WO 2010/ 066754PCT/ EP2009/ 066657 1 Driving arrangenent for a punp or
conpressor The present invention relates in general to a driving

ar r angenmewd 20awospsaps and conpressors. The invention al poT/EPh@besscsbD an
assenbly of such a driving arrangenent with a plurality of punps, for which
the driving arrangenent is 5particularly well suited. Background Vari ous
types of driving arrangenents are known for punps and conpressors. The type

is typic ' wei ght, volume, force,
10speed, ﬂgL‘ﬁﬂér%?g%e?HSFgfda% @%”ﬂ@é@@@%ﬁ%@h ity, avail abl e power supply,
and pri c@heqireserftdnvéritivnartstes irogeserasitea dppingcatarnyesnemdopputips @nalr | y
wants a reliable driving arrangenent which requ s le Sa ggi.ntenance and
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hydraul i ¢ pi or supp C pressure 1h a subsea environnent.
The e} ecparticutanrly well sgitextbnnected to a roller screw assenbly (170) through a
pl anet gear (190). To the roller screwis connected a piston stem (134)
which in its opposite end is fixed to a hydraulic piston (130). The
assenbl y geakgkdiadProvi de 20 a hydraulic pressure by neans of electric
power to the“electric notor, which hydraulic pressure is accunulated in an
accunul aMariops 4ges ofrdriving aapgementsaiedsiomiaior pyairaand COmBIesseis-s nust be

gui ded f [f%@t;[/gee isst?/gic%H)r/ ]::ﬁgseén gﬁ%s}soof%asrg%%?@rs%l \}veigf)P, rvoild}ﬁé,af%?c?e,
10  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, downto 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.



25In the solution shown in US 7,287,595, it is worth noting that the stroke
| ength of the piston stem (134) is limted to the area between the pl anet
gear (190yoant/dsbssouter (lowernost) limt for novenment pcm/eErb@onedcser Screw
assenbly (170). Patent publication US24, 145, 165 describes a | ong stroke
punp which has a 30 threaded rod which extends through the rotor of an
electric notor. Wien running the rotor, the rod will nove axially in a

reci procating path due to the threaded engagenent with the rotor. The two
ends of the rod function as two plungers which provide punping action by
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a simlar reciprocating novement of a 5 piston rod. I'S punp uses pistons

at r espepistor rechdhis pusnppisssopisiond .at Fespdudivemndsiaf & pistomoad. t o provi de t he
pi ston novenent by attaching the piston stem directly or indirectly, to a
crankshaft (see Fig. 1) or a flywheel. Such a crankshaft or flywheel wll

have an agrRbrbrERld bW RSEMIVRR the pilenshoekfchepghiiadfingthd BRtdh st on.
Thi s nakes the assenblé space demandi ngN Furthernore the stroke length is

linmted biemhdratireidndirectlys ta aerankshrgisee Figr 1 oy afbarheieh Jugh aadi al

direction,_ 1t i .qf_th resent Jnv We! ' i vin
ar  angenei et o8 PRBER G ki BUBE o B0 AR a8 e SORE el s
nment henedf gleoyigtond MAisMERSs itie askBrhblgrspaxdideintsndialgli Rurtermoad it ages i n
respect to the prior_art. The invention According to a first aspect of the
i nvent i ofitreke fangth isirgied by the dimensigns of the crankshaft or flywheel in the

radial direction.

It is a purpose of the present invention to provide a driving arrangement for
16 pumps and compressors which avoids the disadvantages mentioned above, and

which in addition exhibits additional advantages in respect to the prior art.

The invention
According to a first aspect of the invention there is provided a driving

20 arrangement for a pump, compressor or similar, adapted to provide alternating
pressure in a chamber, such as a chamber of a pump or compressor, as a result
of a reciprocating movement of a rod element. The rod element is connected to a
movable pressure chamber face, such as a piston or a membrane, and the rod
element is supported in a house in a reciprocating manner. The driving

25 arrangement further comprises an electric motor which is adapted to provide the
reciprocating movement of the rod element. The driving arrangement is
characterized in that the rod element runs through the rotor of the electrical

motor.

30 The pressure chamber face can be of a plurality of types. Generally it is a face,
the movement of which leads to a change of volume in the pressure chamber.
which it faces. It can, for instance, be a piston which can be mounted to the rod
element. It can also be a membrane in a membrane pump which is mechanically

connected to the rod element. Furthermore, it can be a movable part of a



20 arrangenent for a punp, conpressor or simlar, adapted to provide
alternating pressure in a chanber, such as a chanber of a punp or

conpr essowo 28m/@eTsesul t of a reciprocating novenent of acraP@besmst. The
rod el enent is connected to a novabl e3pressure chanber face, such as a

pi ston or a nenbrane, and the rod elenent is supported in a house in a
reci procating manner. The driving 25 arrangenment further conprises an

electric 8 #&ﬁr‘? Wﬂ%elr oF Q‘L%%r?drﬁe rddf &}éb%l ’[rCQ be&% n%%%%ﬂoﬁﬂeﬁég[ﬁ t of

the rod drivitng 'arrahgenen S cara errzed’in e rod
el ement  chambiehheaaianidzdly oo tioough atﬂlmd ebangctioralThust the rodCeldmenpeassur e
chanber face can be of a plurality of types. Generally it is a face, the
novement '§¢ T RRizcpistona fer m%taace*efﬁ@@cbfrn%n@ﬁeerw iphydppdically HapsieRssr whi ch
it facesy EQhprdsisance, be a piston which can be nounted to the rod
el ement . Cft ca a[ 8e a nenbrane in a nmenbrane punp which is nechanically
connegted to the rod el ement. Furthernore, it can be a novable part of a
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i nst ance h novi ng energ draulicall’y transferred to a punp or
conpressbnearselw@crmdtoelﬂmmd elemaermﬁthuﬂrtherpamwblctwmooagatsﬂhe meiting of the

electric_nmotor... Jhe rotor,.can be a rot ting electric
rotor ot thafoBh P yEiessu {iibereB s Sandaks PRRREELT & Loy
i's thys fiteredyt which connects the noving energy of the m)tor to the

