Anchor wi th neasuring coupling BACKGROUND COF THE | NVENTI ON The i nvention
relates to an anchor, particularly for anchoring heavy maritinme objects,
such as aworoiddsmgopl atform into an anchoring ground f@cTaNl2e0ygseaei od of
use that may | ast many years. Such anchors at an anchoring line are placed
onto the anchoring ground froman installation ship, after which the
installation ship pulls at the anchor line to bring the anchor into the
anchoring ground. During pulling the pulling force on the anchor line is
measured fromthe installation ship. The pulling force and the pulling path
of the installation ship then forma paraneter for the penetration path of
t he anchor and the expected holding force the anchor will be able to

provi de. Oamers of heavy maritine objects nake hi gh demands on the degree
of reliability of the expected holding force. Therefore it has to be rul ed
out that a_considerabl e conmponent of the pulling force neasured on the

i nst al | at i BACBeH withsmeasuringseepli®gcaused by obstacl es that have engaged
onto the anchor line during the insertion of the anchor. It is an object of
the invention to provide an anchor with which the penetration path of the
anchor and the expected holding force can be established to an acceptable
degree. SUMVARY OF THE | NVENTI ONThe i nventi on provi des an anchor conprising
a fluke which can be introduced into an anchoring ground in accordance with

connect ed BEGRATIANREDF ThETREEIONT G Coupl i mg whi ch_duri ng i nt roducti on
of the fluke forns part of a force transfer between the anchor line and the
Fluke, whefgL NnbBGidP38Htdd 3o COYPIARS:,| PaRIQNRP YoM dhBhdrihg "davyOuP! 1 N9
maritime objects, such as a drilling platform, into an anchoring ground
5 for a long period of use that may last many years.

Such anchors at an anchoring line are placed onto the anchoring ground
from an installation ship, after which the installation ship pulls at the
anchor line to bring the anchor into the anchoring ground. During

10 pulling the pulling force on the anchor line is measured from the
installation ship. The pulling force and the pulling path of the
installation ship then form a parameter for the penetration path of the
anchor and the expected holding force the anchor will be able to
provide.

15
Owners of heavy maritime objects make high demands on the degree of
reliability of the expected holding force. Therefore it has to be ruled out
that a considerable component of the pulling force measured on the
installation ship is for instance caused by obstacles that have engaged

20 onto the anchor line during the insertion of the anchor.

It is an object of the invention to provide an anchor with which the
penetration path of the anchor and the expected holding force can be
established to an acceptable degree.

25
SUMMARY OF THE INVENTION



menber that is connected to the fluke, a second coupling nmenber that is
connected to the anchor line, a hollow coupling bar that couples the

coupl i ng werzhey®@120 one anot her, wherein the coupling meoipaI2009r95e1€

| ongi tudinal direction of the bar engage onto the coupling bar at different
places in order to be able to deformit, and a measuring body extending

t hrough t he_hol | ow coupl i ng bar and which at least at its ends is connected
to the couplithdnyritionm pepiges tap @atbemcamntising tah fiuke whighl icag bar, wherein
t he measuriingobBoeld iimoPa®\endRering idho G & BRESRRNSENTRR S Bﬁé% i&&gﬁdl ng
deformati on _paraneters of the rreqfurlfn% body. Thct?@cqupl | ng bar  def orns,
parti cul ar IRFEERAEN QX SERTING 2 AN forge % aB,@nahed 10 ¢HDeStedItP ng bar by
the first eaih¢ swbondacdepiienguningricenplirBawthiceidaringtinoodissti@pplitkd onto the
neasuri &g bigke (KNS BaACHPITRILON e e BREAIECh BHe HERIPTNGTELA Qe SCNSOT S-
Therefore t?hg( def ormat1 on recorde y the deformation sensofs is a _
paramet er figtke& YEE[EIN Tt Hreasyring Sovling dw proded meith antirss osmtingoupl i ng

nenber as peefrbenedatak ddimeatehes tisd ﬂek@,fa%b@%ﬁ@%lbgbﬁrk' ﬁfénl;&%}a&ﬁaﬁ‘?anls Chat
i ndependent; t hat ct an_the anchar lin obstac|es. In a
way Ito he exﬁgg{oé?hg{%él%ztlong?ef 8%%0'31‘”%’ ﬁehgnocvﬁo‘%'o“'@ﬁﬂg l?é" SP%%P‘&T@SS ¢h a high
degr ee of r@qpabglmwbersh@ ere another hehaesin thheoaptngmenhbérerinebe and t he
def or mal onengiRiuiRe dGetioh N6Hl e bEP RRGE 8htd R’ RALBIAPMHAN of oSt data

obt ai ned eat.].ler, or be cal culated according to the ru of mechanics, for
i nstance bé'h@%ﬁ% pgzpceg ¥y Afdee t%ltl?nﬁﬁf* @n ?@’g’?‘s'f" #nd groeasying bedy the
measuri ng bodgndisgfitxeulty thenmeiome douplibdiebaroand ivalgichast, last i?atr R§g| t of
whi ch def ore{@‘si- C L,0G:; ' irect n
proportionally _lgﬁggtgﬁe n@a@é?#éllggtgg_%érqﬁn%rgﬁreioeng%%gﬁq’(rge‘hﬁstvﬁ%“rt_ré‘%suri ng
body ext end’é’“ﬂl'@%l%ﬁ'{ WHEIRIA thedneasuring body is provided with deformation

15 sensors for recording deformation parameters of the measuring body.

