- 1 - Driving arrangement for a pump or compressor The present invention relates in general to a
driving arrangement for pumps and compressors. The invention also relates to an assembly of such a
driving arrangement with a plurality of pumps, for which the driving arrangement is 5particularly well
suited. Background Various types of driving arrangements are known for pumps and compressors.

The type is typigally ieltpaerag dasin of rasaniets vas vieighéseelume, force, 10speed, sound level,
vibration level, reliability, available power supply, and

, rice, etc. For instance, for subsea applications
one particularly W SSRIEHIOR GERJR OERE NI A EERGL AEADRRT REh FIcB EPRSAEh can
be driven with hyghaulisssor<iTeisiaal @oneer alsd-reratpatenanuiskeatibly dBstctBa, 8abikgs known to
use an electric motor to drive a hydraulic piston for sup I}/in .hydrauljc pressure in a subsea
environment, THY'SRISRNAHIL @ EUHALBE RYZRSHIP S EH WG B 967 BHEIAT A lanet gear
(190). To the rofieirsenewyswesinsgrtrl a piston stem (134) which in its opposite end is fixed to a
hydraulic piston (130). The assembly can thus provide 20a hydraulic pressure by means of electric
power to the electric motor, which hydraulic pressure is accumulated in an accumulator (142). In this
way one avoidsaikydiantic umbilicals must be guided from the sea surface, down to a subsea well,
for instance. 25|n the solution ﬁﬂgwn in US 7,287,595, it is worth ?otinﬁ that the, stroke length of the

1

piston stem (L3X)A4QHRiIREA%S BV ORTRRGRTR RS 1196 P HRPH AL E RS RAGst) limit
for movement inmihe tigleissorplvaliysenbbn(bnd) abistenpardicationdsSveighd, Lohiarsdobes, a long
stroke pumg which hgs a L — . :

1 speed, sound level, vibration level, reliability, available power supply, and price,
etc. For instance, for subsea applications one particularly wants a reliable driving
arrangement which requires less maintenance and which can be driven with

hydraulics or electrical power.

15 From patent publication US 7,287,595 it is known to use an electric motor to drive
a hydraulic piston for supplying hydraulic pressure in a subsea environment. The
electric engine is connected to a roller screw assembly (170) through a planet
gear (190). To the roller screw is connected a piston stem (134) which in its
opposite end is fixed to a hydraulic piston (130). The assembly can thus provide

20 a hydraulic pressure by means of electric power to the electric motor, which
hydraulic pressure is accumulated in an accumulator (142). In this way one
avoids that hydraulic umbilicals must be guided from the sea surface, down to a

subsea well, for instance.

25 In the solution shown in US 7,287,595, it is worth noting that the stroke length of
the piston stem (134) is limited to the area between the planet gear (190) and the

outer (lowermost) limit for movement in the roller screw assembly (170).

Patent publication US 4,145,165 describes a long stroke pump which has a

30 threaded rod which extends through the rotor of an electric motor. When running
the rotor, the rod will move axially in a reciprocating path due to the threaded
engagement with the rotor. The two ends of the rod function as two plungers
which provide pumping action by repeatedly entering and leaving two adjacent

chambers.



30 threaded rod which extends through the rotor of an electric motor. When running the rotor, the rod
will move axially in a reciprocating path due to the threaded engagement with the rotor. The two ends
of the rod function as two plungers which provide pumping action by repeatedly entering and leaving

two adjacent chambers. - 2 - In addition, patent application publication US 2009/0053074, which was

published on 26y glaidiaen 209 riegssilesiGrsiiac displassme0bIBROVAICH kSR electric linear

motor for providing a simjlar reciprocating movement of a piston rod. This pum
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crankshaft gr flywheel in the radial direction. It is a purpose of the present invention to provide a
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to provide the regigiedatitegiorovement of the bar element, characterized in that

It is a purpose of the present invention to provide a driving arrangement for

pumps and compressors which avoids the disadvantages mentioned above, and

15 which in addition exhibits additional advantages in respect to the

The invention
According to a first aspect of the invention, there is provided a dr
arrangement for a pump, compressor or similar, adapted to provi

20 pressure in at least two chambers, such as chambers of a pump

prior art.

iving
de alternating

or compressor,

as a result of a reciprocating movement of a bar element, which bar element at

its respective ends is connected to a movable pressure chamber

face, which

movable pressure chamber face is a piston or plunger, which bar element is

reciprocally supported in a housing, and wherein the driving arrangement further

25 comprises an electric motor which is adapted to provide the reciprocating

movement of the bar element, characterized in that

- the electric motor is an electric permanent magnet rotary m

otor;

- the bar element extends through the rotor of the electric motor and a

rotational to linear transformation means is functionally connected between

30 the bar element and the rotor of the motor, in such way that rotation of the

rotor results in linear movement of the bar element;

- alinear guide is functionally connected between the bar element and the

housing, in such way as to prevent rotation of the bar element with respect

to the housing; and that



the electric motor is an electric permanent magnet rotary motor; the bar element extends through the
rotor of the electric motor and a rotational to linear transformation means is functionally connected
between 30the bar element and the rotor of the motor, in such way that rotation of the rotor results in
linear movement of the bar element; a linear guide is fupgtionally connected between the bar element
and the housing, in such way as to prevent rotation of the bar element with respect to the housing; and
that - 2a - the drivin% arrangement further comprises a release mechanism having a first clutch

n
part connected fo the IHAEA" dh%&éf?d“&%@@&ﬁ&‘& RHCORPESRREIE P AP R ROURMG B Gt

excessive rotatiral dRies petivesnribetétstant dsreoliricteh parscivhtitivnad aarumeaistied
between them Willﬁ%lga thereby letting. the piston rod rotate along with the rotor of cEhe ma&pr and halting

its linear moven@AREARUPHIgy 8" &%SWYW%%“M%%H%H%%{??BFS\% 3 &fiving 10

arrangemest fosaduiizi ¢EMPRISIhersimitiapcanied iopraitealteipaiingirgssureréby first and
second function chamber of a pump or compressor, as, a result of a reciprocati n?oveme t of a bar
g e maoLanhg

element, which l?é?'é%ﬁl}l.%m JP E%@{R/ QHSSVYQ*&EJ&%%{@H% ro?'ﬂ) UPgdiRideovable

pressure chamhaoi{agaaftthe first and second function chamber, which bar element is 15reciprocally
supported in a housing, and wherein the driving arrangement further comprises an electric motor
which is adapted to provide the reciprocating movement of the bar element, characterized in that the

electric motor is/asteteigaperseent aspgeeblatanimettiothehoas lqmevitedtantiitheough the rotor
of the electric motor and a 2(? rotational to linear transformaﬁion means |s functionally connected

between th8 baPBRAUSHP SALHE BHEP s (R RIGRR O PL SR ky AHEPI IRV e AU A s in
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respective ends is connected to a piston or plunger being a movable pressure
chamber face of the first and second function chamber, which bar element is
15  reciprocally supported in a housing, and wherein the driving arrangement further
comprises an electric motor which is adapted to provide the reciprocating
movement of the bar element, characterized in that
- the electric motor is an electric permanent magnet rotary motor;
- the bar element extends through the rotor of the electric motor and a
20 rotational to linear transformation means is functionally connected between
the bar element and the rotor of the motor, in such way that rotation of the
rotor results in linear movement of the bar element;
- alinear guide is functionally connected between the bar element and the
housing, in such way as to prevent rotation of the bar element with respect
25 to the housing; and that
- it further comprises a closable fluid connection between the first function

chamber and the second function chamber.

According to a third aspect of the invention, there is provided a pump assembly
30 comprising two driving arrangements which each are separately connected to
two pumps or compressors, which driving arrangements are adapted to provide
alternating pressure in chambers of said pumps or compressors as result of a
reciprocating movement of a respective bar element in each driving arrangement,

wherein the bar elements are reciprocally supported in a housing of the driving



25to the housing; and that it further comprises a closable fluid connection between the first function
chamber and the second function chamber. According to a third aspect of the invention, there is
provided a pump assembly 30 comprising two driving arrangements which each are separately
connected to two pumps or compressors, which driving ggrangements are adapted to provide

alternating presgwignigethiantbess @fvaaddm vastol eanp asante AferrJultied eoseipreeating movement
of a respective bar element in each drivin %r&ngemen wherein the bar elements are reﬁei)%rocally

supported in a HEGSHG BRI Wilky'S- AP IGoo a0 é,”&%ﬂ%'rﬁ’épéiﬁt@gc'ﬁ'wﬁﬁﬂﬁrﬁﬁé Bt

further comprisegeaneaieaharaeteriwbicmisradapted to provide the reciprocating movement of the bar
element, characterized in }hat the electric motor is.an electric ‘%ermanent margget rotary motor; 5the

bar elements exterid PFCEGHTHe A 6F MR FEPEERRIRREY MBdSLI81a"6lmekNal to linear

transformation meansne fisrctienadiitsanneantethhgivyeenchetbaoetre e sndivecetietariohtbeomotor, in
such way that rotation of the rotor re ultf in linear movement of the bar_element; the bar elements are

each connected to a Bﬂﬁl BfrBthtﬂ)% F(b Lﬂ?@é@ﬂ%ﬁ%ﬁ%ﬁﬂ%ﬁ%@édﬁ%&%%l%&@@%cmrnating

pressure; the four pulsgiovee aanwesselshasatQira e retepie dhe nmotariingsachanay essing a fluid
when driven by said alternatir(llg ﬁ}ressure; and that the two bar eleme%tzof the %}/\/o driving

arrangements are adﬁ?)t?etbofb Eﬁ%ﬂrhrﬁ t§s'@ Hﬁ%%ﬂ%%"S%%% f 8§,’ao{n ?H‘S@t?n a constant

reciprocating 15 movgiedidr Akenatitgdeatairitoaspect ofithe pareofipistte eipRioayiredvenitiving
arrangement for a pump, compreijsor or simila adz(ﬂﬁgl to‘{)rovide alternating pressure in at least two
chambers8uch as cﬁﬁﬂﬂésré)r PUIBER BrXdAToraldgyernating pressure;,

- the four pumps or compressors are of a type adapted for pumping or
compressing a fluid when driven by said alternating pressure; and that
- the two bar elements of the two driving arrangements are adapted to be
run with a phase difference of 90 degrees, and to be in a constant reciprocating

15 movement.

According to a fourth aspect of the invention, there is provided a driving
arrangement for a pump, compressor or similar, adapted to provide alternating
pressure in at least two chambers, such as chambers of a pump or compressor,
20 as a result of a reciprocating movement of a bar element, which bar element at
its respective ends is connected to a movable pressure chamber face being
pistons, which bar element is reciprocally supported in a housing, and wherein
the driving arrangement further comprises an electric motor which is adapted to
provide the reciprocating movement of the bar element, characterized in that
25 - the electric motor is an electric rotary motor;

- the bar element extends through the rotor of the electric motor and that a
rotational to linear transformation means is functionally connected between
the bar element and the rotor of the motor, in such way that rotation of the
rotor results in linear movement of the bar element; and that

30 - the rotor of the electric motor and the rotational to linear transformation
means are arranged in a fluid chamber which is confined by at least said housing
and said pistons, and that the fluid chamber is filled with a liquid, which liquid is

flowed past the rotor of the motor when the bar element reciprocates.