pressure chanber face. This can take place directly or 10indirectly. The
rotor of the electric notor can be arranged in a fluid chanber which is
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cont ri butesfined ﬂﬁebtaafa'shisailg Hdwsirfd andiatlkeasbene movableplessued chmmvlb@d e
pressure charﬁ;er faces which contributes in confining the flujd chanber can

advant agfs&s (Thedinsingsef theglrivifgaarg@mepkdipits 2 hich goplribytes in

pref ex abl:éfnfﬁﬂﬁ@?r?éﬁ@n tafn tgé}d el enent on each respective 20 side of the
el ectric rotor; so that orce bal ance is provided between the two

pressure chanbers when these see the feed pressure in said chanber. The
fluid ch spref filled wth Liquid.. This results lurality
of " advant BELTHRraH T 141G EreRsyics Fhdaver (B WP o R bt oastetel. arso
be fill eﬂwe%'wchanw 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 pressurein 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.



The novabl e pressure chanber faces can be pistons, which nutual distance is
kept substantially constant by the rod elenent to which they are connected.
In this wap btweyskume in the fluid chanber is al so hel #acempsd@ntessThi s
results in less 30 fluctuating pressuse in the fluid chanber during
novenent of the pistons. Myreover, it should be noted that advantageously
there is no conpression work perforned on the fluid in the fluid chanber.
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pressur ethieasaid 0o-regpsttivemoiablaniraganeshyes counutiods Adeahtageofisinct i ons
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and the driving.arrangenent. 10 can conpri a roller screw assenbly for
conver si Bff"wrgﬁb{hreoﬁaj&i ? OHDtﬁﬁr@ﬁ{)g‘B? o?ﬁ%e ESPECHYS PHBW?" to a |i near
nmovenent cgindrdesdr9ssehsaRMiIly tReldafe SCrew assenbly is neant to conprise all
types of suitable arrangenents for conversion of the rotational novenent of

the rotational notor to a |linear novenent of the rod elenent. In addition
to conversi o f. the nmovenment fromrotational to lijnear. a 15 forc
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novenment. |In thjs / an energy. efficient driving arrangenent i s achieved,
wher e paflemnest. {rh%cvi@tym to ecan\r@%@mf t@%ﬂwna%mfﬁgw@@ap Adofigrab@ | et from
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energy froma driver arrdangenent in-a retar I'on phase tHhrou not or
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ar r angenpstbr 81 thieselbOtfie #8otoBOrhe 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.



In the enbodi ments where the fluid chanber is filled wwth a liquid, this
can advant ageously be the sane |iquid as on the opposite sides of the
pressur e wbanhawsefsaces. A possi bl e | eak over the pressurerTarabasessaces
will then have | ess inportance. WO 2810/ 066754PCT/ EP2009/ 066657 5
Furthernore, when the fluid chanber is filled with a liquid, this my
preferably be set under a pressure which is higher than the pressure on the
opposite sides of the pressure chanber faces. This ensures that a possible
|l eak will take place in a 5direction out of the fluid chanber. The driving
arr angenﬂut‘theayom;id{vhémmalﬂwd cbaqnb'esizs filledl vaittablliquid, thid mmnpmferiabiy et ween a
first and a second chanbeh. Su a connﬁgthiBon or channel is aggrog late for
] st moREL ARSI BHICHH S IV o dhe ERiassariSr 1 pPaaste S840 B narber
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Accor di ng to a second aspect the invention there is provided a punp
assenbl y dredon sitnef thadludt chambear r angenent s and punps or corrpressors
attached to these. The driving arrangenents are adapted to provide
alternating pressure in 15 chanbers of the said punps or conpressors as

resul t ofrpa dr%@é@éﬁgérﬁ@nmwmndﬁau@ cbfpriebeNEBsableRiEEonidttiohod
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adapt ed The punp
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to a novabl e pressure chanber face, such as a piston or a nmenbrane, which

novenent results in pressure change in said chambers, wherein the pressure
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15 chambers of the said pumps or compressors as result of a reciprocating
movement of a rod element, wherein the rod element is supported in a housing in
a reciprocating manner, and wherein each driving arrangement furthermore
comprises an electric motor which is adapted to provide the reciprocating
movement of the rod element. The pump assembly is characterized in that the

20  rod element runs through the rotor of the electric motor and on each side of the
electric motor is connected to a movable 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.

25
The driving arrangements in such a pump assembly according to the second
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

30 can be achieved with regards to the load of an electric power supply.

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



30 can be achieved wth regards to the | oad of an electric power supply.
The possibility for precise position controlling allows for running curves
for the dwovongearsaangenent, which can be freely chosenpgrtEreeotobssstri ves
runni ng envel ope, based on torque, inertia, speed, stroke distance, current
and vol tage WO 2010/ 066754PCT/ EP2009/ 066657 6 avail able. The punp wi ||
continue to fulfill a constant flow as long as the different running curves
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electric notor according to avior of anotber driving angenent in the
assenbl y thehdecaiermgon lmidypowwezmrtﬁntn:gec timee Tbe a;:CEIara’uorlaedi eelaraiaimm nmot or ,

or drivin arr n to t.he runnlng curve of a
second e PERALDREEEH e HT (S P Ganiatt CORBEd SPERE T or - adapti ng a
pump 1| ow based on the inherent consistency of the punped nedia. The
consi stency of the punped nedia can for instance be affected by the

exi st encécgprdimpter a pireferred grnbedimsat tthe dsying yeairgernents|is an assegery gas
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and a puppadssedid Yoneeiahdisgttio nidier éd;cfc&timgrtow@nm of aapthelridvieing, aspect
of the invention, wll advantageously give conpact 25construct| on shape,
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advant ageous
of a second electric motor or drlvmg 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



30 Exanple In order to give a better appreciation of the various technical
features and functions of the present invention, an exanple description of
an enbodiwenbidwwegisven in the foll owing. The descri pti oRCITEPYIMDEGEHF t h
reference to the draw ngs, wherein WD 2010/ 066754PCT/ EP2009/ 066657 7 Fi g.
1 shows a known di spl acenent punp with crankcase and cross head; Fig. 2
shows a schematic principle drawi ng of an advantageous enbodi nent of one
aspect of the present invention; 5 Fig. 3 shows schematic principle

sket ches of a nenbrane punp and a hose nenbrane punp; Fig. 4 shows an

al t er nat iFgg tembheiveBNknain tisplatemam@uup with erdmlgase,ard gosd hehdws a cross
section view of a nore realistic inplenentation of the driving unit in Fig.

