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pump is duvcn by thc electric motor. Thc components of the
electro-hydraulic compact drive arc located in a closed
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ELECTRO-HYDRAULIC COMPACT DRIVE
FOR ROTATIONAI. MOVEMENTS

llus application is a 35 U.S.C. 5 371 National Stage
Application of P(''/I IP2016/053903. filed on Itch 25, 2016,
which claims the beneht Of priority to Serial NC Dl: 102015
203 748.7. fled on Mar. 3, 2015 in Germany. the disclosures
of which are Incorporated herein by reference in their
entirety.

BA('KGROUNI)

The disclosure concerns a compact electrohydrauiic dove,
wluch is espccuilly bui not only for usc under water and for
Ihe rotauonal dnving of Bn output clement. such as a
pmpeller. a wheel, or a cable winch I'Or this, the compact
unit composes as its conlponents a hydraulic motor. having
an output shaft. a hydraulic pmnp. by which the hydmulic
motor can be supplied with a hydraulic fluid by B working
line. and an electric motor. by which the hydraulic pmnp can Io
be dnvcn.

For many Bcuvitms under waler ul colulcclion wllh the
extraction of fossil fuels such as oil and gas„ the mining of
nlineral resources, the natumi sciences. robotics with the aid
of remote operated vehicles (R0 V) or automated unde nva ter
vehicles (AUV), Infmstnicture programs, or renewable
energy, special machines and equipment with undenvater
sv'slcnis drc rcqUlrcxl, which cdn bc driven Bail controlled ln
lhc hdrsh cuvlronnlcul.

Many undenvater devices need to be outfitted with a io
controllable drive system or seveml controllable drive sys-
tenls. also known as thrusters Usually these thrusters have
a propeller as their output element. In particular, undenvater
robots such as ROVs or AUVs require a thruster or several
dtlustcrs, for example eight thrusters, ul order to make li
possible the ncmdcd mobihty ol'hc robot ul all stx dcgrims
ol'reedom.

1'he output element need not be a propeller Instead, a
wheel can also be the output element, which stands on the
sea bottom or is used to drive a chain. such as is the case v ith do

an underwater mining vehicle. Furthermore. the compact
dnt c can also dnve a cable winch, uscxl for posinomng of
ships or underwater devices. Extunples winch may bc men-
ntincd Itrt: nlilonng. Iay'ulg dnchors. coulpcnmltnl 1111 wtlvc
action. or stretching a chain under ivater

l)evices designed especially for operation lulder water
must function safely and reliably. The customary solution Is
to employ hydmulic motors to drive output elements, which
cml bc supplied with hydrauhc fluid with a collccnve
hydraulic pump across electrically acniaicd underwater o

1 alvcs. Such a device m known from GB 2 igl 040 A. If the
pump fails, the undenvater nibot or the undenvater device
cml no longer nlove and must be hauled to the surface at
once for repairs.

In order to compensate for the movements and currents of ss
lhc wdlcr. Bu iuulcrwatcl ihlvc fUrlhcnnon: lcqUucs
dyruunic control system. At llm same nmc, the drive should
worl with nunimal micrgy consumpnon at all limes. Tlu:sc
two requirements ofhigh dynamics and energy efficiency are
hard to achieve with the systems mentioned above. Iiurther- to
more, the requirements on functional safety become greater,
so as to be able to work safely even under complex condi-
uons ol'apphcatlon. For example, onc may mention herc for
funcuonal safi:ty a safi:ly rcduccd spccxl when approaching
an oblcct. si

An electrohydraulic drive which is designed for use under
water and In lvhich a hydmufic pmnp driven by an electric
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ulotor Bnd B hvdlmlhc 010101 Blc Iutcrconncclix! Bl d cltlsix!
hydraulic circuit is knotvn front I)li 29 24 364 Al 'Ihe
hydraulic motor drives a propeller, constituting the output
element. A total of tltlee electrohydrauhc dnves of the
mentioned kind are disposed on a piece ofmining equipment
and serve for the moving of the device under water or the
nlovulg of paris tlf lhc dcvlcc rchulvc to d dcvlcc fldnlc.

