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DESCRI PTION The invention relates to a drive device
wo or04aei)785t i Nng an operating el enent for a val VECT/BP2003/009696
throttle, a blow out preventer (BOP) or the like, in
particular in the field of gas and oil exploitation
and/ or production, the operating el enent being
actively connected to at | east one driving notor via
a drive train, and at ﬁb(ﬂﬂﬁc dransm ssi on changi ng
unit being arranged |n the drive train for converting
a revolution of the driving notor into a revolution
of the operating el ene g‘?olg revol ution/linear
noti on converter bei ngrﬂéﬁﬁg g Qﬁ‘ or converting the
revolution of the driving notor into a |linear notion
of the operating elenent. Such a drive device is
known, for exanple, fromthe DE 200 18 561. The drive
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aving corresp Ingly large

operdiimgalememns. for offering the correspondi ng power are
enpl oyed. Therefore, the drive device becones
relatively bulky and difficult to handle in particular
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be noted that the correspondi ng drive devices
servepfaradiustipg havsolatingssiemepl as eperating skeneant étla inayepulgerekenter
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shoul d be noted that one has to take into account the

an elgetiic AIving Hptasif mtroduced into the drive train by a worm wheel and

converted into a linear motion of the operating element by a ball screw as

revolution/linear motion converter.

Normally, for adjusting the operating element, great forces are necessary, so that a
plurality of driving motors optionally having correspondingly large dimensions for
offering the corresponding power are employed. Therefore, the drive device becomes
relatively bulky and difficult to handle in particular in applications in gas or oil production.
it should be noted that the corresponding drive devices optionally have to be replaced
or serviced underneath sea level or even on the ocean bed by telecontrolled vehicles or
manually, which is time-consuming and expensive with bulky drive devices.

Furthermore, it should be noted that one has to take into account the heat development
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| arge driving notors, in some cases necessitating
wa@e@anai78s cool i ng devices for the drive devi CBCT/BrEN3/009696

if they are arranged underwater. It is therefore an

object of the invention to inprove a drive device of

the type mentioned in the beginning in that the sanme

has a very conpact design while offering a high
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distribution within the drive device
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generated thernal |osses are unnecessary. This object
is achieved by the features of claim 1. The invention
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conpact design. Due to the driving notors being

In order to correspondingly connect the plurality of driving motors with the drive train, at

least one essentially disk- or wheel-shaped revolution introducing device is provided

which is actively connected with at least two drive shafts rotated by separate driving

motors.

That means that instead of a large high-performance motor driving a disk- or wheel-
shaped revolution introducing device, the same is driven by two drive shafts and by two
or more driving motors having a correspondingly lower performance and also a power
loss generating less heat.

The driving motors can be arranged relatively to the revolution introducing device such
that the drive device altogether has a compact design. Due to the driving motors being
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to the invention, clearances existing in the drive
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hitherto by the | arger high3 performance driving

notors. This makes superfl uous possible nodifications

in the construction of the drive devices, it having
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possibility of transmitting the revolution of the
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revolution introducing devices. In thls manner, at different places of the drive train, a
revolution is introduced by two drive shafts each.

A simple possibility of transmitting the revolution of the drive shafts to the revolution
introducing device can be seen in that the revolution introducing device is designed as
a worm wheel and one worm is arranged on each drive shaft. Depending on the design
of the corresponding external toothing, combinations of cylinder worm/globoid worm
wheel, enveloping worm/spur wheel or enveloping worm/globoid worm wheel are

possible.
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of cylinder worm gl oboid worm wheel, envel opi ng
woweriozEpss wheel or envel opi ng wornt gl oboi d woP@T/WPEE38/009696
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order to sinply nount and drive the correspondi ng

drive shafts, the wormcan be arranged essentially

centrically on a drive shaft driven at both sides by
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possi bly even reduce the structural volunme of the
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axial forces and in contradiction to the worm gear
pair there is a |linear