2: 10Fi gFi%s & hehrwa apshematic RiinGipleWrawing ¢fan advaitagepysoemegalRedidn of
rotational nov ' ' ; Fig. 7 shows a cross section view
BREopblt & theMesertiiRIREh, T O

of the roller scre ows a perspective view of a punp
assenbl y Fag Gor dhogs tscheimatis eeianiplasieicheobf & heerpbesenpumpwedta bose 15 Fig. 9
shows a cross section view of the punp assenbly in Fig. 8, Fig. 10 shows
graphs for el eB1ETREIGRUTP o unp power and rotor speed for a driving

arrangenpiy 4ACeREWS 39 dlferhARe &YBBHINEht Iftite dAving NG ¥4y ant ageous
alternatives of the curves in Fig. 10;
Fig. 5 shows a cross section view of a more realistic implementation of the
driving 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.A10 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.



Fig. 12 shows a protective arrangenent for protecting the driving
arrangenent 20agai nst danmages due to excessive forces; Figs. 13 to 19 show
vari ous owopwenyoskiseh descri bes the reciprocati ng noveneRrTS/EP2009/066657
performed by the driving arrangenentssin a punp assenbly; Fig. 20 shows an
advant ageous enbodi nent, regarding notor control; Fig. 21 shows anot her
enbodi nent of the driving arrangenent according to the 25first aspect of
the invention; and Fig. 22 shows a detail cross section view, illustrating
a preferred enbodi nent of the driving arrangenent. In Fig. 1 is shown a
known di $pFageneshopureswhdrhatic prikaplef sketetdota dsisingesacind@Ondst oinfor@an see

fromthe figure, arelatively |arge space_and heavy el enents are required
for the éf%@ngwnamemﬁéarﬁB%@P%é@d,”ﬁe%w'éemﬁay%m%a%at illgb engine is

not i ncl %ﬁ@ﬁha Thstiffet (/Qlk/é%i‘%ﬁ?@%{chgfs &4 %%”175,%%?%;18@;%%&3@. driving

uni t whi replaces what is I nsi otted line of Fi 1, and which in
addits5on conprises the driving notor. WO 2010/ 066754PCT/ EP2009/ 066657 8 In
a,schemati c princi a drji arrangenent 11

Fig. 2 i h | ket ch of '
For a f1 158 IRaBAZGHA Vil Bhed BufisTosin depsPasfies ks iesiime 198, 130
each has gjffetendd S\t/eﬁ"tﬁévﬁ ThedvalvexPcaild afirhe chatrldd igtan\b%é’rﬂ/_vé%ﬁ‘or 17b,

respectively. 5 The inlet and outlet val ves open and close in dependence of
t he presinstanati ¢leeirieallye oohydrauliestly coméroliady Eke dwereoraterbatews shewdheed i n

anot her ,for. instance electricall [ raulically controlled. The
incorporﬁ?&ad'%ﬁ’:&'wg?%rﬁﬁﬁ/r?mgﬁr&ﬁ%ﬂ%é ?oﬂgg“f or the menbrane punps 13a,
13b. 1440 The invention is, however, not |imted to nenbrane punps or to

punps as_such. The driving arrangenent according to the invention can thus
for i nst Ahednyrntioads, hevesienat iniedio MepmfBRe KFIPPT tRHVIMRS agsWrke. In

Fig. 3 a&ﬁeﬁ?ﬁ/\’}% %ﬁglgé@géﬁ%ﬁo?&wltg 15 FhvERESH £ah tAudRIMN&aRcPBBRIstda. as

t hose shown
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 hose membrane pump 13c. Pumps and compressors are assumed 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



15 as for a hose menbrane punp 13c. Punps and conpressors are assuned to be
known for a person skilled in the art and will not be further described
herei n. Iweteaxhsstshe driving arrangement 11 for such ar pemgeomaossesr | | be
described in further detail. 20It is again referred to Fig. 2. The driving
arrangenment 11 conprises 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 IS8 r.ad - T ' r ' j wal | face of

t he hous}"ﬂﬁsaiTg 1% ﬁ%déaggllﬁéggé)?%%ﬁ%s%%% £ myﬁ%fa%gﬁﬂg@?%r m a barrier

agai nst gpahgsl dEh@polvBesnssipes they eleptritt MOtR? B, is2iblh shdve. Radiatly omside oul d

al so be arranged in an additional cylinder og bushitg%tgn the .ipside of the
t

housi ng e rater 3 Hethespistonaiod &3 garmANgefldnUCcE WaK ¢ 40toRSrB G ¢ hus
provi ded ' f i t ' isd gn 2la and the
menbr anercgagé %?ély H@P#%{#@?tofre r aﬁe&%gtﬁ%qﬁgg?@éo%eéﬂggﬁ%%ﬁ there is

pr ovi sledparmacentdnbgmettrnotorchanber 27b bet ween t he second piston 21b and
the 30 nmenbrane 29b of the second nmenbrane punp 13b. In the md part of the

housing 19 there is arranged an electric notor 31. The electric notor 31 is

arrangedTpApé r&ﬂo‘r‘b‘%‘?%‘éﬂ?@*iecf‘é neebuaen due 4 i/vb?tthanﬁesﬁﬁ@ed rBia‘-iéQ]g/itE%Z,

21b. The stator 3la of the nmotor is connected fo the inner wall o VWO

2010/ 066#EBARET FH2 00 0@6EB7is® pait of agoller sarawiassenhbilyn3d3 @dds in he st at or