Thc problem winch the disclosure proposes to solve is io
ntodify an electrohydraulic drive which is provided for use
under water and which comprises as its componenrs a
hydraulic motor, having an output shaft, a hydrauhc pump,
by which the hydraulic motor can be supplied with a
hydraulic Ihlid by a working line. and an electric motor. by
which the hydrauhc pump can bc dnvcn, so that ii is
especially suitable for use under water

'I'his problenl is solved by a compact electnihydraulic
drive in v;hich the components are present in a closed
container filled with hydmulic fluid and the container has an
opening for coupling of the output shafi of the hydmulic
motor v,ith the output element. Tlnis, according to the
ihsclosurc. Ihc conlpacl clt:ctrohvdrBUhc ihlvo fornls B scll-
enclosed urul, whicl houses Ihc enure clcctnc motor,
hydraulic pump, and hydraulic motor layout 'I'he compact
drive combines the benefits of the high power density of the
hydraulics with a decentmliced direct electnc drive I iigh
reliability and safety are achieved. The handling of the drive
is easier. The electric motor. winch is coupled to the hydro-
static transmission filrmed by thc hydrauhc pump and thc
h)'drdUhc nloltlr, cdn bc d snlB11, light Bnd conlpdcl chccnlc
motor running at high rotary speed. Advantageously, the
electric motor has variable rotary speed contnil.

In order to achieve especially hiP dynamics of the drive,
the hydraulic pump is advanta cously adjustable in its ctrol e
volume. Preferably. the hydraulic motor is also adiustable in
ils stroke volume, so thai ihe dynamics and llm energy
efliclcncy of the climtrohydraulic dnve arc further cnhmlcixk

Advisixlly, an electrical control system for Ihc power
supply Of the electric motor is arranged In the container
Advantageously, the electrical control system is outfitted
with computing capacity and is programmed v ith algo-
rithms for the operation of the components„or is suitable to
being progmnuuctI with algorilluns Ibr thc opcranon of thc
conlponcnm.

II is advantageous if Ihc hydrauhc motor can also bc
opemted as a hydraulic plunp, the hydraulic pump can also
be operated as a hydmulic motor, and the electric motor
driven by the hydraulic pump working as a hydmulic motor
cml also be operated as a generator Then electrical ener y
can bc recovered, dnvml by a propeller or a wheel, and
stored fol hltcl consuulpnon hi il bttttcly. For lhls, Blgolllhnls
filr the rccovcry and storage of cncr y are ultegraicd in Ihe
electncal contml system

I'he compact drive may contain an electronic contml
module with built-in hinctionality for a dynamic positioning
control of a vehicle which is outfitted with the drive. The
control module can bc;m integral module ol'he clcctroluc
vcluclc control system.

Prcli:rably sensors are intcgratcd In thc compact cleciro-
hydraulic drive, especially sensors such as sensors for the
pressure in the hydrmdic circuit, for the rotary speed, for the
position. for the velocity, for the accelemtion. for the tem-
perature and for the condition, for example. for the dree of
contanulmtion of Ihc hydrauhc flunl and for ihe water depth,
especially nucroclcmlromcclmnicdl sensors (MEMS). By
monitoring lhe temperature, one can avonl Ihc dnvc from
faihng v hen Operating in an environment with extreme
temperatures, such as may prevail above the surface of the
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water. Wilh sensors, thc stroke volume of Ihe hydraulic units
can be detected. Likev ise, with sensors the rotary speed of
thc components can be dc(ected I'or an especially ood
control capability An algorithm can be implemented v ith
w luch Ihc output torque oi'hc hydraulic motor is finulcxt, so
as to avoid damaging the output eleinent. especially a
propeller. Likev, ise„an algorithm can be implemented with
which the pressure in the hydm&ulic circuit is increased in
order to free the propeller from an object which has gotten

I it
cmight in it.

ReguLating hinctions may be integrated for the automatic
compenwition for external disturblmccs such as, c, water
currents or opposing fi&rces when activating an actuator I'r
cxlunplc sclisorsiic Used lo tile lsUrc lllc BccclcrBlioils oil
the drives 'I'he pmpellers are then operated so that the forces
along the axis of orientation of the propeller are reduced as
nnich as possible by genem&ting opposing forces of equal
strength. Likewise„algorithms can be inte rated for cond&-

lioll nlontli1rliig, SUch as, foi CxlilllplC, il Coilllltlig Of OpCI- &Il

ating time or a monitoring of torque and vibration. Algo-
ritluns can be uttc~atcd Ibr maximizuig Ihc dynamics and
the efftcicncy.