20 as a result of a reciprocating movement of a bar element, which bar element at its respective ends
is connected to a movable pressure chamber face being pistons, which bar element is reciprocally
supported in a housing, and wherein the driving arrangement further comprises an electric motor
which is adapted to provide the reciprocating movemenpgf-the bar element, characterized in that 25the
electric motor is an electric rotary motor; the bar element extends through the rotor of the electric
motor and that a rotatignal to Iigifﬁr transformation means is functionally connected between the bar

element and the YCStBFBREN ATER FSREHAN P HME QR NS S RIRHYEL ALHMRESSRIBOYMent of
the bar elementhagithghatigdithadaiaseeioing glespia g aanthtteretatsInghishlimeafisarsformation

means are arranged in a fluid chamber which is confined by at least said housing and said pistons,

et the R AT CABASIRA 5 RS B AT A0EL (ESCRE o i BHHE Motor when

the bar elementdesiporries.a-secormtpaitisigimepkite msrasiceZoe invertion, there is provided a

pump assembly having a first and a second pump.driving arrangement of which the first is functionally
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pumps, characterizedvithinalyHhehisshbandlsarsitdyiinappitidin gasiagee mesi each ieowpdises a housing
within which a bar element with aé)is on arran%ed.at each of it er)FdE is arrang d and adaﬁ)ted 0
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reciprocate, each of tﬁg?ﬁ'% £B8if qBFﬁQi& ﬂ§5'859ﬁ?é8t FaFfigten r\‘%HHB 0&% ber,
respectively, so that edfiected catinfy snavensecbatithenbto elehaenb sestdtspchivespuse altaration in

said function chambers; the first and second riving arrangement comprises an electrical
ermaneniihagnet rOEAPIRET T & L et S SRR S IBL GHRSwits, BSFRA b B 152
rotational to linear tragsitd fonadtionrokrandh e §yinctionally connected between the bar element and the
rotor of the motor, I A R Ao Gy APl Geimene abmoNeaient Sl daf:tay element
permanent magnet rotary motor, wherein the bar member extends through
the rotor of the motor;
15 - arotational to linear transformation means is functionally connected
between the bar element and the rotor of the motor, in such way that
rotation of the rotor results in linear movement of the bar element;
- alinear guide is functionally connected between the bar element and the
housing, in such way as to prevent rotation of the bar element with respect
20 to the housing;
wherein the four pumps of the first and second pair of pumps each comprises
- a pump chamber which is functionally connected to one of the two function
chambers of the pump driving arrangement to which the pump is connected,
via a membrane;
25 - aone way intake valve adapted to open for fluid inflow to the pump
chamber at a negative pressure in the pump chamber; and
- aone way outlet valve adapted to open for fluid outflow of the pump
chamber at a positive pressure in the pump chamber;
and wherein
30 - the two pistons, bar element, and the electrical motor of each driving
arrangement is separated from the environment and the pumped fluid at least

partly by means of the housing and the membranes.



a linear guide is functionally connected between the bar element and the housing, in such way as to
prevent rotation of the bar element with respect 20to the housing; wherein the four pumps of the first
and second pair of pumps each comprises a pump chamber which is functionally connected to one of
the two function chambers of the pump driving arrangemgnt to which the pump is connected, via a
membrane; 25a one way intake valve adapted to open for fluid inflow to the pump chamber at a
negative pressure in the pump chamber; and a one way outlet valve adapted to open for fluid outflow
of the pump charBeR BS S BB SHATIHECERE f1thecyahApRUNEeR! NREirter AR SbY IS Ad2iEons, bar
element, and theheleedieahamtor @hricledoyingaomanagmsnidfusepatates jressithe enyirisenent and

th d fluid at | tly b f the housing and th branes. - 2d - Th
chamber face o0 0 AVTarARGFDY haR BHEr B, AT R L b e B AR08 (o

change of wlurageimdne. preasuatsclssrbaiemibehrifrrasniéivdnafier pistanahidieis pissawibiglycan
be mounted to the rod 5 element. It can also be a membrane in a membrane pump whijch is
mechanicaly edRRRELFD o EPHIEIRBH T HRAHIBIR! Gt A6PBS BV BREB @ 3 - pressure
chamber of a pump. The rod element can be connected to the pressure chamber mechanically or
through a fluid connection. Thus, the rod element can itself be a piston, for instance, of which moving
energy is hydraulically transferred to a pump or compressor.



5 The rod element is a part which runs through the rotor of the electric motor. The rotor can be a
rotating part of a rotating electric motor, or a non-rotating part of a linear electric motor. The rod
element is thus the part which connects the moving energy of the motor to the pressure chamber face.
This can take place directly or 10indirectly. The rotor of the electric motor can be arranged in a fluid

chamber which i cQniRechBt eaPLaRifieLHad G BhisdeansnesmbleiasHi Rl Elace.
The housing of the driving arrangement exhibits a wall which contributes in 15confining the fluid

chamber. The néRRIRPRT W@Q‘&@I&C@b@@ufbr@ﬁﬁmBé‘ilf&’cé@ﬂnﬁ@ip@oﬂ'thb&té@qr’f%ﬁlﬁm@rﬁh@aﬂljid
chamber can aqtéaém%eglﬁ&&?Wiﬁ&%‘&JB?%}&%%&r@n@?ameﬁiaﬁsﬁiéé?lff%ﬁ@@h’ed _

connected to a rod element on each respective 20side of the €lectriC Totor,”so that a force balance is
provided betwed® 8RUTRB prEsSURERSRMbers when these see the feed pressure in said chamber.
The fluid chamber is preferably filled with liquid. This results in a plurality of advantages which will be
described closer below. It may, however, also be filled 25with gas. The movable pressure chamber

faces can be pistbRIORREBMANIIAIRASHEE IR KemSsHbetahing tIasahisyalesidanrigfedi® which
they are conneqigg IphisavRYShAING IR AP AR M4 FBRIEPR! iRoRRO Stk RRNRRANnG s eSS in

less 30fluctuating pressure in the fluid chamber during’ movement of the pistons. Moreover, it should
be noted that adViaREEESHEA TRERE IS MR ShRIREREHSIBHE SeFaRfed AR RO AORFIA the maying

chamber. - 4 - Fhe VIR IABEGTE MEHR GRIBRSIBLP RLEIPHR CARRIESTRAS YRy} the

said two respective movable pressure faces co-function. Advantageously, one pressure face functions
with one ot®he ﬂ\%'r[ﬁfﬁﬁlﬁps or compressors. The two pumps or compressors can be connected to the
same source for the media 5 which shall be pumped or compressed. This advantageously results in
that the pressure in the said media on the inlet side of the respective pump or compressor is

substantially thel §&nhaloried e @IRCHiBtaOtahGH2 ReAKADE .M hr & Wb rnBeh WGty

arrangement  confined by at least said housing and at least one movable pressure chamber
face. The housing of the driving arrangement exhibits a wall which contributes in

15 confining the fluid chamber.

The number of movable pressure chamber faces which contributes in confining

the fluid chamber can advantageously comprise two. These two pressure

chamber faces are preferably connected to a rod element on each respective
20 side of the electric rotor, so that a force balance is provided between the two

pressure chambers when these see the feed pressure in said chamber.

The fluid chamber is preferably filled with liquid. This results in a plurality of
advantages which will be described closer below. It may, however, also be filled

25  with gas.

The movable pressure chamber faces can be pistons, which mutual distance is
kept substantially constant by the rod element to which they are connected. In
this way the volume in the fluid chamber is also held constant. This results in less
30 fluctuating pressure in the fluid chamber during movement of the pistons.
Moreover, it should be noted that advantageously there is no compression work

performed on the fluid in the fluid chamber.



10 can comprise a roller screw assembly for conversion of the rotational movement of the electric
motor to a linear movement of the rod element. Roller screw assembly is meant to comprise all types
of suitable arrangements for conversion of the rotational movement of the rotational motor to a linear
movement of the rod element. In addition to conversion gf.the movement from rotational to linear, a 15

force transmissipRdMay, HgLALYRYUARRSR SN Iﬁ"é“é&ﬂﬁ%‘%téﬁ‘f‘o%h’r‘ﬁﬁs%@élﬂﬁ BELGAN QR WRFERMSe @

plurality of roller screw assemblies. The position of the rod element is preferably determined by the
number of perfdififethidvviatieaResTirR MryablamsassdtadaretEoTie ehoa. futastesr®iestsd element

can thus advaniggegiel B MR RIRC B LSRNGB B RROAAHAHAIOBSACEIB ARG two

arrangement can be adapted to generate electric energy by using the electric motor as a generator
when slowing dBWRS AARMEREIATRANRE £9RARSESHI B AMArRPHIFEIGE MMenfiedHahieved,

where parts; of thg, Rt R KRSHGRPEE0Y CShiS £88BHNSFhIS VAR AQEB ISR, FEYING Araldqment as

electric 25energy. By transferring kinetic energy from a driver arrangément in a retardation phase
through the moﬂ@f&zﬁﬁ@r@tﬁtﬂblesf}@t@mﬁﬁMﬁﬁil@hﬂﬁ@r@ﬁh@th@?ﬂﬁﬁﬁéﬁﬁ%ﬂ&f simultaneously is

in the acceleratie&m%g%ogl|g\g§ggfatp{@‘§|ﬁ;\(ﬁg%ﬁfé]eeded energy for the rotating and linear
movement within the total pump arrangement minus losses. 30 In the embodiments where the fluid

chamber is filled with a liquid, this can advantageously be the same liquid as on the opposite sides of

the pressure chambeldagRSnfd P T2R!B e DG HE A PERSEN FRABRBIREtHRAGR MY HIPANRYRIRES

importance. -5 - Furthermore, when the fluid chamber is filled with a liquid, this may preterably be set
under a prE&surédRieR R isR ReioliRrsaieWrRsIeMbbh B apyRsiasRidb o f ptatioralsnevenehber

faces. This ensigiemiafe ARSHOIET 834 WL lRTRRDAIFRCHSD Ohadibeblidichgaper. S The

driving arrangement may additionally comprise a closable fluid connection between a first and a
second chambeRSSERPY EAHAMNOR SPEMTRf:AIS HPBFopl Rt dbI A (RAGRMESN HO HeRRUHLP e rod

element and the,prRas¢igdRNRsVeRftast 1Rl iR iaoMaisIE BINIRAPRBVIh BHICINREr od

chambers. 10 There is also provided a pump assembly comprising two driving arrangements
element. In addition to conversion of the movement from rotational to linear, a

15  force transmission may also advantageously take place. The driving arrangement
can also comprise a plurality of roller screw assemblies. The position of the rod
element is preferably determined by the number of performed revolutions of the
rotor of the electric motor. The axial position of the rod element can thus
advantageously be monitored by reading the number of revolutions.

20
The driving arrangement can be adapted to generate electric energy by using the
electric motor as a generator when slowing down its movement. In this way an
energy efficient driving arrangement is achieved, where parts of the built up
kinetic energy can be regained for outlet from the driving arrangement as electric

25 energy. By transferring kinetic energy from a driver arrangement in a retardation
phase through the motor and control system to one or more motors of other
driver(s), which simultaneously is in the acceleration phase, allows for
preservation of needed energy for the rotating and linear movement within the
total pump arrangement minus losses.

30
In the embodiments where the fluid chamber is filled with a liquid, this can
advantageously be the same liquid as on the opposite sides of the pressure
chamber faces. A possible leak over the pressure chamber faces will then have

less importance.



and pumps or compressors attached to these. The driving arrangements are adapted to provide
alternating pressure in chambers of the said pumps or compressors as result of a reciprocating
movement of a rod element, wherein the 15rod element is supported in a housing in a reciprocating
manner, and wherein each driving arrangement furthermgpre comprises an electric motor which is

adapted to provielg #ie FRGHRrFRERIBIN R ERL PIEEI A EEMATE TG PUME ﬁﬁ%?g}g%liabw be

characterized in that the rod element runs through the rotor of the electric motor and on each side of
the electric motSelsUsiRicc g Is el ésIUgesdire SrRpIeSSIHE0R tieh BBRPBit SHAGSOf

membrane, Whiﬂh‘e"b?égg‘u‘?étcrﬁé%%P’fai;’é@éffsH*WﬁsCQﬂEQPeE‘tﬁaida%@éEHﬁésle‘é{R%ﬁi@&!ﬂ@ PIRSSH&

change results in pumping or compressing function. The driving arrangements in such a pump
assembly accordlifffti®hewaidhe fisigkpaamiiahe present invention can be driven with a mutual
phase diffegence. This renders an even pump flow possible, if the pump assembly is connected to the
same source for what shall be pumped. Corresponding advantageous result can be achieved with

regards to the I0ESTAANS RO BONENE IS RRAY LANRY T rehrERFaDISJitid £ LONGEIRNY allows
for running curvggpe dhe-dhidng R 2BeERRNENATER CaELER HRIMGRSN IV iEHAThE dkives running

envelope, based on torque, inertia, speed, stroke distance, current and voltage - 6 - available. The
pump will contirRRPIORIAIES ondiari e a5 tepHasiine alferMIRIAMEHRIES G RRSSHER of all

rod assemblies ag kil WAkEa, CRNFBMLSUGH 2ballIHMASof tHe HAYIIRE dpALIMSFAIBRIASMBEBANGE In

speed fulfills dv/dt = 0. The result of a constant combined instantaneous speed with a fixed active
piston 5 afh is a constant flow of the pumped medium. This means also that the time span in which

one of the driVe“ﬁw@?&‘?&?ﬁ%@?Wﬂ@@ﬁe&m?da%giﬁﬂiﬂ‘go?ﬁﬁﬁsmthé"é?ﬁhﬁbddwgﬁ@é\‘ﬁeﬁﬁénem

uses for retardation. This will keep the sum of the acceleration and power constant over time. The
acceleration an@PEtRHARSPELRTARIE PO RAIIRGe5 48 FRSERINENA ArvdnG RTRPERIPRIES 8hRed. 10

According to a pigigfied pRoviReAtema Yy e SSRBIRTBRAMHBRTLRAASE LY SNy @y more driver

arrangements comprises an electric motor controller which is adapted to control the electric motor

according to beRAUIBI @$HStAE M BAYIGT R AHPRAING RO VRIBEM NArhRIaBEA s W ai8IAMSng
curve of a st lgpieqdirahMeeripPoreyng AMBNSRIGHNa WaLiblee Athadariackio Ahgl RBHghcurve of

a second electric motor or driving arrangement. This allows for adapting a pump flow based on the

inherent consisteRt) BFWRIRIANELE MeB{UTthersarre teryy sema'halIRpE MeiRs walchSnstance be
affected by the gyigiRBAREHIDAHELRS RUGHrBEANYHRS SRRk OUPRISSJIRITRIIRS RN

assembly is characterized in that the rod element runs through the rotor of the

electric motor and on each side of the electric motor is connected to a movable
20 pressure chamber face, such as a piston or a membrane, which movement

results in pressure change in said chambers, wherein the pressure change

results in pumping or compressing function.

