-, $me3e 1 46T@H 2 02 A VI BRATI NG DEVI CE AND A METHOD FOR DRI VI NG AN
OBJECT BY \‘W‘@Mﬁ@ﬁhe invention relates to a device for driving an
obj ect int by vibration, or renmoving it therefrom in

particul ar a pre€sdr sheet piling, which device conprises a f29K7/2002 of

" eccentrically rotatable weights and a second pair of eccentrically

rot at abl e WeVIBRATINGMDRVICE tAND tACMBERQDt EORf DRAVINGAAN OBTECT iBY

. opposite db& Hﬁfﬁi t hus producing vibration substantially in one

di rection, Ich™pairs of weights are interconnected by a phase shifter

whi ch is capable of adjusting the rotational position of the pairs of

wei ghts relative to 15 each other. ' Vibration can be produced by having an
eccentrically rotatable weight, that is, a rotatable nass whose centre of
gravi ty Yod¥endnvierdiom irlabes o 2 otarien, Lrst 8ré vindapsurhlestaxis. A
pair of ecgerly it¢d IgrduHBIRP| LIyl ENbS, | 88| HERSVEWS Wel EheS-fRit,i ng 1N
opposi te di,rections, .thus producing vibratlfn subsbgn i I%y i n one

di rection. P PaEitd Wi atd it orpr i SReeSuPH LRdnt WEAE @F S s possible to
set an obj eckptiilyeat ianf ittt pdih SO @scént2hcdl Lye roaiad abhjectde iightas t he
ground by vibration. t hough t he pr n scription.describes the driving
into the g|531 nd 5fecoqf)jjﬂe(ﬁasl,lgt%% ed%v'ie@gﬁ:%%gg s6° gt&g%& f”grlglrggr?nvi ng

obj ect s16 r einetded ngrtdien . wBOveB\glpro v i egch hpadlevicoe aliet Ant wppesiitse of
eccentri calsy. rqt: I | Vi [ : [ enced
by changi nd%ﬁg&%ﬁr’g’%i %&qrﬂo%f%%%ﬁ%g\g%?%%gé %Eé@{t@%@g&??ﬁ%ﬁ g:rlcegntri c
wei ght s whedregitd amei giticlvinpire af vatobbfeaspedntecspvageded VY the
device is 3naRlOWHded M thh@1$0r £ abdesh Phase §B'tjﬁfs€'“1ngwﬂh%h is disposed in
t he nechani cal transm ssion which connects th w) pairs Qf eccentric

wei ght s and MRt (Pﬁ?&lﬂlé”‘bfo%h%}h%iP@l?ﬁeogeWﬁf-g\?/’éSr GFEtaith{&I t5osi tion
of the 13wWeach? dgtdidrs. of weights . 29/07/2002 A device of this kind is
known from EP-A-0 524 056, wherein the phase shifter conprises two gears
which are 5 coaxially rotatable about a shaft, which gears occupy a fixed
posi tion r #liktrard dro ceac beotherdurd nigy noaviahgoper eticentoficeAdyvi brati ng
devi ce, DUt pheLenn LAa it Atdenal ; 0k 1 0Pa 0 POCABE! WhELA! LR LG the
rotational position of the other gear can be_ slight { 18 changed. Si nce
each of thefggapyiity deaf inaibl el ot a%lﬁemwaogarp et legeedOrtRsd |y

rotatabj@ weicaht St kil at iptei F b até obaht POSAL L PNrotathB1EWReRYHLE Of

wei ghts can b‘i dj ust ed b%r han%\‘? the rptationa go i.tion,of the two
gears. 15 IRE b‘%ﬁ%et@ﬁi M9 T3t S cHBsBAPPRIER- A16€654°856 Conpri ses
-a part whi thuiss peoduedined wilkirde toien gedss et fapayt inhbek Hireendect.ed wth
the second jgear, athjal) Rarhs Ansd 1L oarLufEpoosed Ladiallysgpagl, thus
form ng an Z0 annul-ar cyl'inder space. An annular "prston-is présent wthin
sai d cyl i ngessdpdee tarath g3t stk oyl ngt thachwéthsgodagates with a

hel i Ca|2§a@‘£@¥fe-r@%ir<ﬁ|cﬁ5jie‘& riGiead i&ﬂ@'gﬁ&éﬁ&iﬁﬁ PintheibWO gehsye@dn be
changed by axi al nmovement of the piston,,K which novenent can be 257effected
by neans Oﬁhﬁ|@F@Sﬁg@ég%ﬁ%;rlptlon describes the driving into the

ground of objects, the device can also be used for
removing objects from the ground.