A compact electrohydm&ulic drive according to the disclo-
sure advantageously has at least one conununications inter-
face fi&r exchanging data with or without cable.

Safety functions can be inte rated in the electronic control
system as closed regulation circuits.

Iii pBrlicUldr, Ilic Iollowiilg SBfclv Iiillcltons arc coilcclv-
able ii)

a) Safe torque off (S10) &vhen the electrical contml
system receives an emergency off command via the
conununicatlons interface, the electric motor and thus
also the hydmsufic pump and the hydraulic motor are
switched ofl (without power). Thc propeller will stop &1

after an unconlrollixl time and lm uncontrolled path.
b) Safe stop 1 and 2 (SS1 and SS2). when flie electrical

control system receives a particuhsr command (such as
SSI or SS2 messages) via the conunuiticatioits inter-
face. the electnc motor and thus also the hydraulic do

pump and the hydraulic motor are actuated so that the
propcllcr is ha itixl after a controlled maxunum lunc and
a controlled maxunum path.

c) Sdib maximum spccd (S MS), sufi: limited spccxl (SLS)
'I'he electrical control system regulates the rotary speed
of the propeller with corresponding sensors (such as
encoders) so that the rotary speed does not exceed the
maximum value dictated by the communications inter-
face. II'Ibis value is cxcccded, the clccuic motor will be
switched ofl'csidcs flm maxunum rotary speed, the 0

control system can regulate a temporary reduced veloc-
ity. ti&r example to make possible a certain sensitive
iuovement 'I'lus function enables. for example, a close
approach to an object.

d) Safe direction (SDI): when the electrical control system»
rcccives a conunand via thc conmiunicalions uilerfacc
to move safely ui a particular direction, this rotary
moicmcnt of thc propcllcr is monitored by mcaiw of a
sensor. If the wrong direction of rotation is indicated,
the electric motor is switched otf, ti&r example in order io
to niove out fmm a dangerous area.

e) Safe maxinulm torque (SMT): the torque of the pro-
peller is regula(cd by a corresponding sensor or corrc-
spondilig scllsors (foi cxalllplc. B plcssUrc set&sot Slid 11

stroke 1 olumc sensor). II lhc torque exceeds lhc maxi- ss
mum predeterniined value. the electric motor is
switched otf

f) Safe stopping system m Ihc onentauon of thc propcllcr
axis: the external forces actin on the dove are mea-
SUlcxi with dil dCCCICrdlton SCllSOr Biid li&C CICCtriC inolol
is actuated so tluil an opposing force is gcncratcd, so as
to maintain the positioit in this way If the acceleration
nevertheless exceeds the predeterniined value, another
safety function is activated„ for example, "safe direc-
tion of rotation*'r "safe disconnected torque*'. By
armsngin several difl'erently oriented compact drives
On an Underwater robot (such Bs AUV or ROV), thc
position oi thc robot in several dirccuons can bc
controlled and maintained by the conibination of this
function.

g) Safe comnnuiication (SOO) the transmission of safety-
relevant data, such as conunands or parameters via the
communications interface. is monitored with corre-
spondulg Iault recognition methods. If a Iiiult is rcc-
ogllizcd, thc clcclrlclll conlri11 s)'suclli illltidlcs B saic'lv
function, such as "safe disconnected torque".

I'he compact electmhydmsulic drive can have at least one
interface by v,luch hydraulic fluid can be replenished or
replaced under water.

Advantageously. electrical and mechanical interfaces of a
compact elcclrohydrdulic drive according to the disclosure
can be dixouplcd under water. Tlus makes it possible to
replace a compact drive ivith the help of a diver or a robot
(remotely operated vehicle or autononious underwater
vehicle).