3la the rotor 31b of t noLor .is arr ed, The bo I h

el ect ri cCABPYFMIAt ih ﬁ&?s %&\W'Stsﬁgoﬁog%'%i%@aaenggﬁétorﬁgﬁ%ﬁ%ﬁﬁﬁéugi st on
rod 23 i 33aldRR0RhyiAl ridémantbthpaétoh ied 28t The 3ldis aathe PitRInerotrzxl y in
relation to this. The electric notor 31 can preferably be a 5 permanent

magnet nwhish aregntangagement with the nat 8gdanaig rotriowsrd hejfifskartthe way t hat

t he nut Sty t ] a roller
screw asgg%(ﬁﬁgg%a%)c{lg'i%q%aene{r’]hg'tggéen'g]#? E%L?%"g:bélt@%ﬁ}nts%@hgi%g%%ﬁérod 23 in
such a wetdéhat. Futieirimone ahetdxial iivecion 33a beadstsrmioedbyathenotatioant of t he
pi ston rod 23. The slots in the piston rod 23, which are in engagenent wth
the nut gBactiofy ef thetothsdR: The first and the second piston 21a, 21b can

t hus,be noved axially by rotation of the electric notor 31. Furthernore,
the axial direction can be determ ned by the rotation direction of the

rot or 31H.shhb blet natbdlthattibe moterdiontisinot liraited e tha typeiof anstngement edhicho t he

g%lggt ?T C%aegi?t%gc%r}{vgwgbggpga?ioﬁgler%oglgm%% S trhte élQ&riE%o to'r 3?% ag%\{errent of the
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.



novenent of the piston rod 23. A person skilled in the art will thus be
able to choose the npbst suited power transm ssion arrangenent, for instance
wi th 20r egendaydsersiior ces, speeds, wei ght, vol une, ener gycirEP0096468t enance,
reliability, and price. Depending on the area of use for the driving unit
one may al so enpl oy a gear rati o between the electric notor 31 and the
nut 33a, such as wth a planetary 25gear. It is nowreferred to Fig. 5,

whi ch depicts a cross section of a nore realistic exanple of the driving
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Furthernore, if the nenbrane punps 13a, 13b 5 (Fig. 2) are connected to the
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driving t. ' ' | yel [ of the
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driving rst and second function cha Is the sane
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éﬁ?t hér l gg}ﬁ(lg%%ag§gb v%iﬁﬁqu{gg 3@25%’51”&5%@” Igdnhtep,etﬂequq%}/d A tﬁgqllullde rrole.
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.



15 chanber 41 can advant ageously be set under pressure, so that the |liquid
has a higher pressure than the liquid outside the pistons 2la, 21b. A
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a COKf eChs MediRfid 86d/BPRPIAGIAG ti ligaHUaithbliendving th Sisas®embleithet he function
chanbers 27a, 27b. Such a flurd connection can al so be used for heating of

the int edﬁWhQrﬁétﬁfmemﬁﬂfat a start-up sequence. Furthernore, it is
advant ageous to arrange one or nore valves for access to the fluid chanber
41. In this way one nmay circulate the liquid in this chanber in a

circul at B?rarmﬂgsﬂ\gia téimpehstusd ggug@(nomhswg) uesommublbhumith theflmuidhirathieng or
cooling of the liquid, as well 10as cl anS|n and/or re F b g the liquid,
wi t hout HHigli GhgneRerdt s 25eeas %d‘{aﬁﬁa%‘?c?%%ﬁrra?&%ﬁdﬁﬁ@ﬁtconﬁ9 WPHngi ng a
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chanber 4 one ca vant ageously arrange a notor control which
regul at e@rtdmarpmrthcsrwaylpeo\mcﬂe ahessutancei agairgtdoo oniahohedtcasiaed ased
temperat lééceure 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



One can in this way provide an assurance agai nst too nuch heat, as well as
secure a sufficiently high tenperature in the |iquid when applyi ng speeds
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transfer of forces fromthe pistons 2la, 21b to the nenbranes 29a, 29b, as
in the exanple referring to Fig. 2, the driving arrangenent may al so drive
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arrangenent as shown under reference to Fig. 2 or Fig. 51is that the entire
drivi ng arakersyelesad spane bdoweveroneanay advanrtageously asranges valve dneteed f or

ot et habrowd PP et b8 Sl aR ARG el oRlel Ry dehi st BRGcoa |

space. Haweyiag.1one may advant ageously arrange a valve (not shown) in the
house 19 for possible refilling or pressure test of the fluid in the
housing 19. 15 Fig. 4 shows an alternative enbodi nent of the assenbly shown

in FLg. 2 i3 Ei a C : 1 -On t he

ri gh?ghaﬁg'g%\e&zfgﬁgggg{égggb yk,)ﬁi"h%ngp#s §n£%%§’ﬁf'§gﬂ{é‘§{‘ qH%L‘ff L%Tﬁeh Cchamber
cor r espoagsargblydn tHig: 4 &caniy cbnnedted to oharpuenp. 2Jb therighighartl sideéthed, for
i nstance towards atnospheric pressure o may be fill e?@%%gﬁgas By
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keepi ng. pazersalyotiie @?Q‘b%“?@ﬁ‘%eb%d%tcgﬁﬁ‘ EOPEERPMAING ) uri ze
the f1uidfchpiRRbnber 22800 FS RRIGHSY BPIRINRA! BARRICBIHOGHRAicabove,
despite the tact that the driving arrangenent is only operating one punp.
Fig. 6 shmssuee peit spmche fibed Wity gafs. Byrkeleparg thersagoad qastbhy?183dvnanhi ch can be
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 332’ 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.



