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WO 2006/137777 PCT/SE2006/000710 1 CONTROL SYSTEM FOR A
PUMP Technical field of the Invention The present invention relates
generally to the field 5 of pumps, and more specifically the present
wipvendignrrelates to pumps comprising -variable frequency GiesgnRens 710
Furthermore, the present invention also relates to a method for operating’
such pumps. 10 Background of the lAvention and Prior Art Pumps
comprising variable frequency drive means, such as sewage pumps,
E@Qﬁ e- ing pumps as well as submersible pumps,
%ﬁekarﬁp%@a%ﬁcngr#‘m%%ﬁ%%d for pumping fluids in mining applications
15 such as in mining shafts, wells, at construction sites, or at other
Tpplivateds. Neridallys subeersibie pumps are submersed, wholly or
partly sghaing-longr-periods:of-time beth.whendhey ake in,o0peration and: 1 4
-ihenin.an oftsiale, A problem.efien ncoyntered with pympe.in general
nd- ith submersible Eumps n part‘i]c,uTar, is's6 called snoring
Spetaficn, WhichigaRSthat theUripS SHEkS parfyRgaitand bty air.
g is dbe 16 thefactethat the figakklevelihasfdlenrbelowdtheséqticed o
dewel abtherpempeausing thes pumpsia:start sucking partly air. 25 From
this moment the pump is no longer productive and uses energy '
t remains in, the mining shaft or in the well and
Fartiche S will begirr iy setifé ahd einrthehydraulics of the pump.
As loAgrasstheqpurnp s irothis:sneiing sfategtimsepatt 30 dces zemain at
dherhygeauiss-and sause extiaweaen Shedmpellar, dbe suection ggver,
dfifigealy. sjeThis.Inaliselve plmping gonirides N gslgnficantvay to
the’increase oif the overall operating ¢osts of the pump. i addition, this
SOy S érafion My DEEgEtie fump 35 nibtor dde 1BV ARERGSIN
sertain applications: dn sdreilet o overcdome #His shofing problem ssensors,
StCkASther applications. Normally, submersible punps are

submersed, wholly or partly} during long periodé of time
both when they are in cperation and when in an off-state.
A problem often encountered with dumps in gensral
and with submersible pumps in particular, is so called
snoring operation, which means that the pumps sucks
partly liguid and partly air. This is due to the fact
that the liquid level has fallen below the required level
of the pump causing the pump to start sucking partly air.
From this moment the pump is no longer productive and
uses energy unnecessarily. Water silt remains in, the
mining shaft or in the well and particles will begin to
csettle and accumulate in the hydraulics of the pump. As
long ze the pump is in this-snorihg state, those pért—
icles remain at the hydféulics and cause extra wear on

the impelier, the suction gover, the seals, etc. This

ineffective pumping contributes in & significant way to

the increase of the overall operating costs of the pump.
In addition, this snoring operation may damage the pump
metor dué to overheating. In certain applications, in
order to overcome this snoring problem, senéors, such as
level switches, are used to sense the fluid level within

the well. However, these level sensors may, for example,
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level switches, are used to sense the fluid level within_ the well. However,
these level sensors may, for example, WO 2006/137777
PCT/SE2006/000710 2 be blocked or be subjected to a level shift due to

wey flisienwith subjects in the fluid such as a tree branch, gpe ¥yl Hakwsih,

such a case deliver an erroneous signal. 5 US 6,481,973 to Struthers,
present a pump system addressing & part of the abovementioned
problem. Even though this pump system comprises variable frequency
drive means it makes use of another control method to detect if the liquid
]%%53% R58lofa PreSAtidGET 88 16Pa Ronpiémentid leverswitehés.
foreipréeiselit thispuimpcsystém détects iftherstisia suddertineeease in
thexspeed =ofdhe:motartora sudden-grep ok the MOIOROrUe, S3idoneous
epgration of the motor is monitored by a sensor connected to the AC

output i k;xé%qdiggsfrgm tgeyaliablga 15 frequency drive means to the
motor. However: tRis puiip~ Systertambradces §ieat HisTRntaGES the

gase whiehthe® imGbasebf the spbed oithe hratorisslond tre sfstem

niightihotriecegpizeptheychange-asmaniipdicatian Dhidry: repsingefihe
BUMR Ipanother.case, dhe pump system is.20 0ot able tq detect.if the

s euels R D o e e s S TSR
ISterBr Bt errdrioh 6f thermb Bt asrq i Tharaby:L e pumiphwitl revmmp
fora ennsicesable tinde tintibit iS 25 switchesroff due 4a ovetheating, apded
the pumpBIns-ther rigk of gettingsseriously damaged. In {36 saic
gpplications, such.as the above:mentioned, fhe pump operates ina__
RAMIC environment and thus the “pamp stould bé abie 16 dpErate T &R
efficien; way i 3B4arge-fahge S ERSadpréssure ke pamiphéad - -
Toergspongs ctoithe heightthecpump, usingra givengpawer, i abletanfift a
givenamonnt of liguid, far-example, WalehS€€ 1n the case when the
increase of the speed of the motor is slow, the system
might not recognize the change as an indication of dry
running of ‘the pump. In another case, the pump system is
not able to detect if the water level is high enough for
pump operation upon start of the pump, since in this
state there cannot be a sudden incredse of the speed of

the motor or a sudden drop of the motor torgue. Thereby,

‘the pump will run Zor a considerable time until it is

switched off due to overheating, and the pump runs the
risk of getting seriously damaged.

In many applications, such as the above-mentiocned,
the pump operates in a dynamic environment and thus the
pump should be able to operate in an efficient way in
large range of head/pressure. The pump head corxeépoﬁds
tb.the height the pump, using a given power, is able té
1ift a given amount of liguid, for example, water, see
Fig. 3 where a typical pump curve is indicated by the
line 30.. The degree of utilization of the power of the
pump may be reduced at low flows (Q). Thus, it would be
an advantage te have a pump being able to pump at a high
(or increased) degree of utilization of the power of the

pump zlso at lower flows.



Fig. 3 where a typical pump curve is indicated by the line 30. The degree
of utilization of the power of the 35 pump may be reduced at low flows (Q).
Thus, it would be an advantage to have a pump being able to pump at a

j i ased) degree of utilization of the power of the also at
%gv%{r’&,g éev%fwo 2006/137777 PCT/SE2006/000710 3 Ano #gr}%%’t‘%fé"ﬁ‘w‘m
of frequent= occurrence, especially when the pump has been in an
off-state for quite a long period of time, is clogging of the intake and/or the
impeller, which is caused mainly by particles in the 5 fluid that sediment at
the intakBaiHeEin thiedhisalle? Bndt BEHG St RAGHG Seretatively RiEk B 1Y
splid:consis-jengy HERisHimsturn renrtails fifatst large Starting itorqae bhthe
Ruma otgEis.ceuireckinardes to initiate: the tolaing ok e Bumpne
impeller, then a maximum 1 s;ﬁar;t{ilngbt(irqug IS eé/egj_rgglejisr'egriln Q{l%er to
StaF the FotatlBi-&Ad tie FHotor as%o%eyopgra?ef at'a maximum _torque
dtingch Siantficeiiesior GitirhBSTRITOMSUMES HrgeldmolRtsider and
epeigyiasd also wenis the pahyr impsliertand the mator. \MWhearthe pump
hag heen igyan off:state;for 15.a4qng period even a:maxinuaystaring
torque maylgot be enough a‘,“nodvinj.ssuclhe%%%evs tge{%umg$(ears tpob%n,‘[ tiate
n%faciﬁ%ﬁ?/ Clea®d. T addition 4 pump nay also be cﬁ)gged d%uring N

| riring Ofer ekagngie, By articlas SheRed fifto the Srtpdller2 i hisThe
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reliebility ©f pumps:eperateddn suelyu2@edvironmentstisdons tart the