30 By providing the device with two pairs of eccentrically
rotatable weights, the degree of vibration can be
influenced by changing the relative rotational position
of the two pairs of eccentric weights when said weights
vibrate at the same speed. Consequently, the device is

35 provided with a so-called phase shifter, which is
disposed in the mechanical transmission which connects
the two pairs of eccentric weights and which is capable
of changing the relative rotational position of the two

AN
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Thé object of the invention is to provide a device of the kind as descri bed
above which is provided with a phase shifter, wherein said phase shifter
‘Can be 30 controlled in a sinple and adequate manner, and wherein said
_phase shifter is reliable and of sinpleyconstruction. In or de[?ailg
acconplish that objective, the device is 35 provided with a p 782002 er
conpri si ng paidid fef ewgigihtsvhi ch is provided with three interconnected
rotatable parts, wherein rotation of one part results in rotation 3

29/ 07/ 2002 of another part or of both other parts, the first part of which
differenti & devige f vidbie kkiod it kmdvn theon iBBtA+®t5Eabd®s pai r of

wei ght's, aRrghd aqan ct wth the
second r ot at ablf%r%é%r g%rwééé Eﬂ{ Icmém%r% nt ege C]%) tvi%(l)]ha}f e'S|t|on of

the thir rﬁ‘??eastatl?i]éa réé?cé’eq Ve st dﬂbﬂc}pcmatrs)rpcmupmea t Wo
rot at abl e [fajxal qfosfmm srem:lhf@ B GHhddi féd?xfﬁ&{( el bY itself a

tried and t S part there are a nuynmber of ’known enbodi nents,

which are T capaltﬂ q:fktﬁm‘ﬁ Y9 feyics i e rBIgre gt fihg ent and
reliable nmmt@ﬁldnalhwmm cfp paree Yedrh ate Isitilven g i cal differenti al
can be use p I I ner in_a phase shifter for a
vibratin Qd&:&gg&%& Wdo'ﬁls%g%ftl %efg%é% Sar<di fgfe&rer#\nai%eassq& e shifter is
di sclo shanged .| FipReasadu s the ewaeeris timadrdosiientcadnesot deal

Wi th dri Vi og.cabaeplas ol WIE0 it ANAd 1 PYLALRGE Welidr3dl | gampaction. 20
ree parts qQf the di erentla i altl y rotatable

Preferably <L9L 2

rel ative t 6446t FOtatdndadaposit ion @fpahes tyompaisss of giedghisi ch is in
nesh with sagede abljastkldebypahlangidy theorethiebarnedaRad e . the
first and the §%go§ga|%rt of the differential are coaxially rotatable

coni cal gears whos€ teeth extend towards each other, and the third part is
a coaxi-edly rotatable carrier which carries one or nore radially extending,

ol ati ve ! onel pndBeauhd coba! GhakhORs AIBLIBLAACANS ppthieheky,eqh of the

|atter conical gears is in nes ornefr coni cal This is a
type of di FPEPEAERSEI awRPER WEighsésusennertedewishr ongl geefr wali el es for

driving t hpatwowheah m@eebﬁnbbeé§0%1t§5tﬁéeE§EBQHyge§§'dwﬁ@Eﬁ'?Erkﬁ fixedly
nmount ed on coaxi al Eaft haft said former confcal gears
u

are 4 297%‘? 0B%k ESBbFﬁQ ﬁﬁéiy\/\ﬁpéﬁtal FBite £BXWiRE ABtation, and
whereiﬁoth@nphééé shlindéanspecadjAﬁtadnbyaropabteﬁ ok pheseqantral coaxi al

Sha oo wiRKASshLaPaseh At Bpcont Toh LA PLEsE SBLLL LG.an el Pl e

mechani cal nanner erved 898iPPEer i s
rotatably adcht el snidapartenvih acbéiigalsﬂamwayanﬂheheeIativer is fixed

in the desréeﬁtp@ﬁallszbyl&hxbﬂgtﬂgaﬂﬁo“%égPsa&§ndbép8ﬁ$g gyt gi,de the
carrier e n 10 ra Eflectlon fixation ? exa | e be

carried ou?gﬁ?in%eYﬁﬂeﬁ raﬁl ?ypéﬁFgﬂdlWﬁlﬁ%nﬂPﬁeMﬁFEhcﬁ§ RBunted on the

Carri eR5 effected by means of fluid pressure.

The object of the invention is to provide a device of
the kind as described above which is provided with a
phase shifter, wherein said phase shifter can be

30 controlled in a simple and adequate manner, and wherein
said phase shifter is reliable and of simple
construction.