Advisedly, the compact electrohydraulic drive has a filter
or several hydraulic tilters ivith or ivithout status sensors. for
example in order to prcvcnl excessive contamination of Ihc
hydraulic fluid with water or particles. Thc status sensors
can indicate ivhether a replacement of the hydraulic fluid is
necessary

i&or use at greater depths. the container of a compact
electrohydrauiic drive has a movable compensation piston,
which bounds the interior space of the container by a tirst
surface and is subtccscd to the ambient pressure al a sixond
surface, which is lust as large as lhc Iirst surface lmd onentcd
opposite to it If, for example. an additional fi&rce is exerted
on the compensation piston by a spnng in the direction of the
interior space of the container, the pressure in the container
v ill alvvays be somewhat lugher than on the outside. so that
no water can get in. By nu&nitoring the position of the
compensation piston, onc can idmitify a leakage of hydrauhc
fluid to thc outside.

A set of at least two compact electrohydraulic drives
according to the disclosure can be arranged on a device to be
nx&ved, v herein the movement of the device is realized by
operating of the compact eiectrohydmsutjc units m coordi-
nation v,ith each other. with or without an overarching
coiltrol s)'stein.

II' vcluclc is oullilled with several compact elcclrohy-
draulic drives according to the disclosure, i e. a set of
compact electrohydraulic drives according to the disclosure,
it is possible by an intelligent algoritlmt or regulation circuit
to compensate as much as possible for the failure of one
compact unit by the opemstjon of the other compact units.

l3RIIII& l)IIS('l(IPI'ION Oli 1111: DI(AWIN(rg

A sample embodiment of a compact electrohydmsulic
dove according k& Ihc disclosure. a scl oi eight compact
clcctrohydrauhc drives according Io the disclosure, and
various output possibilities arc prcsenlcd in the drawings.
1'he disclosure sliall noiv be explained more closely with the
aid of the figures of these draiviims
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lilt:0: drt: Shown.
FI(f. I, the sample embodiment as a drive for a propeller,
FI(b 2. a sel ol'ight compaci eloetrohydrauiic drives

accordmg lo lhc disclosure,
FI(ig 3it to 3d. various output possibilities, and
FI(i 4. the smnple embodiment as a drive for a cable

lvinch.

I3I!TAII,III& I)IIS('l(IPI1ON

From the compact electrohydraulic drive 10 in lil(i I,
only one electrical cable 11 leads to the sea surface or
another overarching electrical control system siniated under
water. Thc compact elcclrohydraulic dove comprises a con-
tainer 12 with au intemor space I closed ofl'bom thc
surmundinos, being tilled with a hydrmilic fluid as a working
medium.

'Ihe container is pressure-compensated by a compensa-
tion device 25 against the surrolulding pressure prevailing
under water. For this„a cover 17 is fastened to o flat ed e 15 zo

w lib d fldngc 16, surroundulg Bn opcnulg 14 ui lhc con!Baler
wall. and a mmnbrane 18 Is tightly clamped belv,een thc tlat
edge )5 and the cover 17 I ioles 19 are located in the cover
)7. so tlmt the space between membrane and cover is part of
the surroundings and is filled with seawater 'linis, thanks to
the membrane 18„ the interior space 13 is sealed ofl'rom the
surroundings. The membrane is subjected at its first surface,
fiicnlg lhc hltcrlor spdcc. 10 lhc pleasure hl lhc ulterior splice
dnd al tls second surfncc, I'aculg thc cover 17 Imd having
exacfly the same size as the first surface, to the pressure lo
prevailing in the surroundings. and it always seeks to take up
a position and shape in which the sum of all forces acting on
it is zero. In order for the pressure in the interior space 13
to be slightly higher thon the surrounding pressure. the
mcmbranc 18 in adihlton to thc surrounding pressure Is ls
stressed agaulst the uitcuor prcssure by a spring 20. which
is ulslallcd bctwixu a shape-stable central membrane plate
21 and the cover 17 'I'he force of the spring 20 is chosen
such, in consideration of the size of the pressurized surfaces
of the inembrane. that the pressure in the interior space is for do

example betv,een 0.5 bar and 2 bar higher than the sur-
rounding pressure The mcmbrmlc pldlc 21 is allachcd to B

rod 22, which m led tluough lhe cover 17, wluch may bc
provided with a measuung scale Imd bc part of a transmitter
which detects the position of the center of the membrane 18.
According to the sanlple embodiment, the rod 22 protnides
beyond the membmone plate 21 into the interior space 13 of
the container 12 and is provided there with o measuring
scnlc. A posiuon sensor 56 dctccm thc position 01 lhe rod 22
and (luis the membrane 18 and sends a corrcspondm sigtml o

to lhc electrical control unit 51. Contact ol lhc measuring
scale and the position sensor 36 with seawater is then
avoided and the reliabdity is increased.

