‘.Dr.ag head for a trailing suction hopper dredger and process for dredgi'ng

by neans of this drag head | —- 3‘@4@@, ention
relates to a drag head for a trailing suction hoppeg edger which
essential ly consists of a structure connected to 5 ~a suction pipe,
with a visor rotating around an horizontal axis, in which a series

of teeth are applied for breaking up the sand, Wnich are fitted on a

Drag head for a trailing suction hopper dredger and process for dredging

by means of this drag head
This invention relates to a drag head for a trailing

suction hopper dredger which essentially consists of a structure connected to
5 a suction pipe, with a visor rotating around an horizontal axis, in which a
series of teeth are applied for breaking up the sand, which are fitted on a
toothed beam extending perpendicularly with reference to the direction of
motion of the drag head, and a series of jet pipes for injecting water under
high pressure, extending parallel to said toothed beam and in front of these
10 teeth, always when considering the direction of motion of the drag head.

A trailing suction hopper dredger consists of a
structure connected to a suction pipe, which is open at the bottom side and is
dragged over the ground during dredging.

The drag head itself consists of two parts: a cap which

15 is directly connected to the suction pipe of the ship, and a visor which is
hingingly connected to the cap by means of an horizontal axis. in the visor a
series of teeth 4 are applied on an horizontal beam in order to break up the
ground. Such a beam is known as a toothed beam.

At the bottom side of the cap, at the height of the

20 connection with the visor, a series of wear heel pieces are applied. These
form the heel plate. In these wear heel pieces a number of nozzles are
provided. '

During dredging, the head is moved over the ground.

In this way, the cap is resting by the heel plate onto the bottom. Because the

25 visor can move independently from the cap, the latter is resting with the side
and/or back wall on the bottom. Depending on the hardness of the bottom,

these walls will. more or less penetrate the bottom. By the suction action of the
dredging pump at the suction bipe end, an underpressure will finally be built



.toot hed beam extendi ng perpendicularly with reference to the di rection of
notion of the drag head, and a series of jet.--pipes for injecting water

under hi gh pressure, extending parallel to said toothed beam and
in front of these 10 teeth, always when considering the direction of
noti on of the drag head. A trailing suction
hopper dredger consists of a structure connected to a suction

pi pe, which is open at the bottomside and is dragged over the
ground during dredgi ng. 2 The drag head itself
consists of two parts: a cap which 15 Is directly connected to the

suction pipe of tfdn Yeidiag head, whichagiongiatiass depends on'the exientqif §8RIPG Gbnnect ed

to the cap by rreaﬁl§ h@éa Fhrdigh Itms)%g&mewnﬁ thé WateP foMithé® butBide which has t6€r i €S

of teeth 4 are app d on .an hori zont in order to . reak up t.he
ground. Such a b ?? a&sa"é°"f"68? ﬁ@}ff}ﬂﬂ] suzked Up. I this Way, sdhd iS

At the bottom si diaedgbdbhmeaaspfhbetdsmﬂmhgmbftbémm 20 connection with
t he vi sor, 8 series of wear heel ,Fg R)ﬁﬁcﬂ%ﬂg iﬁcb Wﬁ\%{eased b twoform
eel” pi ec zzl e é

t he heel pI ate. In these wear S a nu of no S ar

provi ded. addmonalelements During dredging, the head is noved
over tﬂe ground a& Teeth owing tb he tekstly preisbit if alie Wisor! esngyérgs preled @ffael plhate
onto the bottom e e [A19) romthe
cap, the latter is %Raﬁs? fstb%lgeaacﬁ}pthlswgya% g'g’ﬁ%égﬁte\%ﬁ" #n the
bott om Dependi ng ome!rﬁtemmmmss of t he bottom these walls wll
redgi ng pugp at haog, it fhenebt ibel Boletto 6 nids FELEN'off 19 B6 fopng,

bui |»? g pump Through these at present, water is F|)3umped with a pressure 3/

approximately 10 bar. These allow to suck up extra sand, since:
The sand to be dredged consists of piled up grains. By
their own weight, these are pressed onto each other. This pressure is

15 transferred between the grains by the mutual points of support, being the
points of contact between the grains.

it is this pressure which ensures that the grains remain
at rest in a certain way: the grains remain packed in a certain state of
equilibrium.