In order to form the drive device with a similarly compact design and a plurality of
employed driving motors having higher efficiencies and to possibly even reduce the
structural volume of the drive device, for forming a double helical gearing, the revolution
introducing device can be formed as helical gear spur wheel and a helical gear drive
wheel can be arranged on each drive shaft. Due to this double helical gearing, there are
in particular no axial forces and in contradiction to the worm gear pair there is a linear
contact between the corresponding teeth of spur wheel and drive wheel. Moreover,
such a double helical gearing has a high life expectance, a high reliability, a low wear
and a simple construction. The efficiency can be easily up to 85%.



contact between the corresponding teeth of spur wheel
and drive wheel. Mreover, such a double helical
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ring with an internal toothing. The second part is a flexible, cup-shaped shell with an

external toothing being engaged with the internal toothing of the fixed ring. The external

toothing of the shell and the internal toothing of the ring are engaged by means of the

third component, the wave generator, which deflects opposite areas of the flexible shell,

such that essentially only an engagement of the corresponding teeth is effected in these

deflected areas.

It is possible in particular with the double helical gearings to arrange the drive shaft in
paralle! to the longitudinal direction of the operating element.



It is possible in particular with the doubl e helical
gearings to arrange the drive shaft in parallel to
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case of the driving notors being arranged at only one
end of the drive shaft, the construction of the drive
device can be further sinplified if the drive shaft is
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ball nut, it is possible, for exanple, to convert the
revolution of the electronotors into a |linear notion
If a furher spieeg Iredustionar incseasenigtdesiied with dbhdriea devicafthe drive train

can FYBILH eI OB oot < ebiunia pAR B i R Repster-
dowth Beat mtedtswmre@in bEAB treVNBtidH InBY¥EICIN® BiEvigs | B\ecshBhing the
are used for sinultaneously rotati tg@/or driving the

rotatifgesrindle Qndlﬂé_f?rﬁ‘iﬂmu'at"@@)balé@%ﬁttﬁ pRpSI rf@h?’éﬁmﬁlﬁt fogienyert the
rovoltBp of Y 4LOImbBL IR 1SS nor! b £AREREBRRES S8 Hhdits

Ion can easl

combigatior etrotdtiog Wf&lrcblﬁtmg bai hatlTbaWdesmm&blelgnﬂiaeamotlon
wi th sprocket belts, chains or the |ike, which
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As according to the invention at least two or even more drive shafts are used for
simultaneously rotating or driving the operating element, a corresponding
synchronization of the revolution is advantageous. [t can be effected in different ways.
Synchronization can be easily realized, for example, by a mechanical coupling device
with sprocket belts, chains or the like, which forcibly couple the various drive shafts.
Another possibility of synchronization is that the driving motors designed as

electromotors are electrically synchronized, for example by a master-slave circuit.

In order to avoid that the drive device permits an automatic adjustment of the operating
element in case of a possible failure of the power supply of the corresponding driving



Anot her possibility of synchronization is that the

driving notors designed as electronotors are
web@aei7eml | y synchroni zed, for exanple by a PCT/EP2003/009696

master-slave circuit. In order to avoid that the drive

device permts an automati c adjustnent of the

operating elenent in case of a possible failure of
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worm gear pair. Wth respect to the double helical
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arrangenent, for exanple, to be arranged, in case of
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self-locking gear unit between rotating spindle and one of the drive shafts is sufficient.

Together with the mechanical coupling device, in a further embodiment of the invention
it is possible to dispense with a gear unit between rotating spindle and one or all of the
drive shafts, it being possible for the driving power to be transmitted in this connection
by the mechanical coupling device, i.e. the essentially disk- or wheel-shaped revolution
introducing device can be actively connected with the mechanical coupling device. In a
corresponding design of the mechanical coupling device, the same can correspondingly
also be self-braking or self-locking.



Together with the mechani cal coupling device, in a
further enbodi nent of the invention it is possible to
walc@poenses W th a gear unit between rotating spPeTER20831009696
one or all of the drive shafts, it being possible for
the driving power to be transmtted in this connection
by the nechani cal coupling device, i.e. the
essentially disk- or wheel -shaped revol ution
i ntroduci ng device can be actively connected with the
mechani cal coupling device. In a correspondi ng design
For refilizihgtheenbemdnicdl coopiprig dayiate vadeys embodimentsare possible. In one
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to the invention, the |ongitudinal section
corresponding to a section along line |l - | of Figure
inthg dr@viggse 2 shows a section along line Il - Il of
Figure 1, and Figure 3 shows a sinplified
representation of a second enbodi nent of the drive

Figure 1 shows a longitudinal section through an embodiment of a drive device 1
according to the invention, the longitudinal section corresponding to a
section along line [ - [ of Figure 2;

Figure 2 shows a section along line (I - Il of Figure 1, and

Figure 3 shows a simplified representation of a second embodiment of the drive
device according to the invention with double helical gearing.