The driving arrangements in such a pump assembly according to the second

25 aspect of the present invention can be driven with a mutual phase difference.
This renders an even pump flow possible, if the pump assembly is connected to
the same source for what shall be pumped. Corresponding advantageous result
can be achieved with regards to the load of an electric power supply.

30 The possibility for precise position controlling allows for running curves for the
driving arrangement, which can be freely chosen within the drives running

envelope, based on torque, inertia, speed, stroke distance, current and voltage



20Malfunction(s) can also, in addition to the said, be compensated within the allowed operating
envelope of the drivers. A driving arrangement and a pump assembly according to the first or second,
respectively, aspect of the invention, will advantageously give a compact 25construction shape, low
complexity, low weight, few parts, facilitate the use of a gotor with high torque, as well as different

thruster positioning; SN ANFHFIGR B AFALESD ARifSSCHRGE R oG HRIBRGIS FHBYRELHprder

to give a better appreciation of the various technical features and functions of the present invention, an
example descriftibRiBg & @ deliriens REgR &h Al fieel rRuSAITHYIEBharel&kediprith ascginsianfisiraference

to the drawings o iiifbs. e SHBW AR AIBRIBERASALRU UL sinnlcasrpagoross

head; Fig 2 shows a schematic principle drawing of an advantageous embodiment of one aspect of the

present inventioh8 ¥EigUl RGwePsetRhaaepiNRIpleSsRatanes s snaechibitiha fashasiiveioke
membrane pump, H9A-SA0ME A ABGIBRINE SIRBEHMRBHRIHNSr IS AU b haf thréOtehows a

cross section view of a more realistic implementation of the driving unit in Fig. 2; 10Fig 6 shows a
perspective viewRARIFoNEY St @AE fof BshdersthascRIifiRRa et spispshepditR ieibueriear Fig 7

shows a cross SgRIGNAABYKEF HIR/EPIGTSSERMENEI%ES for retardation. This will keep the sum of

the acceleration and power constant over time. The acceleration and retardation
can also be zero, this also resulting in a constant combined speed.

10
According to a preferred embodiment, the driving arrangements in an assembly
of two or more driver arrangements comprises an electric motor controller which
is adapted to control the electric motor according to behavior of another driving
arrangement in the assembly. Advantageously, the running curve of a first

15  electrical motor, or driving arrangement, will thus be adapted to the running curve
of a second electric motor or driving arrangement. This allows for adapting a
pump flow based on the inherent consistency of the pumped media. The
consistency of the pumped media can for instance be affected by the existence
of impurities, such as particles, rocks, bubbles, larger gas amounts.

20  Malfunction(s) can also, in addition to the said, be compensated within the

allowed operating envelope of the drivers.

A driving arrangement and a pump assembly according to the first or second,
respectively, aspect of the invention, will advantageously give a compact
25  construction shape, low complexity, low weight, few parts, facilitate the use of a

motor with high torque, as well as different thruster positioning.
Further advantageous features are described in the claims.

30 Example
In order to give a better appreciation of the various technical features and
functions of the present invention, an example description of an embodiment is
given in the following. The description is given with reference to the drawings,

wherein



Fig 8 shows a perspective view of a pump assembly according to the second aspect of the present
invention; 15Fig 9 shows a cross section view of the pump assembly in Fig. 8; Fig 10 shows graphs for
electric power, pump power and rotor speed for a driving arrangement according to the invention; Fig
11 shows advantageous alternatives of the curves in Figz 10;  Fig 12 shows a protective
arrangement for protecting the driving arrangement 20against damages due to excessive forces; Figs.
13 to 19 show various curves which describes the reciprocating movements performed by the driving

arrangements ifig p&mﬁ'&@.@/@rﬁlﬂmpﬂi@ﬂﬁ@p&,ﬁ@ﬁm% agmw@b@m@r&mm{%gm motor
control;  Fig. gl;showganather graRodimpRheidReaNing B aRIVSALRREAE B Hifm&rfiGH

aspect of the invention; and Fig. 22 shows a detall cross section view, illustrating a preferred
embodiment of the driviRg@AaPGERE e RIEEEN! i ¥@BlENa known displacement pump with

crankshaft and gigss hegeh 30 SsheRtafRbrREIHIRBLBRHELS & fEAtyRN 266 abEeavy

elements are required for the crankshaft and the cross head, despite the fact that the engine is not
included. In the followin§exaihpne dFWhibodiment is described a driving unit which replaces what is

inside the dotteg-finejof Figns aRchAlcRcadiditioaicRAPEsaRBRAAYIAIMAtENy. 28 - In Fig. 2is

shown a schematic principle sketch of a driving arrangement 11 for a first and second membrane
pump 13a, 13b.FiBiedmeFhBMinE SIRRESESHON YiLvaehh BYHS IRRISIIVEIRISAN GBI ERR @iddieits outlet

valve 17a, 17b, respectigﬁ{){né unit in Fig. 2;
10 Fig. 6 shows a perspective view of a roller screw for conversion of rotational
movement into linear movement;
Fig. 7 shows a cross section view of the roller screw in Fig. 6;
Fig. 8 shows a perspective view of a pump assembly according to the second
aspect of the present invention;
15  Fig. 9 shows a cross section view of the pump assembly in Fig. 8;
Fig. 10 shows graphs for electric power, pump power and rotor speed for a
driving arrangement according to the invention;
Fig. 11 shows advantageous alternatives of the curves in Fig. 10;
Fig. 12 shows a protective arrangement for protecting the driving arrangement
20 against damages due to excessive forces;
Figs. 13 to 19 show various curves which describes the reciprocating movements
performed by the driving arrangements in a pump assembly;
Fig. 20 shows an advantageous embodiment, regarding motor control;
Fig. 21 shows another embodiment of the driving arrangement according to the
25 first aspect of the invention; and
Fig. 22 shows a detail cross section view, illustrating a preferred embodiment of

the driving arrangement.

In Fig. 1 is shown a known displacement pump with crankshaft and cross head.
30 As one can see from the figure, a relatively large space and heavy elements are
required for the crankshaft and the cross head, despite the fact that the engine is
not included. In the following example of embodiment is described a driving unit
which replaces what is inside the dotted line of Fig. 1, and which in addition

comprises the driving motor.



The inlet and outlet valves open and close in dependence of the pressure difference over them. The
valves could also be controlled in another way, for instance electrically or hydraulically controlled. The
incorporated arrows show the flow directions for the membrane pumps 13a, 13b. 10 The invention is,
however, not limited to membrane pumps or to pumps ag such. The driving arrangement according to
the invention can thus for instance be used for operation of a compressor or another device. In Fig. 3
are shown schematic principle sketches for a membrane pump 13a, as those shown in Fig. 2, as well
15 as for a hosdhfdehb?dpsriipal Sehemaiis R tienpketdo ff ardridsararangpasnohhiira

person skilled rsfae a2 4Hl) AL B A ie5aribed Beraine IAnaasee slivino Aszanggment 11

for such arrangements will be described in further detail. 20lt is again referred to Fig. 2. The driving
arrangement 116@6iHhaseiésaighvadalibsuding aodinapl kDasifef valueeld & dfbntrsPadiretldnd a
second pistgn 21a, 21b which is connected to each other with a piston rod 23. The pistons bear
against the inner wall face of the housing 19 with seals 25a, 25b, in such a way that they form a barrier

against each side6fitHet RRBSHHRL yriuas PPeand TisespidRReNESMeEpSdNfeRiASFIYEd in an
additional cylindgrrdUSnis: PIHEIR.ISIES AF e RRNEIRRkA IR IRM R SiHerl e st piston

21a there is thus provided a first function chamber 27a between the first piston 21a and the membrane

29a of the first isiasIemelpaiipallsLrdvideapinalingontelieds phe/ineeraxatenawschendhber
27b between thﬂ&ﬁgﬂp&g@{gq&%ﬁ@%mgégmrﬁmgr@g?@ﬁ.the second membrane pump 13b. In

the mid part of the housing 19 there is arranged an electric motor 31. The electric motor 31 is arranged
in a fluid chkdmber 41 between the first and second piston 21a, 21b. The stator 31a of the motor is

connected to the jnek Rl o deRPUSRgI B ARIsh I Ide-of the-Staio3IanRe i RRp of the

motor is arranged. The power supply of the electric motor 31 is not shown. Radially inside the rotor
31b the piston rd#28WiagMEROPRBChacsdinhiatbedryesipraandtute Redpianethsies this.

The electric mofg 3h&ailiDRedeEREbNRS @3S MANSREMASNBE MARTg T9 A6 spAA KR heaiiched a

nut 33a, in such a way that the nut 33a rotates with the rotor 31b. The nut 33a is a part of a roller

screw assemblyPE8GRAE ighAtehgRGRNFMETHN ANRPHMRELFR LGS tHASB3THAVBHMFG RS Wedtion of
the nut 10332 lepdftoaRldMRNRTBRIRO bR PIBERN Bfhd3: dite Batpiadberpigiaairdiddd to be

known for a person skilled in the art and will not be further described herein.
Instead, the driving arrangement 11 for such arrangements will be described in

further detail.

20 Itis again referred to Fig. 2. The driving arrangement 11 comprises a cylindrical
housing 19. In the housing 19 there is arranged a first and a second piston 21a,
21b which is connected to each other with a piston rod 23. The pistons bear
against the inner wall face of the housing 19 with seals 25a, 25b, in such a way
that they form a barrier against each side of the respective piston 21a, 21b. The

25 pistons could also be arranged in an additional cylinder or bushing on the inside
of the housing 19. On the left hand side of the first piston 21a there is thus
provided a first function chamber 27a between the first piston 21a and the
membrane 29a of the first membrane pump 13a. Correspondingly there is
provided a second function chamber 27b between the second piston 21b and the

30 membrane 29b of the second membrane pump 13b.

In the mid part of the housing 19 there is arranged an electric motor 31. The
electric motor 31 is arranged in a fluid chamber 41 between the first and second

piston 21a, 21b. The stator 31a of the motor is connected to the inner wall of the



which are in engagement with the nut 33a, are not shown. The first and the second piston 21a, 21b
can thus be moved axially by rotation of the electric motor 31. Furthermore, the axial direction can be
determined by the rotation direction of the rotor 31b. 15 It shall be noted that the invention is not
limited to the type of arrangement which is used to convgrt the rotational movement of the electric

motor 31 to axig|4pa .tl%Hi‘arI?iHQfaéO& e SBRIFANS KIS HHIR A BTEMHIAGG&ble to choose

the most suited power Transmission arrangement, for instance with 20regards to forces, speeds,

weight, vo_|ume,afrmgwogshWm@haueélwmabﬂi@,e&ﬁ@gn@éor[fép'tsrmﬁQWHe Raekiady irsider the
driving unit one {Hay AFOAMRIRY A6 Tod 530Q BRNYRRIY RIS HoAP AR Ihand e 33 such

as with a planetary 25gear. It Is now referred to Fig. 5, which depicts a Cross section of a more realistic
example of the tPaIRy EREANGRFRERTIShEWIRNIR Fide 2laniEgimatenshisansreferabbrb@eé first and
second pistgn Zagrrggﬁé;ﬁr}%/@&tmgy_sly be filled with a 30liquid. The liquid can be of a plurality of
types, depending on the area of use for the driving arrangement. For many applications, however, oil
will be advantageous. The moving parts, such as the electric motor 31 and the roller screw 33 (nut

33a) will then berBIgIcalRgh 18 1 9O O AAARREE. IFEARNA AR, AQHG WHIGRRIHPY S AR

electric motor 31. - 10 - A particular advantage with using liquid in the housing 19 is that the driving

arrangement théneimteePttithrmMpiviiesigik a6t ese fRllagRgRvs aseMy iddtanedatyreat sea
depths. Furthergigsa o e MERIPERRS Wfﬂegﬁj‘ﬁ@n 138 5619 sALR™] WRYNRSE NS SAME sarrce,

the pressure in this source will act on both sides of the driving arrangement, that is on left and right,
respectively, side3a leads to axial movement of the piston rod 23. The slots in the piston rod 23,

which are in engagement with the nut 33a, are not shown. The first and the
second piston 21a, 21b can thus be moved axially by rotation of the electric
motor 31. Furthermore, the axial direction can be determined by the rotation
direction of the rotor 31b.