20 If it is desired to suck up this sand, this equilibrium has
to be disturbed. This may be achieved by using the jets: by feeding water
under high pressure, the mutual pressure between the grains may be
removed. By this, the force which keeps the grains on each other is removed,
causing the grains to start moving. These grains try to reach another state of

25 equilibrium, and this is called the fluidisation of the sand. Now, only this sand
has yet to be sucked up, which may be achieved by the underpressure built
up in the drag head.

In general it may thus be said that the jets serve to
loosen up the sand and that the suction force of the dredging pump serves for

30 the transport of the loosened up sand.

Trailing hoppers which correspond to the above given
description are known.

It is the aim of the invention to design a drag head
which thanks to a number of modifications and improvements shows an

35 increased efﬁéie’hcy, thanks to among others an increased concentration of



_‘ 2 up in the drag head, which anong ot hers depends on the extent of

seal i ng of this head. Through this; t-ogether with the water from

t he outside which has to be fed inevitably, an anmount of sand w ||
be sucked up. In this way, sand is dredged by neans of the erosion
action of the water. 5 The sand production is up
to now i ncreased by two addi tional el enents: a) Teeth:

owng to the teeth present in the visor, | ayer is peeled off the

bottom at the passage of the head. In thi$ way, the broken up earth may
then be sucked ugand.ih the pumpedaips mixture, Wieeremametreschreprodded tmadjost ther e

umped with a pr Sk 838 dependenty fom tEAMIINERRSE, T PLPSCT O 7R LS
suck up extra sand, since: Inordertoaowthxs in aocordanoewnhnlpglg\@n@pn,o be

dredged consi StSb@funeltﬂeedem SafcPleBh; amys w:th referehb@torthe\memngditmorbhese are
pressed onto each &ther g essu %getween t he
grains by tRe nmutf dﬁ?ﬁh?%d 8?' §§}ﬁBBF?°°“9esFH§f?fH%tp'pes'stv Bfnts of contact

bet ween the grains. Always according fo the inkentiop, tie sbpvecsaidr e

whi ch ensures thap flisdiediol fut bR 1id subdivided in jet pipes directed at the inside of
the visor, more particularly at above said teeth, and in jet pipes which are
directed vertically or substantially vertically downwards.

10 Other details and advantages of the invention will
appear from the followiné description of a drag head according to the
invention. This description is exclusively given as an example and does not
limit the invention. The reference numbers refer to the attached figures _

Figure 1 is a schematic side view of the dredge head
15 according to the invention.
' Figure 2 is, at a bigger scale, a perspective
representation of the dredge head according to the invention.
Figure 3 schematically illustrates the operational depth
ofa drag head of the known type.

20 Figure 4 in the same way illustrates the possible
operational depth of a drag head according to the invention.

The drag head for a frailing suction hopper dredger
according to the invention is moved over the bottom in the direction of arrow P
which is shown in figure 1. The drag head according to the invention is found

25 at the end of a suction pipe 1 which is equipped with a visor 2 consisting a.o.
of side walls 3, a back wall 3’, a top plate 4 with an arc-shaped section 5,
which upon rotation of the visor 2 around its axis 6 remains in close contact
with the sealing strip 7 belonging to the fixed parts which are fitted to the
suction pipe. During dredging, indeed an underpressure is maintained within

30 the visor, and it is actually a clear objective of the invention to increase the
sand fraction of the dredged slurry. Through the heel plates 8 a number of jet
pipes 9 pass, which inject water under high pressure. The heel plate 8 with jet
pipes 9 applied at the front are currently used up to now. During the dragging
of the drag head over the bottom, the injected jets will first ioosen up the

35 sand, which will subsequently be sucked up immediately. Simultaneously, the



~at rest in a certain way: the grains remain packed in a certain state of

equi librium 20 Lf-dt is desired to suck up
this sand, this equilibrium has to be disturbed. This may be
achieved by using the jets: by feeding water under hi gh pressure,

t he nutual pressure between the grains may be renoved. By this,
the force which keeps the grains on each other is renoved, causi ng

the grains to start noving. These grains try to reach another state of 25
equilibrium and this is called the fluidigation of the sand. Now, only
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an i ncreased congewided! Thaseofet pipes are subdivided into a first series of jet pipes 12
which are directed towards the teeth 10, and a second series of jet pipes 12
which are directed vertically or substantially vertically downwards. The jets

10 injected through jet pipes 12 are directed towards the inside of the visor. The
jet pipes 12’ are aimed at fluidising the bottom better, i.e. deeper at the height
of the back wall 3’.