Figure 1 shows a longitudinal section through an embodiment of a drive device 1

according to the invention.



devi ce according to the invention with doubl e helical
gearing. Figure 1 shows a |ongitudinal section through
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operating elenent 2 and a rotating spindle 27
connected to such an operating el enent, respectively,
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trlggerssaewurreaﬂpbydmmachwm ea¢h A®opeming andoknsing hesades chapges in the

thmt@f‘%ﬁﬁtﬂeq%eby udé% cg degrees towards the operating

ingly skewed fitting surfaces
32. These three f|tt| ng surfaces 32 and the

cross-sectional reduction facilitate an insertion of
The diive dryjee & has @gi asgentially clindsicalRaysing 3y theerpegsection "of which is
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see in particular Figure 2 and the further

to Flgmreouuntmnnpnsaepfor gxanpleotreirgtatisg spingile 27,r%§©%rdfartaml$9d@1 unit

20 bk B8 28 . i A R0 PPy 18 Bobil o or

wheé!xéh%t)bd r&cltioafrodvcing Hevise 8] &td W@Sfarthéredﬁmgacmeons to the
i on connection to a recircul atj ng bal |

nut
drivingBtoéers 4of, 8 Fnseedn paBicHlae Figswe 2andHke further embodiment
according to Figure 3.

With respect to the rotating spindle 27, it should be noted that in the represented
embodiment it is mounted rotatably but axially stationarily. It is also possible to produce
a motion connection to a recirculating ball nut instead of a motion connection to the
rotating spindle 27 with the step-down gear unit 28, the recirculating ball nut being
mounted rotatably, but axially stationarily, so that the rotating spindle 27 would be
correspondingly adjustable in the axial direction. Further possibilities, in particular for the
connection of the step-down gear unit 28 with a corresponding operating element 2, can

be considered.



rotating spindle 27 with the step-down gear unit 28,
the recirculating ball nut being nounted rotatably,
wheoio4@axi78d |y stationarily, so that the rotati nBCEpPIVS/@9696
27 woul d be correspondi nglly adjustable in the axial
direction. Further possibilities, in particular for
the connection of the step-down gear unit 28 with a
corresp?nding operating element 2, can be consi dered.
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o 1G85 o3 elor SN et B AR B e snel o
eng=RRARIMt ith the PRANASI tBethaTeeRhefixédenghel | i nto

engagenment with the internal toothing of the fixed
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wheel.- sk
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WOr s 18 Tare 1 n abut nent
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are ran orrespondi ng drive shaf
placdaf B WA Uasel 16 41 7 B edeagry ChbestoTdna e s, 0. 11.
t he device housing 31 via plvot beari ngs 33, 34.
Furthernore, a positioning sensor 26 is assigned to
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det egt .t.h Le dri '
a5 AR, 025 5 v
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operating el ement 2. Figure 2 correﬁgonds to aaéisectl on

worrambheg! 16,Tespectively; ang cm\(ﬁnfrlblnp ajefatien end inegnadlyRimsgt
respectively, of the operating element 2.
Figure 2 corresponds to a section along line Ii - Il of Figure 1, identical parts being

provided with identical reference numerals in this as well as in the other Figures and
reference being partially made to the respective other Figures for describing the
corresponding characterized parts.