25used in a driving arrangenent as described with reference to Fig. 2. The
roll er screw assenbly 33" has a nut 33a' on a piston rod 23'. The piston
rod 23' hwe 20alde6ml grooves which the nut 33a' is in engagaresw/iovécsh. A
rotation of the nut 33a' thus resultsi3in a novenent of the nut along the
| ength of the piston rod 23'. The piston rod 23 in the driving arrangenent
in Fig. 2 needs of course only to 30 exhibit such grooves in the |ength of
the desired stroke area. Fig. 7 shows the sanme roller screw assenbly 33" as
in Fig. 6 in cross section (grooves are not shown). As nentioned above, the
driving & Fap@eamhFiga@dhed isgshowrt Apartivuéantaéxampls ofiembddimeetiforo t he shown
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such as e one descri be ove according to the first aspeCt of the
i nvens$ i ocomniphisirfgi tuer drivisd awaageoneptsa$8@ wbthe type showwnpriigi Zas well @si vi ng

urps 108U eSS RPbEas PURest B ThBlete bk R s mgo g puUfRs Moo ane
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conmbi ned, so that thé punp assenbly 101 functions as one |ogic punp unit.

As in theothingchgothat theqaomp agseibly 1&F instiess as oredodie PUMPle UNHI A s of t he

hose 10 mepbrane punps, 1 r L. respschive, valves 15 and
their outl es(?rglljﬁg{%{iﬁg%ﬁe@g‘@[ﬁ%{eﬁ%@&%h |I§ @t g {/hael '\El%é]gﬁ{h.e @SEI ndi cated, the
drivihfg pidrabeeesiirapd 985 ere aptiefiercspbytiveeintdt valveskish@anddheir obtidtsareve in
this description. 15 To each driving arrangenent there is arranged an

el ect ri c aptiRirresppelive ewiatevales 17f.or operation of the respective electric
motor 31. In order to connect the function chanbers 27' of the driving

arrangenents 103 to 20 the hose nenbrane punps 105 there are arranged fluid
channel s Aisrindibatefdotiie dfivingmnetigearerttsibe3 chl proferalelgmet dfehédimat i on chanbers
27' and the hose nenbr aBFs unps,.105. The connection tubes 109 constitute a

part of HeggirpshakpEHdpi PliQing the function chanbers 27' in the
drivipg arrangenents 103 and the chanbers 27" (Fig. 9) on the outside of

t he menbranes 111 of the
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.



25 punps 105. In Fig. 9 the hose nmenbrane punps are shown in nore detail.
The nmenbranes 111 have a hose shape and extend between the inlet valve 15
and the owbl2etooéatsye 17' . The valves 156', 17' are checlecvalpr@dic@®? WO
2010/ 066754PCT/ EP2009/ 066657 14 By usi4ng two el ectric notors 31, i.e. one
notor in each driving arrangenent 103, they can advantageously be driven in
such a way that they rotate in opposite directions. In this way the
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10Furtherb e%tr%é& the punp assenbly 101 shown in Fig. 8 and Fig. 9, the
two driving arrangenents 103 can be driven in such a way that one is run a
quarter of a cycle or 90 behind the other. One can al so i magi ne arrangi ng

nore than two drivi arrange s.103 in a 15 assenbly.. For instance,
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of a 360 degrees cycle. The first five and the |ast five degrees in the
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next, resp i o | cycle. 25 A particular advantage with the
use of eI%eCS‘t%h %’e%t %émﬁﬁ tlﬁ%ghﬂaﬁl ving arrangenent is the possibility of
dosing the stroke of the piston rod. Fig. 10 depicts an exanple of punping

in one total stroke |length (stroke directior&_,_v\herein the entire
r ot at i on&ING:ft glpodmaghie aneging Aneretthan fye dilyindarasmertsgs indbyi ce) i s

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



30 transferred to the punp nedia (the Iiquid between the pistons 21la, 21b
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graph forwoheiwwtes of the electric notor, the process eamEpPRodON6GEE7 out | i ne
be divided into an accel erati on phaselswhere the rotor speed increases, a

st eady phase where the rotor speed is relatively even, and a fi nal
retardati on phase wherein the rotor WD 2010/ 066754PCT/ EP2009/ 066657 15
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punping in an entire stroke |l ength, where a part of the rotation energy is
transferP@W%twd%%e%ﬁpé’f‘ogherei n the remai ning rotation energy ig

| ead back by using the notor to decelerate the rotation. The electric notor
thus functions as a generator in the last part of the stroke |length. The
gener at effigel1dcthdwesahn emampie obpurhping instreentire isérokatlengtbdwhers g psriosfed i n a
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advant ageous control of the no . One can adjust the speed 15 of the
not or, | elechicmiotordhis funaiions asqugeneiaterdsitise st partatdhe siolse lgngth. nst ance

which nmedia to b u d and | di.t] rat A Lty,

speai 1 o THE ARl ARG ed ety cB it huanas HE ey S

(t emper atHpAsitdr Ibatient yPRandTetrba diledtig te haoher elsagts metar, Jor ifistahbein one nay
advant ageousl y take ei genfrequency into consideration when determ ning the

desired gpelgr dpgingjarrAngeENeRttr angenent according to the invention, an
el ectric rotating pernmanent magnet notor can advantageously be used.
Further, the electric notor can be an asynchronous notor or a synchronous
not or . ERecdlectdc mohirosoithetel@etdc wiotohthesiyived advagtiageowsty efdnyci ency and a
hi gh torque wi || be advantageous. 25 Fur% her npre. bot h Dé: atn?l] AC notors can
be used. Possibilities for an advantageous control of the motor. One can adjust the spee
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



In stead of altering the rotation direction of the electric notor for a
succeedi ng opposite stroke direction, one may al so inmagine a roller screw
ar r angenmew® 201o0/@6Tsaespondi ng devi ce for conversi on of r erCatEpesalocsrevenent
into linear 30 novenent, which is adagted in such way that the stroke
direction changes automatically with unaltered rotation direction of the
electric notor. In an alternative enbodi nent, the stator of the electric
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arrangenent. The stator could also be integrated into the housing 19. Fig.
12 depicts an advant ageous enbodi nent in which the driving arrangenent is
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121a, 121b. In order to prevent the piston rod 123 f romrotatlng wth the
nut 133ar0<i1123ﬂfearovg1ﬂdjwlth3’61ﬂts133@ fontyapsivemation pﬁthaq@t@ﬁmabmmmmqrﬂs. The
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pi staep rese ﬁ%ﬁ)ﬁ@deua a@a&rangwpls@od@em 4101 21b. Irﬂoﬁie@@@@t@f@ntﬂﬁi otati onal
posi tion. duri ng nor nmal eration, there is a rotational force

bet ween PHgoN r%éz?)@@na@tqtm theaupil 38ara liogarigade 185daék of an
unf or ese r to | et
Uhe nr o NofbeEBERT e bRR RSY 128 T fifhr Rfiad Ean forinsGpEE Ul AU L0 150
movenent o@tie froﬁbwemetypés*fhsaimMmees;slmee potygonesshafoor sinder. THma ingarssi bl e, a
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galrjtcmgrg[l%%gFBnSefgatsﬁw lrs.’éo%l rod 125 rlnrc])(]/grllngary,cwhlf)eakeepjing in 3 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.