The coupling bar deforms, particularly bends, depending on the forces
exerted on the coupling bar by the first and second coupling member.
Said deformation is applied onto the measuring body, which
20 deformation is recorded by the deformation sensors. Therefore the
deformation recorded by the deformation sensors is a parameter for the
action of forces between the first and second coupling member as
performed at the anchor side of the anchor line, that means
independent of forces that may act on the anchor line by obstacles. in
25 that way the expected holding force of the anchor can be predicted
with a high degree of reliability. The relation between the action of
forces and the deformations can be determined on the basis of
interpolation of test data obtained earlier, or be calculated according to
the rules of mechanics, for instance by means of a finite element
30 analysis.

In one embodiment the measuring body is fixedly connected to the
coupling bar, as a result of which deformations of the coupling bar can
be imposed directly and proportionally onto the measuring body.

35
In one embodiment the measuring body extends freely through the
coupling bar between the ends connected to the coupling bar, as a



coupling bar between the ends connected to the coupling bar, as aresult of
whi ch the neasuring body can easily be inserted in the cavity in the

coupl i ng wenoi1ofilae2gavity in the coupling bar nay be def Po@iNIgovasetio ai ght
bore through the coupling bar. In a fBeely extending enbodi ment the
measuri ng body may be narrower over its |length between the ends than it is
at its ends. In gne enbodi nent the neasuring body conprises at |east one

el ongat ed st&SHP rWhich ke Mgasyring bedy kapeeasilythe ipsertegiinttbeicavityi t abl e for
mechani cal ioatheuwaiptiogdarl N one enbodi nent the nmeasuring body conprises at
| east two el ongated strips or plates which over their length are positioned
substantially transverse to each other. The position transverse to each

ot her of f er 5" maviias &1 Bhei equplimgabart yey t be dbsfredmblyi anstraigborisirag to a

Cartesi & coRbUmalie bRy ber a1s! BPLBeRMAIRRG EhboRlnLAS @Le fixedly
connected to gne.anpther. Inh one enbodi nent the stTips 1nh cross-section
forma cr os@?aﬁ‘ﬁw%éﬁ’%\f RAY B NSERWEF SverHstiergihrietpresnitheensls Bien | egs of

t he cross fidis anitexeads. det erm nati on of the deformation of the coupling
bar. In one enbodi nent the neasuring body is nmade of netal, preferably
steel. In one enbodi ment the deformation sensors are grouped in at |east
one strai ghf $8ei nkodimgal nthes upsesurinaal badv reommmsese ato ledse boegi t udi nal

directiian odlohgatedBABPdrNYalk0Due 10 fsdHaPeMREHRN 0PhidiBSs @%g%?i%if?)g body can
t hen be recr%gﬁadmgv‘ecr & | arge part of its wdth including deformation
di fferences over e LH%? of the series, which renders an accurate

determ nation of the deformation of the nmeasuring body in its entirety and
thus the caupldned efddoddaesnt Pire measuring body comprises at least two
elongated strips or plates which over their fength are positioned
15 substantially transverse to each other. The position transverse to each
other offers the possibility to analyse the deformations according to a
Cartesian coordinate system.

In a simple embodiment the strips are fixedly connected to one another.
20

In one embodiment the strips in cross-section form a cross. The

deformation sensors can then be provided on all legs of the cross for an

exact determination of the deformation of the coupling bar.

25 In one embodiment the measuring body is made of metal, preferably
steel.

In one embodiment the deformation sensors are grouped in at least one
straight series extending substantially transverse to the longitudinal
30 direction of the measuring body. The deformation of the measuring
body can then be recorded over a large part of its width including
deformation differences over the length of the series, which renders an
accurate determination of the deformation of the measuring body in its
entirety and thus the coupling bar possible.
35
In one embodiment thereof the deformation sensors are grouped in
several straight series distributed over the measuring body in the
longitudinal direction of the measuring body, so that the deformation at



I'n one enbodi nent thereof the deformation sensors are grouped in several
straight series distributed over the neasuring body in the |ongitudinal

di r ecti orwof2otonai19zeasuri ng body, so that the deformati orCaNILNW®I0&0510

| ocations distributed over the Iength4over a |arge part of the width of the
measuring body can be recorded. In one enbodi ment the neasuring coupling
conprises two first g:oupljngD nmenbers that spaced apart from each other,
engage ont SEVR@ decaliansgdEHTbUteROYar the lea\gih i angr e iysespednefethed to t he

fluke are abideh bb thoatbasheng bogliocas arfedopddend in cooperation with the
second coupling nenber, as a result of which the bending and its specific
bendi ng shape is a paranmeter for the force the anchor line exerts on the
fluke, and !® onetamebefiment ithm mufasyeing cooplirg chivipeises ewbhirstreasplingng coupl i ng
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the coupl i r@g]ygacf) ,mpr"%Satr nsﬁcf’\fl‘\g ?0&93990‘???"1*’?'? itRaspacesh ABaHHOMb t he
shank, as &aclesther, ehgape ohta the doupdingilar. of a force exerted on the
coupling bar by the second coupling nenber can be related to the shank and
the fluke. . In _one ﬁé}godi magt t he _second coupling nmenber forns the end of an

anchor | i nd 8GRI dREdave Hrstnepupliegonembses oTRBe 4Mehsecanche
15

coupling members within the measuring coupling form the outermost
engagement onto the coupling bar. In between them the other or other
coupling members can engage to load the coupling bar to bend.

in one embodiment the anchor comprises a shank that is fixedly

20 connected to the fluke, wherein the first coupling member forms a part
of the shank, wherein the first coupling member preferably is situated
at the end of the shank that faces away from the fluke.

in one embodiment thereof the coupling bar, regarding its rotation, is

25 fixedly connected to the shank, as a resuilt of which the direction of a
force exerted on the coupling bar by the second coupling member can
be related to the shank and the fluke.