All meclmnical. electrical and hydraulic components
lvhich are necessary or beneficial filr the conrrol of the ls
compact elccirohydrnuhc dove 10 arc Bcconmlodalcd in thc
interior space 13 of thc container 12 except lor flle source of
Ihe electrical power cncrgy mid ovcrarclung eliulricai con-
trol signals.

'Ihe interior space )3 of the container 12 contains a io
hydraulic pump 30 and a hydraulic motor 31. wl»ch are
joined together by tw o working lines 32 and 33 and arranged
togcthcr In a closoxf hydraulic circuit. Boih thc hydraulic
pump 30 and thc hydraulic motor 31 Brc ad)ustablc ul their
stroke volume. While thc hydrmihc motor Is ad)ustable ss
betlveen a maximum value and a stmke volume of zemot'ear

zero, the hydrauhc punlp 30 is always driven in the

sdnlc ducctlon Iind is Iiilluslilblc ul lm stroke volunlc
betweml a maxinuinl positive value and a maxinnim nega-
tive value. Accordingly, Ihe working line 32 is a high-
pressure line and the working line 33 is a low-pressure line,
or vice versa. depending on the direction in which the
hydraulic pump is moved from a neutral position or zero
posuion. Thus, by movulg thc hydrauhc pump through zero
while maintaining ihe direction of rotation ol ehmluc motor
and hydraulic pump, the direction of rotation of the hydnou-
lic motor can be reversed. 'I'he pressure prevailing in the
workmg line 32 is detected by a pressure sensor 34 Accord-
ingly. the pressure prevailing in the workin line 33 can also
be detected by a pressure sensor. In the working line 33 there
is B tluoltle 35, which ts colulec ted In purnllcl with B device
36 filr thc separating ol'ater contained In thc hydrauhc
tluid, which is usually an oil. 1hanks to the throttle 35. a
portion of the hydraulic fluid flov ing back front the hydrau-
lic nlotor 31 to the hydrmdic punlp 30 tlows across the
separation device 36. so that a portion of the returnin oil is
always cleaned. The device 36 can also be combined with a
lilter filr cleaning solid particles from the hydrauhc fluid.

Thc hydraulic motor 31 hds an output shafi 37 which ts
coupled in rotationally firm manner to a propeller 40 located
outside the container 13, fonuitm the output element of the
electrohydraulic drive A centml drive shaft 41 of the pnl-
peller ts led tightly tlu ough a ilail of the container 13 and
connected on the inside to the output shaft 37 of the
hydrauhc motor 31. Thc rotary speed of thc output shofi of
thc h)'dtindlc n10101 iind thc dllvc shaft ol lhc plopcllcl Is
detected by a rotary speed sensor 42 arranged inside the
contahlcl'I'he

hydnoulic pump 30 is driven by an electric motor 50,
v hich ts reguiable in its rotary speed and for this purpose is
connected to an electrical control unit 51, which ts likewise
accommodated in ihc uucuor space 13 und connimled by lhe
cable 11, led oui ul scaled miulner from the contmner 12 lo
an elcctucol power source on the sea surfnce and possibly
also to ml Overarching electrical control systenl arranged
under water. I'he rotary speed of the electuc motor 50 and
the hydraulic pump 30 is detected by a rotary speed encoder
52 mid processed by the control unit 51.

Besides the sensors already mentioned. there ts also a
tcmperoturc selwor 53 for detecting thc tempcralurc of thc
hydrauhc fluid located ul lhc contaulcr and an acceleration
sensor 54 for detecting accelemtions of the compact drive

'I'he electric motor 50 can also be operated as a generator,
the hydraulic pump 30 also as a hydraulic motor. and the
hydraulic motor 31 also as a hydraulic pump, which driven
by thc pmpellcr Bets as a pump to supply hydrauhc flunl lo
the pump 30, acung ds a hydraulic motor. In turn, thc clectuc
motor 50 can bc duven as a gcncrator by thc pump 30,
workmg as a hydraulic motor. In this way, electrical energy
can be recovered from a rotary motion of the propeller and
be stored for example in a battery.