I's provided. The outer clutch part 145 is rotationally fixed to the housing
(not shown). Wen an excessive torque force is exerted onto the inner
clutch pawo 20famemad the |inear guide 135 fromthe pisteoTmrdonddsssst he
rotational connection 25between the irner and outer clutch parts 145a, 145b
will start to slip. As this happens, the piston rod 123 wll start rotating
with the nut 133a, and its linear novenent will halt. The clutch
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adjusting a force which pushes the inner and | ower clutch parts 145a, 145b
agai nst dadh omlttherﬂwd/\bnlwmmtheal dosgatere, a mechani cal safety nechanismis
provi ded, which prevents excessive forces fromthe pistons 121a, 5121b on
the fluid on which they operate. An advantage of the clutch arrangenent is

that it deasi@tade bt thelclaoh Hemaemdm id et drdodsnbtanflienasnganhayben
actuated. Furthernore, the driving arranaement wll be ready for use

i medi at ma/dwm@ﬁrr@ngamrﬁwrm aqgatmﬁ utheinoers thaidavinageansemeatur e wil |
be to adaﬁo%?%% ugg |@H@d?$t%wa£%err"%igcthgﬁ ack on the el ectric notor in

order to re-t € prston rod, respectively, is
posi tponed at any given time. This can for instance be performed by using a

rotational position resolver which follo tor or a 15linear
posi t i onfRFUENNES ad¥pNigdeAYS f4RIUIY Wg' Yoo%é %QHV‘”SrarB%PQ%%”JrW‘Hb
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with end position sensor an alternative driving arrangement, as
t he one ctms(resmmdlvba/r & ppsmmmcba’narmgwagmm tThas candordhst@ncebenotor i s
repl aced b rmecy %9%%Er1'gca rr];(J)’[a?onal position resolver which follows the motor or a
15 linear positioning 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



Fig. 13 depicts speed curves of two driving arrangenents in a punp
assenbly. It can preferably be a punp assenbly as the punp assenbly (101)
descri bedwei2otv/asefsear ence to Fig. 8 and Fig. 9. The two @cTrwpr@9dseeangenent s
can be the driving 25 arrangenents 108 according to the above descri ption.
The curves in Fig. 13 illustrates the absolute speed of four pistons, A B,
C, and D, where a first driving arrangenent 103 conprise the two pistons A
and B, a (R r i i-2tigRs C and
B Regar & s> 38 el aiofh 1 ARIPTRGh: s QERBITHET R bUnAng oEloN® )
accel er abeghé conneeted mpaedObfse® Fig. BoanthFigz@) speed of 1, with a constant
acceleration. At the end of one stroke of the piston rod 23, the speed is
zero. In a mddle position, between the two end positions of the

reci procahien@irid bR Ond, D PgosPBEthd Secdhdi drivinPirabgemeRe16Y® e of one
driving arrangenent 103 is perforned when, according to the WO
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driving arrangenent 103. As illustrated in Fig. 13, the sum of t{r}g t wo
curves, 8MWayse 1 Km%fmad'ﬁadhéféb?]ffaalﬁﬁe\f@ﬁa't%ﬂ%ﬁ@@ﬁ*@ﬁi BUR®ING speetgintefant .
That is, i S is always "1" (normalized). This
feature ngﬁézﬁﬁﬂﬂg@ghﬁt%@ I?jxﬂﬁrrfgﬁl'ng speed of the punp assenbly 101,

W thowut ripples. 10 The rel ation between position, speed, and accel eration

of the piston rod 23, along . with its attached pistopns 2la, 2 (or A B, C
and D), TBedBstien e H/RSRPESIion, Shecgh ae acenir Ry oL e AEERAPRILAy wi th Fi o
16, whi cBdrlglwigh rtélfaﬁ&cﬁmpﬁ,% a3 Y A BIC Rirdf O)Ss Bkpitet WFi?Q‘M, one
can see that the acceleration alternates between a positive constant val ue
and the Ew@.riéspoddiigigithegati ve constant value. That is, fromthe

intermedi ate position, in the mddl e between the two end positions of the
reci procating stroke path of the piston rod, it starts to decelerate. This
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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 deceleratin'g' 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



continues, however, but since it continues fromzero speed, it is in fact
an absol ute acceleration. Thus, fromthe end position, the speed increases
until thewpistomsersad reaches an internedi ate position. ACTHPR®IPessT, the
accel eration changes sign, and the piston rod is again decel erating unti

it reaches the other 25end position. The end position mght differ fromthe
actual full stroke end position. Fig. 15 depicts the resulting speeds for
the two p n@’e@@nlrs(’(ﬁ% Rl ﬁdk@acfdsrc?tthé'%ﬂoﬁ‘é%eﬁ‘i'o&g biVineaway driviggment 103 of the
punp assenbly 101 (see and Fig. . is evident fromFig. 15, the
resul ti ngrrapgements.ves are hat functlons or triangul ar 30functions. Such
functions results fromintegration of the curves for acceleration in Fig.
16. Integration of the speed curves of Fig. 15 results in the quadratic or
second- d%@iﬂ/@ﬁta‘g@bw? aécdrdihg tb4hisTémbodipfint aherd AlEbe peduddennt s of these
curves WO 2010/ 066754PCT/ EP2009/ 066657 19 represents the end positions of
the thw pravesrents @f ths pistan tags 2f- iNawryedr thergevemest oidbedistage sasiivy
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and val vg % 10 Fig. 17 shows the torques on the two respectlve pi ston rods
23 of eac 8r|ving arrangenent 103 of the punp assenbly 101. The i nduced
acceleration seen fromthe respective electrical notors 31 of the two

