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Anchor

BACKGROUND

The invention relates to an anchor comprising a
fluke, a shank having two shank legs that are connected to
the fluke, and a coupling to attach the shank to an anchor
line or anchor chain.

These type of anchors are used for heavy maritime
or offshore objects, such as a drilling platform. There is
a continuous need for anchors for heavy maritime
applications that stably penetrate the anchoring ground and
provide a constant holding capacity during its use.

It is an object of the present invention to
provide an anchor for heavy maritime or offshore objects of
the abovementioned type having both good penetration and

holding properties in the anchoring ground.

SUMMARY OF THE INVENTION

The invention provides an anchor comprising a
fluke, a shank that 1s connected to the fluke, and a
coupling to attach the shank to an anchor line or anchor
chain, wherein the shank comprises two shank 1legs each
having a straight shank plate with an outer surface that
extend on the opposite sides of the plane of symmetry of
the anchor and that diverge from the coupling towards the
fluke, wherein the fluke comprises two straight penetration
plates with a top surface on the opposite sides of the

plane of symmetry of the anchor, wherein the penetration
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plates are under an angle to each other, wherein the
penetration plates extend outwards from the shank legs and
obliquely downwards with respect to the direction from the
coupling towards the fluke, wherein the top surfaces or the
notional extensions thereof intersect each other along a
notional straight datum line that extends in the plane of
symmetry, wherein a notional datum plane is defined that
extends perpendicular to the plane of symmetry and that
intersects the plane of symmetry of the anchor along the
datum line, wherein for the shank plates a notional first
intersection plane and a notional second intersection plane
are defined, wherein the first intersection plane is
parallel to the datum plane and perpendicular to the plane
of symmetry, and wherein the second intersection plane is
perpendicular to the datum plane and perpendicular to the
plane of symmetry, wherein the £irst intersection plane
intersects the outer surfaces of the shank plates along a
first intersection line and the second intersection plane
intersects the outer surfaces of the shank plates along a
second intersection 1line, wherein the Ffirst intersection
line is under a first angle with the plane of symmetry of
6-8 degrees, the second intersection line is under a second
angle with the datum plane of 66-76 degrees and the top
surfaces of the penetration plates are under a third angle
with the datum plane of 10-20 degrees.

It has been found that the anchor having the

geometry as specified within the combined three small
ranges for the first angle, the second angle and the third

angle provides excellent penetration properties. The
specified anchor stably penetrates the anchoring ground
without intermediate breakouts in its penetration

trajectory, leading to an excellent holding capacity during
its use.

In an embodiment the penetration plates extend on
both sides of its nearest shank leg, having the top surface
on both sides of that shank leg in the sgame plane. These
top surfaces between the shank legs wunder the same

specified
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third angle provide additional penetration capacity and
holding capacity during the use of the anchor.

In an embodiment the penetration plates each
comprise an inner penetration edge and an outer penetration
edge, wherein the penetration edges converge towards two
penetration tips of the fluke to induce fast initial
penetration of the fluke into the anchoring ground.

In an embodiment thereof the couﬁling extends in
the projection perpendicular to the datum plane beyond the
penetration tips of the fluke.

In an embodiment the fluke comprises two girders
extending below and connected to the penetration plates,
wherein the shank legs are connected with the girders. The
girders transfer the high penetration forces that are
exerted to the shank to the penetration plates.

In an embodiment the penetration tips are located
at a distal end of the girders.

In an embodiment the girders extend parallel to
the plane of symmetry, whereby they can contribute in
maintaining the anchor on it stable track during the
penetration into the anchoring ground.

In an embodiment the shank legs each comprise a
straight middle sgection with the straight shank plates
between the coupling and the fluke, and a base section with
a base plate that is oriented under an angle with respect
to the shank plates via a deflection line, wherein the main
planes of the base plates and the girders extend parallel
to or in line with each other.

In an embodiment the shank legs comprise an end
eye at the coupling, wherein the end eye comprises an eye
plate that 1is under an angle with respect to the shank
plates via a deflection line, wherein the eye plates extend
parallel to each other.

In an embodiment the fluke comprises
reinforcement plates below the penetration plates that are
connected to each other along their edges to form a rigid
hollow box.
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The invention further relates to a computer-
readable medium having computer-executable instructions
adapted to cause a 3D printer to print an anchor according
to the invention.