In Figure 2 corresponding to a section along line Il - Il of Figure 1, one can see in
particular that two different drive shafts 10, 11 are arranged at both sides of the worm
wheel 16 and drive the same via corresponding worms 17, 18. Each of the drive shafts
10, 11 comprises driving motors 4, 7, and 8, 9, respectively, at their opposite ends 19,



provided with identical reference nunerals in this as
well as in the other Figures and reference being
w@aritioai78y nade to the respective ot her Fi gur eBCT/BP2003/009696
descri bing the correspondilthg characterized parts. In
Figure 2 corresponding to a section along line Il - 11
of Figure 1, one can see in particular that two
different drive shafts 10, 11 are arranged at both
Rl Hae
20. Oty afiachfito t Mg Rk NG chiy 1001 F e rotatanly
mourited ahdl eseeptrallyerﬁeghalwitmmamotn@haﬁs 7, and 8, 9,
respectively, at their opposite ends 19, WO
2004/ 020785 PCT/ EP2003/ 009696 11 20. Directly
Itis ai’éii FERie t¢t thd Qg sMAfROoB PbERtetlie adfdatify fEbRidrs ako.see the
1 are each rotatably nounted and essentially
furthemeregodiment aecardisgriofigureBafts. It is al so possible
for the drive shafts to be nmounted in a floating
fashion, also see the further enbodi nent according to

Itis fﬁl&l@éﬁﬂbr@ pobéibleSof fthBea snafessibel @rdrijedfwtitihare dri ve
shafts to be arranged which are correspondingly in

corragpendingly dn mation sanpestioniwith thevvarghabeel 116 ¢ ryrm wheel
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the various drive shafts, on the one hand, an
el ectrical synchronization of the electronotors 4, 7,
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ani c synchroni zati on o drive shafts 10, 11,
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icted s
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e essentially oriented perpendicular to
| ongi t udi nal dlrectlon 21 of the operatlng elenent 2

or the.rotatin s' A S
in g i Sniasap g (1oolies Tand 8 B aR B ot deb i ng
corrééboﬂdmgrﬂﬂ\ﬁefslh%ﬂs\ﬂo,eﬂ\fl are essentially oriented perpendicular to the
longitudinal direction 21 of the operating element 2 or the rotating spindle 27,

respectively.

In the further embodiment according to Figure 3 corresponding to a simplified view
according to Figure 1, the revolution introducing device 6 is designed as helical gear
spur wheel 22. Otherwise, the design of the drive train can be constructed analogously
to Figure 1.

The helical gear spur wheel 22 forms a part of a dually arranged double helical gearing
30, one double helical gearing 30 each being formed by a helical gear spur wheel 22
and a helical gear drive wheel 23 in engagement therewith. One of these drive wheels
23 each is actively connected with a corresponding drive shaft 12 or 13, respectively.



according to Figure 1, the revolution introducing
device 6 is designed as helical gear spur wheel 22.
wa@rdenm7s®, the design of the drive train can BEI/EP2003/009696

constructed anal ogously td2Figure 1. The helical gear
spur wheel 22 forns a part of a dually arranged doubl e
helical gearing 30, one double helical gearing 30
each being forned by a helical gear spur wheel 22 and
a helical gear drive wheel 23 in engagenent therewth.
One of these drive wheels 23 each is actively
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desi gned as harmonic drive 25is arranged. In this
genedatoms connectedaviihghe drive wheshdped shell is actively
connected with the respective drive shaft and the wave
generator is connected with the drive wheel 23. In the
In the BRBAUMTSHt a@Coairt mgrngmre%, tno, ¢ i8 possible to arasge dsrse bioer, or
to arrange three, ven nore drive shafts

ever e RN ANATAIN e RASF %Heﬁt'%H@e%ParP&HrE@?”%r&EﬂWl g spur
wheei P4'as 1406 loﬁﬁltﬁaPFlﬁé@ercb@ cbftk ﬁzﬁﬂdﬁr‘\ aﬂjﬁﬁvé?\ﬁ/héels 23 being

cprrespon rive mhee engaged
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spuruiiesls 1s5 5 kArelol o 6re e 28d Lo ARt HRamHif o i o
eventrhbﬁle?iri\férwh@%@n more drive wheels. It should be

finally noted that of course also a conbination of the

enbodi ments accordi ng to Figures 1, 2 or 3,
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acco@'le?lt@F a2 geRIregeciVelgcie Podsibl, o tifatgiwernd gaarepair
together for one drive train 3. The helj cal
accoaqhgg éo biouresel geadriesgestiyely, and a double helical gearing 30 according to
Figure 3 are employed together for one drive train 3. The helical angle of the gearing is

between 40° and 85°, preferably between 60° and 80°.