The presence of the jet pipes 12 and 12’ has the
following advantages:

15 a) The sand loosened up by the teeth 10 and the jet pipes @ which was not

yet sucked up is extra fluidised and may thus be §ucked up better;

b) The breaking up in several stages by jet pipes 9 on the one hand, and jet
pipes 12 and 12’ on the other hand, increases the depth at which the
sand is agitated and sucked up. This may be cleardy ascertained by

20 comparing the operational depth according to figure 3 with the operational

depth according to figure 4.

¢} An increase of the' efficiency through the water gap. Whereas before, a
mixture of sand/water only passed through the water gap by erosion, now
the concentration of the mixture is increased by erosion and by the

25 presence of fluidised sand as a result of the action of the jet pipes

immediately in front of the water gap.
The advantages explained here are the immediate
resuit of the switching on of the jet pipes 12, 12’ immediately behind the teeth

10.

30 The different jet pipes 12, 12’ immediately link up with
a water valve 11 which may be moved, and this according to a translation
which occurs in a plane that runs parallel to the back wall 3’ of the visor. This
water valve 11 is designed in the shape of a water chamber 13. In case of
hydraulic operation, this is carried out from the bridge of the trailing suction

35 hopper dredger. The. fitiing of the water valve which is adjustable in the height



3 sand in the punped up m xture, whereto neans are provided to

adj ust the wat er gap i ndependently -fromthe cutting thickness.

In order to allow this in accordance with the invention, behi nd the
above said teeth, always with reference to the direction of notion 5 of
the drag head, at |east one second series of jet pipes is provided.

Al ways according to the invention, the above said second series of
jet pipes is subdivided in jet pipes directed at the inside of t he

visor, nore particularly at above said teeth, and in jet pipes which are
directed vertically or substantially verttcally dowwards. 10
Ot her details armjre&ﬁhtﬁrinov@;ses tife effidencyvefrthe oewvirag head, becauseathgomater r om t he

follow ng descr g&g% gttﬂélﬁgadm é”scé;ﬂfrﬂbé}gofttﬂfkbﬁc ondifions and't&!W't i on.

Thi s descrlptlo lven as_an exanple and does not
linit the i nventlhwentﬁﬁ@fm@%ﬁﬂét@mﬂﬁéﬂ‘? bPE‘P’ElbYtﬂl? Yi$RE- at t ached fi gures.

Figure 1 is.a schematic side Vi qye efficieRéy 6f thd Bailihg aactibh hopperadredgetliisng t o

t he invention. gger
scale, a pé specfﬂ’r‘{?%' increased by ppplying at, the, botiem, ?thbgé %réﬂiS% g a‘e’a'g&crbr di ng
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I nventi on. further optimised. The drag head for a trailing
suction hO'RJD er dredger In order to prevent feed water from being fed along the
relatively unproductive sidés of the visor, the drag head has to be well sealed
at these sites. The side walls of the visor should well penetrate into the
bottom.
By the presence of thinly walled wear strips 14, the
16 visor is laterally perfectly sealed, so that the required transport water is
integrally sucked up at the back through the water gap and the agitated soil.
This new layout forms a second important feature of the invention.
A further improvement of the drag head should be
seen in the presence at the back side of the drag head of the feet 15 hinging
20 with respect to the visor, the useful surface of which, i.e. the base 19, is
sufficiently great to guarantee a fixed support on the bottom. By regulating the
depth of the feet 15, which aré mutually connected by a plate 17 (figure 2),
the penetration of the visor and thus of the teeth into the soil is regulated. This
allows to regulate the cutting thickness of the teeth and this independently
25 from the water gap. In a possible embodiment, feet 15, with their widened
bases 15', are rotatably fitted around hinge point 18. The rotation is
effectuated by the action of the hydraulic cylinder 16, with hinge point 18 with
respect to the feet 15 and hinge point 19 with respect to the visor. The visor
itself is lifted or lowered by the action of hydraulic cylinder 20. The cylinder 20
30 is rigidly fastened with respect to the suction pipe 1 and is in 21 hingingly
connected to fixed parts belonging to the structure of the visor, in order to lift
or lower the back wall 3’ thereof.
in figure 2, one of the hydraulic cylinders, 22, which
controls the water valve 11, is shown.
35 S By increasing the operational pressure of the water