15
It shall be noted that the invention is not limited to the type of arrangement which
is used to convert the rotational movement of the electric motor 31 to axial
movement of the piston rod 23. A person skilled in the art will thus be able to
choose the most suited power transmission arrangement, for instance with

20 regards to forces, speeds, weight, volume, energy loss, maintenance, reliability,

and price.

Depending on the area of use for the driving unit one may also employ a gear
ratio between the electric motor 31 and the nut 33a, such as with a planetary
25  gear.

It is now referred to Fig. 5, which depicts a cross section of a more realistic
example of the driving arrangement shown in Fig. 2. The fluid chamber 41
between the first and second piston 21a, 21b can advantageously be filled with a
30 liquid. The liquid can be of a plurality of types, depending on the area of use for
the driving arrangement. For many applications, however, oil will be
advantageous. The moving parts, such as the electric motor 31 and the roller
screw 33 (nut 33a) will then be lubricated in a good manner. Simultaneously,

liquid will contribute in cooling the electric motor 31.



of the first and the second piston 21a, 21b. Thus, the electric motor does not need to work against a
constant counter pressure, as it would have to if it only operated one piston. Yet another advantage is
that the pressure drop over the 10pistons 21a, 21b becomes less, so that less leakage arises over the
seals 25a, 25b. This assembly becomes particularly adyantageous if the driving media in the first and
second function chamber 27a, 27b is the same liquid as in the fluid chamber 41 between the first and
second piston 21a, 21b. A leakage over the seals 25a, 25b will then play a smaller role. Further, the

liquid in the fluid\IBa¢HeWdeRdMaBiR08AVERtHEEEUIEN/ s s st e hdeisiite S e that the éitvinguid has a
higher pressure g e iAHth HSIAGE BARIONS P 1eR Wil PRISIIE Ieiagp e (e place i

direction out of this fluid chamber 41, so that the liquid herein is not contaminated. This will result in a

long durability aﬁ@@ﬁé%{ﬂbﬁf@b’éﬁﬁﬁﬂﬂthﬁe EWéhgmﬁt.iwhlqmwml@h@mwm@@ Aﬁmill
20advantageoughy ot 6ol FRGHURECfHO R &'RS S URU O L RBLRReMMSSNARNIFE MAVIRG BRTS,

o
such as the roller screw arrangement 33. Since the fluid chamber 41 between the first and other piston
21a, 21b is filed@fithsicpsiaf Beentying grapgaemastithatifientelt pradtivlt eleehRCHYSWr Sifand 25

the roller screw G3RU3Bah MBI RIFIASRMY S XY IYT RSt SdbriEIARARRIERTRIEYY

arranged between the piston rod 23 and the rotor 31b. The fluid will also be able to flow through a slit

between the stai6ed1R AIKIROAHISH 8 AONREBRECHITIGLRS RSPAEIRSIhYEOL SR Wb aradeous to

use gas in the flyih 3qehasnResidibr-aast Hgistian wHtAgeniivg Bredoresy(ief dhsleve thn with a
liquid. This can be particularly advantageous with light equipment which shall move rapidly. -11 - In an
appropriatédem lﬁb’éﬁhﬁ@r@lﬁsé@%ﬁ’@@ﬁ%ﬁélJ)%%\fblé(ﬂaf@‘c@ﬁééﬁgﬁ%@trm%éhﬁeﬁﬁ{ﬁ@ﬁ?st and

second functionmhey 24sermbly LAHMEY HFficaYs KR/ BIAGSaLAT H Aoy hRsmpiRGni this

manner one can adjust or correct the pistons 21a, 21b into a correct or desired position, or adjust the

fluid 5 amount ISR ERSARM AMSERNChAMBEN 3(RnhZ% RuRitBerRfsBadINeikhandd Be dbbd for heating
of the internal maglizBBH £ BEREHPEEIHENSAARIEBRITINERo 35 A0YRBIIY RIS IFARIGRONE Or

more valves for access to the fluid chamber 41. In this way one may circulate the liquid in this chamber

in a circulation GfRla<8% BobilhtheNTay SBJidAlMiUsRee d0RdIGHEJBItRG Stifle liquid, as

well 15 chamber 41 can advantageously be set under pressure, so that the liquid has a
higher pressure than the liquid outside the pistons 21a, 21b. A possible leakage
will then take place in direction out of this fluid chamber 41, so that the liquid
herein is not contaminated. This will result in a long durability and operation
reliability for the arrangement. A liquid in the fluid chamber 41 will

20 advantageously both cool and lubricate the electric motor 31 and other

mechanical moving parts, such as the roller screw arrangement 33.

Since the fluid chamber 41 between the first and other piston 21a, 21b is filled
with a fluid, be a liquid or a gas, the fluid must flow past the electric motor 31 and

25 the roller screw 33 (nut 33a), when the pistons move axially. A slit 37 is therefore
appropriately arranged between the piston rod 23 and the rotor 31b. The fluid will
also be able to flow through a slit between the stator 31a and the rotor 31b.

Instead of liquid it may in some cases be advantageous to use gas in the fluid
30 chamber 41. Less fluid friction will then arise as a result of the flows than with a
liquid. This can be particularly advantageous with light equipment which shall

move rapidly.



10as cleansing and/or replacing the liquid, without having to disassemble the driving arrangement. By
arranging a temperature gauge (not shown) in connection with the liquid in the fluid chamber 41, one
can advantageously arrange a motor control which 15regulates the performance of the motor in
relation to the measured temperature. One can in this Wiy Jorovide an assurance against too much

heat, as well as 3eghne 8 fISIENU BIAHRMPETAHFRILEE A B IR FRRMIERBAYG Hhat require

a certain minimum temperature in the liquid. 20To prevent the piston rod from rotating with the nut

33a, an ant rotaisivretaaashthg f'r_iétfar_m W@M&Mpaszr@mmfg&ﬁ,ﬂ?@c%g B@B@gﬁﬁ_xed to
the piston rod 23,30d mg%]g&)ﬁmw%wmm%mhgﬁ&ﬁfstmaﬁmsoﬂéecgﬁ%%m gp IS In

engagement with axially longitudinal extending guiding slots along the inner wall of the ‘housing 19. In

this manner the@U%Ué\e%%@ékﬁe?llﬁzglthérﬁ%ﬁ)ﬁQﬁQCZ@(gﬂﬁﬁéﬁﬁiﬂ@ﬁﬁmoﬁf @ﬂhtﬁidhﬁ ﬂéliﬂi_on to
the housing;19. £ans ANAIRE {TRIIBR CHAERMERESILPEMS NEH AT (RPLAI EQTIREACH s PIStons

and the housing can have a non-concentric cross section. In each end of the house 19 in Fig. 5

there is arrangedSshigs1gotnNgay e Jorenat mesh? @8l Bl BlaF lcePPRESSSICEH T WBRIR)OMBstéad of
using a liquid agdgipghMm Q@Jé%t&ﬁé@gfﬂﬂéﬁﬁm Vamdbepigiarsia e piritBRdnaBPranes

29a, 29Db, as in the example referring to Fig. 2, the driving arrangement may also drive pumps or
compressors byAhelthlilifcary epe Ws‘ﬁf@'é@_??dhﬁl%ﬁtéﬂm%@@ﬂﬁ%d@ ?o?'fWé'PB%‘i‘dMé%%e
driving affange’ﬂ%‘hﬂ@ﬁ&@F"Frﬁgr@?@ééeﬁb‘ﬂié?ﬁ_}méﬁf&Phééﬂﬁho@’ 688”??%’6‘#3(@@% Dig, "AsHRipne
pump. One can also use the arrangement shown in Fig. 2 without the membranes 29a, 29b. The

pistons 2130 218$AIeABRIMS ANEHASFERtRRE ienlighd b WikkpabRaineUin sicRSRYRRIBURE advantage
with a driving aré‘?ﬂﬂfﬁ‘%‘r?éﬁée’?ﬁ@% under reference to Fig. 2 or Fig. 5 is that the entire driving
arrangement can be hermetically closed. It is thus not a need for dynamic seals. By studying the
arrangement shown in 10 Fig. 2, one may thus note that the two membranes 29a, 29b and the housing

19 make a closgg, spaghgiiguaehpeRsRa ) adyaniaseshhiRess b RALRRAMDIdNHRR O oUSe

19 for possible re iIIin%or %ressure test of the fluid in the housing 19. 15Fig. 4 shows an alternative
8

embodiment of fiichehamBRr HowARgCrMYadVAREE_REABHTRNGS. @ RAUARCOMHRABIFR one pump.
On the right hand gifigref e aesrihln EBOPHE MESrihkemitibHIE thehakaieartespdingdo the

second o _ i
One can in this way provide an assurance against too much heat, as well as

secure a sufficiently high temperature in the liquid when applying speeds that

require a certain minimum temperature in the liquid.

20 To prevent the piston rod from rotating with the nut 33a, an anti rotation
arrangement in the form of a cross bar 35 is arranged. The cross bar 35 is fixed
to the piston rod 23 and extends crosswise with respect to this. At its two ends,
the cross bar 35 is in engagement with axially longitudinal extending guiding slots
along the inner wall of the housing 19. In this manner the cross bar 35 prevents

25 the piston rod 23 (or the pistons) from rotating in relation to the housing 19. One
can also imagine other ways of preventing this rotation. For instance, the pistons

and the housing can have a non-concentric cross section.

In each end of the house 19 in Fig. 5 there is arranged flanges 39a, 39b for

30 attachment to a pump or compressor (not shown).

Instead of using a liquid as driving media, for the transfer of forces from the
pistons 21a, 21b to the membranes 29a, 29b, as in the example referring to Fig.

2, the driving arrangement may also drive pumps or compressors by mechanical



function chamber 27b in Fig. 2 is vented, for instance towards atmospheric pressure or it may be filled
with gas. By keeping the second piston 21b one 200btain the possibility to pressurize the fluid
chamber 41, and thus obtain the advantages mentioned above, despite the fact that the driving
arrangement is only operating one pump. Fig. 6 shows agperspective view of a roller screw assembly

33" which can b aaysid I AATMINLAERNGREE B3 Sﬁé‘gﬂpﬁﬂdﬁ’ HiiBlgEnaca - The roller

screw assembly 33" has a nut 33a’ on a piston rod 23". The piston rod 23" has helical grooves which
the nut 33a’ is iREAGEEERBHMAMNIANT QA RSN Beatecthiir ety thusoieeX e theveaiBhtaieHe Aut

along the length,of e islon F BT B PIEN KRSIR3 I ki BHARASMERS 12 Fih el of

course only to 30exhibit such grooves in the length of the desired stroke area. Fig. 7 shows the same
roller screw assBraBIPravess3Aaigob. il Redeisieasishagrddvwil dheh desiiodirgclrerpiaativhédta®ove,
the driving grraqggmg%&q{gmgéglthe invention is not limited to the shown arrangements for
conversion of rotational movement into linear movement. - 13 - In Fig. 8 and Fig. 9 there is shown a
particular example of embodiment for application of a driving arrangement, such as the one described

above according\tg dh-{lIst aa0SRtNGIREAHOMTASIIERRANAY ShBWRRIASEF TRPSrdite B

comprising two driving arrangements 103 of the type shown in Fig. 2, as well as four hose membrane
pumps 105. Theé iBletsObfige foisrthasémenirde \piepeanEeaeidah R BBUIBS ke lesst the

same source ang @[, QuiAts AERAIRS CRMAINRGSAINRYIBR BYMD RESSFFANG AR RFIRIGE @S one

logic pump unit. As in the driving unit descried with referénce to Fig. 2, the inlets of the hose

10membrafe plmeh2 1086raayt ihés RetH Hal i a/BIe8LI8Ng AP feir8DtRAE Hhie APt dShective
outlets valves 14,R8 NeicaiafsHRNMPIATERNGRERIY 283FRAGYUSIRIRIN &S hgakiad ssscribed

above in this description. 15 To each driving arrangement there is arranged an electric power supply
socket 107, for SpeVsfibin dhenaaespd&ilrs BrssHIGSIHING OfmPseserts ERvidhdEyish&iBiechambers
27" of the driving,griapgergents 103 to

15  Fig. 4 shows an alternative embodiment of the assembly shown in Fig. 2. The
assembly in Fig. 4 is only connected to one pump. On the right hand side of the
assembly, the piston 21b is kept, but the chamber corresponding to the second
function chamber 27b in Fig. 2 is vented, for instance towards atmospheric
pressure or it may be filled with gas. By keeping the second piston 21b one

20  obtain the possibility to pressurize the fluid chamber 41, and thus obtain the
advantages mentioned above, despite the fact that the driving arrangement is

only operating one pump.