The compact drive further contains an electronic control
module 55. wluch ts d component ol' control system with
which B vclucle lmving thc compact duvc ts slccrcd, and
havuig B built-tn I'unctional uy for a dynamic position contml
of the vehicle. Modifications of an electrohydrmtlic system
according to the disclosure v hich are different from the
sample embodiment shown are also possible.

The container has uvo one interfaces 56, which serve to
replctush or rcplocc hydraulic flunl under water.

Thc electrical control system ul Its sunplest form com-
poses a d.c. motor, dn clccu ical controller with correspond-
ing analog and digital input and output interfaces, as well as
a suitable power supply.
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lhc clcctncal control system in an advanced form com-
prises a rotary current nlotor with corresponding drive and
frequency converter, an electrical contniller with corre-
sponding analo and digital input and output interfaces. as
well as a suitable power supply and network interfaces, both
LAN, bus systems, and fiber optic cable or lvireless LAN

lite clcwlrical cable compnscs, bcsidcs the pov,cr supply,
also thc ehxlrical signals for Ihc conlrol communication,
such as, tiir exanlple, nominal values, actual values. and
fmilt messages I i 1

A condition monitoring of the electrohydraulic system can
be implemented in the electrical control system by evaluat-
ing all sensor signals with corresponding algoritluns. imple-
nlcnicd nl lhc lotul of soflwalc. In lhc'. event 01 B fBidl. thc
control system can by Itself bnng lhe compact dnvc to a safe
resting condition and inform the overarching control systenl
of this Itor this. preventive and reactive maintenance steps
can be comnlunicated to the overarching ciontrol system

FIG. 2 shows a set of eight compact electrohydraulic
drives 10 accordtn to the disclosure, each of which ts lo
designed Bs thc compact elcclrohydraulic drive ofFIG I and
all of them bein locatixl on lhc same underwater vehicle.
'I'he electrical control systems 51 of the compact drives are
connected to a central nlaster control system 60, which
actuates the individual compact drives according to the
movenlent pattern specified for the vehicle. Two of the
conlpact drives are responsible iiir opposite movements of
lhe vclnclc alon an x axnn Another two compact dnvcs arc
responsible for opposite movcmcnls oflhc velnclc alon a y
axis. Another compact drive is responsible for a movement io
of the vehicle in the direction of a z axis, it being assumed
that a movement In the one direction of the v axis occurs by
virtue of gravity. Of the other three compact drives. one ts
responsible for rotations about the x axis. one for romtions
about the y axis, and onc for rotations about lhc z axis ii

In eicnt of lhtlurc ol'nc or morc of lhc compact
clccxrohydraufic dnvcs 10 shown in FIG. 2, tlm ibilure Is
compensated as much as possible by an intelligent algorithnl
or regulating circuit. So that essential movement pnigrams
are still cerned out in the emergency. SO

Of the four output possibihties shov:n in FRi. 3, the one
of FIG. 3U corresponds to those shown ul FIGS. I imd 2. A
propeller 40 Is dnvcn across a central drive shall 41 dtrcmtly
by a hydraulic motor

l1G 31I shows a propeller 40, ivhose central drive shaft 41
is arntnged parallel to the output shaft 37 of a hydraulic
motor, but at a spacin from the sllafi 37. The output shaft
ofthe hydraulic motor and the drive shaft of the propeller are
coupled logcthcr across a tracuon drive.

According to thc cmbodunent of FIG. 3c. a sulglc wheel 0

61 can also bc drivml directly by the hydrauhc motor uf a
compact electrohydraulic drive according to the disclosure.
'I'he wheel per I'IG 34 can be part of a caterpillar track.

