each of
the links in the first plurality, and at least 1.2 tines
the elastic limt of the material of each of the Iinks of
the first plurality. The term"substantially greater” is
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used herein to nmean that the difference is greater than
manuf acturing tol erances, which may be as nuch as 5% of
said elastic limt, for exanple.

This increase in the elastic limt reduces the area
of each link of said second plurality that is subjected
to plastic deformation during strength testing, and thus
al so serves to reduce the formation of flats that
facilitate the transm ssion of bendi ng nonents between
adj acent i nks.

In order to obtain a gradual transition between the
l[inks of the first plurality and the links of the second
plurality, the anchor chain may further include at |east
one intermedi ate |link between said first plurality of
links and said at |east three successive links of the
second plurality, said at |east one internediate |ink
differing fromeach of the links of the first plurality
and of the second plurality. |In particular, said at
| east one intermediate |link may present a bar dianeter
substantially greater than the bar dianeter of any of
said first plurality of links, but |less than the bar
di aneter of each of the links of the second plurality.
More specifically, the anchor chain may include at | east
one first internediate |link adjacent to said first
plurality of links, and at |east one second internedi ate
link adjacent to said at |east three successive |inks of
the second plurality and presenting a bar dianeter that
is substantially greater than the bar dianmeter of the
first internediate |ink.

In order to avoid bending fatigue at both ends of
t he anchor chain, said second plurality of |inks may
conprise at |least three successive links at a first end
of the anchor chain and at |east three other successive
links at a second end of the anchor chain, opposite from
said first end.

The present invention also relates to a floating
body having at | east one such anchor chain. In this
context, the term"floating body" shoul d be understood
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broadly, covering not only bodies that energe at |east in
part above the liquid surface, but al so bodies that
generate a positive buoyancy force, but that are held
fully subnmerged by their anchoring.

In particular, the floating body may be in the form
of a floating platform Since such platforns are
typically for use wwth static anchoring of |ong duration,
it is particularly appropriate to solve the probl em of
bending fatigue in the at | east one anchor chain of such
a platform Nevertheless, the floating body could al so
be a ship, for exanple.

Furthernore, the floating body may in particul ar
support at | east one device for generating electricity,
such as for exanple a wind turbine, although other types
of devices for generating electricity can al so be
envi saged, such as for exanple marine turbines; and
i ndeed ot her applications can be envisaged, in particular
in the field of producing oil and gas.

Brief description of the draw ngs
The invention can be well understood and its

advant ages appear better on reading the foll ow ng
detail ed description of two enbodi nents shown as
nonlimting exanples. The description refers to the
acconpanyi ng draw ngs, in which:

Figure 1 shows a prior art anchor chain segnent;

Figures 2A to 2B show two different views of a
first link of the Figure 1 chain;

Figures 3A to 3B show two different views of a
second link of the Figure 1 chain;

Figures 4A to 4B show two different views of a
third link of the Figure 1 chain;

Figure 5 shows how a bendi ng nonment is generated
at the end of the Figure 1 chain;

Figure 6 shows an anchor chain segnent in a first
enbodi nent ;
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Figure 7 shows an anchor chain segnent in a second
enbodi nent ;

Figure 8 shows diagrammatically a floating
pl atf orm supporting a wind turbine and connected to a
plurality of anchor points by anchor chains; and

Figure 9 shows diagrammatically a marine turbine
W th positive buoyancy that is held subnmerged bel ow t he
wat er surface by anchor chains connecting it to a
plurality of anchor points.

Detail ed description of the invention

Figure 1 shows a prior art anchor chain 101 in
conpliance with the APl Spec 2F standard of the American
Petroleum Institute. This anchor chain 101, which is
connected at one end to an anchor shackle 102, conpri ses
a plurality of successive common |inks 103, and between
t hese common |inks 103 and the shackle 102, a standard
enlarged Iink 104, and an end |ink 105.

As shown in Figures 2A and 2B, each comon |ink 103
presents a bar diameter d, a width equal to 3.35 tines d,
and a length equal to six tinmes d. The standard enl arged
link 104, which in the chain 101 is adjacent to said
plurality of successive common |inks 103, and which is
shown in detail in Figures 3A and 3B, presents a bar
dianeter dl equal to 1.1 tinmes the bar dianmeter d of the
comon |inks 103, a width equal to 3.35 tinmes dl, and a
length equal to six times dl1. Finally, the end |link 105,
which is interposed between the standard enlarged |ink
104 and the anchor shackle 102, resents a bar dianeter
equal to 1.2 tinmes d, a wdth equal to 4 tines d, and a
length equal to 6.75 tines d, as shown in Figures 4A and
4B.