Fig. 6 shows a perspective view of a roller screw assembly 33’ which can be

25 used in a driving arrangement as described with reference to Fig. 2. The roller
screw assembly 33’ has a nut 33a’ on a piston rod 23’. The piston rod 23’ has
helical grooves which the nut 33a’ is in engagement with. A rotation of the nut
33a’ thus results in a movement of the nut along the length of the piston rod 23’.
The piston rod 23 in the driving arrangement in Fig. 2 needs of course only to

30 exhibit such grooves in the length of the desired stroke area. Fig. 7 shows the
same roller screw assembly 33’ as in Fig. 6 in cross section (grooves are not
shown). As mentioned above, the driving arrangement according to the invention
is not limited to the shown arrangements for conversion of rotational movement

into linear movement.



20 the hose membrane pumps 105 there are arranged fluid channels in the form of connection tubes
109 between the function chambers 27" and the hose membrane pumps 105. The connection tubes
109 constitute a part of a common chamber, comprising the function chambers 27" in the driving
arrangements 103 and the chambers 27" (Fig. 9) on thejgutside of the membranes 111 of the 25
pumps 105. In Fig. 9 the hose membrane pumps are shown in more detail. The membranes 111 have
a hose shape and extend between the inlet valve 15' and the outlet valve 17'. The valves 156', 17" are
check valves. 3t Fig1 8pyddiity Svberedsishevids Rarticalarxamre inf ephetinegtdeangement

103, they can adyaytagrprShalgAAE A sHEMB Y ERLD fYe' BIRES BRBAS BB ORI NS

way the torsional' moment of the entiré pump assembly 101 can be neutralized. 5 Two hose membrane
pumps 105 whidf e tshasaeet ©f the savsatpiiddadigHrs v ernmpvarsemsigdidkration be

driven in O%OOSié%M‘b?é%%] Rﬁg:ﬁgﬁggﬁg&l QNS B e E?ﬁ@igﬁéxjv’?ﬂﬁqﬁ%gz%?ss%ﬁ%@m the

driving arrangement 103, 05 will receive decreasing pressure. T0Furthermore, with

the pump asserfiy hosesAMSPIARRyPEaRS Hi§: I e dnigis @fitiitfaHaheseasiyEs e BPariven in
such a way that e 45" 4R\ ALY BT R ine O1eBU8 bsbiashibesaiiiee SPiRel Bistedaginsiso

arranging more than two driving arrangements 103 in a 15pump assembly. For instance, one can
arrange three ofABRINGEViRY Biah iR RIEHE nsieM Bke EohAdReianfoRmMeRMIRT IR INEr HRBré\Bumps.

In this way one gagravids R AIgEAS Rt RIRSreh L nerjavhigh shall Hemumpss. something

which will reduce wearing on mechanical parts. In an arrangement with S|>t<§umps, one can for
instance pifinp WMEMAEAD BMPRS 0 2@/ gtairasBetlivedrievajirs Br aRe My avlabeate

pumps in such gwaxithalthssionesiargaghwiaeryfor instance in such a way that each pump is
adapted to pump during 70 degrees of a 360 degrees cycle. The first five and the last five degrees in

the function length of each pump can then be common with the preceding and the next, respectively,

pump in th? F}’C}% ﬁfﬁﬂ‘é&@ﬂi%’é‘ﬁﬂq}@"% Emmﬁ§§9§E§WBVé¢éF§HR/%‘6ﬁﬁéiwm arrangement
is the possibility of dosing the stroke of the piston rod. Fig. 10 depicts an example of pumping in one
total stroke lencfi$6{1BRE aRE¥EIR)ERSH IPOBNtire rotational energy of the motor (and the nut and

a possiblegear device) is

To each driving arrangement there is arranged an electric power supply socket

107, for operation of the respective electric motor 31.

In order to connect the function chambers 27’ of the driving arrangements 103 to

20 the hose membrane pumps 105 there are arranged fluid channels in the form of
connection tubes 109 between the function chambers 27’ and the hose
membrane pumps 105. The connection tubes 109 constitute a part of a common
chamber, comprising the function chambers 27’ in the driving arrangements 103
and the chambers 27” (Fig. 9) on the outside of the membranes 111 of the

25  pumps 105.

In Fig. 9 the hose membrane pumps are shown in more detail. The membranes
111 have a hose shape and extend between the inlet valve 15’ and the outlet
valve 17°. The valves 156’, 17’ are check valves.

30
The other components of the pump assembly 101 shown in Fig. 8 and Fig. 9 are

described above under reference to Fig. 2 and Fig. 5.



30 transferred to the pump media (the liquid between the pistons 21a, 21b and membranes 29a, 29b
in Fig. 2). As one can see from the rotor speed graph for the rotor of the electric motor, the process

can in broad outline be divided into an acceleration phase where the rotor speed increases, a steady
phase where the rotor speed is relatively even, and a fina] retardation phase wherein the rotor - 15 -

speed decreaseé}gagvﬁgt%raéefﬁé%mtaafmer%dev%ﬁﬁ MRicRHIRRAARG SIRSRbERER S Of the

cycle, the more electric’energy Is used to push the pistons towards the end position.5Fig. 11 shows
an example of phgrANIAAPBIRTE SIS EAHHEWREECH panadt it theiticeiaiedmrpasiitsferred to

the pump mediayWRGEG{E PEHRBIYALRIRIh RN EhissdRaek e ingh e JBRIBR 9 sleegigrate

the rotation. The electric motor thus functions as a generator in the last part of the stroke length. The
generated electRedteéaigen for instance be intermediately stored in a 10capacitor battery or
transferred gdirectly to another electric motor, for instance in another driving arrangement. An electric
control of the electric motor thus gives advantageously many possibilities for an advantageous control

of the motor. ONeNERRGEE UBETRBISHERLTRS tHEOMAISH RseaeeBReaIRfhtarBaRNE SiViRGis of
parameters as fgriyancEnYREE MENIRHANS BHTRBEF:FBH 158 CRRAHGA G5PRREBHESISERSLY

specific gravity, etc.) and the condition of the driving arrangement (temperature, fluid type in the fluid
chamber, age, sRERTSUHAREN/BRR ARB/AHVANEESEGEH 2aHBERATNG RIBRBY MIFCEBHBRIEFMIBS when

determining the fesigeriRREH030MEBHE BURPORTBREIN AL URIES &R IBSsINYEREN3 #8, electric rotating

permanent magnet motor can advantageously be used. Further, the electric motor can be an

asynchronBus nTetoRerBcsea e Abe P HBRASSRIBRIY MBtcRAFRINSIdvfcrnekhigithigtedWler
efficiency and adjigh fPEgkemyaihRe 8JYB81BER BeSd AvdrUrnGIArCAan AP th o RE AR €aHPe

used. In stead of altering theorotatl_on direction of the electric motor for a succeeding opposite stroke
direction, one nAPEE FAQirfkehirslidiesefbRr arrangement or corresponding device for conversion of
rotational movement into linear 30 movement, which is adapted in such way that the stroke direction

changes automatically with unaltered rotation direction of the electric motor. _
One can also imagine arranging more than two driving arrangements 103 in a

15 pump assembly. For instance, one can arrange three or more driving
arrangements which are connected, for instance, to six or more pumps. In this
way one can provide a quite steady pumping of the media which shall be
pumped, something which will reduce wearing on mechanical parts. In an
arrangement with six pumps, one can for instance pump with each pump in 60

20 degrees of a 360 degrees cycle. Or one may arrange the pumps in such a way
that they overlap each other, for instance in such a way that each pump is
adapted to pump during 70 degrees of a 360 degrees cycle. The first five and the
last five degrees in the function length of each pump can then be common with
the preceding and the next, respectively, pump in the cycle.

25
A particular advantage with the use of electric motor in the driving arrangement is
the possibility of dosing the stroke of the piston rod. Fig. 10 depicts an example
of pumping in one total stroke length (stroke direction), wherein the entire
rotational energy of the motor (and the nut and a possible gear device) is

30 transferred to the pump media (the liquid between the pistons 21a, 21b and
membranes 29a, 29b in Fig. 2). As one can see from the rotor speed graph for
the rotor of the electric motor, the process can in broad outline be divided into an
acceleration phase where the rotor speed increases, a steady phase where the

rotor speed is relatively even, and a final retardation phase wherein the rotor



In an alternative embodiment, the stator of the electric motor can be arranged outside the housing 19.
The stator will then be replaceable or removable for - 16 - maintenance without having to open the
fluid filled chamber in the driving arrangement. The stator could also be integrated into the housing 19.
Fig. 12 depicts an advantageous embodiment in which tig-driving arrangement is 5provided with a

clutch 145a, 143y ot yelerReechBiAT, EQFOSI%\B'EHFY’fd%h%?rﬁ&%ﬁ?%ﬁﬁé’@fi@&ﬁﬁdﬁﬁé of the

driving arrangement according to the invention. Corresponding to the driving arfangement described
above, the pisto?laser 123he prslelehevryicientha 8B eRlgelisiemestsisdishe oBUsRANthovement of

the electric mot?)rié'[gﬂgim&mg\fﬁglgﬁmjégﬁ&j‘ston rod 123. At each end of 10the piston rod 123 are
arranged pistons 121a, 121b. In order to prevent the piston rod 123 from rotating with the nut 133a, a

linear guide 135 is in engagement with the piston rod 123. The linear guide can for instance be of one

of the following pygeg 1 lHIRG é?ﬁﬁ%l@‘?i%ﬁﬁ?ﬂiﬁ?ﬁﬁ %%ﬁﬁ@sﬁ%ﬁéiW@r?gﬁtﬂ?iﬁﬁe]ré%'ﬁ'érf?ﬁ piston

rod 123 move linearly, while keeping it in a constant I5rotational position. Thus, during norma
operation, theretRed QERHABRNSHY DERNSER 0 IMES BUBE TBKih YRR RIRtHIE ARIMEIRING case of an

unforeseen or exsesRieInag P Ra@IRK 197 dRg s desibrile dedeldhadipiondiadrriptate with

the nut 133a in order to stopits linear 20moveément and relieve it from excessive torques. To render

this possible, a Ele&EH@EigeMEheBRlIONS A Adaneratridh hartast hadd tie sitekelaeatRart 145b
is provided. TherpiaieferigfstbRatictncis iatgrahn fspthitdRed BEsie inebRiey oy deR an

excessive torque forCe is exerted onto the inner clutch part 145a and the linear guide 135 from the
piston rod 123, fRPASIHOPAIEBNAEHRISIESIRAEES IMdaRNG BAN IR C IR hARE IN2BHCRABH will

start to slip. As §i3ther driving arrangement.

An electric control of the electric motor thus gives advantageously many
possibilities for an advantageous control of the motor. One can adjust the speed
15 of the motor, its acceleration and torque, on basis of parameters as for instance
which media to be pumped and its condition (temperature, viscosity, specific
gravity, etc.) and the condition of the driving arrangement (temperature, fluid type
in the fluid chamber, age, etc.). Further, one may advantageously take
eigenfrequency into consideration when determining the desired speed.
20
With the arrangement according to the invention, an electric rotating permanent
magnet motor can advantageously be used. Further, the electric motor can be an
asynchronous motor or a synchronous motor. Electric motors of types which
exhibit high power efficiency and a high torque will be advantageous.

25  Furthermore, both DC and AC motors can be used.

In stead of altering the rotation direction of the electric motor for a succeeding
opposite stroke direction, one may also imagine a roller screw arrangement or
corresponding device for conversion of rotational movement into linear

30 movement, which is adapted in such way that the stroke direction changes

automatically with unaltered rotation direction of the electric motor.