In one embodiment the second coupling member forms the end of an

30 anchor line coupling connected to the anchor line. The anchor line
coupling may for instance be a bow shackle that can be swung about
the coupling bar,

The direction of penetration and thus the penetration forces will be
35 substantially parallel to the longitudinal plane of symmetry of the
anchor. In one embodiment the coupling bar in its longitudinal direction
therefore extends transverse to the longitudinal plane of symmetry of
the anchor, as a result of which the coupling bar extending transverse



coupling may for instance be a bow shackle that can be swung about the
coupling bar. The direction of penetration and thus the penetration forces
will be swbsbewiuiebly parallel to the |ongitudinal planecoiNiggowosesy of the
anchor. In one enbodi nent the couplind bar in its longitudinal direction

t herefore extends transverse to the |ongitudinal plane of symmetry of the
anchor, as a result of which the coupling bar extending transverseto the

| ongi t udi nab thednegigedisginplene pf sxmretrpcepdrd prareddddades e hdnd tnor der to

determi ne tdigedfd HoferRind MHLCASior 8f R1Beg£NbOdi nent the measuring coupling is
furthernore provided with an inclinoneter that is accombdated in the
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bar also t ilhtdmaganbbdm’rmwtabaphémribgrcaupﬁhg risa&pretmémtweaammﬁbdrmlth pl ane can
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interpreted reno om the anc roman Qtion
penetratton path of the anchor in the anchoring ground.

15
in one embodiment the measuring coupling is provided with a pressure
sensor for recording the water pressure at the location of the measuring
coupling. The water pressure is a parameter for the depth of the anchor
with respect to the water line, from which the depth in the anchoring

20 ground can be derived. In combination with for instance the pitch the
horizontal component of the anchoring path may also be derived from
the depth.

The data of the said measuring equipment can be processed and

25 interpreted remote from the anchor, for instance from an installation
ship, when the measuring coupling comprises an electronic circuit that
is coupled to the deformation sensors, and preferably to the
inclinometer and/or accelerometer and/or the pressure sensor, wherein
the electronic circuit is adapted for processing and transmitting

30 measurement data therefrom to a remote calculation and processing
unit.

The inclinometer, the accelerometer and/or the electronic circuit may be
placed in the hollow coupling bar as one prefab unit with the measuring

35 body and be attached there when they are fixedly connected to the
measuring body.



shi p, when the neasuring coupling conprises an electronic circuit that is
coupled to the deformation sensors, and preferably to the inclinoneter
and/ or acwel2erooes2er and/ or the pressure sensor, wherei RCTINL2619950310NI C
circuit is adapted for processing andétransm tti ng nmeasurenent data
therefromto a renote cal cul ation and processing unit. The inclinoneter,

the accel eroneter and/or the electronic circuit may be placed in the hoI | ow
coupl i ng b3heaspents préimgrsynes deseribedhie thimdaséringidrodyd ahel diamet t ached

there whengt hxeé/aabﬁcefﬂdﬁemfyxop@ﬁ@@ﬁt,ﬁqhbcarh%ggeaﬁws %gph@ayonTnﬁayaspects and
nmeasur es descri bed b&rgﬁﬁ)%&descrl n an plication
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pat ent @pphéﬁﬁ:tullé?@sa&?ha%tfongwet RLELRs prer;Péacrtg tﬁwt gre' Mesgm{edeg%rfo the

nmeasur es ahd aspe at are descri se in
DESCRI PTI ORE ¢ thg-HBUDRIRIIPRGS The i nvention wiil be el ucidated on the baS| s
of a nunber of exerrpl ary enbodi nents shown in the attached draw ngs, in

which: Fig ' | i ew of an anchor according to the
I nventi on, g@&@%&%‘?wgﬁtgtﬁééﬁgg\émans of a nmeasuring coupling;
Figure 2 shows a side view of the anchor according to figure 1, introduced

into afg an_frhew%ngirpmd be'ﬂt@é{ﬂ%d% i 599%@:? hemﬂe? WRidi@mpisgtion, a

Cross-section et ai | e nmeasuring cou according to flgures 1
and 2; Fi gG§fde memé%‘mw& pidachyd ?'ﬁé‘"‘ﬁ%?l'BﬁNB‘F forces on the neasuring

coupling according to the precedlng figures, during the introduction of
Figure 1 shows an isometric front view of an anchor according to the
invention, connected to an anchor line by means of a measuring
15 coupling;

Figure 2 shows a side view of the anchor according to figure 1,
introduced into an anchoring ground;

20 Figures 3A-3D shows a longitudinal section, a cross-section and details
of the measuring coupling according to figures 1 and 2;

Figures 4A-4C show examples of the action of forces on the measuring
coupling according to the preceding figures, during the introduction of
25 the anchor in the anchoring ground.