Al t hough the standard enlarged |link 104 and the end
link 105 are of dianmeter greater than the dianeter of the
common |inks 103, some of the common |links are close
enough to the end of the chain 101 to be affected by
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bendi ng nonents in response to |ateral novenents of the
floati ng body secured to the anchor shackle 102.

Figure 5 shows the generation of such a bendi ng
moment M- when the force F transmtted by the link 102 to
the end link 105 is not in alignnment with the main
direction X of the chain 101, and when surface
i nperfections of the links 105, 104 and the tension
bet ween them prevent themfromturning freely relative to
one another. The force Fis thus resolved into a tension
force Fx in alignment with the main direction X of the
chain 101, and a lateral force F, perpendicular thereto
and generating, in the end link 105, a bendi ng nonment M
i ncreasing towards the enlarged standard link 104. In
the end |ink 104, this bending noment M- | eads to
additional stress oxx perpendicular to the cross-section
of the end link 104. As explained in the summary of the
invention, in the long term these additional stresses,
which are variable, can lead to fracture by fatigue.

In order to avoid that, in a first enbodi nent as
shown in Figure 6, an anchor chain 1 conprises, between
two ends connected to anchor shackles 2, a first
plurality of successive common |inks 3 and a second
plurality of enlarged end links 4 conprising at |east
three successive end |inks 4 at each end of the chain 1
More specifically, in the enbodi mrent shown, this second
plurality of end links 4 conprises four end links 4 at
each end of the chain 1. In order to ensure a transition
that is gradual between the common |links 3 and the end
links 4, the chain 1 also includes, at each end, a first
internediate link 5 adjacent to the comon links 3, and a
second internediate link 6 adjacent to the end |inks 4.

In this chain 1, each of the common |inks 3 presents
a bar diameter D, the first internediate link 5 presents
a bar diameter substantially greater than the bar
di ameter D of the common links 3, e.g. 1.1 times D, the
second internediate link 6 presents a bar dianeter
substantially greater than the bar dianeter of the first
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internediate link 5, e.g. 1.2 tinmes D, and each of the
end links 4 presents a bar dianeter D.,g substantially
greater than the bar dianmeter of the second internedi ate
link 6, e.g. 1.3 times D. In the enbodi nent shown, al

of the links 3, 4, 5 and 6 also have the sane

di aneter/w dth/length ratios of 1 : 3.35 : 6.

Al so, the end links 4 present not only a bar
dianeter that is substantially greater than the bar
di aneter of the other links 3, 5, and 6, but they are
made of a material that also presents an elastic limt in
tension that is substantially greater than that of the
common links 3, e.g. 20% greater

Because of their larger dianeter and their higher
elastic limt in tension, the end links 4 are
substantially |l ess sensitive to lateral forces than are
the comon links 3. For a given lateral force, the
bendi ng nmonment Myirem transmtted between two such end
links 4 may be defined by the follow ng fornmula:

Mxtrem = Mourant *© Kmat -+ Kdiam © Dextrend D
where Mouwrant COrresponds to the bendi ng nonent that would
be transmtted between two |inks of dinensions and
material identical to those of the common |inks 3 taking
the place of the end links 4, Kw corresponds to an
i nprovenent coefficient due to the increase in the
elastic limt, and Kgamcorresponds to an i nprovenent
coefficient due to the increase in the dianeter of the
bar. The rati o D Detrem COrresponds to the increase in
the | ever arm because of the increase in the dianeter of
the bar and the increase in the other dinensions of the
link.

An increase of 20%in the elastic range of the
material of the end links 4 relative to the test |oad at
which the chain 1 is to be tested, which corresponds to
70% of the breaking | oad of the weakest links in the
chain 1, i.e. the common |inks 3, enables the contact
area affected by strength tests to be reduced, thereby
resulting in a reduction in the stress concentration
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factor (SCF) of SCFcouyrant = 1.25 for a link having the
elastic limt of the comon |inks 3, to SCFexirem = 1.06
for the end links 4. The coefficient Ky my be
cal cul ated using the follow ng fornul a:

Krat = 1- SCFextren! SCFcourant
whi ch, with the above nentioned val ues, results in
Kt = 0. 85.

Furthernore, the greater dianmeter of the end |inks 4
also leads to a reduction in the areas of contact between
adj acent |inks damaged by the | oad test, which reduction
is to be seen in the coefficient Kgam Which, in the
enbodi mrent shown, may be 0. 95.