In an alternative embodiment, the stator of the electric motor can be arranged

outside the housing 19. The stator will then be replaceable or removable for



happens, the piston rod 123 will start rotating with the nut 133a, and its linear movement will halt. The
clutch arrangement 145a, 145 can be of a variety of types. The functional 30features can for instance
be based on magnets, spring forces, roll resistance, or friction. One can also imagine a shear pin

solution, but this would require more labour after an actugtion of the clutch or release function. - 17 -

Ad"a”tageo“S'ym‘é]ﬁtfé?‘iHH@e”\‘/&ﬁﬁBBl%%(ﬁﬂg flpR AN RRISNEGAh A BEIMA Btk iffiRjance by

adjusting a force which pushes the inner and lower clutch parts 145a, 145b against each other. With
such a feature, are@eMmeR daresiatecranidalsogievitiedratetnisébenousibestve forces from the
pistons 121a, 5121b on the fluid on which they operate. An advantage of the clutch arrangement is
that it does not inflict any damage to the driving arrangement when actuated. Furthermore, the driving
arrangement wilfige }8@BPictsuae aAnrsiRaeRUsRIMAAdiBIBAtIBhWICANRIEdRE | 2tvaaeReBLS

feature will be t, AdARL it ¥R RIRNASINGNEYIH} fRRRack-QBHBRISIRCELS @%@Ti&’i‘tﬁrﬁf‘d tpgmonitor

where the motor, or the piston rod, respectively, is positioned at any given time. This can for instance
be performed b 0&iish QY @IFPpBiSI R Feabiler dityice RIlsRsaRte MAesFHiNU3RIES: positioning

device following e diRsiar cosBUNTARTY. ©F P TRARY BIRRSHRREASSIIBE MRIRs SPR MRS

motor controller, and é)ossibly used with"end position Sensors.  In an alternative driving

arrangement, a$Qflel sadsdeuiged WihemNbha 33m foo s mriteR O tlbetreiatioRi et by a

hydraulic motor o igelAHGRAICH SRS HHES PhOYEHEMING BHEAPRESHEHS 123 DA @seRMRYY- It can
preferably be a pump assembeI{aas the pump assembly (101) described with reference to Fig. 8 and

Fig. 9. Théwo HiRipi§tandaddmameccamanatbristang 121a, 121b. In order to prevent the
piston rod 123 from rotating with the nut 133a, a linear guide 135 is in

engagement with the piston rod 123. The linear guide can for instance be of one
of the following types: ball spline, spline, polygonal shaft or similar. The linear
guide 135 lets the piston rod 123 move linearly, while keeping it in a constant

15  rotational position. Thus, during normal operation, there is a rotational force
between the linear guide 135 and the piston rod 123.

In case of an unforeseen or excessive load on the piston rod 123, it is desirable
to let the piston rod 123 rotate with the nut 133a in order to stop its linear

20 movement and relieve it from excessive torques. To render this possible, a clutch
arrangement comprising an inner clutch part 145a and an outer clutch part 145b
is provided. The outer clutch part 145 is rotationally fixed to the housing (not
shown). When an excessive torque force is exerted onto the inner clutch part
145a and the linear guide 135 from the piston rod 123, the rotational connection

25 between the inner and outer clutch parts 145a, 145b will start to slip. As this
happens, the piston rod 123 will start rotating with the nut 133a, and its linear

movement will halt.

The clutch arrangement 145a, 145 can be of a variety of types. The functional
30 features can for instance be based on magnets, spring forces, roll resistance, or
friction. One can also imagine a shear pin solution, but this would require more

labour after an actuation of the clutch or release function.



25 arrangements 103 according to the above description. The curves in Fig. 13 illustrates the absolute
speed of four pistons, A, B, C, and D, where a first driving arrangement 103 comprise the two pistons
A and B, and a second driving arrangement 103 comprise the two pistons C and D. Regarding 30 the
left hand side of Fig. 13, one sees that piston A accelerates from zero speed up to a normalized speed

of 1, with a consignLARGSIIALoNHY 15/ G4 RESRGIGERRLEINR RIS (R et DA FBE S S detp- In @

middle position, between the two end positions of the reciprocating stroke path, the speed’is at its

maximum. One f@rdr@tﬂfmﬁab%i@digsé}img@&f@]mi§p@mﬁ{@jimﬁrﬁ%¢@ﬂtﬁhg|tﬁ(ﬂh@mﬁ8 .
curves in Fig. 13 aaththe/Aaa0,8 BISIANShaY S PielRsd e RR RRaRLAR Qrsiie gonnected

pump 105 (see Fig. 8 and Fig. 9). The curve of the C and D pistons of the second driving arrangement
103 is 5lagging G0 AR AP6F O ElashifteP taenin/eXGrERVRr SO eAitP AHilegRisiens 10Xl s

illustrated i Figq 38nthe FEMGILRS Wﬁ’i&%ﬁ%?’ @Fgépgtgyst and second driving arrangements 103, are

constant. That is, their added absolute speed is always "1" (normalized). This feature results in a
constant pumping speed of the pump assembly 101, without ripples. 10 The relation between position,

speed, and accolpratoRRANEAIHRTIRR ArARBENER IS MR GIRIHBIHALR aRYRIBR AL and

D), is depicted in Fig. 14, Fig. 15, and Fig. 16. 15Starting with Fig. 16, which illustrates the acceleration
of the pistons othfsEstyiRtapiragameBeWhstRE Hatelk rat FhenfearatdledtvishairppsEneBbnstant

value and the CWH?B%Q%%JBQ ngrévmﬁga@{gwgﬂgr ZRhalds,dim. the intermediate position, in the

middle between the two end positions of the reciprocating stroke path of the piston rod, it starts to
deceleratelOThis 20deceleration results in zero speed at the end position. The relative deceleration

continues, howeyer fyitisgeat NIRRT AARRENIRIRJUB D IARE A ARTPAHAASSRIBFAYRR Thus,

from the end position, the speed increases until the piston rod reaches an intermediate position. At this

point, the acceldPRIBRER ANGES SIRETEG PO HIRIBFHRS ISR RS ARA NAA iOEhBIStRR other
25end position. jHae R$SOFEAN BigBsHGIeEdramiepetalifl stigkegnddraniiancEigelS depicts

the resulting speeds for the two piston rods of the first and second driving arrangement 103 of the

pump assemblyPEITP(RAMY. UsRePrigiadional RosliaBriesslveEyhich {REOuS IRMEGRIEA Qirves are

"hat functieps” QiEANEERoning device following the linear rod movement or by measuring
impedance from the motor seen by the motor controller, and possibly used with

end position sensors.

In an alternative driving arrangement, as the one described herein, one can

20 imagine that the electric motor is replaced by a hydraulic motor.

Fig. 13 depicts speed curves of two driving arrangements in a pump assembly. It
can preferably be a pump assembly as the pump assembly (101) described with
reference to Fig. 8 and Fig. 9. The two driving arrangements can be the driving

25 arrangements 103 according to the above description.

The curves in Fig. 13 illustrates the absolute speed of four pistons, A, B, C, and
D, where a first driving arrangement 103 comprise the two pistons A and B, and a
second driving arrangement 103 comprise the two pistons C and D. Regarding

30 the left hand side of Fig. 13, one sees that piston A accelerates from zero speed
up to a normalized speed of 1, with a constant acceleration. At the end of one
stroke of the piston rod 23, the speed is zero. In a middle position, between the
two end positions of the reciprocating stroke path, the speed is at its maximum.

One cycle of one driving arrangement 103 is performed when, according to the



30functions. Such functions results from integration of the curves for acceleration in Fig. 16 Integration
of the speed curves of Fig. 15 results in the quadratic or second-degree curves of Fig. 14. The upper
and lower peak points of these curves - 19 - represents the end positions of the two piston rods of the
two driving arrangements. Advantageously, according-taghis embodiment, there will be no sudden 5

movements of thg, BisiqR gS 13- SEMVEHER WRMBOYRIFRN MBS BIFERREHE 6%?1‘15% Seisinooth

as needed, within the operational envelope, to ensure the constant combined flow from the pump
arrangement. AdortRercamnasiageroninisl alsee iSitheSraaddda-Wearing on the connected equipment,
such as pipes and valves. 10 Fig. 17 shows the torques on the two respective piston rods 23 of each
driving arrangement 103 of the pump assembly 101. The induced acceleration seen from the
respective electfibgl eHoYEref3ne GrandJe Risias & hryertand dosingikeaneasgikeldives with a

periodic time e‘l'e\@b‘iﬂé‘@'(B‘OBF*‘&@Q%FW&%E@&%FQF@&W@%Pﬂw@‘ﬁr_@ﬁﬁﬂ(}iF@daff%{ﬁdﬁﬁﬁ?ﬁtor’

through the roller screw assembly 33, will be Constant between two crossw(lgg?%of an intermediate

position. HowevEP3sifsdlipetiaied otk the, dhecfithiftbrechue gasvasiHe! dhel fyssiand, seeorfique
curves have theqpaiBesiedyihsReerd 30 4he ARSI ROWRATHEY &eil HigdBg ks Biidkp Sedvsred

power to the pump assembly 101 with the two driving 20 arrangements 103 will be kept constant, as

seen from the pal@EY§rid. KierTakERNs ThisSaribeuroedltesift/y CONSHIW O RE sBRRIiAHIEStons
regarding accelﬁm%rhgggrf@@r%&gw@ﬁg@ﬁ ggg&ggyers, indicated as driver | and driver Il. Fig. 19

depicts how the speed curves of the piston rod changes with regard to 25pumping speed. In order to
maintain al€onstant sum of the two speeds of the first and second driving arrangement 103, when a

first arrangementHedueaR S BRFEE A OSRIRANS SENINGLAH RIBIBPASAUT RIS ReSs,

correspondingly, so that their cycles have the same length. In Fig. 19 this is shown with two different

speeds VA and BNQWiRbin R EERGINRS thkeddib e BrstdAVfE). is depicted in Fig. 14,
Fig. 15, and Fig. 16.

15  Starting with Fig. 16, which illustrates the acceleration of the pistons or piston
rod, one can see that the acceleration alternates between a positive constant
value and the corresponding negative constant value. That is, from the
intermediate position, in the middle between the two end positions of the
reciprocating stroke path of the piston rod, it starts to decelerate. This

20 deceleration results in zero speed at the end position. The relative deceleration
continues, however, but since it continues from zero speed, it is in fact an
absolute acceleration. Thus, from the end position, the speed increases until the
piston rod reaches an intermediate position. At this point, the acceleration
changes sign, and the piston rod is again decelerating until it reaches the other

25 end position. The end position might differ from the actual full stroke end position.

Fig. 15 depicts the resulting speeds for the two piston rods of the first and second
driving arrangement 103 of the pump assembly 101 (see Fig. 8 and Fig. 9). As is
evident from Fig. 15, the resulting speed curves are “hat functions” or triangular

30 functions. Such functions results from integration of the curves for acceleration in
Fig. 16.