Abgvementioned RUDP-YStEMALeordingdo 442 6:A8L923 to Suuthers, is
Adgesseddo this probiem.as e, Hoeuer, (Nis method 18 8EONERNSl e o
diréctédYo ep the niotor running even it It is determined that the pump
iS125 Bl gERE MG e T eBRERE I &R tinacE8ptaBR Righ ol Rrglie fs-+ -
detegtethtormogiven speed ofithepmustort: Hwe iprrnp System Wilf towerthefor
speed,atthe.moter and at the,samedime increase herlevel sbaceaptable
mgggﬁgﬂng%d in such cases the pump has to be manually
cleansad. I addition, a pump may alsc be clogged during
running, for example, by particles sucked intoc the
impeller. Thus, the reliability of pumps operated in such
environments is low. .

Abovementioned pump system according tc US 6,481,873
+o Struthers, is addressed to this problem as well.
However, this method i1s erroneously directed to keep the
motor running even if it is determined that the pump is
clogged. More precisely, if an unacceptably high motor
‘torque s detected for a given speed of the motor, the
pump system will lower the speed of the motor and at the
same time increase the level of acceptable motor torgue.
The aim is to get 2 stronger pump which is able to over-
come the strength cof the solid matter, but a stronger
motor combined with a hard pollutant may lead to damages
of the impeller, the impeller seat, The pump housing;
etc.

Another known problem with pumps comprising conven-
tional variable frequency drive means, 1s that the latter
ig usually mounted distant from the pump at a dry loca-
tion above ground. Mcre precisely, this necessitates a

long power cable leading from the variable freguency




The aim is to get a stronger pump which is able to over 30 come the
strength of the solid matter, but a stronger motor combined with a hard
pollutant may lead to damages of the impeller, the impeller seat, the

pump housing, etc. Another known problem with pumps comprising
conven- 35 tional variable frequency drive means, is that the latter is
usually mounted distant from the pump at a dry loca- tion above ground.
More precisely, this necessitates a long power cable leading from the
variable frequency 4 drive means to the motor of the pump, which for
conventional svariablefreguency. drivedngans canresultn SeVere i ona
Rroblems. with slechiomagnetic interference. In aovementioned Us .
6,48&,57? to Strithers, the variable freguency drive means ‘s mountad =™
Within thESHURTIE4SRG: M dre Bretisdly o a Plated Cotifete 16 e
moforl However,thewperationtfdheavasabte frequency driveimeansaHns
this case isadyersely affectedby the heat emitted. fram;the:motor, whieh: .
may,lead. lo eroneoys operalion of Ine variable frequency dive, medns.
'Ichus,vt ere is a need of an improved pump ang%n improved control
MBtHee 61 EORPBMGYSTER 2D URPTA an® etfidient ks withaeepettio
erfgrgyteshsumptienrazd then idurability of thepumpoBriefidescriptionlofad
the invention Embagiments, of the presentiinvention pravide an improved
pUMp, @ pump system including such a pump, a computer program, a
control device for such a pump and methods for controlling such a pump
and pumpsystéissinian 2fitGAt Way> Wit FespErt t8'Ftimpapakity at
vianyirmy panyphead, Ermmbbdimeénts obthe piésent inventienralse provide an
inHRroved-RUMDy & RUMP-sysie Rt INCUAInG SHCh-8:RUMP L 8- FOMRULE, .
program, a oncgriplgrclaé/i%eu@r _such a pump and methods for controlling

such a pump and pump sysFems in an efficient way with respect to

energy consumption.
Brief description of the invention

Embodiments of the present invention provide an improved
pump, a pump system inciuding such a punp, a computer
program, a controil device for such z pump and methods for
controlling such a pump and pump systems in an efficient way
with respect to pump capacity at varying pump head.

Embediments of the present invention alsc provide an
improved pump, a pumpg system including such a pump, a
computer program, & contrel device Zor such a pump and
methods for controlling such a pump and pump systems in an
efficient way with respect tco energy consumption.

Embodiments of the present invention further provide an
improved pump, a pump system including such a pump, a
computer program, a control device for such a pung and
methods for controlling such a pump and pump systems in an
efficient way with respect to durability of the pump.

Embodiments of the present invention provide an improved
pump, pump system including such a pump, a computer program,
a control device for such a pump and a method for

controlling such a pump and pump



Embodiments of the present invention further provide an improved pump,
a pump system including such a pump, a computer program, a control
device for such a pump and methods for controlling such a pump and
pump systems in an efficient way with respect to durability of the pump.
Embodiments of the present invention provide an improved pump, pump
system including such a pump, a computer program, a control device for
such a pump and a method for contrdiling such a pump and pump J
systems in a manner that reduces the wear of the pump and extends the
pump life. Embodiments of the present invention further provide an )
iMBrOvE pafhp? pimip' 8ysteht incliding StichXEplffp- a° Eonfputér P and
prodramisa coatroldevite for such a pump and a method for controlling
such arpupp anchpeMprsystems 8 am envireamerntal eficient wayrovi de
Embodiments of %hueﬁr,esﬁe@éé”"se ntion alsg provide an, improved pump,
pump system inc udi g sucha pﬁ’mp, a computer grogram, a control
dediEB6F Sublt a%hitfip ahd"8 method for'contloling®siéh a pimp afa® 2
pumpsystéms inan-effidientwaywith: respect to:startraliability asswvelh an
as feliahility= dueing.operatien..Embediments according to the present
inventiop, pLoYIde ADIMpLOYSd PUUID, BUMR SYSIE INCIUTING SYEBA oo o
pump, a computer program, and methods for control Ing such a pump and
PURP Sy SEMR T the” EBFteX¥ BF e present imntiohR e &I "plimp
speedtissdefinedasthe aumbers of relolatiens per time unitofithe puinp.
Aceerding to a firshaspectiofdhe presentiovents ionpthere ds pravided @ an

method 1%'%1%'0%%99' ng.a pumnp, comprising a.motar.and yariable frequency

drive means,  the latter being arranged to control the operation of the
nfotor By befitly cornectel %7 fristor 8Rd to a feeder cable of the
pump,ﬁwmﬁﬂﬁmﬁ@ﬁ@q@QQQyQﬁN@ to the present invention
provide an improved pump, pump system including such a
pump, a computer program, and methods for controlling
such a pump and pump svstems.

In the context of the present invention, the term
"pump speed” is defined as the numbers of revolutions per
time unit of the pump.