The various aspects and features described and
shown 1in the specification can be applied, individually,
wherever possible. These individual aspects, 1in particular
the aspects and features described in the attached
dependent claims, can be made subject of divisional patent

applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be elucidated on the basis of
an exemplary embodiment shown in the attached drawings, in
which:

Figure 1 1is an isometric side view of an anchor
according to the invention;

Figure 2 1s an 1isometric bottom view of the
anchor of figure 1;

Figures 3 1s a side view perpendicular to the
plane of symmetry of the anchor of figure 1; and

Figures 4 and 5 are a top view and a back view
parallel to the plane of symmetry of the anchor of figure
1.

DETATLED DESCRIPTION OF THE INVENTION

Figures 1-5 show an anchor 1 according to an
embodiment of the invention. The anchor 1 is intended for
anchoring heavy maritime or offshore objects, such as a
drilling platform in a subsea anchoring ground, for a long
period of use that may last many years. The anchor 1 has a
typical deadweight of 1-50 tons.

The anchor 1 comprises a fluke 10 and a shank 70

which with respect to the fluke 10 inclines obliquely
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forward and which at its end is provided with a shackle 90
by which the anchor 1 is connected to an anchor line or
anchor chain 4. The anchor 1 is substantially symmetrical
with respect to its plane of symmetry M. The anchor 1 is
formed for 1in a forward penetration direction P Dbeing
introduced into the anchoring ground substantially parallel
to the plane of symmetry M.

The fluke 10 is a hollow box built up using steel
plate members that are connected to each other by welding.
As Dbest shown in figure 1 the fluke 10 comprises two
straight ©penetration plates 11, 12 that are oriented
obliquely with respect to the plane of symmetry M. The
straight top surfaces 13 of the penetration plates 11, 12
that are directed towards the shank 70, or the notional
extensions thereof outside the penetration plates 11, 12,
intersect each other along a notional straight reference
line or datum line Q that extends in the plane of symmetry
M. For reference to the geometric features of the shank 70
with respect to the fluke 10, a notional datum plane N is
defined for the anchor 1. The datum plane N extends
perpendicular to the plane of symmetry M of the anchor 1
and intersects the plane of symmetry M along the datum line
Q.

As best shown in figure 4, the penetration plates
11, 12 each have a straight inner penetration edge 15 and a
straight outer penetration edge 18 that are directed
towards each other in the penetration direction P. The
straight inner penetration edge 15 and the straight outer
penetration edge 18 extend are under the same angle with
respect to the plane of symmetry M. The straight inner
penetration edges 15 symmetrically merge into each other
via a circularly curved penetration edge 16. As from the
middle of the curvature 16 the penetration plates 11, 12
comprise straight upper fluke edges 21 that are welded
together along the datum line Q. The outer penetration
edges 18 merge 1into a shorter outer fluke edge 19 that

extends under a smaller angle with respect to the plane of
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symmetry M. In the direction parallel to the datum line Q
the outer fluke edges 19 extend backwardly beyond the shank
70. The penetration plates 11, 12 each comprise a straight
rear fluke edge 25 extending between the upper fluke edges
21 and the outer fluke edges 19. The rear fluke edges 25
are oriented oblique to the datum 1line Q, having their
merging ends located forwards in the penetration direction
P.

As Dbest shown in figures 2 and 3 the fluke 10
comprises two girder plates 40 extending parallel to the
plane of symmetry M. The girder plates 40 pass through
slots 41 1in the penetration plates 11, 12 and have a
straight lower edge 42 extending freely at the bottom side
of the fluke 10. At the front side the lower edges 42 merge
into a penetration tip 43 that may be of a hardened steel.
At the rear side the lower edge 42 merge into a hoisting
eye 44.

As best shown in figure 2, the fluke 10 comprises
a central stiffening plate 50 extending perpendicular to
the plane of symmetry M. The central stiffening plate 50
extends below the penetration plates 11, 12 and are spaced
apart therefrom except for its front edge 51 near the
curved penetration edge 16 were it is welded thereto such
that the curved penetration edge 16 projects from the
central stiffening plate 50.

As best shown in figure 2, the fluke 10 comprises
two straight inner stiffening plates 55 between the central
stiffening plate 50 and the girder plates 40. The inner
stiffening plates 55 are welded to the side edges 52 of the
central stiffening plates 55. The inner stiffening plates
55 are welded to the penetration plates 11, 12 in a
recessed position and parallel to the straight inner
penetration edges 15 thereof. The inner stiffening plates
55 are welded to the girder plates 40 1in a recessed
position and parallel to the straight lower edge 42 of the
girder plates 40.