according to the invention is noved over the bottomin the direction of
arrow P which is shown in figure -t.-The drag head according to the
invention i's found 25 at the end of a suction pipe 1 which is equipped
with a visor 2 consisting a.o. - of side walls 3, a back wall 3", a
top plate 4 with an arc-shaped section 5, whi ch upon rotation of
the visor 2 around its axis 6 remains in close contact with the
sealing strip 7 belonging to the fixed parts which are fitted to the
suction pipe. During dredging, indeed an underpressure i s nmaintained wthin
30 the visor, and it is actually a clgar objective of the invention to
i ncrease the sand fraction of the dredged slurry. Through the heel
plates 8 a nunberietsﬁl‘oﬁEﬂO bars to 20 bass,(Rclegriyphetter panstetion of these waterrjetsnder

hi gh pressure. éBE@BeTl@s {hrhd altHher feature of thBiiR@#tion, appl i ed at the
front are currently used up to now, During

drag head over the bottom the |ﬁyglﬁ"é’{ff‘l]"?ﬁt'gn\ﬁfﬁ'!e‘gf?‘?rg‘%'ﬁ"@&’éweﬂtﬁ t‘E‘I‘i‘e 35
sand, which w || dGaphesiciiie knodwd tgps; las explainedrabslieas sliprisihg Ntrdasaeptiel y, t he

4 5 efficiency of the new drag head may be expected.
The invention is not limited to the embodiment
described herein, and modifications thereof might be applied in as much as
they fall within the scope of the attached claims.



teeth 10, which are found behind the jet pipes 9, wll break up the sand.
(I'n this text, the terns "in front--of" and "behi nd" shall be

under st reference to the direction of notion of the drag
head) . W"mmmmmumare found in the drag_heads eX| sti ng up to
Nnow. ¢ e

t he vvater val ve 11 closing down the visor ¢
second series of jet pipes is now provi ded?
subdivided into a first series of jet pipes 12
towards the teeth 10, and a second series pf jet pipes 12 V\:hl ch
are directed vertically or substantially v?r i cally downwards. The jets 10

i njected through jet pipes 12 are direct wards the inside of the visor.
The jet pipes 12' are ai med Drag head dorsa trgiling)eudtioh thoppérediredger i . e.

The preaence of UTHLY sseptial ¢Bhsbts 8 83 tontected to a suctign pipg, ity 2

advant ages: 15 wsoaiz)mﬂmamum)e@ bodzontab ay (Bhie which & setesfdeethd1§)et

pi pes 9 whi gh wasaréYpplied for breaking @eﬁwess%edmm bxefd ipefbehbiidlidiy Sfthand may
t hus be sucked up_bet 3 Tf(\)? gakl ng I n several stages by
jet pipes 9 on tH8® Q?ﬁfe%n‘gﬁd’"eﬁﬂ?ﬂ 9f gotion rag he %‘é’sa $ories Af let pipes, | ne
ot her hand, incr e(a)sfesmidcmmwptehumierhightpresshe extendmg parallel tossaitttepth amgfi t at ed
and sucked up. T thise E&ﬁr%%fssﬁﬁéﬁ &Jg@ rtuf@/tpﬁ%lrectmn of motloﬁ SFRR" 1 ng

t he operati onal ept accor ure

dept h accordi ng td4529 jhggde charactensed in %ﬁt MW@P%éaﬁf tqeﬁb (29); i awanscy
t hrough t haowat ercogaaereu\hq:ma&réee&obemoﬁon of the drag head, 't iddst @n&fse&shad/ wat er

ggln)c/eg?f Zteidotnh{)? st%H%s ﬁfﬁ?ﬁﬁ%rﬁ‘gqgﬁﬁﬁgégzl g; epg\évl on and by t het gg
presence of fluidised sand as a ResUbragbpead hecoxting tonclaifn 1,iobajasteripegins
i medi ately in frgatabele 5418 s¥EInAIselESof jet pipes (12) is fitted on a water valve (11) in
the shape of a water chamber (13) which is hydraulically moveable in a plane
15 extending tangently or substantially tangently to the visor.
3. Drag head according to claim 2, characterised in
that above said second series of jet pipes (12} is subdivided into jet pipes (12)
directed at the inside of the visor, more particularly to above said teeth, and in
jet pipes (12") which are directed vertically of substantially vertically
20 downwards.