According to a first aspect of the present invent-
tion, there is provided a method for opsrating a pump
coemprising a motor and variable freqguency drive means,
the latter being arrangsd to control the opsration of
the motor by being connected to saild motor and to a
feeder cable of the pump, the variable freguency drive
means comprising a rectifier, an inverter and a DC 1link
extending therebketween, furthermcre the pump 1is
operatively connected to a control device. Ths method
comprises the steps of:

- obtalning values of operating parameters of the pump
indicating pump conditiocons, by means of sensing means,
which is comprised as & part of said variable freguency
drive means and which is operatively connected to said DC

link,



means comprising a rectifier, an inverter and a DC link extending
therebetween, furthermore the pump is operatively connected to a control
device. The method comprises the steps of: - obtaining values of
operating parameters of the pump indicating pump conditions, by means
of sensing means, which is comprised as a part of said variable
frequency drive means and which is gperatively connected to said DC
link, 6 - communicating said values of operating parameters from the
variable frequency drive means to the control device, - determining by

means.@f.the-contrel device ifa pres determined.condition-is fulfiled based
Qn.sai.oblajned valugs.ol.opeating parameters. and - communicaling. .
instructions from the control‘device fo the variable fréquency drive &7 =%
Medis, WA o the fdfie Peftbof Siid prédetermitfet-condiffor, iRGtder
toscontrol rthe aperation of the notdr inlaecordanee with saidpurhpained
cenditiens, Acsordingita-A secerd aspact gfthe present invent- tion there
is pravided a pump comprising.a motor.and variable frequency drive
megng,% %Jlg%grlﬁgin*gnfﬁé#é%dl ?tgsco%?t:r%rf‘th%gpé:roa?ibgoo‘f t%)évn%gt%r%?/
Jelfig Connected 16 SakFRioforand To AFeBder CasIBbfthe Pimp, thel -
variable freguedcy deive raeans eomprising axectifier, andewerter andtaro 1

DEdink-extending therebatweens furthermore.-the,pump;isioperatively .,

connected to a control device, characterized in that sensing means is
G S, . . . .

comprised as a part of said variable frequency drive means, which

sensingC eahs s operatively Cohnetisd-o Sdid BE IIRKHIRIWhich” &t~
arrangéd to ebtain wvatuesiefioperating pavaimetersiaf thenpump iaditating
pump-gonditionsythe variable; dreguency drive means being agapgedt@.
cAmmIc i SN0 oy s e o ppeapRa ey
te said motor and to a feeder cable of the pump, the
variable frequency drive means comprising a rectifier, an
inverter and a DC link extending therebetween, furthermore
the pump is operatively connected to a control device,
characterized in that sensing means is comprised as a part
of said variable frequency drive means, which sensing
means 1s operatively connected to said DC link and which
1s arranged to obtain values of operating parameters of
the pump indicating pump conditions, the variable
frequency drive means bheing arranged to communicate to the
control device said values of operating parameters,
furthermore the control device is arranged Lo determine if
a predetermined conditicon is fulfilled based on said
cbtained values of coperating parameters and to communicate
instructions to the variable frequency drive means, bhased
on the fulfillment of said predetermined condition, in
crder to control the operation of the motor in accordance
with said pump conditions.

According to a third aspect of the present invent-
tion, there is provided a computer program product load-
able intc a memory of a digital computer device, including

software code portions for performing the method of



a predetermined condition is fulfilled based on said obtained values of
operating parameters and to communicate instructions to the variable
frequency drive means, based on the fulfillment of said predetermined
condition, in order to control the operation of the motor in accordance

with said pump conditions. According to g.third aspect of the present

invent- tion, there is provided a computer program product load- able into

a memory of a digital computer device, including software code portions
fof pefrorring the- fifethéd of -68 aeEbrdidy to thecfirst aBpedtofthel on
present inventiopuwhenthecomputes pregran: praductis rurondheuter
cemputer device. According to a fourth aspect of the present invent- tion,
there is provided a pum stem comprising a pump according to the
secon§ Cg%%'“égti Sf}th%qnge%gﬁ,%nﬁ ngﬁﬁér Bompprise Ar°Gheratdr it ~
CorfiprisirGSRputimeans v ard displayireans Witiclk iradapteettospressnt
infarmationy reélatechto thecoperatiopeafithe pump. Aecordingto, and
embedimentsof the pregentipuention, there is provided a.control deyice, .
fé)rrlg RUM 1a§co%%'519§0 thne,s pq,nd aspect of t[g_e invention. Tpug, the =
present invention 1§ based on the'ided tFobtainifg VAEGf operatifig = >
paraféters-ef theSpimpstibt Stastially contiiously from the variable
frequency driven means; withich ioperating: patametess indicatespupon,
conpditions andwhichiare measiired in.gn easy and.ingxpensive yay and.
?Rtehess@acrge Jime, weitcpthié;? @qggra%} andi%%ntrolllng the variable

requency drivé means ase“d.onjt eeo%ained values of operating
parameters: wheteinthgperatidf ot the mstdras adjuisted it aéeerdante
withasaid pumpe toaditiohsoFhesehy dhe pump is:eperated i apefficient -
waywith, respect {o. output capagityat varying flows; eer@sxo&gﬁé%nlm%
%Qg nga?;'ﬂ%%f th Jpump. WO 2006/137777 PCT/SE2006/00071

ing parameters indicate pump conditions
and which are measured in an easy and inexpensive way and
at the same time with high accuracy; and contrelling the
variable freqguency drive means based on the obtained
values of operating parameters, wherein the operation of
the motor is adjusted in accordance with said pump
conditions. Thereby, the pump i1s operated in an efficient
way with respect to output capacity at varying flows,

energy consumption and durability of the pump.



7 Moreover, since the wear of the pump parts such as the impeller and
the seals is reduced, the pump life can be extended. Due to the fact that
all information required for the control of the pump and pump motor and
wWtiRkieBfrequency drive means is obtained from the variablerfee» @40 o
means, no external sensors are required. According to a preferred
embodiment of the present invention? the operating parameters may be:
the DC link voltage of the variable frequency drive means, the DC 10 'link
na:ment of the variable frequency (]jfri\{tenrgeqns, the speed of the motor, or
& fIRE SBy mMealis of thesé 6pe-Tating paraiietéisthe poteer Grthe™e
oo the BrGuEBE theFmétor SorEhiertitablesyimmtities ay berddter-
eninedd28 In aupreferred enfbodiment of 4he ptesentripvantion: sthe:event
of dry gunnipg:of the pump,is determined %@%@d e ohtained valyes. of
pperaling paramelers e.0. the powerof e motor at diferent motor,___
spe%%ls ar co‘fnpare%“wn% a predetermined fefererice vatdefitds £°¢
HeRETINMBETE that th& PoWetof tHERTGHF i fefverthtn T8 predeter-
minedZeferedtedevel, thepopérationdfdhe pibnp motor ist istoppeskduwing
aheried of time having,a:predetermined: length. Morgaver, themotar,js
Jgsiatied whenjhe prede; termined period of time has expired and the
same 2heck is Bg erf%rmed”qnce agaln“’afntﬁ*the Dre(?eatermineqecgn“dition
10 h<nirmear $hbs CtheSriortitd o paratiohHeBRiAYWAICH astarteasséd s
arove, cduses extraavearcaf thespunpzand in meartieular of thesimpeller,
Faay £ause the pump motar fo,nverheatand alspleads tQ uppecessary
anergy consump 30 ion, s Jeail with and an efficient way of gperafing a
p"'ump: comprising variable f‘rl'éLquency Ve means in regpect oféh‘grgy
TEgrisamption and durability can thereby be ob- tained. Furthermore, the
15 pumplife eapbefextendedrowingmtathedfact that the svear of pusp: pats
suchasthe oy 39-Rellernsgals and suclion.sever ds significantly yeduced:

of the obtained values of operating parameters, e.g. the

[4)]

power of the motor alt different motor speeds are compared
with a predetermined reference value. If it is determined

20  that the power of the motor is lower than the predeter-
mined reference level, the cperation of the pump motor is
.stopped during a period of time having 2 predetermined
length. Moreover, the motor is restarted when the prede~
termined period of time has expired and the same check is

25 pexformed once agaln until the predetermined cbndition is
fulfilled. Thus, the snoring operation problem, which, as
discussed above, causes extra wear of the pump, and in
particular of the impeller, may cause the pump motor to
overneat and alsoc leads fTo unnecessary energy consump-

30 tiom; is dealt with and an efficient way of cperating a
pump comprising variable fregquency drive means in respect
of energy ccnsumption and durability can thereby be ob-
tained. Furthermors, the pump life can be extended owing
to the fact that the wear of pump parts such as the im-

35 peller, sesals and suction cover is significantly reduced.