DETAILED DESCRIPTION OF THE DRAWINGS

Figures 1 and 2 show a steel anchor 1 according to an embodiment of
30 the invention. The anchor 1 is intended for anchoring heavy maritime
objects, such as a drilling platform that is not further shown, in an
anchoring ground 2, for a long period of use that may last many years.
The anchor 1 comprises a fluke 10 and a shank 30 which with respect
to the fluke 10 inclines obliquely forward and which at its end is
35 provided with a measuring coupling 50 with which the anchor 1 is
connected to an anchor line 4. The anchor 1 is substantially
symmetrical with respect to its longitudinal plane of symmetry M. The
anchor 1 is formed for in a forward direction of penetration P being



t he anchor in the anchoring ground. DETAI LED DESCRI PTI ON OF THE DRAW NGS
Figures 1 and 2 show a steel anchor 1 according to an enbodi ment of the

i nventi orwOBhw/@mehor 1 is intended for anchoring heavyPEBRNIRI0YE®Sed) ect s,
such as a drilling platformthat is ndt further shown, in an anchoring
ground 2, for a long period of use that may |ast nmany years. The anchor 1
conprises a fluke 10 and a shank 30 which with respect to the fluke 10
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neasuri ng dongitudigalgflané bhswhinediri e anchor 1 is connected t o an anchor
line 4. The anchor 1 is substantially symetrical with respect to its

| ongi tudi nal pl ane of symmetry M The anchor 1 is formed for in a forward
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towards each other. The shank legs 3 1 are connected to each ot her al ong

their |en9ﬁ"heb§hdma§§t bulit 35'5(/\‘/%?@/ EShatibd MarkNE £3J10 jde, the
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ween the
securi ng | Hpuard drpefionsgpet o t%’k%’ﬂﬁ@aﬁh?@ggéoT@S@&ke’ﬁestiﬁr augh
fixi ng1hol @se thahected twotacthoweridlong their length by means of transverse
plates 34. At their lower side, the shank legs 31 have a bent portion 37
which is accommodated between the securing lips 16, 17, wherein the
securing pins 18, 19 extend through fixing holes that are not shown in
the bent portions 37. At the rear side the fixing holes are formed in a
20  reinforced part 32 on the bent portion 37, which reinforced part 32 is
provided with a series of extra holes 33 for adjusting the angle between
the fluke 10 and the shank 30. At the upper end, the shank legs 31 are
provided with end ears 35 extending parallel to each other and having
fixing holes 36 for a measuring coupling 50 to the anchor line 4.
25
The measuring coupling 50 is also shown in detail in figures 3A-3D,
and comprises a straight, cylindrical steel connecting pen 54 which
extends through the fixing holes 36 of the end ears 35. The centre line
S of the connecting pen 54 is oriented substantially perpendicular to
30 the longitudinal plane of symmetry M. Between the end ears 35 the
connecting pen 54 also extends through the eyes 52 of a bow shackle
51 coupled to the anchor line 4. The connecting pen 54 is
accommodated under positive tolerances in the fixing holes 36 and the
eyes 52, wherein an indexation that is not further shown is provided
35 and which counteracts rotation of the connecting pen 54 about its
centre line S with respect to the shank 30. The bow shackle 51 is able
to swing about the connecting pen 54 in the longitudinal plane of
symmetry M.



the bent portions 37. At the rear side the fixing holes are formed in a
reinforced part 32 on the bent portion 37, which reinforced part 32 is
provi ded wbt2h10#04¢®epi es of extra holes 33 for adjusting Phe/Nnyodsead ween
the fluke 10 and the shank 30. At theS8upper end, the shank legs 3 1 are
provided with end ears 35 extending parallel to each other and having
fixing holes 36 for a measuring coupling 50 to the anchor line 4 . The
measuring coupling 50 is also shown in detail in figures 3A-3D, and
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steel plate avin stanti a Steei piates
6 1, 62 ar & gd’éa‘t’f‘cf& |%”?%?‘§’"&<8f‘rﬂ?%’esll’ﬁ@“¥# ptase 64, £2 withaiesperit h provi ded
Wi t h t e sto ahghdndiaadinal end edges 63. The plates 61, 62 are both provided

with a centre slot 66 which from one of the head end edges 65
extends over half the length of the respective plate 61, 62 after which
the plates 61, 62 have been inserted in each others centre slot 66 and
welded together over the full length. The measuring body 60 therefore

20 has a shape-retaining prismatic shape wherein the cross-section over
the length is perpendicularly cross-shaped. Due to the said longitudinal
weld the ribs of the cross are rigidly connected to each other.

The head end edges 65 and the longitudinal end edges 63 of the

25 measuring body 60 abut the boundary wall 58 of the inner space 55
and the inner surface 59 of the end caps 56, respectively, wherein
between the longitudinal end edges 63 and the boundary wall 58 a
weld has been made in order to fixedly connect it to the connecting pen
54. As a result an elastic deformation of the connecting pen 54 at the

30 ends is applied on the measuring body 60 whereas it remains free from
the boundary wall 58 over the narrowing defined by the longitudinal
side edges 64.