driving ment 03 is |i he tor ecu S W riodic tine
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di r ect i ofroof thetrespeetiver ¢leciticabmotorafjess the twpdslriving @F(ﬁgngﬁbrﬁﬁntst% iSor que

reans. t I MionaRe GuREs iihdPerei BT bbb Re A et o, ©

drivisg Ecabkang ontné pistos rod frbn’pmehﬂbtorcmﬁ@mgﬁﬂthe tleB serew asyontlle power
grid. Fi ga 18 shows the sane curves as FI? 17, however w.th sone
s an
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of the piston'r
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 Va and Vs. As indicated in the figure, the cycle of the first driving

30 arrangement, here indicated with the two different cycle lengths t14 and t;a must
correspond to the cycle lengths of the second driving arrangement, namely t1g

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



25 punping speed. In order to maintain a constant sum of the two speeds of
the first and second driving arrangenent 103, when a first arrangenent
reduces iwe 2pawesihe second driving arrangenent nust reduEr2sca&pEed
correspondi ngly, so that their cycl es2ohave the sane length. In Fig. 19 this
is showmmn with two different speeds VA and VB. As indicated in the figure,
the cycle of the first driving 30 arrangenent, here indicated with the two

di ff er entOry€dreals®ngidamd bifepBdrieXhdpestwision Weis RRstalrthehsreyaite | engt hs of
the second driving arrangenent, nanely t1B and t2B. The said is also valid
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resulting differential equations. Thi an be perforned in a real tinme
situafi o%pﬁw)ﬁﬁa?da%ﬁ"@ﬂ Ha%%oeéh%ﬁezﬂi%wt the Galerkin's nethod. In
addi tion, one can inmgi ne using even nore than two driving arrangenents 103
in one punp assenbly, for instance three, four or even nore, as long as the
added suimsadditibheonasamirhagieeusirgpeesrs mare thaptwae drisingrarrasfgenierds 108e sai d

al so 10 includes no per, odi c.c?nbi natio of speed curves. A driving
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speed of the piston rod 23 and the connected pistons 2l1a, 21b. Wth the

15deder i studasnie patiodia combinatignssyispeedtapirygsansf er energy froma drivi ng
arrangenent in a state of retardation to a driving arrangenent which is in
a state of acceleration. Furthernore, in an advantageous enbodi ment of the

punp assardiwn@afangementiith@ ¢dRbBaton df asPrtler 8éreWharaiyenbhband khe
driving arrangenents 103 are adapted to be controlled on the basis of the

behavi ouPeBpaRgiBtRsgn&irmoion@llayefena veospretigescqrirgl pf the iosguaiand Fig. 20,
show ng L VI RIRBY (OB punp assenbly
101 (seegta—fg%(?Bgﬁ%n@g@y@éd%?’. ér‘l‘:}gg %er{'?'f/]&%‘gd Qr%r angené?t%lggmlptsr%connect ed to
two painpdedétbent copnbipatieadsis eeysitde toreransfer 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 t1. 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 ty, in accordance with the reduced

acceleration for the first driving arrangement A.



25 and/or the notor controller (not shown) for the electric notors 31 can
provi de input regarding the behaviour of the driving arrangenents 103. In
the situavoammwlewn in this figure, a first driving arraog@EPRew/066657
(continuous line) changes its acceleration value within a stroke at the
time t1. The reason for such a change can be a change in the punped nedi um
or other external or internal reasons. 30 The second driving arrangenent B

(dashed Ii i) OGNS thet thl urédapge biaran@rred@ﬂeéfarmirawﬂﬂqia tg@nNst ant

summari zed speed (cf. the continuous horizontal curve). It thus changes its
r et ar dat ioparationahenyélape oi the driviog ereagements, iwhileestilenaéainmgdbeer at i on for
the first _drjving arrangepent A WO 2010/ 066754PCT/ EP2009/ 066657 21 It
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the constant sum of their speeds. 50ne will notice fromFig. 20 that the
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owBver t

speed i e sane as before. It should be noted that the area bel ow

the speed curve wthin a single 15directional stroke represents the stroke
length fqr, that stroke. The Iimting factors are, the -

accel or afShARALL TBR, Il RaeiemtBy ke PEeQ ATy RGr case or

decr ease afthnhBfeht Befdcréasaes anddhe firg drivinPapasdsmant Arddepsaseliedi ment  of
the driving arrangenent 11 according to the first aspect of the present

i nvent i oAaccelerationorpsraspandingly. s ssinmarized ppeekischowavis thagameas i near
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excessi Veirbeitaril stroke rgpresents the etripks teyth der that s@6ke.

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,



In Fig. 22, the function of the spring means 204 is described in closer
detail. The spring nmeans 204 is arranged in such way that it may glide with
respect twoaofoose1s4sl eeve 203. I n addition, a second sl eevEpr2@2/06&87 gl i de
Wi th respect to the housing 219. If tde piston rod 223 noves all the way
towards the right in Fig. 22, 30a ring 201 is forced against the first

sl eeve 203, which guides the force via the second sl eeve 202 onto the
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characteristics of the spring means 204 can be adapted to the desired

brakidg course. 5 By using one spring means 204 in order to danmpen an
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the pr esgg,t géﬂventl on can advant ageously produce a pressure rise of up to

90 bar at” a Capacity of 3000 I/mn. Mre preferably, it can even produce a
15 pressure rise of up to 120 bar at a capacity of 4000 I/mn. It is noted
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J 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.