In order to accomplish that objective, the device is
35 provided with a phase shifter comprising a differential
which is provided with three interconnected, rotatable

parts, wherein rotation of one part results in rotation



tn the device according to the aforesaid EP-A-0 524 056, 15 the two gears
of the phase shifter rotate in the sanme direction. In the above-described
‘device, the two gears of the phase shifter rotate in opposite directions.
This does not conplicate matters as regards the drive of the t%@ 9&68 of
“eccentric wheels, since the direction in 20 which the eccentri PI? 2

rot at abl e \Mfeelmtrhmat;mfmomcbf rﬁduertﬂﬂqé)fl pd¥e eneiat £ Oy of
—rectlllnear'wéﬁegféggr Qﬁtherlg erred enbodi nent, the dpfferentlal 25
Conpri ses planet ary geaerrfqﬁfga ‘?e'n‘fgl YA Witk the ef kBT i er and
a pl anet gemtabehileh prier mzfameaulgh/ts,otaatdatﬂ}ﬁa rsaéc&ind/q)ahﬁt esthwiptder . The
advant age qf i td i Sy ' is. .t |t h |imted dimension
in axial dlq'rsegzq'trfj érfle‘;&%l \/{ﬁgaccliéq v?l E:]%lé sﬁf‘h NI q’y”"@ﬁ fR3Ent?al is the
fact that Wedwhife emd H@“—%Jﬂs tihe l@@matsttcaxalormgqtme amm hetriypdr t s
wi 1 al way pafrdt atel ctimididd %r@trél%@v@%téﬁ%ﬁ% ﬁ@g% c#f;\%&eear s of
oweve i's ditT et

t he phase %plfter ha different_dianeters ence in

rotational “¥edP@PHE Fidshhhaishts: Shah 2 menhaniank the two gears

][ot ate at tdl;ifaﬁnmtpem fle et ll\tféel(ﬁhta/ tridd 2HD Hey Eragcftef ay, t Ee
irst part i ential s t un _ge e second part is the

satellite (‘:"glr rc}he‘r% Htd %n thi't (‘anegr % }Iﬁ’f’gi pﬂ“ﬁ’r‘f’é{] h #R_ gear

can be %ng&@@@bflﬁomfomcttaqmmgebw S0 s itadf aogeryi b eﬁfla:ferﬁi atridnary

posi tion, W&'l'l%tbl%”?na%fnetrhe T, %e(ﬂe%o?{] %E)%a%%ste e Iffepean be fixed on

t he central oaxi al_ shaft to sun gear. I'n ano her preferred

embodi ment Mechandicads didifee %tlﬁ‘é Fendier avsest iia & §tmper1mm@nf gear, the

second parblh@lbhﬁla&@b&l lin @ @Maldee oA M & drhial &A%l 1iny; (R 1N gear,
which sun gear is fixedly nounted on the coaxial shaft, about vJ\7m ch shaft

the satellite carrier and the planet gear can rotate. The phase shift of
t he weilght Focamell meehelny chdkdififacenty alobat kophaiket ke igerlr glg shaft, in

Lhe sane TBIE o88aISsOLRd bl 8. oThe A RUSIL LGN Lctherpre rolates (0 a

met hod for driving an object round by Vi renoving it
20 therefr GﬁFumﬁngafi@Pé’uPQﬂ'— depil| wigh sihfeeftlngl Piodgctwhdmngion tm d object is

fixed to agybbnati Bacdewiser wivhi eBid tokphceieantric pair of weights and
a second eccentric pair of weights are rotated, wherein the rotational

positions of the pairs of the weights are adj usted 25 rel ative to each
ot her 0 nBaafepfbayphahe shirbeeparvBebgbyhsaidrpbasatrshif ek COWD” ses a

wher i n' 1ol STRGRLDY SREeEEPLE slune sV EB pArR o B Fanat R P aglr tor o bol

wherein rotation of one reésu of both
‘ot her part§aldnﬁaﬁh§r€pmp§astBG geaatwhmah pesiihi meshswadhusat gdaky
rotating psttapbraatdpdi-tferential, whilst each of the other two parts is
in drivable contact mnth an eccentric pair of weights. Further aspects,

whi ch can be used separately as well as 35 in conbination with each other,

are deg6ribedohy peafiereédt smbeghedhtpntReandrdef kpadtha sheoskai Ns.

part of the differential are coaxially rotatable conical
gears whose teeth extend towards each other, and the
third part is a coaxially rotatable carrier which
carries one or more radially extending, relative to its

30 axis of rotation, conical gears, wherein each of the
latter conical gears is in mesh with both former conical
gears. This is a type of differential which is also used
in the rear axle of vehicles for driving the two rear
wheels thereof.