As shown in figures 3A and 4C on both sides of the centre parting and
35 on both sides of the longitudinal plane of symmetry M, both plates 61,
62 of the measuring body 60 are provided with in this example a total
of eight carrier strips 71-78 extending transverse to the centre line S.
Bach carrier strip 71-78 is provided with a series of in this example



end edges 65 which via four straight |ongitudinal end edges 63 ne
two straight |ongitudinal side edges 64 that are receded therefro
whi ch f orwoaomaiae ng of the respective plate 6 1, 62 WCTNIze®pPselloto t he
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have been skt eldciric etain Bawmass 8efineemsiaourin® bk 68| ideprovisigdt her over
the full | engfB.calher pR&ESE7 fhtheBonRBctleieiny Qeﬁﬁﬁl §te%h%pcﬁerﬂ ai ni ng

prismatic pe wherejn t s-sect.i on, over

per pendi cuﬁg?l gariensriaLy, %cha'ﬁﬁé fioP f'Hffdséi"(‘f”ftot?@'?ug nQIaVW@I @t

t he cross ealeetrong dirguit othiaecis eelet wicalig cartieeted Theedudndf ethd edgas 65 and

t he Ionglta %@@4 gnd edges 63 of the neasuring body 60 abut the b
t |

wal |

58 of

nner space 55 and the inner surface 59 of the end

respectively, wherein between the |ongitudinal end edges 63 and t
boundary wahk &8t .ausvvgiadcrm %ea Bﬁﬂé’ed @.@J ded With diuedige gapmget it to

t he connect

| astic def or mati on, of tatin

bon 64 o PREva MéngRefirh e nAltelaiBietis oy 8 vAsRay
free from thendmtaddartheverinte8iwuetrbadrd Siar Tlomipnigtetk Ciroeittbbgrd Bé

| ongi tygli nay f&tﬂiﬁnﬁﬁ@%nﬁécteﬁstosﬁﬂnélp Ehfb‘r'ﬁé%spr%éslg@g%{h% RPN

the centre

M both pl
exanpl e a fmmérmﬁreemg\lmbcmf to @l powei pablé 43 iBhiektignehemmstafanguirse t o the

centre lin t%f q‘iav d il &ﬂrgwecl'még) %‘gramfl \gﬁ%h\% tc%nﬂeét%d cf%S

this exarrp

arti.ng and on e longit

ane of
easugnd Tpo AAtPhePIRSINIR | T enRINEE " B RAAT

e® Wi tSh

I‘IC Stra

n
provi ded V\Ptha"ée%/ahPPEﬂgpﬂm‘te‘SG'ﬁo'{ H&tth?% sb@nme@me@hq @h@nb g@r tTh@a _
pl ate 65 1. plRedCairéhitbotPBE R7fUFdr@%e doRhbée@tid bl Sathfrd@atdn8 1 havi ng

an

20

25

30

35

cable 85 which by means of a pull relief 86 is inserted into the end cap
56 and which is connected to an acoustic modem 87 that is known per
se for acoustic transfer 88 of data under water. Said pull relief 86 is
shielded by means of a case 89 that has been welded thereon. The
electronic circuit on the printed circuit-board 81 is adapted for
receiving, processing and transmitting electronic signals from the strain
gauges 80, the inclinometers, the accelerometers and the pressure
sensor 90. Due to the fixed orientation of the measuring body 60 with
respect to the shank 30 the position of the anchor 1 with respect to a
notional horizontal plane H and a notional vertical plane V can be
determined, and thus the pitch and roll of the anchor 1. By means of
the pressure sensor 90 the height of the water column above the
connecting pen 54 and thus the depth of the anchor 1 with respect to
the water line can be determined.

Figure 2 shows the anchor 1 during introduction in a submarine 3
anchoring ground 2, such as a seabed, from an installation ship located
on the water line 5 and which is not further shown. The installation
ship is provided with an acoustic modem that is not further shown for
communication with the modem 87 at the anchor 1, which modem is
coupled to a calculation and data processing unit. In a preceding step
the anchor 1 has been placed from the installation ship on the
anchoring ground 2 at depth D, with the tips 14 of the fluke 10 in the
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el ectronic circuit that is electrically connected to each of the strain
gauges 80. The vertical plate 62 has al so been provided with a unit 82
havi ng elwotznomi4eo2oncl i nomet ers and accel eronet ers t hat paraNIeb@asesical | y
connected to the printed circuit-boar® 8 1. The printed circuit-board 8 1
I's furthernore connected to a partially external pressure sensor 90 for
measuring the water pressure. The printed circuit-board 8 1 is furthernore
connect ed ddieatigpvrir teabnetalistioni stiphyTheeacsustic empdetn B jasfl 8k i s
|hnse_rtedt IhlatoH_iﬁuﬁ@é‘ﬂt ?&Cf Tctbﬂﬁ @Sh%ré%é’@@%iw Qﬁe 'vﬁatgp@r.‘_r@iibﬁgq&é’r%tﬁyd% tery
ousi ng at .1s not further sho n shan : e.printe

circuit- boé'?s&a%’tfni §h’Pu'PEL’Sn§F%?‘2%cg‘Hﬁ%L}tEQB '?’8 %P‘S“tﬁ’t‘mﬂr’(i‘fgé?‘? SR°kabl e 85
whi ch by ndaedt, @b argsult ofr elhidf tHeGanchor risbas gdné nhiwughes padketeajprb6 and
which ig c toeg)r\inE ' ' WP per se for
acoustic t(raggg er %?%%ncdﬁgféghl?ﬁhg} Eﬁg?g&%ﬁ%{;@ﬁ%gﬁ re??ef 86 is shiel ded