The assignment of two or even more driving motors, which are preferably designed as
electromotors, to each drive shaft permits a redundancy with respect to the motors and
furthermore the use of smaller electromotors having less power, the plurality of motors
generating the corresponding power for the adjustment of the operating element 2. The
various driving motors are distributed in the device housing 31, so that correspondingly
the generated lost heat in the housing is also distributed. This makes superfluous
separate cooling devices, and instead, the corresponding lost heat can be carried off

via the environment. With respect to the two employed gears, worm gear pair and



bet ween 40 and 85, preferably between 600 and 80. The
assi gnnent of two or even nore driving notors, which
wae@4peeier abl y desi gned as el ectronotors, toPEBEP2003/009696

drive shaft permts a redundancy with respect to the

notors and furthernore the use of smaller

el ectronotors having | ess power, the plurality of

notors generating the correspondi ng power for the
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13 doubl e helical gearing, it should be noted that

these are self-locking, so that an automatic rotation
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are engaged for form ng a mechani cal coupling device.
It is finally also possible that the coupling device
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and lical gearing in Figures 2 and 3

for
self-brakasl o seffrlocked ki such agearuniip élpp pther drive shafts. The transmission

can also be employed for the driving power, so that with a drive of only one of the drive
shafts directly by motors, the driving power can be transmitted to all other drive shafts

via the mechanical coupling device.

If the corresponding disk- or wheel-shaped revolution introducing device of the drive
train is directly actively connected with the mechanical coupling device, in a further
embodiment of the invention it is possible to completely dispense with the self-braking
or self-locking gear unit, so that the driving power can be transmitted to the rotating
spindle by the mechanical coupling device and the same is correspondingly designed to
offer at least a certain degree of self-braking and self-locking effects.



sel f-braked or self-1ocked by such a gear unit to the
ot her drive shafts. The transm ssion can al so be
weapkoyess f or the driving power, so that w th BCTEP2063/009696
of only one of the drive dhafts directly by notors,
the driving power can be transmtted to all other
drive shafts via the nechani cal coupling device. If
the correspondi ng di sk- or wheel -shaped revol ution
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gear%m AP ROPHGE or sel f-1ocking gear unit, so that the
driving power can be transmitted to the rotating
spi ndl e by the nmechani cal coupling device and the sane
is correspondingly designed to offer at |least a
certain degree of self-braking and self-I ocking
effects. WO 2004/ 020785 PCT/ EP2003/ 009696 14
Correspondi ng conbi nati ons of mechani cal coupling
devi ce, nunber of drive shafts, drive of the drive
shafts by one or a plurality of notors, arrangenent
and nunber of gear units are possible. WO 2004/ 020785
PCT/ EP2003/ 009696 15 Drive device CLAIMS 1 Drive
device (1) for adjusting an operating element (2) for
a valve, a throttle, a blowout preventor or the I|ike,
in particular in the field of gas or oil exploitation
and/ or production, the operating elenent (2) being
actively connected with at |east one driving notor
(4) via a drive train (3), and at |east one
transm ssion changing unit (5) being arranged in the
drive train (3) for converting a revolution of the
driving notor (4) into a revolution of the operating
el enent (2), and/or a revolution/linear notion
converter being arranged for converting



the revolution of the driving notor (4) into a linear
notion of the operating elenent (2), characterized in

WO bats/ordres dri ve train (3) conprises at | east OPET/EP2003/009696
essentially di sk- or wheel -1§haped revol uti on

i ntroduci ng device (6) actively connected with at

| east two drive shafts (10, 11, 12, 13) rotated by
separate driving notors (4, 7, 8, 9). 2. Drive device
according to claim1, characterized in that the
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external toothing (14) a[grﬂ%ég‘{}ggonnect ed at certain
pl aces with the drive shafts 0, 11, 12, 13) in the

peri pheral direction (15F|-e9f| e revol ution
i ntroduci ng device (6). 3. Drive device according to
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In particular in a detachable fashion:
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7. Drive device according to one of the preceding
cl ai wonnettad adthatieasttwndiveaghaftsHd0di 1./, éﬁ)afqtat@ﬂ@y separate

11) i r r dicularly to the | ongitudinal
di reﬁ'i ﬁg rﬁgt%fsdg;)%t gél)Oper ating element (2).