35
Preferably, said carrier is fixedly mounted on a coaxial
shaft, on which shaft said two former conical gears are



6 29/ 07/ 2002 I'n order to explain the invention nore fully, three
enbodi nents of a device for putting objects into the ground by vibration
W Il now be described with reference to the drawings. 5 Figure 1 is a

schematic to the prior art; Figure 2 ig a sectional 1; 10 Figg&ﬁ ?”ﬁﬂ@*ﬁ a
first Figure 4 shows a second Figures 5 and 6 shows a side vi 8

devi ce accmbdhﬂgdvhawaahangekiwhlbh-hulbwstgakeaénhodbn&bh ofanidhe

Lnvent i on:  £IBOdRAL: AR i geenadget Hheaf Luies aue rBrely

schemati c repr I'n c arts -are i1 ndi cated by
t he sane nuherabstrﬁigaDGX1a§hsh@fa fmhss makesoﬁtepoeﬁnbﬂeatby rot at abl e

Wi ght s 1 cgne@51ehl BRaBeS8RORd BRI Lnobifgsent pheghby <Al akakall e

wei ghts 3, Each o eccentric wei ght 3, 'S nounted on a
gear 5, %, 7, 8, wherein the gears 5, 6, 7, 8 of each palr of weights are

in nmesh m%th Qﬁ@ﬁh@khpFefEBQeﬂebﬂbbﬁlﬁeﬁgu agéa ﬁarQ?@& Ral r rotatg_ln 4
opposite dir s relative to ea ot her t herefo as i s indicate
by means of©° ?ﬁﬁagiyowgunéﬁéupg Fad oﬁgnFﬁélhyﬁpﬁﬁﬁﬁg ﬁéﬁéF 10 f or
driving theheccerriee wei ghked whlchendEGnsedrpoe&tﬁonnbyefthngh a gear 5,

7 of an ecﬁﬁghé'ﬁhﬂ@hggke ?1§E§S%§r8u9ﬁ1§e39 EQ%EW% Ul qits 2, 4 are

each in mes ase s ears c0|nC|de in
the vi W acédiélnélrécFﬂgnreSEldlleEFPObemaMpipén?Xﬁmﬁﬂ eén gears 7.1, 12

of the phaéﬁr??eé“bﬁtebyah6v5h§eﬁ|%aHEE?&?OEREEh@@ngtBﬁnhwg budeaul ic
nmotors 9, 10 wll tate the eCcentric weights 1, 27 3, 4 in such a nmanner

that the dé@l@@uPEe af8efheocRrEriste 29/ 07/ 2002 rectilinearly in
vertical direction, that is, fron1top to bottomin Figure 1. In the

5L 2 oRgPERL 80 8L BAECERRED( £ pUEL Rephg, ESHLL! .Yt w1
15 the two gears of the phase shlfter rotate in the same
direction. In the above-described device, the two gears
of the phase shifter rotate in opposite directions. This
does not complicate matters as regards the drive of the
two pairs of eccentric wheels, since the direction in
20 which the eccentrically rotatable wheels rotate has no
influence on the generation of the rectilinear

vibration.

In another preferred embodiment, the differential

25 comprises planetary gearing comprising a sun gear, a
satellite carrier and a planet gear, which are coaxially
rotatable relative to each other. The advantage of a
differential of this kind is that it has a limited
dimension in axial direction. One drawback of such a

30 planetary differential is the fact that when one of the
parts is kept stationary, the two other parts will
always rotate at different rotational speeds. When the
two gears of the phase shifter have different diameters,
however, this difference in rotational speed can be

35 compensated in such a manner that the two gears rotate at
the same peripheral velocity.



‘5 eccentric weights, at |east when the rotational speed of all weights is
equal . By changing the rotational position of weights 1, 2 of the first
*pair relative to the rotational position of the weights 3, 4 of the second
pair, the vibration being inposed on thge device 10 will be at&gpg?hgf

" whereby there will no longer be resulting vibration once the %3
position obreﬁerablyhethd It reft @GQ&nbEimhmEﬁgEE$rh@&lbﬂeﬁjiUﬂﬂﬁd t hr ough
.180 in co It n.as O%ﬂll ur changlng
of the ro?gg % pos |%%d% dyghé%sﬁgkgih eg%et é%g%b ﬁ% Vi bration
of one of the phird pRrEcdentthiec plaingitt getam amh@eptl@mettegaalxewap»au ris
effect ed Dyped opRagRes tilbhfloukd dehivelerehRnaes dhed dledly arali?Q position of

the two gears 1 12 relative to each“other. Figure ™2 is sectiona

vi ew of T h8tasirearywresditd othe WHdsE smef ofr tb@ Edep Giesiniy chhéhtev\o gears
11,12 to bgnhdseMehadted! by el & igeh ot ke icentehRanbidsedilan igndiseat ed by
means of a_chai dotlggxllne The mhole i's present within a housi ng 14,