by neans of a case 89 that has been wel ded thereon. The electronic circuit
on the pri mhegkgCcisiog thrbogh dh8 gerddtraabapbeth (10thd esel ¥4r8035 pyfogassi ng and

transmtti |l ecironic sigpals fromthe strain uges 80, t

i ncl i nonet gﬁgr?k ?@eoﬁgcgloenregﬁﬁ?ilagdatﬁ]ﬁ e %15' @Jsﬁﬂ’ggb‘g@@@ﬂ'ﬁogﬂﬂjb to the

fixed ori eftibatotiver band ihaveeaearedngemdiog f6Ccesi amd hespimgt momertte whank 30 t he

posi 1190 0fkné RBrABENRG deniVgld) WRBIAS (thk refatBd! diBRNaIONS #A0Babed| ane H and
D cand t t fc

a notional vertjcal ane V._can be determ ne 1US e pi and roll
of the ancﬁBP'r'@ opytheedieasyfing l'\’é’dﬁrgg-sm‘@ @RS Hae WiHEn B gHesHt t he wat er
col utmm abovangeheofc othieeatanngcpieg bénadd tdns tHee wepidiingf By adChor 1 with
respect to 'y et erm pe Lgur sh e, anchor 1
during intrst(l)J g% |prﬁ iﬂ#rg?%u %a?ﬁr?& g%ﬁogpnghggoﬁ?@ Z%U%i%é%@atso a seabed,
from an i nSefrmatioss wig ﬁhq dlatesg61, 62 of the measuring body 60, for

15  instance per plate 61, 62 according to a distribution Q such as shown
with vectors in figure 4C. The deformations of the individual strain
gauges 80 and the data of the inclinometers and the accelerometers
have been registered by the electronic circuit and directly
communicated to the calculation and data processing unit on the

20 installation ship. The calculation and data processing unit is able to
derive the penetration path J from these data, and the related action of
forces F1-F3 between the anchor 1 and the anchor line 4, for instance
by interpolation of known test data, or by a finite element analysis. The
force may for instance be horizontally oriented as shown with force F1,

25 upwardly inclined at angles A, B as shown with force F2 or
downwardly inclined at angle K, N. On the basis of the magnitude and
the direction of the forces F1-F3 in relation to the penetration path J it
can be determined with acceptable reliability whether the anchor 1 has
set properly and whether it will be able to provide the specified holding

30 power.

in the anchor 1 described, the connecting pen 54 forms the coupling

between the bow shackle 51 and the fluke 10. Alternatively the

connecting pen 54 takes the place of one of the pins 18, 19 with
35 which the shank 30 is coupled to the fluke 10.

The anchor 1 described is provided with a fluke 10 and a shank 30 that
is fixedly connected thereto and which ensures the connection between



on the water line 5 and which is not further shown. The installation ship
is provided with an acoustic nodemthat is not further shown for

comuni cavoaniwvi4i92ot he nodem 87 at the anchor 1, which moademo®/osaupl ed to
a calculation and data processing unitl. In a preceding step the anchor 1
has been placed fromthe installation ship on the anchoring ground 2 at
depth D, with hhe tips 14 of the fluke 10 in thedirection of the

i nstal | ati of"&HEke *ﬁﬁé”ﬁc‘@ﬁs@ﬁ%’%tﬂ‘@nﬁ%w@ﬁtﬁtt%& soentlukecH® iroay dabl e 85 are

then still hreahbefwhkaeclrin@lipsa®)ern by dompetel @ palihgRablisPvRrp exerted a

force F on r i . anchor line 4, as result of which the
anchor 1 haégﬁgﬁgggﬂ}eéué#%&p% & rcgft'ﬁ%(?nmﬁast'ﬁmﬁ %‘W%"ﬁo&g' certain depth E in
t he anchoring ground 2. During going through the penetration path J the end

ears 35 of The abBaBle3lrigod k&ein@ﬂ%ela%%l@w?ttehﬁ\ee&gezaﬁ%% %fé.ptrgi%r}%(aw shackl e

5 1 on the other, hand have exerted bendi ng forces ing nonents on
the connect PRGOPIREHS, © eiMVENION, @Ngt B8t diF dirdht Hsn$SCRES eObed® appl i ed
on the measimvengohoSterifg fidm she atteve phadahatichivnany hariatiass iteay ginge of the
connecti ng : : ri . bseqyent thereto the strain
gauges 80 h%ligﬁggﬁ%?&t@g@a?@ fzg? ??r%et"?g?l\ée%\"/{%og Yvﬂggf)leéﬂdgé‘? CE" 62 of the
measuring b®REB0, for instance per plate 6 1, 62 according to a
distribwion Q such as showmn with vectors in figure 4C. The deformations of
t he individual strain gauges 80 and the data of the inclinoneters and the
accel eroneters have been registered by the electronic circuit and directly
comuni cated to the calculation and data processing unit on the
installation ship. The cal culation and data processing unit is able to
derive the penetration path J fromthese data, and the rel ated action of
forces F 1-F3 between the anchor 1 and the anchor line 4, for instance by

i nterpol ati on of known test data, or by a finite elenent analysis. The



force may for instance be horizontally oriented as shown with force F 1 ,
upwardly inclined at angles A, B as showmn with force F2 or downwardly