2. Drive device according to claim 1, characterized in that the revolution
introducing device (8) comprises an external toothing (14) actively connected
at certain places with the drive shafts (10, 11, 12, 13) in the peripheral

direction (15) of the revolution introducing device (6).

3. Drive device according to claim 1 or 2, characterized in that the revolution
introducing device (6) is designed as a worm wheel (16) and a worm (17, 18)
is arranged at each drive shaft (10, 11, 12, 13).

4. Drive device according to one of the preceding claims, characterized in that
the worm (17, 18) is arranged essentially centrically on a drive shaft (10, 11,
12, 13) driven by motors (4, 7, 8, 9) on both sides.



8. Drive device according to one of the preceding

clains, characterized in that for form ng a double
whedhoai7syeari ng (30), the revol ution introducP@mEP2003/009696

device (6) is designed as1a helical gear spur wheel

(22), and a helical gear drive wheel (23) is arranged

on each drive shaft (12, 13). 9. Drive device

according to one of the preceding clains,
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a so-called harnonic drive (25), is arranged as
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posi wdireafiaiy(23eaEte qresstingselement@d to t he revol ution
i ntroduci ng device (6). 14. Drive device according to
one of the preceding clains, characterized in that the
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9. Drive device according to one of the preceding claims, characterized in that
at least two driving motors (4, 7, 8, 9) are assigned to the drive shaft (12, 13)
at one end (19, 20).

10.  Drive device according to one of the preceding claims, characterized in that
between driving motors (4, 7, 8, 9) and the helical gear drive wheel (23), a
step-down gear unit (24), in particular a so-called harmonic drive (25), is
arranged as transmission changing unit (5).

11.  Drive device according to one of the preceding claims, characterized in that
the drive shaft (12, 13) is arranged in parallel to the longitudinal direction (21)
of the operating element (2).



device (35) with a sprocket belt, a chain (37) or the
like. 16. Drive device according to one of the
w@e@ameli7ay) cl ai ns, characterized in that the BCT/EPI0g3/009696
notors (4, 7, 8, 9) are eldttrically synchronized. 17.
Drive device according to one of the precedi ng cl ai s,
characterized in that the gears (30) consisting of
wor m wheel (16)/worm (17, 18) or helical gear spur

MeellZ?r(\/%Qae(vﬁl%l éé&@l"dug? & orﬁ’é bl @@édlrgg?zé’l)am?sr “t‘:haracterltz%d in that

sel f-Tockin devi ce "accor to one of
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angle (29) of the teeth of the double helical gearing
(30) is between 40 and 85, in particular between 60

£0d  §hiveldbvidd dcterdisy t&%@éﬂ%é‘iﬂr@ébduﬁg @laﬁn@fcﬁa'ﬁ@ctenzed in that
precedi ng clainms, characterized in that

essepesitloning @nsoo (26)tireassignethiedhe e@mh@ttqruntroducmg device (6).
i ntroduci ng device (6) is actively connected with the
mechani cal coupling device.

14.  Drive device according to one of the preceding claims, characterized in that
the drive train (3) comprises a rotating spindle (27) and/or a recirculating ball
nut and/or a step-down gear unit (28) downstream of the revolution

introducing device (6).

16.  Drive device according to one of the preceding claims, characterized in that
the drive shafts (10, 11, 12, 13) are synchronized by a mechanical coupling
device (35) with a sprocket belt, a chain (37) or the like.

16.  Drive device according to one of the preceding claims, characterized in that

the driving motors (4, 7, 8, 9) are electrically synchronized.

17.  Drive device according to one of the preceding claims, characterized in that
the gears (30) consisting of worm wheel (16)/worm (17, 18) or helical gear

spur wheel (22)/helical gear drive wheel (23) are self-locking.

18.  Drive device according to one of the preceding claims, characterized in that
a helical angle (29) of the teeth of the double helical gearing (30) is between
40° and 85°, in particular between 60° and 80°.

19.  Drive device according to one of the preceding claims, characterized in that
the essentially disk- or wheel-shaped revolution introducing device (6) is

actively connected with the mechanical coupling device.