whi ch housFﬁgeE The &8 §9n 95¥Tect which is to be vibrated. 30 Figures
1 and 2 show a device as known fron1EP—A—0 524 056, wherein the two gears
11, 12 of a itt di a I He sane
dlrectlon Egh?§0%ﬂe& P&F#%r?§§§eﬁﬂﬁ¥ﬁﬂg5ﬁﬂee%5%lEggggtg%'engg%?hents of the
i nvent il¢h. dififewentiipdt ignghenelapethigearenttdei mesondrbgmte 1% & Fi gures
5 6, respgatttemllx)a E:B%xil‘éﬁ} @8Rl $hil thliZObaphase el e tRap0tate in
opposite dIL i ons, t hat a Si uatlon IS 8 29/07/2002 O%p?'nEd wher ei n
gears 7, 8Whi¥ rSPQtSePH % § URHEEh OFs tigdicoardd i fhures 1, 2
by an arr OWbbhltUSthi@he@hlalftC Itaxuensdmteuadtlel Regrith and kel @leeeti on of
rotation has nocconse% gHceg, as regprd he %I% atlngﬁ%Feffect of the

devi ce, howedéar S TPhE *Sec ﬁﬁ gﬁﬁ &i Yo G M gure 4), the
rot at i drfal thperebbyotageaplate dynaotaidonamd adet kentaadt istiadlt ,speed of gear
12 of the phaseaall fhfhe ol el linapoBRrasaled by Using gears 11, 12

havi ng d|f erent dianeters, so that the peripheral velocity of said gears
11, 12 will be the sane for both gears. As a result of, the position of
phase shi f e lﬁv\éfnlt'lo&' lfgm:llﬂérdiofx%erreflba@st e BOSiekhod &@xslammlg Fi gures
1 and 2, so th% rs 11 nﬁﬁ haV| i.fferent dianeters wl
correctly RBsRP4E e §rop ?Ypéﬁ Rei Ght £EMRVGHge 18
schenauunathyreﬁmmm alph@aetahuﬂberaw@udh ox pheetd@dlwmgh sherefier enti a
conprising e s ;20 i a Y, a 2 first part
provi ded w E& Sbg%F%aﬁ% f@ﬁb W%.%@b&%tﬁkg ge%ch i %T? 2 Second part
provi ded wEihsk @Qﬁﬁ@ﬁlrlg!e@ﬁlzloﬁl wed ghg sgead §283§@@daeph=ﬁmrp§rt

conSIstlnggaﬁrao@uwhggh@% QQ@'Qétag%@rsw%%reWB'QheaE%tbﬂlgﬁiﬁ with the
aforesai d coni cal . gears 20, 21 conlcalagﬁars 23 are rotatable

about shaf999251°%ﬁ|8ﬁ & eﬁalﬁérBén&h@u”&ﬂgyt?anﬁe ypteds apout which
the thrze pailhsiok tbeedichf etdrti by e@ansobdt e. pRasknshii€teahodi nent of

Fi gure 3, r I n f o] her with
gear 11, b%ﬁﬁgéﬁg gggd éggP%n %% %§n§°§§§3§%%23 giggFge%%Fn?I&%%ng

rot at abl y #supresidedt Wetbaﬁhrgleaﬂnt%cwnmansl,oﬂrou;eaabﬂg parteoni cal
gears 23 aifekben! yorakabable e&aeBga%*aa&tes%itswehcQoéae&bn' ¢ i xedly

mount ed on shaft ar ent when shaft 25 is kept in a
another part or of both other parts, and wherein said

30 rotational position is adjusted by rotating part of said
differential, whilst each of the other two parts is in
drivable contact with an eccentric pair of weights.

Further aspects, which can be used separately as well as
35 in combination with each other, are described by means
of two embodiments and defined in the claims.



9 29/07/2002 fixed position, gears 11 20 on the one hand and gears 12, 21
on the other hand will rotate at the sane speed, albeit in opposite
directions, at all times. By nmeans of this phase shifter, the weights 1, 2
which are shown in 5 Figure 1 will rotage as indicated by the arraows, and
wei ghts 3, 4 and hydraulic notor 10, as well as gear 11 in Fi g&P©O7H20Q2) |
rotate in the adidesctticorexpih hattdte yndiet B apsravhi€in vy echideistrated in