i ncli ned WO 2argl4e92, N. On the basis of the magnitude amrdTiNigo@iosesadi on of
the forces F 1-F3 in relation to the Benetration path J it can be
determned wth acceptable reliability whether the anchor 1 has set
properly and whether it will be able to provide the specified hol di ng
power. In the anchor 1 described, the connecting pen 54 fornms the coupling
bet ween the bow shackle 5 1 and the fluke 10 . Alternatively the connecting
pen 54 takes the place of one of the pins 18, 19 with which the shank 30 is
coupled to the fluke 10. The anchor 1 described is provided with a fluke 10
and a shank 30 that is fixedly connected thereto and which ensures the
connecti on betweenthe fluke 10 and the anchor line 4. Alternatively the
fluke 10 nqﬁ g% means of the securing lips 16, 17 be connected to pulling
cabl es whi ch 2t Bhe together at the location of the neasuring coupling 50.
The above description is included to illustrate the operation of preferred
enbodi nents of the invention and not to limt the scope of the invention.
Starting fromthe above explanation many variations that fail within the
spirit and scope of the present invention will be evident to an
expert.Clainms 1. Anchor conprising a fluke which can be introduced into an

anchori ng oupnd.in accordance w,th a direction of penetratjon by exerting
a pul i ng 19{o'r (L:K;nc&r?raﬁoglr%'ﬁ&g 19 #é”'&ebnwgl,cthe&af’o ené"ﬁﬁgHB‘?qa Y éxrreasuri ng
coupl i ng wHnshodogi atpunat irocagcordemncef wiitte o |dieetibor ob peaetratbnabf or ce
transfer b | d I i ring
Sepeily NSIAR F&ge Al gn b1 find ik Recttleootne. SdihoeaRy

coupling is I.rst. coup, Is conhecied to the

. ng e
fluke, a sctBIRESHERBIGOHG R WAED dysing IBtQBHRRER @ the fluke forms part

5 of a force transfer between the anchor line and the fluke, wherein the
measuring coupling is provided with a first coupling member that is
connected to the fluke, a second coupling member that is connected to
the anchor line, a hollow coupling bar that couples the coupling
members to one another, wherein the coupling members in the

10 longitudinal direction of the bar engage onto the coupling bar at
different places in order to be able to deform it, and a measuring body
extending through the hollow coupling bar and which at least at its
ends is connected to the coupling bar in order to deform along with the
coupling bar, wherein the measuring body is provided with deformation

15 sensors for recording deformation parameters of the measuring body.

2. Anchor according to claim 1, wherein the measuring body is fixedly
connected to the coupling bar.

20 3. Anchor according to claim 1 or 2, wherein the measuring body
extends freely through the coupling bar between the ends connected to
the coupling bar.

4. Anchor according to any one of the preceding claims, wherein the
25 measuring body is narrower over its length between the ends than it is
at its ends.



the anchor line, a hollow coupling bar that couples the coupling nmenbers to
one anot her, wherein the coupling nenbers in the |ongitudinal direction of
the bar ewmgagw/@m20 the coupling bar at different place®CImNIaoes0io be
able to deformit, and a neasuring body extending through the holl ow
coupling bar and which at least at its ends is connected to the coupling
bar in order to deformalong with the coupling bar, wherein the neasuring
body is pré&viAtehoni adeoddifarimaanioens erfs thes pfeneding ohaiinag wiereinntitei on

par anet er s nfastiifg WA WonhsidaQdt ledst a%récéleﬁ?%e%ﬂbraﬂ gigkeCl @aim 1, wherein

the nmeasuring body is fixedly connected to The coupling bar. 3. Anchor
according t o claiml or 2, wherein the neasuring body extends freely
t hr ough the. ommioirrlsg:cbedm@etbma&\n ohbeofetits poavpdaef ethine, tvh&:remupiei ng bar. 4

Anchog ag&%&ﬂhﬂg bto(a %8&%50& I%Qﬁl m&%ﬁﬂ{g’g?evé éﬁlp@%r ge'rs ﬁxcthhe

measuri ng nar? ower: over n'the ‘en an it is at
its ends. SOVanr’eaﬁﬁbﬁm m@m@w%gubﬁﬁanww@nmaeem gackosiers, wherein
t he neasuring body conpri ses at | east one el ongat ed strip or plate. 6.

body conpr /5clRERor ARG & oRRITEE < ERIEror Bl B HPCH6UB thoi 1 |

| ength arecpntsecttedrtednrteme’taﬂtl ally transverse to each other. 7. Anchor
accordi@g to claim®6, wherein the strips are fixedly connected to one
anot her. 8. Anchor according to claim6 or 7, wherein the strips in

cross- sect ﬁoﬁmgphagcgp&to glaim B Ror . PRI the $6IPEHY HPES-BACRe precedi ng
cl ai ms, whésren & drbés.nmeasuri ng body is nade of netal, preferably of steel.
10. Anchor accor di ng to any one of the preceding cl ai nms, wherein the

9. Anchor according to any one of the preceding claims, wherein the

15 measuring body is made of metal, preferably of steel.

10. Anchor according to any one of the preceding claims, wherein the

deformation sensors are grouped in at least one siraight series

extending substantially transverse to the longitudinal direction of the
20 measuring body.

11. Anchor according to claim 10, wherein the deformation sensors are
grouped in several straight series distributed over the measuring body in
the longitudinal direction of the measuring body.