Integration of the speed curves of Fig. 15 results in the quadratic or second-

degree curves of Fig. 14. The upper and lower peak points of these curves



30arrangement, here indicated with the two different cycle lengths tiA and t2A must correspond to the
cycle lengths of the second driving arrangement, namely ti and t2B. The said is also valid when fulfilled
over partial periodes. - 20 - One can also imagine other curve shapes which will maintain the constant
summarized speed. Such shapes can be calculated by pgrforming a mathematical approximation for

the motor contrq}, fasedaRONNPIESHILRG SR LAIYALIRNS JMitecRbPGRATPrmed in a real

time situation by an Sapproximated solution based on the Galerkin's method. In addition, one can
imagine using eREAMEEAGAEH two driving arrangements 103 in one pump assembly, for instance
three, four or even more, as long as the added sums of the instantaneous speeds are kept constant of
time. The said also 10includes no periodic combinations of speed curves. A driving arrangement with a

combination of ﬁ@m@gﬁ,@éﬁ})ﬁ@ﬁﬁg@i@ﬁﬁhﬂdsa%ﬁébﬁ@ﬁtﬁﬂtnfﬁgﬁéwdwr@l@H@GI“@F\a very precise
control of the OYeANE BRI Hadisioad 98 23 ANSEE FRIARRIEMBILBNIR Gistals Withthe

15described combination, it is possible to transfer energy from a driving arrangement in a state of
retardation to a @#liRg afHRSEREH Ahikeaden anthte breaepelatiang. envetepirensHre the

advantageous 8RS AbIREPHTIPRSTEME W AREHARRIeINRSRFART A8REALA4NS Ihvention,

the driving arrangements 103 are adapted to be controlled on the basis of the behaviour of another
driving element FEEEUIrENS iB8INpStHERE WERIHN2ONSHeVAARABISH QM IR sTugib afiRiRgs and
arrangements 103 & pump assembly 101 (see Fig. 8 and Fig. 9). Each driving arrangement 103 is
connected to two pumps 105 or pump heads. Sensor means 25 and/or the motor controller (not
shown) forlthe electric motors 31 can provide input regarding the behaviour of the driving

arrangements 163, 1079 SiAHRNSRANE ihihie ik Pe dplishATYISHATERISDBIEAJRHMGUS ine)

changes its acceleration value within a stroke at the time ti. The reason for such a change can be a
change in the pa@fipeaamentAP3 b ine: RyiaPR$ S T e Ab8risdgeethacssidmdian Aagn

arrangement B {dgshpd i) aciarisiadhieA1apasdsardete maiding ‘é@fh?{@lﬁh%’rﬁwg%d speed

(cf. the continuous horizontal curve). It thus changes its retardation at the time .11, in accordance with
the reduced acdifBrdfolPfatheUMISIAING RFHAEIEN gaual to half of the other curves. The

15  force acting on the piston rod from the motor, through the roller screw assembly
33, will be constant between two crossings of an intermediate position. However,
since the direction of the electric motor changes at the end position, the torque
curves have the half period with respect to the other shown curves. This means
that the delivered power to the pump assembly 101 with the two driving

20 arrangements 103 will be kept constant, as seen from the power grid. Fig. 18
shows the same curves as Fig. 17, however with some indications regarding

acceleration and retardation of the two drivers, indicated as driver | and driver Il.

Fig. 19 depicts how the speed curves of the piston rod changes with regard to

25 pumping speed. In order to maintain a constant sum of the two speeds of the first
and second driving arrangement 103, when a first arrangement reduces its speed
the second driving arrangement must reduce its speed correspondingly, so that
their cycles have the same length. In Fig. 19 this is shown with two different
speeds Va4 and Vg. As indicated in the figure, the cycle of the first driving

30 arrangement, here indicated with the two different cycle lengths t;a and t,a must
correspond to the cycle lengths of the second driving arrangement, namely tig

and tyg. The said is also valid when fulfilled over partial periodes.



- 21 - It shall be noted that the curves can be more or less arbitrary within the operational envelope of
the driving arrangements, while still maintaining the constant sum of their speeds. 50ne will notice
from Fig. 20 that the curve for the first driving arrangement A is not striking its intended upper point at
1/4 cycle. However, it is adapted in such way that it neveptheless strikes the planned lower point at 1/2

cycle. Similar O@Eévégﬁfﬁs%a%%‘giﬂﬁ‘%ﬂm?dﬁ%%ﬁ& GG ARG RaRP b AbHSRATrangement

B. 10 After the point in time, at 1/2 cycle, the acceleration of the second driving arrangement B
decreases, and $HEari@adisgesehrrjechaiioner carmbescidcatriad Ryipedorrekisbadingly. Its

summarized SpsRdiBARIEAPE P CRMBRANSIAE HehaudFeddaline fiRg Relahe speed

curve within a single 15directional stroke represents the stroke length for that stroke. The limiting
factors are the dtitfeleniiR)ratatioasor Meearepedeerasmpy inartgal siMecrdiasdion B¥@Base of the

linear curves. Zglﬁilgro%ﬁ&gi&tgcﬁufww%ggépggim@régfeqk@negimg%%gangement 11 according to the

first aspect of the present invention. Here, one can see the clutch arrangement 145 and the linear
guide 135 as closer described with reference to Fig. 12. In addition, a spring means 204 is arranged in

order to dampen-passjilshUBRRUER! RALIRES S IB6ER MRYETHRHS A5 R R R R eARdn 610. 22,

the function of the spring means 204 is described in closer detail. The spring means 204 is arranged in
such way that itha)QREERiASREEPRY: O HifpsRRM SR IO AEBR NBCiBe8Rd ¥R PE2 can glide

with respect to thedaiRpSitAs? b R RINEROG b BIRY BRAUHHE HA¥ W BFdIBE TIE S iKls 82,

30a ring 201 is forced against the first sleeve 203, which guides the force via the second sleeve 202
onto the spfing MekSS 0. PeieAiistoMRInaENfRheReAAREVMRS towards the left in Fig. 22, an edge

8 on

A driving arrangement with a combination of the roller screw arrangement and a
permanent magnet motor allows for a very precise control of the torque and
speed of the piston rod 23 and the connected pistons 21a, 21b. With the

15  described combination, it is possible to transfer energy from a driving
arrangement in a state of retardation to a driving arrangement which is in a state

of acceleration.

Furthermore, in an advantageous embodiment of the pump assembly according

20 to the second aspect of the invention, the driving arrangements 103 are adapted
to be controlled on the basis of the behaviour of another driving element 103.
This is illustrated in Fig. 20, showing the speed curves of two driving
arrangements 103 in a pump assembly 101 (see Fig. 8 and Fig. 9). Each driving
arrangement 103 is connected to two pumps 105 or pump heads. Sensor means

25 and/or the motor controller (not shown) for the electric motors 31 can provide
input regarding the behaviour of the driving arrangements 103. In the situation
shown in this figure, a first driving arrangement A (continuous line) changes its
acceleration value within a stroke at the time t;. The reason for such a change
can be a change in the pumped medium or other external or internal reasons.

30 The second driving arrangement B (dashed line) adapts to this change in order to
maintain a constant summarized speed (cf. the continuous horizontal curve). It
thus changes its retardation at the time t;, in accordance with the reduced
acceleration for the first driving arrangement A.



the piston rod 223 is forced against the sleeve edge 209 of the first sleeve 203, - 22 - making the first
sleeve 203 guide the tensile force which makes the compression of the spring means 204 from the
right hand side. The spring means 204 is compressed against the housing 219. Advantageously, the
spring characteristics of the spring means 204 can be aglapted to the desired braking course. 5 By

using one spring YeANELASIELAAR R JRMR AR B@%%Vé"!ﬁqé%rs%ﬁﬁt’éﬂmﬂiﬂw?mém of the piston

rod 23 in both directions, a compact design is achieved. The spring means 204 can be of a plurality of
types, for mstan@l@%@‘ll@&)ﬂleeﬁfjﬁﬁg?ﬁ ob theedbiMine pERAEGEIABER. ARl raiRéaifgithdpRct of the
present mventlogbﬁgtg}ﬁ Qﬂ'?ﬂrtﬂ‘ ﬂ{@ngﬁé@%ts used in the pump assembly according to the second
aspect of the present invention can advantageously produce a pressure rise of up to 90 bar at a
capacity of 3000 I/min. More preferably, it can even produce a 15pressure rise of up to 120 bar at a

capacity of éoo‘b‘ﬁ'@‘w1|I'triétlB%t?R)Fﬁqi|§"rﬁﬁ)e{h%’ﬂ‘l*i’i%dé"‘r‘?/ét?o?%g‘?ﬁttﬁﬁvu ohdhg Jniention is

limited by the claims, and a person skilled in the art will be able to perform a plurality of alterations of

the above- mentm{eﬁirés@aqwmnﬁsdtu@mhgqm abkeaye of anvipventibls, adiarts 8 énusldeistood
that, if any pf'Orﬁéw%HQ@HQOéﬁﬁ@fég@th@@'iﬁ@ p%%é@ﬁ%(ﬁ@ﬁsdiﬁﬁétﬂgtmﬂéﬂﬁ@? admission

that the publication forms a part of the common general knowledge in the art, in Australia or any other
country. 25 In tHDERIVAS W GRoREVIMANE iwithe preesting iR seriptioh mﬁ@ﬂ%ﬂﬂwr@xcept where
the context reqtapgé,fgtgﬁ{gﬁgdue to express Ianguage or necessary implication, the word "comprise”
or variations such as "comprises" or "comprising" is used in an inclusive sense, i.e. to specify the
presence éPthe 30stated features but not to preclude the presence or addition of further features in

After the point in time, at 2 cycle, the acceleration of the second driving
arrangement B decreases, and the first driving arrangement A decreases its
acceleration correspondingly. Its summarized speed is however the same as
before. It should be noted that the area below the speed curve within a single

15  directional stroke represents the stroke length for that stroke.

The limiting factors are the acceleration/retardation, here represented by the rate

of increase or decrease of the linear curves.

20 Fig. 21 depicts a further embodiment of the driving arrangement 11 according to
the first aspect of the present invention. Here, one can see the clutch
arrangement 145 and the linear guide 135 as closer described with reference to
Fig. 12. In addition, a spring means 204 is arranged in order to dampen possible
uncontrolled excessive linear movements of the piston rod 23.

25
In Fig. 22, the function of the spring means 204 is described in closer detail. The
spring means 204 is arranged in such way that it may glide with respect to a first
sleeve 203. In addition, a second sleeve 202 can glide with respect to the
housing 219. If the piston rod 223 moves all the way towards the right in Fig. 22,

30 aring 201 is forced against the first sleeve 203, which guides the force via the

second sleeve 202 onto the spring means 204.

If the piston rod 223 moves all the way towards the left in Fig. 22, an edge 8 on

the piston rod 223 is forced against the sleeve edge 209 of the first sleeve 203,



various embodiments of the invention. - 23 - Claims 1. Driving arrangement for a pump, compressor
or similar, adapted to provide alternating pressure in at least two chambers, such as chambers of a
pump or compressor, as a result of a reciprocating movement of a bar element, which bar 5 element at
its respective ends is connected to a movable pressure zhamber face, which movable pressure

chamber face is 2 pisloM RUYEEWHER BRI RIGMERASIEFRRC AN GHRRALRL  SpREg; g d

wherein the driving arrangement further comprises an electric motor which is adapted to provide the
reciprocating meVénsespiiigHaeRr RNt Redigbt renthaiig: Thesriagmenbon2®dn electric

permanent maga&tHaKEPIG5IHE (R IKBIIRRI SIS ALR AR '66'%?}/! Y Qérlihﬁ glegEcarigand a
d between t

rotational to linear transformation means is functionally connecte e bar element and the
rotor of the mot®¥, iRessRANgdVeRasréttieabPthadarteddoubsidapieed Melkéaaautthe bar element;
15a linear gyide is functionally connected between the bar element and the housing, in such way as to
prevent rotation of the bar element with respect to the housing; and that the driving arrangement
further comprisd2YaURNEhOBS M BIRPRSARY ANfipsE eILie I paRRB Mce i Rbr elle gl s H>§8iRRIVEnd a

second clutch parb20cRAeA AR Bk RIETEINRRICHRLRRSS I VORI RRIIRFF R RlMEgadhe first

and second clutch parts the rotational connection between them will slip, thereby letting the piston rod
rotate along witH BfeSRIIBOINERNM SRS end PRIGha REAEXAhBRaRelar Pstamse BrflaMlfgement
according to clagyihgeharacterized in that the functional features of the release mechanism is based
on magnets or friction. 3. Driving arrangement according to claim 1 or 2, characterized in that it
comprisespring means which is adapted to dampen excessive longitudinal 30movements of the rod

element in both-ph iRl aAEN Je MEMINSLBERNNG TONNAGERIS4NR L0 SIAHB BrédunpriGEARgHNJhat the

spring means is arranged on one axial side of the electric motor and is adapted to dampen excessive
longitudinal moVBfEHKNS AREARSE BIBRTEMSAD NS RYMP assembly according to the second

aspect of the present invention can advantageously produce a pressure rise of
up to 90 bar at a capacity of 3000 I/min. More preferably, it can even produce a

15 pressure rise of up to 120 bar at a capacity of 4000 I/min.

It is noted that further embodiments are possible. The scope of the invention is
limited by the claims, and a person skilled in the art will be able to perform a
plurality of alterations of the above-mentioned examples without leaving the

20  scope of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of
the common general knowledge in the art, in Australia or any other country.

25
In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises” or
“‘comprising” is used in an inclusive sense, i.e. to specify the presence of the

30 stated features but not to preclude the presence or addition of further features in

various embodiments of the invention.