dash lines. ' t ' shaft. 25 i.s. rotatabl unted in
housi ng 14 e(ﬁcﬁ‘g%%.cr}gf bé;. %%gofo%é;%%ﬂég Z%bjﬁﬁ%tjr%thgo&%haft 25, and
thus of sh&oingh by widwatalonyenrlkl 28w e | deddeidied witdngee Bérémee phase of
the vi brat iten gHeo@GREAdYs first pair of weights 1, 2 15 relative to the
vibratiq% produced by the second pair of weights 3, 4. The intensity of the
vi bration of the device can therefore be controlled by rotating shaft 25,
whi ch rot atFfligurean tiake: plaRandt M i deGatdw b O U dﬁﬁf&@ia[wc#h'ﬁggr
exanpl e bytLjEFEn%r%Q%f%,%é with a gear 20 which can be rotate thr ugh a
particul ar angle. It 1's 4150 possible to effect a change in the rotational
posi tion ofighakt @ 244 w tsedthenadniviaw gdargy Adren | -dif fiaf gntgymnner .

Thus, saidjshafts can be nounted on 25 shafts 25 via a bearing, wherein one
of the shafts 24 is |engthened, so that said shaft 24 can be held in

posi ti off af1gupsr 8i &ews 2o &dtisen embiesl imendt iadhathepdsivteranicid and t hus t he
phase shifFigagebe edBiWsOll addoncRamNhdnte logation of said shaft 24. 30
Figure 4 shows_a_secon nmbodi nent, wherein the phase shifter is provided
with a diffePeftfa @8%p%i§$ﬁ spPaﬁ@F&F& 1H§ntThe central shaft 25 in
this enbodinment is |ikew se rotatably nmounted in housing 14 35 by neans of
bearings 2 : o] a| tr shaf.t 25 is th yn gear 30 of the

pl anet ar ggﬁr?ggpggﬁngéga@g§%ﬁ?ss%#eW@gﬁchFPIESﬁaﬁﬁzﬂo rsatellite gears
31, whiléh Whepe}D, gprreeroadangopatsbl wrsuppditadednbgeshel 2ahy neans of
beari ngs 3Bum&ealgl?2 is rotatably nmounted on shaft 25 by nmeans of bearings
27. 5 CGears 31 are on the other hand in nesh with planet gear 33 of the

pl anetary gearing, which planet gear 33 is nmounted on gear 11. Gear 11 is

rotatably mbgutedioshewafh 25rBy pRARSOEf ebEBHLPYEaZ0y 1Bthiaphk! be
appar ent t@g{gﬁggnlshgft 25 ciir%éng gear éo IS kegt in a stationary
position, and>gear 122" whPcKStor heesatel PRLE €4ar PPEPREFiCRE1Pl anetary
geari ng0 isotatabbe, wpights Bea#.3BaahdofesaidlevbbhtrotaieiyAtkhe sane

direction,jalpeit af g eed. T iamegers 15 of . the,gears 11 and 12
have been so selected %ﬁ@%géﬁéggggrg g%?glg’m%rl§ro atghﬁfeiﬂetéﬁne
peri pher al 952¥®c? t yo whén &hafte2shjpakepefsvaigbhar greAsnameshul t, they

wi Il intereprinesich hetpait sTRE Wwelghts 1, 2; 3, 4 LB nner that all
wei ght s vM%#Erotate at t g b I{ lé pogsiﬁggﬁtﬁgggby to effect

e g he sa&e sgeed. 2 e

a phase shiTr®of PhePRPBPLET ALTAFERORE FRLALLEY B9 eaehipEBerpair of
wei ght 851, tirerefere veasd ol hindi tutéd oy Wieshs | 6F prledugegohy . t he second pair
of weights 3, 4 by rotating shaft 25 through a particul ar angle.

Figure 1 shows two hydraulic motors 9, 10 for driving

the eccentric weights, which motors are each in mesh

with a gear 5, 7 of an eccentric weight 1, 3. Gears 6, 8

30 of eccentric weights 2, 4 are each in mesh with a gear
11, 12 of a phase shifter, which gears coincide in the
view according to Figure 1.

It will be apparent that when gears 11, 12 of the phase
35 shifter are fixedly interconnected, the two hydraulic

motors 9, 10 will rotate the eccentric weights 1, 2, 3,

4 in such a manner that the device is caused to vibrate



25 Figures 5 and 6 show a third enbodi nent of the phase shifter 13. Also in
this enbodi nent a central shaft 25 is supported in a housing 14 by neans of
bearings 28. A carrier 47 is fixedly nounted on central shaft 25, which 30
carrier conprises to disc-shaped pl ates; between which gears 43, 44 45 46
are mounted, which gears are supported in said two plates by n%%/ 8
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enbodi ment S guﬁﬁg I"ar position of shaft 25 thus determ nes the relative
rotati drfal position of the pairs of eccentrlcally rot atabl e weights 1, 2,
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phase shifter 13, which changes the rotational
20 position of the two gears 11 and 12 relative to each

other.