In an alternative embodiment of the present inven-~
tion, the power of the metor is maintained at z substan-

x

tially constant level. The obtained operating parameter
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In an alternative embodiment of the present inven- tion, the power of the
motor is maintained at a substan- tially constant level. The obtained
operating parameter WO 2006/137777 PCT/SE2006/000710 8 value is

woRated swith a predetermined reference level of the oper}‘;;\(t}pfgm006 000710
parameter; If the operating parameter value is lower than the™

predetermined reference level, the speed of the motor required to obtain
the predetermined 5 power level is calculated; and the pump is ran at the
calculated speed. Preferably, the calcuLated speed is compared with a
Preset maxiftR bW eiispedd BF BeHEATPpL T FIRCEalktfatedspeed
ishlaigbpeﬂmﬁlﬁ presahabaximum speedpbthetpumppthespamphs van aé
téme @E%@f} lgn@ﬁxm%mwe%éae Pé@@@@h%rlnﬁw@iﬂjn&ﬁﬂgh
egree of utilization, of the power of the pump over a_large range of flows
Tq’spggat?ﬁth%%es,i%ﬁ% %ﬁnri%)qf}gl.rf_ y I?néjléz;gfh% ﬁ&%p%*e%%?ﬁ%ggﬁpe“\évan
BaYRcreaBa by 2095 16303 By meafs ot e iithed atedrding fd'8aid
18 secoataspeot.ebhus; hyfiaceedsing the speeédof theethotordhie pamp
willhreachya higherpymp headatiower flows,than g ronventional PR, ;
He@cefaghefficie?t wagmof .operating.a pUmp com risingt\flariable .
L caloulacead B2e 1S s er ant 2, preset’
-frequency drive ‘meéans in respect of pump capacity a varylr% pump

FRadTe G ebEsinad. &@é‘orﬂi’ﬁ&)to SR AOB embbaimértt Gttke %?é’%
wezehtion, agstectidihwhethgrsthesurmpris cloggetis aperfommed;raruhif it
&@%@@d t%‘?ﬂh?ii'ﬂgﬁééﬂzl%dﬁ QPQﬁﬁ@d_p%%%f@l_J@P;ﬁﬂ_@nlﬁ%&@z@l}’e@% g
pre eter,rnlnem S : 5 u:[mga @ 10 q tim avmg I’? qterrggne
B, THeGake: o imb s Siased and stited i gl —28°

Bifectidi? Moredvet, BESep I RhfTFIHES AP iffheler FéRselyy
8fpping kEndrhange thedpétating: diredtier s mwheated untkit-s
detegted -that the clpg.30 ging sonditign has caased: Jhys theproblem of
flogaing, orjam ot the intake andior pymping house, which may-oe,
than a conventional pump. Hence, an efficient way of
operating a pump comprising variable freguency drive
means in respect of pump capacity at varving pump head is
obtained. _

According to an another embodiment of the present
invention, a detection whether the pump is clogged is
performed; and if it is detected that the pump is clog-
ged, the pump is ran reversely at a predetermined speed
during a period of time having a predetermined length.
Thereafter the pump is stopped and started in the normal
direction., Moreover, the step of running the pump impel-
ler reversely, stopping it and change the operating
cdirection is repeéted until it is detected. that the clog-

ging condition has ceased. Thus, the probiem of clogging

. or Jam of the intake and/or pumping house, which may be

caused by particles in the £Iuid that sediment at the
intake and at the impellsr and build silt having a rela-
tively thick or solid consistency, is dealt with. Owing
te the fact that pump runs backwards and forward again in
a2 repeated manner, the clogging can be removed in an
efficient way. Thereby the starting reliability can be

increased. In addition, this smbodiment provides for an
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caused by patrticles in the fluid that sediment at the intake and at the
impeller and build silt having a rela- tively thick or solid consistency, is
dealt with. Owing 35 to the fact that pump runs backwards and forward

wagaissis7asfepeated manner, the clogging can be removed ig-aaffigientio
way. Thereby the starting reliability can be increased. In addition, this

embodiment provides for an WO 20056/137777 PCT/SE2006/000710 9
efficient way of operating a pump comprising variable frequency drive
means in respect of energy consumption and durability since the wear of,
BSpeciafly Hthefpump RRSEIREIE FeBuBETPMBREBYet Sifie the ERag
tondudition canbe removedin areeffleient waystherenergyneonswmption
ghtherpump can also: be rediced, As realizedhthe-person:skilled in the
arl é‘l metl od accordi g the pr en nvention, as ell as preferred
enEnbbo |ement% tﬁ&%%ﬁ%% éﬁ?tré%?ev?o [ea%i;Lze orl ﬁpljé\é)n?e%%g ar
Lommistiter prodtant 68 Edmpdtef fe&daBie™ etiufAy prétératiF witkin the
contems of @arcentrdihdevicemr @ pracessingemeans of - pump or a pump
systemsThe featees that charaeiesze theinvesntion, beth: aste stiycture
Iﬁl@dhtgdngglo%q,afng erafion, together with, 15 further objects an
adbgntages t "é_ré'o ; WlI#bé%e%(eunijerstlood fgqrrl] tﬁé fglfov‘\ﬁﬁﬁqﬁ Ias
WEREAPHGH rE5R 7T CBR1bR chBR WRtH the A€cotHpamying drawiiisl #ag (6%
e bxprassly: enderstood trat theadrawings:issfor theoptirgosesafiable
Hiustration-ard deseription; and-is patintended as a-20 defipition of the
dmits.af the igv Qté% TJ‘&S r%(g th L0 ] cls att ined, and advantages
offerg(j[l by the ?prgser?t invgenﬁlon r\}%II ﬁecg e r)n%‘r(?l fulﬁ/ %ﬁfrersny gé fﬁ“e'
- description AW TolloWie i M EdriGRctiorPwith Ve aGdmpariying
raWings: 25-BHefdesctiptionoftheddrawingssAbbvemerntigrethand oihser
featres and-advanta@es advantages thersof, will be better
understeood from the following description read in con-
junction with the accompanying drawings. It is to be
axpressly understood that the drawings is for the purpose
of illustration and description and is not intended zs =z
definition of-the limits of the invention. Thess and
cther oblects atuainéd, and advantages offered, by the
present invention will become more fully apparent as the
description that now follows is read in contiunction with

the accompanving drawings.