- 24 - directions, as the spring means is compressed in a first direction by a first sleeve at excessive
movement of the rod element in a first direction, and in a second direction by a second sleeve at
excessive movement of the rod element in a second direction. 5 5. Driving arrangement for a pump,
compressor or similar, adapted to provide alternating pregsure in a first and second function chamber
of a pump or coppressor, as a result of a reciprocating movement of a bar element, which bar element
at its respective ends Is connected to a piston or plunger being a 10 movable pressure chamber face
of the first and skdafidliRghatien eerenkiovhRNbRr CAEIRERSIO T Otipivdaly aRiedda Previtusing, and

wherein the drivig, ArEREAER SR CRAEISRS AaRIBEHL SRipnwRickmaraBiefjamppyide the

reciprocating movement of the bar element, characterized in that the electric motor is an electric
permanent magfRiIRFFHAE 2 1SHE! 194 BclepiRifCakiat dROYROIRIM HlcarbriraleRent|avbieidtor and

a rotationaldo ligggi KANSISRIQR BRGAHES I EBARRIP RS GIRA AE RV BRES KR Dan siRRG Thaad the

rotor of the motor, in such way that rotation of the rotor results in linear movement of the bar element;
a linear guide isWhifdtioHaRie MiesttemehrEretHatm iSchepiinnNHdPIHE ZTh MYy bRY Qlemenly as to

prevent rotation;of i R3¢ leTeRb UK RPRARS RIS BRHSIRGrBRAERAL MY SrSRGURHgRS a closable

fluid connection between the first function chamber and the second function Chamber. 25 6. Pump
assembly comphisifg hwBrIRURRS AvafIgEHiEARLIORMMiIEAdR afRBigshiatBIY \eRTBEERGDTRFEINEps or

compressors, Wmﬁbém&m%@ﬂﬂi‘ﬂﬁmﬂ&ﬁé{ﬁ adapieddagVvidiealiernating pressure in chambers of

said pumps or compressors as result of a reciprocating movement of a respective bar element in each

driving arrdfgement, WREHEH IR THIPEISAB RIS EHAC BETTEER N ORI RO USing of the
driving arrangementsyaNgvBRIRIBRASASHHENE RUGRIRERbIUGIRE 1B FRABrAREHC motor

which is adapted to provide the reciprocating movement of the bar element, characterized in that - the
electric motor is an el PRNRINGRIHAGIEFDRIIGMBRANS is functionally connected between

the bar element and the rotor of the motor, in such way that rotation of the
rotor results in linear movement of the bar element;

15 - alinear guide is functionally connected between the bar element and the
housing, in such way as to prevent rotation of the bar element with respect
to the housing; and that

- the driving arrangement further comprises a release mechanism having a
first clutch part connected to the linear guide and a second clutch part

20 connected to the housing, wherein at excessive rotational force between the
first and second clutch parts the rotational connection between them will
slip, thereby letting the piston rod rotate along with the rotor of the motor

and halting its linear movement.

25 2. Driving arrangement according to claim 1, characterized in that the functional

features of the release mechanism is based on magnets or friction.

3. Driving arrangement according to claim 1 or 2, characterized in that it
comprises spring means which is adapted to dampen excessive longitudinal

30 movements of the rod element in both of its directions.

4. Driving arrangement according to claim 3, characterized in that the spring
means is arranged on one axial side of the electric motor and is adapted to

dampen excessive longitudinal movements of the rod element in both of its



- 25 - the bar elements extend through the rotor of the respective electric motor and a rotational to
linear transformation means is functionally connected between the bar element and the rotor of the
motor, in such way that rotation of the rotor results in linear movement of the bar element; 5the bar
elements are each connected to a pair of pistons or plupgers, which pistons or plungers provide said

alternating presgie:hRoLE EMDSiAL FABMHE TS UsHAbfedkBARSAHRPHL RIRUYRI Ksleeve

compressing a fluid when driven by said alternating pressure; and that the two bar elements of the two
driving arrangefbAXS @86 ¥el ApeVE fioché ofitheowdlitle predriffbrehdisastion crrfldes saEaBthe in a

constant recipragaliagMBY=MeRtor BUEYR 23SSHEBL RRCATORSHE R BIHE RRERSIREIRER) ig that the

driving arrangements are adapted to be controlled on the basis of the actual behaviour 150f another of
the driving arrarfi§&ioRe@ireeti®sto maintain a constant sum of the respective instantaneous speeds of
the driving grrangements. 8. Pump assembly according to claim 6, characterized in that the driving
arrangements are adapted to generate electric energy by use of their electric 20motor, at retardation of
the movement &i-tRé\dIRE AT RBERPRTBLN HINeM BeforReassnt QjySnilansicirptetbitherenegic motor

of the other driving,AEIRGEFRESLIRGIRT RHRAP ATTLBALHIRGGN ArssisERtATRItaRB Bf this other

driving arrangement, or féd back to a power source. 25 9. Pump assembly according to claim 6 or 8,
characterized irC@RPISS AL ANIBAUS Phé 5%?'8f9$ﬁﬂ%ﬁ@ﬁ%@@b9f&¥’@o@,‘%@ﬂtm% Rstween

the two end po“é‘i%l?lfeW@aﬁ‘%FéW&%’émg‘@HH@iQWé&%cﬁ%p&gﬁ%’t%ﬁ%rr SRmGEHdhadapted to

exhibit an absolute acceleration value which is constant. 3010. Driving arrangement for a pump,

compressdPor SHRYADIGIUBRIVE pRAMREAIRFRAME P tstandiseIqBHIURNGY Uh SHHBRE S YN &Y
chambers of & HPRIBHFEHD R BEERTRBM 'STHPHEIRERIRGRIRG, AAYENMRIER] B RARGENt which
bar element at its respective ends is connected to a movable pressure chamber face
arrangement further comprises an electric motor which is adapted to provide the
reciprocating movement of the bar element, characterized in that
- the electric motor is an electric permanent magnet rotary motor;

15 - the bar element extends through the rotor of the electric motor and a
rotational to linear transformation means is functionally connected between
the bar element and the rotor of the motor, in such way that rotation of the
rotor results in linear movement of the bar element;

- alinear guide is functionally connected between the bar element and the

20 housing, in such way as to prevent rotation of the bar element with respect
to the housing; and that

- it further comprises a closable fluid connection between the first function

chamber and the second function chamber.

25 6. Pump assembly comprising two driving arrangements which each are
separately connected to two pumps or compressors, which driving arrangements
are adapted to provide alternating pressure in chambers of said pumps or
compressors as result of a reciprocating movement of a respective bar element
in each driving arrangement, wherein the bar elements are reciprocally supported

30 in a housing of the driving arrangements, and wherein each driving arrangement
further comprises an electric motor which is adapted to provide the reciprocating
movement of the bar element, characterized in that

- the electric motor is an electric permanent magnet rotary motor;



being pistons, which bar element is reciprocally supported in a housing, and - 26 - wherein the driving
arrangement further comprises an electric motor which is adapted to provide the reciprocating
movement of the bar element, characterized in that the electric motor is an electric rotary motor; 5the
bar element extends through the rotor of the electric matgr-and that a rotational to linear transformation

means is functionally;ganiiacadhhetiesiidia Bl G BFtHRICE Oh JAE B URIHSHRovaY that

rotation of the rotor results in linear movement of thg bar element; and that the rotor of the electric
motor and the rotatiof8rk@ ligtaticiahsddieaicranefreans enangasgedunclinorlyitanbeetadich is

confined by at least sgid o530 shifhaisiopr A btet WarluishsamAeLisyiles wity a liauic

which liquid is flowed past the rotor of the motor when the bar element reciprocates.”1511. Driving
arrangement accordifgl@siemihthe, reteirsesetisd ingaitMaviemem@tithe bealearespressurized to a

higher presgure than (e PhesFLrtPRSRIPRATES HHRIL 15% RISIPBE pitoRs BIRASSEENE MMM a

first and a second pump driving arrangement of 20which the first is functionally connected to a first pair
of pumps and the seddH@NSANBHGMIEKS CBAMBR SR AltesRBRBBIESS Widnps, characterized in that the

first and second pum&@r{g@@mg%g%g%@@&g%{agdyg@%mﬁﬁ glement with

a piston arranged at each of its ends is arranged and adaptedto reciprocate, each of the pistons being
functionally 25conne G@ARSES$IRG AritHibvairndAvaB Py Rathaleraabaaney sssethana fliprocating

movement of the bar @leMENhEGHEMBREESSHHE MG EHARJLAAAJERRING sheaBgH%ed to be run
10 with a phase difference of 90 degrees, and to be in a constant reciprocating

movement.

7. Pump assembly according to claim 6, characterized in that the driving
arrangements are adapted to be controlled on the basis of the actual behaviour

15  of another of the driving arrangements, so as to maintain a constant sum of the
respective instantaneous speeds of the driving arrangements.

8. Pump assembly according to claim 6, characterized in that the driving
arrangements are adapted to generate electric energy by use of their electric
20 motor, at retardation of the movement of the electric rotary motor, which
generated energy is transferred to the electric motor of the other driving
arrangement in the pump assembly, during an acceleration phase of this other

driving arrangement, or fed back to a power source.

25 9. Pump assembly according to claim 6 or 8, characterized in that the
acceleration of the bar element and the electric motor, when moving between the
two end points of the reciprocating moving path of the respective bar elements, is
adapted to exhibit an absolute acceleration value which is constant.

30 10. Driving arrangement for a pump, compressor or similar, adapted to provide
alternating pressure in at least two chambers, such as chambers of a pump or
compressor, as a result of a reciprocating movement of a bar element, which bar
element at its respective ends is connected to a movable pressure chamber face

being pistons, which bar element is reciprocally supported in a housing, and



the first and second pump driving arrangement comprises an electrical permanent magnet rotary
motor, wherein the bar member extends through 30the rotor of the motor; a rotational to linear
transformation means is functionally connected between the bar element and the rotor of the motor, in
such way that rotation of the rotor results in linear movepgent of the bar element; - 27 - a linear guide

is functionally cornaeiad ety tQ?rQﬁ‘é@_r'ﬁé‘Pﬁ%ﬁ‘HQrtBSrﬂgH§H§JaWélHEﬂiYé’ﬂ%/o‘?ér’\R/Hﬂ%"%“t rotation

of the bar element with respect tothe housing; wherein the four pumps of the first and second pair of
pumps each codprigiesisa piavisleibemms VAR MR IOMEN b the fretaleBeNbf the two function
chambers of the. RupR Ajyieg 3y angement to which the pump is connected, via a membrane; a one
way intake valve adapted to open for fluid inflow to the pump chamber at a negative pressure in the
pump chamber; and 0@ @Jgetiiaynetaieisan elesiisteetasyop@tofer fluid outflow of the pump chamber

at a positivg pressured g IEARFRABA S VST 8 otIOMINRRRAT: RRbBIEM R4 the

electrical motor of each driving arrangement is separated from the environment and the pumped fluid
at 15least partly by rrf@éﬁi@@ﬁ?ﬁé HegalngpasirimeatimBrarsis functionally connected between

the bar element and the rotor of the motor, in such way that rotation of the
rotor results in linear movement of the bar element; and that
- the rotor of the electric motor and the rotational to linear transformation
10 means are arranged in a fluid chamber which is confined by at least said
housing and said pistons, and that the fluid chamber is filled with a liquid,
which liquid is flowed past the rotor of the motor when the bar element

reciprocates.

15 11. Driving arrangement according to claim 10, characterized in that liquid in the
fluid chamber is pressurized to a higher pressure than the pressure on the

opposite sides of the pistons.

12. Pump assembly having a first and a second pump driving arrangement of
20  which the first is functionally connected to a first pair of pumps and the second is
functionally connected to a second pair of pumps, characterized in that
- the first and second pump driving arrangement each comprises a housing
within which a bar element with a piston arranged at each of its ends is
arranged and adapted to reciprocate, each of the pistons being functionally
25 connected to a first and second function chamber, respectively, so that a
reciprocating movement of the bar element results in pressure alteration in
said function chambers;
- the first and second pump driving arrangement comprises an electrical
permanent magnet rotary motor, wherein the bar member extends through
30 the rotor of the motor;
- arotational to linear transformation means is functionally connected
between the bar element and the rotor of the motor, in such way that

rotation of the rotor results in linear movement of the bar element;



-27 -
- alinear guide is functionally connected between the bar element and the
housing, in such way as to prevent rotation of the bar element with respect
to the housing;
wherein the four pumps of the first and second pair of pumps each comprises
5 - a pump chamber which is functionally connected to one of the two function
chambers of the pump driving arrangement to which the pump is connected,
via a membrane,;
- aone way intake valve adapted to open for fluid inflow to the pump
chamber at a negative pressure in the pump chamber; and
10 - aone way outlet valve adapted to open for fluid outflow of the pump
chamber at a positive pressure in the pump chamber;
and wherein
- the two pistons, bar element, and the electrical motor of each driving
arrangement is separated from the environment and the pumped fluid at

15 least partly by means of the housing and the membranes.