FIG, 4 shows a cable winch 62. which is driven directly
by the hydraulic motor 31 across a central drive shaft 41. Bs

Typical rcgulaung algonthms for the acluanon of a cable
w inch arc then imp lcmentcd tn ihc elcclncal control unit. for
example. in order to regulate the posilton of a slap or an
undeisvater machine or to move an actuator or to raise and
lolver a load Cable winches are used aboard ships for nlany io
applications. For many applications it is advisable to imple-
ment algoritluns for compensation of wave action (heave
conlpcnsBllon sy'sxcnl).

In summary. a compact clectrohydrsuhc dnve accordulg
to thc disclosure Is thus created with low overall operaiulg si
costs, having high energy efliciency, high reliability and high
safety level. being nlaintenance friendly and pnividing high

pcrfolnlancc. Tluulks 10 lhc conlpact dcslgn, a IcdUciton hl
v eight of the overall drive system as compared to a detached
design Is achieved.

A compact drive according to the disclosure Is therefore
especially suitable for use aboard modem vehicles and
machines for deep water application. such as, for example,
undcm ster robots ROlgs and AUVS or underwater machin-
ery, such as liat for extraction of rani malcnals, wluch are
tlnls easier to realize technically and econonlically.

LIST OF REFERENCE NUMBERS

10 compact dnve
11 electrical cable
12 container
13 interior space of 12
14 opening
15 flai edge of 12
16 flangc
17 cover
10 !Uenlbrane
19 holes in 17

20 spring
21 membrane plate
22 rod with measuring scale
25 prcssure-compcnsanon dcvicc
30 hydraulic pump
31 hydraulic motor
32 v orking line
33 v orkin line
34 pressure sensor
35 throulc
36 SCIIitcstion device
37 output shaft of 31
4(l pmpeller
41 drive shaft
42 rotary speed sensor
50 electric motor
51 clcctrlctll control Unit
52 rotary speci cncodcr
53 tcmpcraturc sensor
54 acceleration sensor
55 electronic control module
56 position sensor
60 electrical control system
61 v heel
62 ctiblc gulch
The invention claimed is:
I A conlpticl clcctlohy'drtlUllc dllvc for usc Undcl wBicl

snd for thc dtlvnlg of Inl outpUl clcnlcnl, conlpltsnlg:
a hydraulic motor having an output shel't.
a hydraulic pump configured to supply the hydrmllic

motor with a hydrmllic fluid via a working line: and
an electric motor configured to drive the hydraulic pump,
wherein the hydraulic motor, the hydmulic pump. and the

clcctnc motor are disposed in a closed container ftlicxi
with hydrauhc fluid. lhc container having an opctung
fol COUphng Of lhC Oolpilt Shafi Of lhc hydlauhC niolol
to the output element. and

wherein an electrical control systeln fiir the power supply
of the electric motor has computing capacity and is
configured to be progmnuned with algorithms for the
operation of lhc hydrauhc motor, thc hydraulic pump,
mid thc clcclric motor.

2 Thc compact clivuohydrauhc dnvc as clmmcd ul claun
I, wherein the electric motor has variable mtary speed
conlriil.
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3. Thc compucl elcclrohydmuhc dnve as clamlcd in claim
1. furthcl't&lupi isul

ml electncal control system fbr lhe power supply of the
electric motor arranged in the container

4. Thc compucl elcclrohydmulic dnve as clamlcd in claim
3. whcrcin.

lhc hydrmihc motor is contigurcd lo bc operated as a
hydraulic pump.

the hydraulic pump is configured to be operated as a
hydraulic motor. I I I

the electric motor driven by the hydraulic pump working
ds a hydrauhc motor ls configurctf to be operated as a
gcncralor. and

algorilluns fiir thc rccovcry and storage of energy are
integmted in the electrical contnll system.

5 The compact electrohydraulic drive as claimed in clainl
1, wherein the hydrauhc pump has an adjustable stml e
volume.

6. Thc compucl elcclrohydmulic dnve as clamlcd in claim
1. whcrcin the hydrauhc motor has tm adluslablc stroke
I oltuuc.

7 I'he compact electrohydraulic drive as claimed in clainl
1. fillshcl'tunpnsltlg

integrated sensors.
8. The compact electrohydraulic drive as claimed in claim -"

1, wherein reguluung funcuons are uilcgraled lor lhc milo-
mauc compensation for cxtcrnal disturbances when acnval-
ulg an dculalor

9 The compact electrohydraulic drive ns claimed in clainl
1, huther colllprisulg so

at least one conmninications interface configured to
exchange data with or v ithout cable.