As best shown in figure 2, the fluke 10 comprises



WO 2017/074177 PCT/NL2016/050670

10

15

20

25

30

35

two straight outer stiffening plates 56 extending upwards
from the girder plates 40 towards the penetration plates
11, 12. The outer stiffening plates 56 are welded to the
penetration plates 11, 12 1in a recessed position and
parallel to the straight outer penetration edges 18
thereof. The outer stiffening plates 56 are welded to the
girder plates 40 in a recessed position and parallel to the
straight lower edge 42 of the girder plates 40.

The fluke 10 comprises a straight rear stiffening
plate 57 having an outer contour that follows the rear
edges of the penetration plates 11, 12, the central
stiffening plate 50, the inner stiffening plates 55 and the
outer stiffening plates 56. The rear stiffening plate 57 is
welded thereto along 1ts outer contour. In its upward
direction the rear stiffening plate 57 is oriented
obliquely forwards with respect to the datum plane N. The
fluke 10 comprises two straight stabiliser plates 58 that
close off the hollow fluke 10 along the outer edges 19 of
the penetration plates 11, 12.

The shank 70 1s built up wusing steel plate
members that are connected to each other by welding. The
shank 70 comprises two shank legs 71, 72 that are symmetric
with respect to the longitudinal plane of symmetry M. The
shank legs 71, 72 each comprise a straight base section 73
that is connected to, welded to or forms one unity with the
straight girder plates 40. The main plane of the base
section 73 extends parallel to or is in line with the main
plane of the girder plates 40. The shank 1legs 71, 72
comprise a straight middle section 74 that i1is oriented
under an angle with respect to the base section 72 via a
deflection line 75. The middle section has a tapering and
curved outline. In particular it has a concave curved front
edge 79 between the fluke 10 and the shackle 90, having its
smallest radius at the side of the fluke 70. The shank legs
71, 72 each comprise and an end eye 76 with a hole to
couple with the shackle 90. The middle sections 74 are

rigidly connected to each other with multiple parallel rods
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77. Pairs of the parallel rods 77 form part of a framework
78 with a central hole 79. The parallel rods 77 can thereby
be welded to the middle sections 74 in pairs by welding one
framework 78. In a projection perpendicular to the datum
plane N, the end eye 76 for the shackle 90 extends beyond
the penetration tips 43 in the penetration direction P.

The geometrical orientation of the outer surfaces
80 of the middle sections 74 of the shank 70 are well
defined with respect to the top surfaces 13 of the
penetration plates 11, 12 using the datum plane N.
Reference 1is made to figure 3, in which a notional first
intersection plane X and a notional second intersection
plane Y through the middle sections of the shank legs 71,
72 are indicated. The first intersection plane X extends
parallel to the datum plane N and perpendicular to the
plane of symmetry M. The second intersection plane Y
extends perpendicular to the datum plane N and
perpendicular the plane of symmetry M. The first
intersection plane X defines a first intersection line L1
through each of the middle sections 74. The second
intersection plane Y defines a second intersection line L2
through each of the middle sections 74. As shown in figure
4, the first intersection lines L1 converge 1in the
direction from the fluke 10 towards the end eye 76 and are
under a first angle A with respect to the plane of symmetry
M. As shown in figure 5, the second intersection lines 12
converge in the direction from the fluke 10 towards the end
eye 76 and are under a second angle B with respect to the
datum plane N. The straight top surfaces 13 of the
penetration plates 11, 12 are under a third angle C with
respect to the datum plane N. When the anchor 1 1is
positioned onto an anchoring ground, it initially stably
contracts the anchoring ground at the penetration tips 43
and the end eyes 76. In figure 3 the anchoring ground plane
G 1s schematically indicated. The initial penetration angle
D is defined between the datum plane N and the ground plane
G.
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It has been found that the anchor 1 according to
the invention has both excellent penetration properties and
excellent holding capacity when particular geometric values
of the fluke 10 and the shank 70 are applied. The first
angle A 1is 6-8 degrees, preferably about 7 degrees. The
second angle B 1is 66-76 degrees, preferably about 75,7
degrees. The third angle C 1is 10-20 degrees, preferably
about 15 degrees. The fourth angle D 1is 40-60 degrees,
preferably about 50 degrees. Parallel to the datum plane N,
in the penetration direction P, the distance between the
penetration tips 43 and the axis of the shackle 90 is 50-60
% of the end-to-end length of the fluke 10 in that
direction. When the anchor 1 penetrates the anchoring
ground, the curved front edges 79 of the middle sections 74
are the first intersection or digging contact therewith,
followed by the specified, slightly wedging outer surfaces
80 of the middle sections 74 and the specified, highly
wedging top surfaces 13 of the penetration plates 11, 12.
It has been found that due to this typical orientation of
the middle sections 74 with respect to the penetration
plates 11, 12, the 1local sheer tensions induced thereby
inside the adjacent anchoring ground remains below the
breakout threshold. Thereby the anchor 1 stably continues
to penetrate the anchoring ground in direction P until it
delivers the prescribed holding capacity.