Figure 2 is a sectional view of the device, wherein the
phase shifter 13 comprising the two gears 11,12 to be

25 moved relative to each other is schematically indicated
by means of a chain-dotted line. The whole is present
within a housing 14, which housing can be fixed to an
object which is to be vibrated.

30 Figures 1 and 2 show a device as known from EP-A-0 524
056, wherein the two gears 11, 12 of phase shifter 13
have the same diameter and rotate in the same direction.
This is not the case in the three illustrated
embodiments of the invention. 1In the first and the

35 third embodiment (Figure 3 and Figures 5, 6,
respectively) the two gears 11, 12 of phase shifter 13
rotate in opposite directions, so that a situation is
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Figure 3 schematically shows a phase shifter which is
provided with a differential comprising three parts

20 which rotate relative to each other, a first part
provided with a conical gear 20, which is fixed to gear
11, a second part provided with a conical gear 21 fixed
to gear 12, and a third part congisting of a number of
conical gears 23, which are in mesh with the aforesaid

25 two conical gears 20, 21, which conical gears 23 are
rotatable about shafts 24, which extend perpendicularly
to the shaft 25 about which the three parts of the
differential can rotate.

30 In the embodiment of Figure 3, conical gear 20 is
rotatably mounted on shaft 25, together with gear 11, by
means of a bearing 26, and gears 12, 21 are jointly and
rotatably mounted on the same shaft 25 by means of
bearing 27. Conical gears 23 are freely rotatable on

35 shaft 24, which shaft isg fixedly mounted on shaft 25.

It will be apparent that when shaft 25 is kept in a



14 towards each other, and the third part is a 29/07/2002 coaxially
rotatable carrier (24) which carries one or nore radially extending,
relative to its axis of rotation, conical gears (23) wherein each of the 5
| atter conical gears is in nmesh with bgth forner conical geara%ﬁ%,%&éz 4.
A device according to claim3, characterized in that said carr S
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(33; 41, 42) thehbghowse whadk Aldey iNdidfralited dmldagh t1laeach other. 7. A
device according to claim6, characterized in 30 that the first part of the

differential is a sun gear (30), the second part is the satellite carrier
(12) arub t hecbididgpant Rigulree 3p| amelf tgedr i(SBIptatabAydadutearder ding to
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pl anet gear e secon art % € carTie ®he third part is
a sun gear Rp8@frion 0f5$®9ﬁ@72§002nWh¢@WSs@¢ @@@ﬁt@8®ﬂ|Qf1ﬁqnyﬂa¢ mount ed on

a coaxial shath 63%) yiahoueeicch Piakine 23 U Qi 1Y ck?) and sai d

pl anet geaf . (33) .can rotate.. 5 9. A device accor to claim®6
char act er | Yé8TR% iPRaPTOREcEd by §ﬁasﬁh@a§éb§ﬁdwﬁéﬂp- lsai?d differential
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device can therefore be controlled by rotating shaft 25,

which rotation can take place from a location outside

housing 14, for example by fitting shaft 25 with a gear

20 which can be rotated through a particular angle.

It is also possible to effect a change in the rotational
position of shafts 24 with the conical gears 23 in a
different manner. Thus, said shafts can be mounted on

25 sghafts 25 via a bearing, wherein one of the shafts 24 is
lengthened, so that said shaft 24 can be held in
position at a particular location. The rotational
pogition 24 and thus the phase shift can be controlled
by changing the location of said shaft 24.

30
Figure 4 shows a second embodiment, wherein the phase
shifter is provided with a differential comprising
planetary gearing. The central shaft 25 in this
embodiment is likewise rotatably mounted in housing 14

35 by means of bearings 28. Mounted on said central shaft
25 is the sun gear 30 of the planetary gearing. Sun gear
30 is in mesh with a number of satellite gears 31, which
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1, 2 relative to the vibration which is produced by the

") - 11,%
1og)w%iéh is produced by the first pair of weights

second pair of weights 3, 4 by rotating shaft 25 through
a particular angle.

25
Figures 5 and 6 show a third embodiment of the phase
shifter 13. Also in this embodiment a central shaft 25
is supported in a housing 14 by means of bearings 28. A
carrier 47 is fixedly mounted on central shaft 25, which

30 carrier comprises to disc-shaped plates, between which
gears 43, 44, 45, 46 are mounted, which gears are
gsupported in said two plates by means of bearings 48.
Figure 6 schematically illustrates carrier 47 and shows
that gears 43, 44 as well as gears 45, 46 are in mesh

35 with each other, which enables them to rotate in the
direction indicated by the arrows.
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According to Figure 6, carrier 47 is furthermore

provided with connecting elements 49, which are secured
to both plates by means of bolts 50.