10. The compact electrohydraulic drive ns claimed in
clmm 1. wherein safety functions are integrated as closed
It:gtllduon ClrCUIN. ls

11 i he conlpact electrohydraulic drive as claimed in
claim 1, wherein algonthms for condition mnnitoring are
integrated.

12. The compact electrohydrmdic drive as claimed in
claim 1„ lvherein algorithms for regulating a cable winch are do

alit:gldlCtl.
13. Thc compuct elixtrohydraulic dnvc as clamlcd ln

Clrdtn 1, fultllCI'olllptlSlflg'l

least one interface by which hydraulic fluid is conhg-
ured to be replenished or replaced under water.

14. The compact electrohydraulic drive ns claimed in
cfisim 1. Yvherein electrical and mechanical interfaces of the
compact cleclrohydraulic dnve are configured lo bc
ilccollplctl Until:r wdlt:r.

15. 'I'he cnmpact efectrohydmufic drive as claimed in
claim 1, further comprising

one or more of a hydmsulic filter and a device contigured
to separate contamtnations of the hydraulic fluid with
lvater nnd dirt particles with or lvithout smnls sensors.

16. Thc compuct elixtrohydraulic dnvc as clamlcd ln
cldun 1. wherein the container llas a movable compmlsalion

piston liat bounds Ihc inlcnor space of thc contmner by a
lirst surface and that is sublccted to lhc ambient pressureal
a second surface, the second surface being just as large as the
first surface and oriented opposite to the first surface.

17. A set nf at least ttvo compact electrohydrmdic drives,
the compact efecuohydmufic drives each comprising:

a hydrauiic motor having an output shaft,
a hydraulic pump configured to supply the hydmsulic

motor with a hydrauhc fluid vta a workulg lute, tmd
an clcclric motor configured to dnvc the hydraulic pump.
wherein the hydraulic niolor. the hydmsulic pump, and the

electric motnr are dispnsed in a closed container filled
with hydraulic fiuid. the container having an openin
for coupling of the output shaft of the hydraulic motor
to the output element.

whcrcul lhc compact ehxlrohydrauhc dnves arc arranged
on a dcvicc configurcxf lo be moved,

wherein the device is moved by operating the compact
electrohydraulic drives in coordination with each other,
v ith or v, ithout an overarching contml system, and

wherein an intelligent nlgoritlun or regulation circuit
compensates as much as possible for the failure of one
compact drive by lhc operation of lhc other compact
ihlvcs.

18 A cotnpact electrohydraulic drive ftlr use under water
and for the driving of an output element, conlprisulg:

n hydraulic motor having an output shaft:
n hydraulic pump configured to supply the hydmsulic

motor with a hydraulic fluid via a v orlnng line:
an clcclnc motor configured lo dove lhc hydrauhc pump,

and
integrated sensors,
wherein the hydraulic motnr, the hydraulic pump, and the

electric motor are disposed in n closed container filled
v ith hydraulic fluid, the container bavin an opening
for couplin of the output shaft of the hydraulic motor
to lhc output clcmcnt. mid

whcrcin lhc Integrated sensors arc microelcclromechtuu-
cal sensors 1 MiiM81 configure to sense one or more of
pressure, rotary speed and pnsltion, velocity and accel-
eration. temperature, nnd water depth.

19. A compact electrohydraulic drive for use under water
and for the driving of an output element„comprismg:

a hydraulic motor having an output sbaf't.
a hytltltuhc pttlnp ctulflgurcd lo sUpplY lhc hvtll'IIUhc

motnr with a hydrmllic fluid via a working line:
an electric tnotor confi ured to drive the hydrmdic pump;

arid
at least one comnnlnications interface configured to

exchan e data with or witlmut cable.
whcrcin lhc hydraulic motor. Ihc hydrauhc pump, and thc

elcctnc motor are disposed in a closed container ftficxf
with hydraulic fluid. the container having an opening,
for coupling of the output shaft of the hydraulic motor
to the output element

C S d
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