4. Drag head according to any of claims 1-3,
characterised in that above said visor (2), together with above said suction
pipe (1) is equipped with adjustable feet (15), the useful surface (15’) of which
is sufficiently great to get support on the bottom, whereto the visor, at the

25 bottom of the side walls 3’ is equipped with knife-shaped wear strips (14),
which are sufficiently thin so as to penetrate into the bottom and to ensure the
desired lateral sealing.

5. Process for dredging with a trailing suction
hopper dredger equipped with a drag head according to any one of claims 1-

30 4, characterised in that the pressure in the jet pipes is increased to 20 bars.
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_ The advant ages expl ained here are the i mmedi ate ' result of the
switching on of the jet pipes 12, 12' imrediately behind the teeth

10. 30 The different jet pipes 12, 12

i medi ately link up with a water valve 11 which may be noved, and
this according to a translation whi ch occurs in a plane that runs
parallel to the back wall 3' of the vi SOl Thi s wat er valve 11 is
designed in the shape of a water chanber "13. In case of hydraul i c

operation, this is carried out fromtABSTRAGT of the trailing suction 35
hopper dredger. The fitting of the water valve which is adjustable in the
hei ght ' 5

di recti on, i ncr edrag hed forfd trailimysyctioh hoppendradgercandwadesdfor dvedgindie wat er
gap may be optimally adjusted as b?l‘\b'ﬂfstaf%s%ac#ﬁ%dsm | conditions and
he o)

totally I ndependent from penetrati the bottom by the
Vi sor.

This invention concems a drag head for a trailing suction hopper dredger
which essentially consists of a structure connected to a suction pipe, with a
visor {2) rotating around an horizontal axis (), in which a series of teeth (10)
are applied for breaking up the sand, which extend perpendicularly with
5 respect to the direction of motion of the drag head, and a series of jet pipes
(9) for injecting water under high pressure, extending paralle! to said teeth and
in front of these teeth, always when considering the direction of motion of the
drag head, characterised in that behind above said teeth (10), always
considered in the direction of motion of the drag head, at least one second
10 series of jet pipes (12) is provided.
Figure 1. shall accompany the publication of the abstract



The efficiency of the trailing suction hopper dredger is 5 further
“increased by applying at the bottem of the side walls 3 of the visor,

one or a series of several |ateral knife-shaped wear strips 14. These wear
strips are sufficiently thin to penetrate into the sand in order to realise

t he desired sealing, so that the ratio sand/water of the sucked off
mxture is further optimsed. 4 In
order to prevent feed water from being fed al ong the relatively

unproductive sides of the visor, thsrglfmgzdiead has to be well sealed
at these sites. The side walls of the visor should well penetrate into the

bottom By the_presence of thinly walled
wear strips 14, the 15 visor is |laterggerfectly sealed, so that the
required transport water is ﬂ’iuuﬂf’"‘ sucked at the back

t hrough the water gap and the 2;‘,;
a second inportant feature o

A further i rrprovema g
presence at the back€ide §\f the dra§ head of
W th respect -7’fh;

\khe usefuly surface \

o= TE’T new | ayout forns
he | mventi on.
ﬁ; seen in the
e f eet hi ngi ng 20
which, i.e. the base 15',

i's suf éVt to guadantee a \ ed support on the bottom
By regul ating thg d&pt h of tﬁk feet 15 ich are nmutually
connected by a pl¥t i gf\e 2) th% Nenetration of the visor
and thus of the t soil is Yegul ated Yrhis allows to
bss Wf the taeth and §hks i ndependently 25
nt, fe@t \15, with their w dened
N\ ound hi\nge poi 8. The rotation is
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ydr aul i 16, with hinge point 18
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lifted 0T | owdeX® by the actijon- of