Above all, for a given bendi ng nonent being
transmtted between adjacent |links, the bending stress is
inversely proportional to the cube of the bar dianeter of
the |inks.

Consequently, if Oxx extrem F€presents the stress
i nduced by the bendi ng nonent Mxyirem I N such an end |ink
4, and Oxx, courant Fe€presents the stress that woul d be
i nduced by the bendi ng nonent Moyrane i1 N @ common |ink 3
then the relationship between these two stresses can be
expressed by the follow ng fornmula:

Oxx, extrem = Oxx,courant Kt *© Kdiam - (D/Dextrerr)2
whi ch, with the above nentioned val ues, results in
Oxx, extrem = 0,48 - Oxx, courant -

Wth these values, the stresses induced by bendi ng
at the head end of the chain are thus reduced by nore
than half, which represents the lifetime of the chain 1
being multiplied by a ratio of (1/0.48)3=9. 04.

Al though in this first enbodinment the links 3, 4, 5,
and 6 are not stud links, the sane principle is equally
applicable to stud links, such as the links in the chain
of the second enbodi ment shown in Figure 7. Apart from
the transverse studs 7 in the links, all of the elenents
are equivalent to elenents of the chain in the enbodi ment
shown in Figure 6, and they are thus given the sane
ref erence nunbers.
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Furthernore, although in both enbodi nents shown, the
anchor chains are provided with end |inks and enl arged
internediate Iinks at both ends of the chain, it is
equal |y possible to provide themat only one end of the
chai n.

Because of their increased resistance to fatigue,
these chains are particularly applicable to long-term
anchoring of floating bodies, such as a floating platform
8 supporting a wind turbine for generating electricity,
as shown in Figure 8, or an under-sea marine turbine 9,
as shown in Figure 9.

Al t hough the present invention is described with
reference to a specific enbodinent, it is clear that
various nodifications and changes may be nmade to these
enbodi ments wi t hout goi ng beyond the general anbit of the
invention as defined by the clainms. Al so, individual
characteristics of the various enbodi nents descri bed may
be conbined in additional enbodinments. Consequently, the
description and the drawi ngs should be considered in a
sense that is illustrative rather than restrictive.
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CLAI M5

1. An anchor chain conprising a first plurality of |inks
and, at the end of the chain, a second plurality of |inks
conprising at |east three successive links in each of

whi ch at | east one property selected fromits bar
dianeter and the elastic imt of its material is
substantially greater than in each of the links of the
first plurality.

2. An anchor chain according to claim1l, wherein the bar
di aneter of each of the links of the second plurality is
substantially greater than the bar dianeter of each of
the links of the first plurality.

3. An anchor chain according to claim2, wherein the bar
di aneter of each of the links of the second plurality is
at least 1.2 tinmes the bar dianeter of each of the |inks
of the first plurality.

4. An anchor chain according to any one of clains 1 to 3,
wherein the elastic limt of the material of each of the
links of the second plurality is substantially greater
than the elastic limt of the material of each of the
links of the first plurality.

5. An anchor chain according to claim4, wherein the
elastic limt of the material of each of the links of the
second plurality is at least 1.2 tines the elastic limt
of the material of each of the |inks of the first
plurality.

6. An anchor chain according to any preceding claim
further including at |east one intermedi ate |ink between
said first plurality of links and said at |east three
successive links of the second plurality, said at |east
one internmediate link differing fromeach of the Iinks of
the first plurality and of the second plurality.
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7. An anchor chain according to claim®6, wherein said at
| east one internediate link presents a bar dianeter
substantially greater than the bar dianeter of each of
said first plurality of links, but |less than the bar

di aneter of each of the links of the second plurality.

8. An anchor chain according to claim?7, including at

| east one first internmediate link adjacent to said first
plurality of links, and at |east one second internedi ate
link adjacent to said at |east three successive |inks of
the second plurality and presenting a bar dianmeter that
is substantially greater than the bar dianmeter of the
first internediate link (5).

9. An anchor chain according to any preceding claim
wherein said second plurality of |inks conprises at |east
three successive links at a first end of the anchor chain
and at | east three other successive |inks at a second end
of the anchor chain , opposite fromsaid first end.

10. A floating body having at | east one anchor chain
according to any preceding claim

11. A floating body according to claim10, in the form of
a floating platform

12. A floating body according to claim10 or claim 11,
supporting at |east one device for generating
electricity.

13. A floating body according to claim 12, wherein said
device for generating electricity is a wi nd turbine.