25
12. Anchor according to any one of the preceding claims, wherein the
measuring coupling comprises two first coupling members that spaced
apart from each other, engage onto the coupling bar.

30 13. Anchor according to any one of the preceding claims, wherein the
measuring coupling comprises two second coupling members that
spaced apart from each other, engage onto the coupling bar.

14. Anchor according to claim 12 or 13, wherein the two first coupling
35 members or the two second coupling members within the measuring
coupling form the outermost engagement onto the coupling bar.



def ormati on sensors are grouped in at |east one straight series extending
substantially transverse to the longitudinal direction of the neasuring
body. 1l1.weénetieecording to claim 10, wherein the def eCEANL2009/0S€&N80r s are
grouped in several straight series digtributed over the neasuring body in
the |l ongi tudinal direction of the nmeasuring body. 12. Anchor according to
any one of the preceding clainms, wherein the neasuring coupling conprises
two first déuphrehprmnepeding thanysere ofl thparecadingreleirod, otherisingmgage ont o
the coupl i R@aRRMthatl & fikeP PorAeeRiTid thd @suﬁ@ym?eiafthts*ﬁsi)%sﬁmr%g clai ns,
wherein the rressu in COUﬁ| 1 g .C g ses two second coupling nmenbers that
spaced aparteTPPEMEEH? BeteY, &%‘% “onto the coupling bar. 14. Anchor
according to claim12 or 13, wherein the two first coupling nenbers or the
two secgnd ' ik Ny gD i j forn he

out er oot upaasR EBREAS el 5 GHRAR bt Mot S oe B ' any one
of the preS8HRIRY 81 Kienend ebhs shardgthet dacesawautfran the fkdey connected to

the fluke, wherein the first coupling nmenber forns a part of the shank. 16

. Anchor a rdi to claim15, wherein e first coupli nber is
situated at %h'g'l’%god %‘?C"Fﬁ'é‘gsﬁ‘)aﬁi?"{‘hﬁ 9'ai§s VG Ty Pareudhd BRE.S 17, Anchor
accordi ng totagioarfinedy opnneteditiertbe shehie. coupling bar is rotation-fixedly

connectgd to the shank. 18. Anchor according to any one of the preceding

clai ns, wh reiég t he second COE%I}i ng nenber fornms the end of an anchor |ine
coupling c AW RFCHING FOrdlY PIRe! e prepgdiRg (Claimso Mbe§nt B @any one of
t he precedisagornd aiauplinghmeeibert feensoupd ieng bAran ranchsr liMegicbuging!

di rection %6&3&9%d%5qgﬁﬁﬁk§8rﬁﬂethe | ongi tudi nal plane of symetry of the
anchor. )

15 19. Anchor according to any one of the preceding claims, wherein the
coupling bar in its longitudinal direction extends transverse to the
longitudinal plane of symmetry of the anchor.

20. Anchor according to any one of the preceding claims, wherein the
20 measuring coupling is provided with an inclinometer that is
accommodated in the coupling bar.

21. Anchor according to claim 20, wherein the inclinometer is fixedly
connected to the measuring body.

25
22. Anchor according to any one of the preceding claims, wherein the
measuring coupling is provided with an accelerometer that is
accommodated in the coupling bar.

30 23. Anchor according to claim 22, wherein the accelerometer is fixedly
connected to the measuring body.

24. Anchor according to any one of the preceding claims, wherein the
measuring coupling is provided with a pressure sensor for recording the
35  water pressure at the location of the measuring coupling.

25. Anchor according to any one of the preceding claims, wherein the
measuring coupling comprises an electronic circuit that is coupled to



20. Anchor according to any one of the preceding clains, wherein the
measuring coupling is provided with an inclinoneter that is accombdated in
t he couplwogotwes1922 1. Anchor according to claim 20, wheceiNL200950510
inclinoneter is fixedly connected to he neasuring body. 22. Anchor
according to any one of the preceding clains, wherein the neasuring
coupling is provided with an accel eroneter that is accommodated in the
coupl i ng bdhe delormatiensensersr andpreterablyi to te, inslieemietert #red/ac tleé er onet er

i s Tixedly acesresrhetbriahdybietHEEG@UEUraGsdMRBY, wRérein\Bid lectonfY dir&@r L O any one
of the prqu%gg?ecl,%l ns vmserel n,the measur | ng cog{)l ing is g(r?w ded with a
pressure sensorPresr of KEBFSROMNS PRY HARSEY TG DEaPweaient itate dberefom of t he
measuri ng deuwplarmete cul@tiemend aceorsdinggurio. any one of the precedi ng

cl ai s, gwherein the measuring coupling conprises an electronic circuit that

is coupled jothe defornmatjon sensors, and preferably to the inclinoneter
and/ or the cépé?B'n@PE?'dﬁ?ﬂjltBr ClafiB 3P e J¥RATEIN & SHECHPRIE efiFcUheS el ect r oni ¢
circuit is fesdpt echidateproces sigw@uang bbegnsnm tting nmeasurenent data
therefromto a renote cal cul ati on and processing unit. 26. Anchor according
to claim25, wherein the electronic circuit is fixedly connected to the
neasuring FddyAncipr peevided pithvodedr wirote ohehechatacteriding meeash@esict er i si ng
measur ¢ depeeibas ih Mtrhauathad NRACABESH | #1d/6N sRBWP'in S BrthBnddre attached

draw ngs. drawings.