5 In Figure 5 gears 43 and 45 are shown for the sake of
clarity, in reality, however, said gears are not
disposed opposite each other (see Figure 6).

Gears 43, 44, 45, 46 are satellite gears, which are

10 surrounded by two planet gears, namely the internal
gears 41, 42, which are rotatably supported on shaft 25
by means of bearings 26, 27. Internal gear 41 is in mesh
with gears 44 and 45 and internal gear 42 is in mesh
with gears 43 and 46. It will be apparent that when

15 carrier 47 is kept stationary, internal gears 41 and 42
will rotate at the same speed in opposite directions.
Since gears 11 and 12 are integrally connected to
internal gears 41 and 42, regpectively, gears 11 and 12
will likewise rotate at the same speed in opposite

20 directions when carrier 47, or shaft 25, is kept

stationary.

By rotating central shaft 25 through a particular angle,
a difference in speed between gears 11 and 12 is created
25 temporarily, so that a phase shift will take place.

In the above embodiments, the angular position of shaft
25 thus determines the relative rotational position of
the pairs of eccentrically rotatable weights 1, 2, 3, 4,

30 as a result of which the desired intensity of vibration
of the device can be adjusted by changing the angular
position of the device.

It will be apparent that one motor 9, 10 (Figure 1)

35 already suffices for driving the device. Figure 1,
however, shows an embodiment comprising two hydraulic
motors, which increases the power of the device. If only
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therefore, when two hydraulic motors 9, 10 are used.
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’ 5 pile or sheet piling, which device comprises a first
pair of eccentrically rotatable weights (1,2) and a
second pair of eccentrically rotatable weights (3,
4), wherein the two weights of each pair rotate in
opposite directions, thus producing vibration
10 substantially in one direction, which pairs of
weights (1,2;3,4) are interconnected by a phase
gshifter (13) which is capable of adjusting the
rotational position of the pairs of weights
(1,2;3,4) relative to each other, characterized in
15 that the device is provided with a phase shifter
(13) comprising a differential which is provided
with three interconnected, rotatable parts, wherein
rotation of one part results in rotation of another
part or of both other parts, the first part of which
20 differential is in drivable contact with the first
rotatable pair of weights (1,2), and the second part
of which is in drivable contact with the second
rotatable pair of weights (3,4), and wherein the
rotational position of the third part determines the
25 relative rotational position of the two rotatable
pairs of weights (1,2;3,4).

2. A device according to claim 1, characterized in that
the three parts of the differential are coaxially
30 rotatable relative to each other, and in that each
of said parte comprises a gear (21,11,23) which is
in mesh with a gear (21,11,23) of another part.

3. A device according to any one of the preceding
35 claims, characterized in that the first and the
second part of the differential are coaxially
rotatable conical gears (21,20) whose teeth extend
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4. A device according to claim 3, characterized in
that said carrier (24) is fixedly mounted on a
10 coaxial shaft (25), on which shaft said two former
conical gears (21,20) are mounted in a manner which
allows coaxial rotation, and wherein the phase shift
can be adjusted by rotation of the central coaxial
shaft (25).
15
5. A device according to claim 3, characterized in
that said carrier (24) is rotatable about a coaxial
shaft (25), about which at least one of said former
conical gears (21,20) is rotatable, and in that
20 means are present for controlling the angular

displacement of the carrier (24).

6. A device according to any one of the claims 1 or 2,
characterized in that said differential comprises
25 planetary gearing comprising a satellite carrier
(12;47) and a planet gear (33;41,42), which are
coaxially rotatable relative to each other.

7. A device according to claim 6, characterized in

30 that the first part of the differential is a sun
gear (30), the second part is the satellite carrier

(12) and the third part is the planet gear (33).

8. A device according to claim 6, characterized in
35 that the first part of the differential is the
planet gear, the second part is the satellite
carrier and the third part is a sun gear (30),
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shaft (25) and which forms part of the third part
of the differential.

15 10. A method for driving an object into the ground by
vibration, or removing it therefrom, in particular a
pile or sheet piling, wherein said object is fixed
to a vibrating device in which a first eccentric
pair of weights (1,2) and a second eccentric pair of

20 weights (3,4) are rotated, wherein the rotational
positions of the pairs of the weights (1,2;3,4) are
adjusted relative to each other by means of a phase
ghifter (13), characterized in that said phase
shifter (13) comprises a differential which is

25 provided with three interconnected, rotatable parts,
wherein rotation of one part results in rotation of
another part or of both other parts, and wherein
said rotational position is adjusted by rotating
part of said differential, whilst each of the other

30 two parts is in drivable contact with an eccentric
pair of weights (1,2;3,4).