Brief description of the drawings

Abcve-mentioned and other features and advantages

of the present invention will be apparent from the follo-

wing detailed description of preferred embodiments, mere-
ly exemplifying, in conjunction with the attached draw-—

ing, whersin:

Fig. 1 schematically shows an embodiment of a pump
according to the present invention;
Fig. 2 schematically shows an embodiment of a pump sys-

tem according to the present invention;
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'fﬁ“eqpresenst‘"ﬁ}%%nﬁ%ﬁ. 90 Détatled deseripti

of the present invention will be apparent from the follo- wing detailed
description of preferred embodiments, mere 30 ly exemplifying, in
conjunction with the attached draw- ing, wherein: Fig. | schematically

Ws@g&glggﬁmbodiment of a pump according to the present ipg@g@g&%ﬁ, 0716
Ing

Fig. 2 schematically shows an embodiment of a pump sys- tem accor
to the present invention; WO 2006/187F777 PCT/SE2006/000710 10 Fig.
3 shows a pump curves for a conventional pump and a pump operated in
accordance with the present invention; Fig. 4 shows the principles of a
Fiethod of Hirembodiment Slaccsrdiny tethepréseitipvehtipnnBigesd a
shows themciples 0of eemethod of apetheremba-rdiment.:aceekding to
the present.inventiqn, -Fig. 6 shows the principles of a method of yet

nothey embodiment accqrding to the present invention; 10 Fig. 7
 amatica Shomeca KUk SriBBcRhor e Aamp nd & CoRAGF dBsies
for such agstrap GEesr-ding 6 the preseéntinvéntion?Fig. 8 schematically
showsianathew emboediment of aipump £ and @econtedl cevicedfor suchas o-
pump according fo LL>-thepresent inyention, andFig9 schematically
shows6yet another embodiment 9f a pumj anqrgump system according to

| SIY of preféired EmBodiEhts
of the invERBSKIFETE folBRARG 1P@ré wilkbe disssed pisferadion;
Eirhodiments efarhetiod foroperating arpiap antha Qismp isystens. 25
Wwith refergngs figstdo Fig. 1.2 fisst erphadiment ofapumpgeording to
the preserg.l_gvertmtlon }inl be described. For purpose of illustration, the
Jt g o T jol ony

. € present Linventc
embodiments ' -
Fig. 8 schematically shows another embodiment of a pump

and a contrel device for such a pump according to
the present invention; and

Fig. 9 schematically shows yet another emboadimesnt of a
pump and pump system according to the present

invention.

Detailed description of preferred embodiments of the

Invention ‘

In the following, there will be disclosed preferred
embodiments of a methoed for operating a pump and a pump
system.

With reference first to Fig. 1, 2 first embodiment
of a pump according to the present invention will be
described. For purpose of illustration, the embodiments
of the present invention described hereinafter are uti-
lized in present submersible pumps comprising variable
frequency drive means. But, as the skilled man within the
art easily realirzes, the present invention can also be
utilized in other types of pumps, such as sewage pumps,
drainage pumps, de~-watering pumps, etc.

The submersible pump 1 of Fig. 1 comprises a
variable-speed unit 2, preferably variable freguency
drive means (VFD unit) connected via a connection cable 3
to a power source (not shown) delivering, for example, a
single phase voltage or a three phase voltage. Unlike
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of the present invention described hereinafter are uti- lized in present
submersible pumps comprising variable 30 frequency drive means. But,
as the skilled man within the art easily realizes, the present invention can

vasRhe sWilized in other types of pumps, such as sewage PYPRRRE2006/000710
drainage pumps, de-watering pumps, etc. The submersible pump 1 of Fig.

1 comprises a 35 variable-speed unit 2, preferably variable frequency

drive means (VFD unit) connected via a connection cable 3 to a power
source (not shown) delivering, for example, a single phase voltage or a
thfe@phase vokege. TR \WO12006/187 772 PG T/SE2006/060710 711

prariart paimps comprising a2 tinitaphich ate-only dasignedde from
kggeive.aponarsupply within the.range frou appegxigately 20Q.\/ 1o
%%%r(g)%(&r?“%t(?h%SQh\é, thl?e%uerrrll iﬁacgg c}!gg t%ghe esent invention is
ableto tecaive a 5 poﬁer sSupply Within [Ehe range f?géneaﬁﬁro%rﬁgféff 9 v
RPEpproxifmatEly 250 1 THefeBRHE ifvertivRIiuRp Tmas oe 2sed to
bothrin:couitae s/régions halirg-atstandard powen supplysafny 1 may be
@@@c?ﬁﬁ?ﬁ?@')!ﬁ1_@0\4{@;5‘9%@%%@5&{%@9?%35a\éi[ngjﬁﬁ@é‘g@rg)8&9&‘&35
e AR et hatha a FagUaiey OGO of G011 i
SRV kRGWA STARAARISTOP ditfere Rt BbUAtries aMafsiogifRa fdhtfegibhsiin a
Eoentey.cHowever, thetingentive purmpds sdesigned to be usedpihimany:ith
different:cauntrieshethe 1a-nputfrequeacy, may.be at jgast withjin the,
AN05.8L30-60. Lz, It In geality the- Iventive pump may copeuith which
ever frequency ayaﬁab e. ‘Fﬁus, a given pump may be Used conhefed 15
hfdhy différéfithoweFnfaiver 8y a givdisy plimp-isca GIoHRIY tiSabR PEmps
readiotosoe put intowspsd 20 ratimny TheAfEDamit 2Zcomprises an..e. the
elestromragnetdntes- ferense filter 4{EMI filter).arranged at the copnegfiop,
ﬁ%t,"eb%%,” Qﬁd%retglfyttej& Oi%e? lei%@er?l%g%eet i?_g'%:?nr?;)errenggie cope with which
ever freguency available. Thus, a given pump may be used
connected To many different power mains, l.e. a given.
pump is z glcobally usable pump ready to be put inﬁo ope-
ration. 7
The VFD unit 2 comprises an electroﬁagnetlintex—
ference filter ¢ (EMT filter) arranged a* the connection
cabie 3 in order to filter out electromagnet interference
at the input. The ceonnection cable 3 is connected to =
feeder ceble of the pump 1. The EMI filter 4 s connected
to a rectifier 5, which in turn is connected wvia a DC
link 10, including a capacitor 6, to & trénsdﬁcer or
inverter 7. The inverter 7 converts the DC current to a
three-phase current, which is supplied to a pump motor 9
via & connection 8. The function and components and parts
of a VED unit 2 is well-known for the man skilled within
the art and hence they will not be described in further

&

It is important that the VED unit 2 is mounted ther-
mally shielded from the motor 9 and at the same time
mounted in a thermally conductive arrangement with the Af

pumped fluid, such that the temperature of the VFD unit 2
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at the input. The connection cable 3 is connected to a 25 feeder cable of
the pump I. The EMI filter 4 is connected to a rectifier 5, which in turn is
connected via a DC link 10, including a capacitor 6, to a transducer or
wyester £--The inverter 7 converts the DC current to a three; Y 006/000710
current, which is supplied to a pump motor 9 30 via a connection 8. The
function and components and parts @fa VFD unit 2 is well-known for the
man skilled within the art and hence they will not be described in further
detail herein. It is important that the VFD unit 2 is mounted ther- 35 mally
StieltRETrém thelmvtory ahd Gt tHesamestime: Aouritad i aghemaatyces
econductive arranrgement with the pumped fluid, such that the temperature

of the VFR NIt 2 W(R).2006/137477 PCTIIEZQ06/000410, 12.)s kept at.a
low Ievel% ring operation, which eliminates a source of 1[_rL(%r. ,%Eggntrol.

déVicd 1198 arFaRged operatively CBRRES: Td t6 the pamp 1 anttin “+*

corfifrurfcatRIwRhahe VDRIt ST Viaa ebfimadicaton bus¥aoer
showm)sandeoptials ar, deves thecpumprisesg. torindeeaseseredecreaseeed

the speed;of the mater 9.ip ordertopump-a @5&%’@@ asmallef.amount of
%Cl% for exa Fple,;\é{ater. Further, the VED _unit z