It is to be understood that the above description
is included to illustrate the operation of the preferred
embodiments and 1is not meant to 1limit the scope of the
invention. From the above discussion, many variations will
be apparent to one skilled in the art that would yet be

encompassed by the scope of the present invention.



10

15

20

25

30

WO 2017/074177 PCT/NL2016/050670

10

CLATIMS

1. Anchor comprising a fluke, a shank that 1is
connected to the fluke, and a coupling to attach the shank
to an anchor 1line or anchor chain, wherein the shank
comprises two shank legs each having a straight shank plate
with an outer surface that extend on the opposite sides of
the plane of symmetry of the anchor and that diverge from
the coupling towards the fluke, wherein the fluke comprises
two straight penetration plates with a top surface on the
opposite sides of the plane of symmetry of the anchor,
wherein the penetration plates are under an angle to each
other, wherein the penetration plates extend outwards from
the shank legs and obliquely downwards with respect to the
direction from the coupling towards the fluke, wherein the
top surfaces or the notional extensions thereof intersect
each other along a notional straight datum 1line that
extends in the plane of symmetry, wherein a notional datum
plane is defined that extends perpendicular to the plane of
symmetry and that intersects the plane of symmetry of the
anchor along the datum line, wherein for the shank plates a
notional first intersection plane and a notional second
intersection plane are defined, wherein the first
intersection plane 1is parallel to the datum plane and
perpendicular to the plane of symmetry, and wherein the
second intersection plane 1s perpendicular to the datum
plane and perpendicular to the plane of symmetry, wherein
the first intersection plane intersects the outer surfaces
of the shank plates along a first intersection line and the
second intersection plane intersects the outer surfaces of
the shank plates along a second intersection 1line, wherein
the first intersection line is under a first angle with the
plane of symmetry of 6-8 degrees, the second intersection
line is under a second angle with the datum plane of 66-76

degrees and the top surfaces of the penetration plates are
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under a third angle with the datum plane of 10-20 degrees.

2. Anchor accoxrding to c¢laim 1, wherein the
penetration plates extend on Dboth sides of its nearest
shank leg, having the top surface on both sides of that
shank leg in the same plane.

3. Anchor according to any one of the preceding
claims, wherein the penetration plates each comprise an
inner penetration edge and an outer penetration edge,
wherein the penetration edges converge towards  two
penetration tips of the fluke.

4. Anchor according to claim 3, wherein in the
projection perpendicular to the datum plane the coupling
extends beyond the penetration tips of the fluke.

5. Anchor according to any one of the preceding
claims, wherein the fluke comprises two girders extending
below and connected to the penetration plates, wherein the
shank legs are connected with the girders.

6. Anchor according to claims 3 and 5, wherein
the penetration tips are located at a distal end of the
girders.

7. Anchor according to claim 5 or 6, wherein the
girders extend parallel to the plane of symmetry.

8. Anchor according to any one of the claims 5-
7, wherein the shank legs each comprise a straight middle
section with the straight shank plates between the coupling
and the fluke, and a base sgection with a base plate that is
oriented under an angle with respect to the shank plates
via a deflection line, wherein the main planes of the base
plates and the girders extend parallel to or in line with
each other.

9. Anchor according to any one of the preceding
claims, wherein the shank legs comprise an end eye at the
coupling, wherein the end eye comprises an eye plate that
is under an angle with respect to the shank plates via a
deflection line, wherein the eye plates extend parallel to
each other.

10. Anchor according to any one of the preceding
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claims, wherein the fluke comprises reinforcement plates
below the penetration plates that are connected to each
other along their edges to form a rigid hollow box.

11. Computer-readable medium having computer-
executable instructions adapted to cause a 3D printer to
print an anchor according to any one of the preceding

claims.
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