20 scope of the invention. WD 2010/066754PCT/ EP2009/ 066657 23 Clainms 1
Driving arrangenent (11) for a punp, conpressor or simlar, adapted to
provi de avbeonalssT3g pressure in at | east two chanbers (2¢ayrEp2000/06@37, 27"),
such as chanmbers 5 of a punp or conprsssor, as result of a reciprocating
novenent of a bar elenment (23), which bar elenent is connected to two
novabl e pressure chanber faces being pistons (2la, 21b) or plungers having
fluid connection to said chanbers, which bar elenent (23) is reciprocally
supported in a housing (19), and mhereln the driving arrangenent further
conprléﬂé"ﬁﬁ electric notor (31) which is adapted to provide the 10
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nagnet mot o . |V|ng arr angenent accord Ing to one of he pr cedlng
cl ai ns plsctms éZﬂt%Qﬂbédr phuingkes havieg flotdocorr@rlipn 6 salsecheinebens whinbtlear (31) i's

arranged in |s co ast. sai d housi ng
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accor dighgingemendfurtier coRMraekelr dedtricTmbtorl(31)hehichus ddapratsprovide the
10  reciprocating movement of the bar element (23),
characterized in that
- the bar element extends through the rotor (31b) of the electric motor (31); and that

- the electric motor is an electric rotary motor.

15 2. Driving arrangement according to claim 1, characterized in that the electric rotary

motor is an electric synchronous motor.

3. Driving arrangement according to claim 2, characterized in that the electric rotary
motor is a permanent magnet motor.

20
4. Driving arrangement according to one of the preceding claims, characterized in
that the rotor (31b) of the electric motor (31) is arranged in a fluid chamber (41) which

is confined by at least said housing (19) and said pistons (21a, 21b) or plungers.

25 5. Driving arrangement according to claim 4, characterized in that the fluid chamber
(41) is liquid-filled.

6.Driving arrangement according to claim 4 or 5, characterized in that the fluid
chamber (41) is pressurized to a higher pressure than the pressure on the opposite
30 sides of the pistons (21a, 21b).

7. Driving arrangement according to one of the preceding claims, characterized in

that it is used in an ambient pressure resulting from sea depth.



(41) is liquid-filled. 6. Driving arrangenment according to claim4 or 5,
characterized in that the fluid chanber (41) is pressurized to a higher
pressur e wbanigdse7spr essure on the opposite 30si des of tlpeTmP3tON666E21a,
21b). 7. Driving arrangenment accordimg to one of the preceding clains,
characterized in that it is used in an anbient pressure resulting fromsea
depth. WD 2010/ 066754PCT/ EP2009/ 066657 24 8. Driving arrangenent

accor dinrivingorreandgernaet araecdiogrig ovkaifise podrading elminmedccharacterized inf ur t her
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145b) releases 5 to let the rod elenent to rotate. 9. Driving arrangenent
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cong_ri ?&%t?r?&rc?ooélieﬂ%m&‘?&?gezm) which is adapted to danpen any excessive

| ongi t udi nal " noverents 0 € rod elenent (23) in both of its directions.
10 10. Driving arrangenent according to one of the preceding clains,
characterized in that it additionally conprises a c|losable fluid connection
bet weer- Br¥iNgATaigemeriacsRIing e of bresesing alsims, aharactesizeshing (101)
conpri V, d 3) s
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pr ovi dergitudinadtriavgnmands stithe iod elbeebe(23) (2 Bojh of itsdirectipmsps (105) or
conpressors as result of a reciprocating novenent of a bar elenment (23),
an(?ei n the bar elenment (23) is reciprocally supported in a housing (19),
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rotary notor (31) ich is adapted toidprow de thé reciprocating novenent of

t he bathadliterdsiionadlg)compniseact eosakld fiuid cornedtioe bedween arfirat arid3)seernénds

t hr oug r r ) of the electric rotary notor (31) and on each side
of the%%'ﬂ@ﬂ&f%gﬁgiy notor (31) are connected to a piston (21') or
pl unger, which novement results in pressure alteration 25in said chanbers

(27", 27"%, wherein the 1pressu_r(_a alteration results in a punping or
15 11. Pump assembly (101) comprising two driving arrangements (103) and to these

connected pumps (105) or compressors, which driving arrangements (103) are
adapted to provide alternating pressure in chambers (27”) of said pumps (105) or
compressors as result of a reciprocating movement of a bar element (23), wherein
the bar element (23) is reciprocally supported in a housing (19), and wherein each
20  driving arrangement (103) further comprises an electric rotary motor (31) which is
adapted to provide the reciprocating movement of the bar element (23),
characterized in that the bar element (23) extends through the rotor (31) of the
electric rotary motor (31) and on each side of the electric rotary motor (31) are
connected to a piston (271’) or plunger, which movement results in pressure alteration
25 in said chambers (27, 27”), wherein the pressure alteration results in a pumping or

compressor function.

12. Pump assembly (101) according to claim 11, characterized in that the driving

arrangements (103) are operated with a phase difference with respect to each other.
30

13. Pump assembly (101) according to one of the claims 11 and 12, characterized

in that two or more of its driving arrangements (103) are operated in such a way that

the sum of the instantaneous speed of their respective bar element (23) is constant

throughout one or more succeeding cycles.



conpressor function. 12. Punp assenbly (101) according to claim 11,
characterized in that the driving arrangenents (103) are operated with a
phase di fwenemmgswsist h respect to each other. 30 13. PurpTarI@sbbesst 101)
according to one of the clainms 11 ands12, characterized in that two or nore
of its driving arrangenents (103) are operated in such a way that the sum
of the instantaneous speed of their respective bar elenent (23) is constant
t hroughout one or nore succeedi ng cycles. WD 2010/ 066754PCT/ EP2009/ 066657
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16. Pump assembly (101) according to one of the claims 11 to 15, characterized in
that the driving arrangements are adapted to generate electric energy by use of their
electric motor (31), at retardation of the movement of the electric rotary motor (31),
15 which generated energy is transferred to the electric motor (31) of another driving
arrangement in the pump assembly, during an acceleration phase of this another

driving arrangement (103), or fed back to a power source.