“a ng o Ko yNp LY &X e, Wa x L‘_Com rﬁi‘sl"es Q.D:BSI(?%‘
meansa6, Whlél%{ls obef“acﬁ”Ve?y fﬁ{%onhecteﬁetﬁfsal Jb_ Tink 10 an Which
S arrangetPieP bbtdin iiiés 8P opEriting Paralfieters éFthersump 17iRdi
catingepurap conditdns. IThel VED (it 2ris amtahgedite comenunicate to the

conteol deyice. 11 said ualues:of operating, pataneters, 1o whigh, 1 indi-
according_ to a preferred.embodiment of the present invention, may be:

{Re 1‘éc'finEf(‘"Ti/Hclﬁta%?—:-r,?‘(f{ﬁg1:)%‘1",1ﬁr'1k cur- rent, the speed of the motor, or the
like. By“héahsbf hese’operating Parsmetéts tREIPENETSTEhe Pubiis 1 or
afothiermbtore9 ithe (Diqee Df theeotor @ forcpther stitgble=2t:gaantities
may be deterpined.cThe canteldevice 1dsrodiment of the present
invention, may be: the DC link voltage, the DC link cur-
rent, the speed of the motor, or the liks. By means of
these coperating parameters the power of the pump 1 or of
the motor 9, the torque of the motor 9, or other suitable
guantities may be determined. The control device 11 is
arranged to determine 1f a predetermined condition is

-

fulfilled based on said obtained valuoes cof operating
parameters and to communicate instructions to the VED
unit 2, based on the fulfillment of said predetermined
condition, in order to control the operation of the motor
¢ in accordance with said pump conditions.

The ccntrol device 11 is, in turn, controlled by
processing means 12, which includes storing means 13. The
storing means 13 may include a‘random access memory (RAM)
and/or a2 non-volatile memory such as read-only memory
{ROM}. In this embodiment, the storing means 13 comprises
a computer program 14 comprising instructions for bring-
ing a computer or a microprocessor, such as the process-
sing means 12, to cause method steps in accordance with
the present invention. As will be appraciated by one of
ordinary skill in the .art, storing means may include
various types of physical devices for temporary and/or .

persistent storage of data which inciudes solid state,

e e T
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arranged to determine if a predetermined condition is fulfilled based on
said obtained values of operating parameters and to communicate
instructions to the VFD unit 2, based on the fulfillment of said

Vmggggggwed 25 condition, in order to control the operationpg,tr{g&[]\a(%%710

9 in accordance with said pump conditions. The control device 111s, In
turn, controlled by processing meangzl2, which includes storing means
13. The storing means 13 may include a random access memory (RAM)
30 and/or a non-volatile memory such as read-only memory (ROM). In
g eadotimerit *theé starthg meaisatd compeisésea cofaputerpragiam
14 comprising inataictionsfor BringpNgr@ COMPUIRH BLa JRIErRPFOFESSOT,
SUch asthe process: singmeans, 12,0 causesmethadiglensiioroys

accordance with 35 the present invention. As will be appreciated by one of

brftRAn SRR the*BH, SfingMi&ans may include various types of
physicHlidéviges foretensporary AadorSpersistént stokage ot dat whieh~
inpludes sdlicstate W2 2006/ LBFTTTRCTISE2806/00672 0533 magnetic,
eﬂggal&ﬂgogq&ﬁ%t%%evﬂeﬁ%%qr %@IF%B'@_ ! ﬁei%%a@g e TRy be
implemented using pne or more_physical deyices such as A,
PRV, B OME. ELPROME 185 mishery A Aa°Hke, SWih =2

pTRFECE AW TRy 2L aflaltErhativeBiiba ehmentofithe pfesentot &
iventiandvill be degeribedl lnwihis-embodinent the contrplideviee 41 is
awanged in commuinication via.an iMerface uoj(aot sRawn) withan, ..,
operator Nl 22 inclucing Inpl meats n the.form o a 10 keyboard 28,
Whicn aII6Ws T7e opeérator 1o nput; for- exampl%, controf commands. and a
Higphay AiEANGiscréen 28 %o prasenting infolnatisn Telatew operation
okthe, pump ot exampie timehistony of the ppetatingrparame=riersd OF
status infggmatien of the pump.dn one empoadils ment,{he. pperaterunit
%%a!?na ersonal compyiter, The.communication link bepycen the pump 1
and the operator e

unit 22 can be & wireless link or & hard wired link.
Furthermore, the operator unit 22 can, in turn, be con-
nected to z communications network, such as the Internet.
By means of the operator unit 22, the operator is capable
of monitoring the operation of the pump as well as
different operating parameters asscociated to the opesra-
tion Thereof via the display 26. According to another
embodiment, The disgglay is a2 touch zens=zitive scrsen and
in this case a number of soft-keys can be arranged on the
screen in order to present different commands at diffe-
rent presented interfaces on the display 26. Furthermore,
the operator unit may comprise storing means (not shownl,
which, 1in turn, may Iinclude a random access memcory (RAM)
and/or a non-volatile memory such as read-only memory
(ROM). Bs will be appreciated by one of ordinary skill in
the art, storing means may include various types of
physical devices for temporary and/or persistent stdrage
of data which includes solid state, magnetic, optibal and
combination devices. For example, the storing means may
be implemented using one or more physical devices such as
DRAM, PROMS, EPROMS, EEPROMS, flash memory, and the like.
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unit 22 can be a wireless link or a hard wired link. Furthermore, the
operator unit 22 can, in turn, be con- nected to a communications network,
such as the Internet. 20 By means of the operator unit 22, the operator is

“Rgmj%ﬁ;.monitoring the operation of the pump as well as P@{fﬁfﬁﬂ&ﬁmomm

operating parameters associated to the opera . tion thereof via the display
26. According to another embodiment the display is a touch sensitive
screen and 25 in this case a number of soft-keys can be arranged on the
screen in order to present different commands at diffe- rent presented
interfacd&hén e Bispiay26 tharthEfRore, Hhebperatematiefmbycomprise
steriaganeanss [ndtsshown) whithnia turnyahay include arrasdosnaceess
rReme{RAM), 38andl6 . anensvglatile memory.such.as read-0ply, g
memary (ROM), &s willbe, appresiated by, gne of ordinary skl iy, the ar,
storing meéans may include various %ypecslcgf ﬁysﬁal‘&ewces for
fEnigorary BRETT petsistéiit storE Bf tatd wWiich RPRRIGESSltrstate
Araghetic 2opticdt amd=35: combinatiorrdeviees rFonéxample, toe storing,

Meanssuay ke implenentedlsing-QneRidnowe, physical devices sushas
DRAM, PROMS, EPROMS, EEPROMS, flash-memory, and the like. WO

2006/137777 PCT SE2006/000710 14 Runpi?)%bdata of the pump 1, such
as operating® Pafameterlke tmning RS huftb &rBTRa/Ss Sdrfergy s L ans
cdnsumption, tarid atéernidatal as Welt as seryice record cantbecdbtdietce
ane stareddn ailogging/filedadhe Srstoripgdneanrs 13: Fhelogding file,can
be presented fq operatQr by means ofthe qperator.unit 22. Mareover,
the log % f%e can be donr%oézi/lgt} 'for%}mse, 6peratoreur1ﬁf fo%r,%g.gxi"’le “Q—‘Oqs

BOTRGE " OF O sE T SHESRBH N oF ConcBraBRedasighe Fo ekt
eavmrsldesice 11 foraxarplé, tiereontréldevice aoembe fedlizedisy form
meansmof @rprogessob dneluging, siater-alia, Qregrammakie instructons for
gxeayting the methads, acgording o fhe presentinventon, According o .

anaother , ) - ‘ ,
and hereinafter. Furthermors, in Figs. 7-9 alternative

embodiments of the present invention are shown. Like or
similar parts and/or devices in Figs. 1, 2 and 7-9 are
being denoted with the same reference numerals. In Fig.