30 Is rigidly fastened with respect to the suction pipe 1 and is in
" 21 hingingly connected to fixed parts belonging to the structure
of the visor, in order to lift or lower the back wall 3" thereof.
In figure 2, one of the hydraulic cylinders, 22, which control s
the water valve 11, is shown. 35 By

I ncreasing the operational pressure of the water

6 jets from10 bars to 20 barg/3a clearly better penetration of
these water jets may be expected. This fornms a further feature of
the inventi on. By the conbination of the
different inprovenents to a drag head of the known type, as
expl ai ned above, a surprising increase of the 5-—~_efficiency of the new
drag head nmay be expect ed. Uoro™ The ianﬂ!ion is
not limted to the embodi ment >t ke, .




;déscribed herein, and nodifications thereof mght be applied in as nuch as
they fall within the scope of the attached cl ai ns.

CLAI M5 1. Drag head for a trailing
suction hopper dredger whi ch essentially consists of a
structure connected to a suction pipe, 5 with a visor (2)

rotating around an horizontal axis (6), in which a series

of teeth (10) are applied for breaking/8p the sand, which extend
perpendicularly with respect to the direction of notion of the drag head,
and a series of jet pipes (9) for injecting water under high pressgL;

extending parallel to said teeth and in front of fhese teeth, alwaS when

10 considering the direction of notion of tQ?édrag head facterised

in t hat behi nd above said tegth (10) al wag#S consi dered
/_‘ _______ /

in the shape
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2. Drag head d@tfdrhg

visor.
characterised in that above said jgetond

to cl gi
seri esT!ﬂMjﬁ "!IHIML!HMI) is subdi vided into jet pipes
(12) di talm «1si de of the visor, Hor e 20

particularly to above said teeth, and in jet pipes (12') which are directed
vertically of substantially vertically do %ds.

3. Drag head according to any of clains

characterised in that above said visor (2), together with above said
suction pipe (1) is equi pped witH- Bipgdead for adailing syictioh bopper dredger f ace

25 15' f | ' ' 'r%rgt' g 0 tom
wher et o( ) e W.Fl'i&heiséeﬁtﬁ!l&' 6(? Sor , )baf?é %ﬂ{ém%@?%nnn%#@t%ﬁfe& & %%&!/Z\g’l p@teB I's
equi pped wi& h knwith-a visor (2) rotating aroundsan hedzental axisr (6)sin(which avsedes ar e
sufficiently thi e : LOg o b and
FUFT) o ent ] LBy 3885 (10) BAASAEGI for breaking up the shFA hiEh MBhiRY

4. Process for pemendiculsdy with respedtitndhe direction of motion of the drag heagper

cl o e 158" Bhar anta 2t ier REHInGS 78] frlBiging Woltl Yrbler high pregsure.
i ncreased to 20 eslending parallel to said teeth and in front of these teeth, always when
10 considering the direction of motion of the drag head, characterised in
that behind above said teeth (10) always considered in the direction of
{:‘ motion of the drag head, at ieast one second series of jet pipes (12) is
provided, which second series of jef pipes (12) is fitted on a water valve
(11) in the shape of a water chamber (13) which is hydraulically
15 moveable in a plane extending tangently or substantially tangently to the

visor.

2. Drag head according to claim 1,
characterised in that above sald second series of jet pipes (12) is
subdivided into jet pipes (12) directed at the inside of the visor, more

20 particularly to above said teeth, and in jet 'pipes (12°) which are directed
vertically of substantially vertically downwards.

"~ 3. Drag head according to any of claims 1-2,
characterised in that above sald visor (2), together with above said
{ suction pipe (1) is equipped with adjustable feet (15), the useful surface

25 (15) of which is sufficiently great to get support on the bottom, whereto
the visor, at the bottom of the side walls 3’ is equipped with knife-
shaped wear strips (14), which are sufficiently thin so as to penetrate
inta the bottom and fo ensure the desired lateral sealing.

4. Process for dredging with a trailing suction
30 hopper dredger equipped with a drag head according o any one of
claims 13, characterised in that the pressure in the jet pipes is
increased to 20 bars.
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