7, the control device 11, which may be encapsulated in a
hermetically sesaled housing, is arranged on an outer
surface of the pump housing. The control device 11 can be
attached or fixed at the housing in a number of ways. For
example, the device 11 can be fixed by means of screws.
In Fig. 8, the control device 11 is in form of a plug-in
unit adapted toc be inserted in a control device receilving
recess 13. In Fig. 9, the control device 11 is arranged
in the contrecl panel 22.

With reference now to Fig. 4, the generzl principles
of "the method for operating z pump according to a first
aspect of the present invention will be described. This
first aspect of the method according to invention deals
with the snoring operation problem or the dry running
operation problem, which, as discussed above, entails
increased wear ©f pump part such as the impeller and the
seals, may cause the pump metor to overheat and also

leads to that unnecessary energy is consumed. In
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embodiment, the, control device is implemented in the form 15 of a
micro-chip or the like data carrier comprising software adapted to execute
the functions described above and hereinafter. Furthermore, in Figs. 7-9

“@tgmﬁtgy%ﬁmbodiments of the present invention are Show@c’g}'éﬁz%ﬁmom 0

similar parts and/or devices in Figs. 1, 2 and 7-9 are 20 being denoted
with the same reference numerals. In3ig. 7, the control device 11, which
may be encapsulated in a hermetically sealed housing, is arranged on an
outer surface of the pump housing. The control device 11 can be

aftachédor RBBRAMRE WoUSTEINCE ALt cfwaEe Pl @5 ekampre, the

devicertboar befixedhy ymeans phsgrews. alnd-ign8 rthieieenttel device

1ids i formnobaplug-da unit-adapted o be insefted n a.contraldevice. o
receiving. recess 1% In @g gi@SeLc%nStrolcquécﬂg %ﬁ Is ggggglgg N the
%onﬁqfnpanéi 2.3 Wiﬁw re.fétencLé AOW 16 F ig. 4, the general principles
BE-te ieth6a Yo oparating & piifiip Heordingira fitdspedtHtthe
prasentdventiorVWill be teseribed. Thiscfirstaspedtdf thedaethock to
8£60KhRY tinveptionideals with the spoting operation prpblem orthe dry
[YpRipg 35 opera iOfi%rgplem which,.as.,discussed above, entails

antd %Frahw .
increased wear of pump part such as the impeller and the seals, may

cause tHé pimpmctbEtd 80erheat anirdias 18ads to iha witBeessani-
ehetgylis dorsuméed. WO 2O0SLESTERY. PUT#SE2006/000710215nd 44
agditions preymmaters are;designedde-pravide optimum performance

gﬂhﬁ ‘ ey are pg@gg‘t&ﬁnd ope£%t;ngjm IigHid, Q prolonged dr Jgnning
operaet(ltﬁ:)n can damage tHe apturﬁp thotor. Thus, tégr#?}stlfsp%?% the

fvertiion 5 BRGAdES Tora BifefficRit Way SFopeating Glstimpa time
eompYising asreDAmP2eds deserdbdd with referéntetoiasy ope of Fgs T
diZandri-91iarespect efzanergy con- syaptions pump life, and-durabiliby
g}_&@é’aatl%%%foay%e PQ&V%Q%E%‘C tj}@v@i@p '%JJQ,J' each speed level,
the power of the motor 9 is determined and thereafter, at
step 44, it is checkad whethar the relation betwesn the
speed of the motor 2 and the power of the motor is
approxzimately a cubilc function (if the power of the motor
is proporticnal teo the cube of the speed of the motorn)
using the twe speed levels and the resulting power from
each one of them. If the relation lg & cublc function,
the pump can be ran in normal operation and if the rela-
tion is not a cubic function it is an indication that the
pump 1 pumps alr and it is determined that the liguid
level 1s too low and the pump cannot be ran at the

desired speed level. This determination is performed in

.the control device 11, e.g. in the processing means 12.

It shall be pointed out that the relationship between the
speed level and the resulting power not necessarily has
to be cubic, other expcnents may be apprepriate for other
mixtures of fluids, i.e. liguids and gases.

If, in step 44, it is determined that the liguid
level Is not sufficient, the algorithm proceeds to step
46, where the control device 11 sends instructions to the
VPD unit 2 to stop/pause the operation of the pump during

a predetermined time period, e.g. a2 number of minutes,
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10 tiated, i.e. the pump is started. Then at steps 42 and 44 itis
determined if a predetermined condition is ful- filled. For example, at step
42, the pump is operated at a first speed level for a predetermined period

we iime; ;3 at a second speed level for a predetermined peﬂ@f’/éﬁzﬁ&iaemm

time. Preferably, said first speed level and said second speed level are
low speed levels. For each speed levél, the power of the motor 9 is
determined and thereafter, at step 44, it is checked whether the relation
between the speed of the motor 9 and the power of the motor is 20
BRBroxifttely & chbrRYtRE o JGthe powettiRe mMdtor fa%rbpsrtional
FFENE Sdbe Uithe Speeddithe snotory usingsthertwibzspeed levels and the
resulting powerdtomr enchoneiaf them.dt the relation:isia; cubie dunpgtion
the pump.can be: raminnarmal operation apd if thgrela 25 fion s nota_
cubic function it is an indication that the pump 1 pumps air qncﬁlrl%l

et ind Ih&FtHe liqiid Sfevel &% otR6R art the Fumpdannot Be ran at
WMETdEsiRd Sseed fErel rPhis teteminaion is pefomed id the comtrol
device: bl e.9. in the-pegcassingemeans 12. 30 It shall be pointed out that

the relafionship-between the speed level.and the resylting power not
nl_(;:-cess%rll%/#as to be Qléblc, other exgqn nts may be appropriate for other
ixtures of frofds; e fig s GREEE 51t Yin BT 447 i€ GBRrmifrEE that
HRE |iFuTEP 35HEVEHEIG sufficiaiit the algoriteoioceads 16 sreph @6, it
iheredhe eonttod devicer bt sends irstiustionsde the VEDHE2 80 ent

step/paiise the operation of the;pump dyrin c@r@fffea%frﬂigﬁﬂi &r i

erllc)sq, e.g.a Iqumébieruoif i utesd WQ: 290? 1(:;37]7 PCT/9E20 7{000?_10
%5 mayBe abot 2 minates. Whelt this Pefiol of timeé ha§ “EXisirdt THE
RGORAAT rétafss fo- Stept42 Toh Thé other RANd: if. at Bep a4miets on &
gleterminedz it thediguidi teve| Isssufficienty the adgorithnppior H-eeeds to
Ster #8, where the speed Of tRePUMPRLIS -+ 3 1o parameter is
obtained by the sensing means 16 of the VFD unit 2, which
value is communicated to the control deviece 11. For
example, the DC link voltage, the DC link current, or the
Like can be used directly or can be used to determine,
Tor example, the torgue of the motor 9 or preferably the
power of the motor 5. B sudden drop of the power of the
moteor & during operation indicates that the pump 1 pumps
air instead of liguid. “

For example, the second condition is a2 comparison

petween the power of the motor 9, for example, and a pre-

determined reference level, which may be stored in the

storing means 13, and if the power of the motor is lowex
than the predefermined reference level, it is determined
that the liquid level is too low. Preferably, the prede~
termined level may be about 70% of the maximﬁm power of
the motor for the present spsed of the moter 9. Alterna-
tively, a step comparable to step 42 may be performsd at
a regular basis between step 48 and step 50, in order to
determine if liguid is present at the inlet of the pump
3.
If it is determined that the ligquid level at +he

inlet of the pump is sufficient, i.e. the power of the
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increased to a desired speed. Thus, the pump 1 is now operated in a
normal manner. In order to avoid the snoring operation it is checked
substantially continuously that the pump 1 does 10 not pump air during
whshation-Therefore, at step 50, it is checked whether the Ii%g&%\ﬁ{ 6%“[)710
Is sufficient, e. whether the pump 1 sucks air partly or mainly or it itIs
pumping 'liquid, by determining if a segond prede- termined condition is
fulfilled. This is performed on a 15 substantially continuous basis. In order
to perform this check, a value of a suitable operating parameter is
obtairecEby-thé sehsingtheans e chithesrEDHie?, Wisichlvaltubsds
comenicateddothecontrok deyicedll. drort Bxamples the DG Jink yoltage =
theRC linkcprrent, or fhe 29,likg canhe useddirectly o1 cap-be used 1, ,

determineT for example, the tor%ue ottk\%?émotorggrpreterabl the power
SFhEIROteY. A sGddER 8rES BF the hower of e motor SdGimg 22 ~0e
SFEdtibAIRdieate s #iat the phmprl pempdrhitinstestoPliquie 25 For
exarpple? tharseeendm@ndtti@ﬁésfo@ompaﬂs@n rhetween theq@mw.of the
By fon example..and g prexdetermined reference: leyel, yvhich may

%gtored in%he stggng means 13, and if tpe ower of the motor is lower

than tﬁgﬁfr%d%?élrmme 2I1*8fepfeiflﬁﬁé:3e feve ,al? 5 'étcé?ﬁlendeoﬂ 30 that tﬁei?fa%i_d
|89EFIE OB I6WP PFefetalsly, (hESredBbtarmiinéd 18vél Thay BElaboult 7%

- af:theaximum power-of: the motaetaithe presemt sigeed of the. motor 9.

Alternag tively, a:5tep,compargble tosstep 42 may.be pedformed at a1 es
rgguﬁlrebamgbetween sts%) 48 and step 50, in order t .35Gdgterm|ne if

liquidis p?rées‘érrlﬁf at the it (‘astroa'fttﬁ%gpuamBu_nc.p If §t 5§ Getermined tﬁatstﬁgond
IRfEHG fevetat B iRt Db POMRISISTHiKient ik the perirofithed WE
2006/4372EpRCETISE2006/0007H0 E-£motdl 84ds higherthan ther deals
Rredetermingddevelnthes nzintaining the power of the pump at
a2 substantially constant level over a large range of
“flows. As is shown in fig. 3 by line 22, the pump head/
pressure can pe increased by 20% to 30% by means of the
method accerding to the second aspect. The power of the
pump is kept at z substantially constant level alt varving
pump head by adjusting the spesd of the motor. Due to the
fact that the pump is operated more efficient at low
flows a smaller pump cén be used to pump & gliven amount
of liguid, and the wear of the pump can also be reduced.
The inventive pump is an universally usabkle pump which is
designed to be used in many different applications having'
varyving demands. A high pump capacity may be achieved for
a given pump for varying pump head by adiusting the spead
of thes motor. Thus, the second aspect of the invention
provides for a an efficient way of operating z pump com~
prising a VD unit 2 as describsd with reference to any
one of Figs. 1-2 and 7-9 in respect of energy consumption
and durability.

First, at step 60, the operaticn of the pump 1 is
initiated, i.e. the pump 1 is started. Then, at step 62,
the pump is ran at a desired speed level. An operating
parameter of the pump 1s monitecred substantially continu-

ously and values corresponding to the coperating parameter
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algorithm returns to step 48. On the other hand, if itis determined ":.hat
the fluid level at the inlet of the pump is too low, i.e. the power of the
motor is lower than the 5 predetermined level, the algorithm instead

wiosgeds-to step 52, where the operation of the pump is stQRReE:»006/000710
Subsequently, the algorithm proceeds to step 46, where the operation of

the pump is kept stopped during a pre$ determined period of time. When
this pause period has 10 expired, the algorithm proceeds to step 42. With
reference now to Fig. 5, the general principles of the method for operating

&5%&56&8%&% 8 CITRS ABBeRFathe e SEnttetion W4 11%e
describeth Mhis isecortaspant of the methed ertoming de mvemtibh -deds
Lyt the problem of maintainingsthe pewenof thepumpat=at, or the

3‘4%&@%‘%8‘3%@@ lﬁvféQV%r a Jarge.range of s flaws, A3 ls shown n fig.

g?%]llne 32, the pump head/ pressure can be increased by 20% to 30%
by

B e MHSthod =8ord hg'tBThBSeRbnd asheRt e power o
the20 poinp-iskapsicata Subgtantialy sonstapt |cley arvar/ing lpurmgwer
head hy adjusting ther speed ehtfle:mater. Ruesto-the faciihat the=puppis

&9%@&89&@&%@8'%% fow flaws 2 smaller pump,can.be used o, pump-
iven amou t o %d and the wear oé the %E 1p can also be reduced.,

Z THe" ﬁ—ﬁ%n Ve p 'id"an u]ﬁﬁle?gglﬁfuséﬁjle 5 Wik I?i%@ﬂj%e]d
tobe tREJGHATARY difETeREaPFIRcEioh sty Maryihg-defafdsm high

paMpscapRacitymhaybe-achieved faweegivespemp forntesyimgdaump dead

by adiustingthe.speed- of the motor sThus Ihe second gspectofthe; ;o
mvegtlon 30 prowqio sforaa gfflClent way of ogeratln a}%}m com-
prising a TOED Uit Fas hegcr ed Hith refareRBe16 - %my o] g& 195

- AAJTRO N PESIRECI BT eTetgy E6RSHRPLIBASAAd HEFaBility Firsh at 260,
thenaperationtofithedqutapiiise35 thiiateths potherpumpell is:statted.

Then-at stepfis - the, RUmps ranaia desired-speed-level.An operating

paramefer of the pump is monitored substanfially contind:, ;o

reach the predetermined powsr level cof fthe motor is cal-
culated in the processing means 12.

Thereafter, at step 68, the calculated speed is
compared with a preset maxzimum speed. If the calculated
speed is found to be higher than the presset maximunm
speed, the algorithm proceeds to step 70, where the
control device 11 communicates instructions to the VED
unit 2 to run the motor ¢ at the presel maximum speed,
and the algorithm returns to step 4. If it lsg found that
the calculated speed is lower than the preset maximum
speed, the algorithm proceeds to step 72 and the control
device 11 communicates instructions fo the VED unit 2 to
run the motor 2 at the caliculated speed. Thereafter, the
algorithm proceeds to step 64 where the procedure is
continued. By maintaining the power of the motor at a
substantially constant level, the head/pressure can be
increased at low flows as indiceted by means of lines 32
in fig. 3.

Turning now to fig., 6, the general principles of the
method for operating a pump according to a third aspect
cf the present invention will be described. This third
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ously and values corresponding to the operating parameter WO
2006/137777 PCT/SE2006/000710 18 are obtained by the sensing
means 16 of the VFD unit 2, which value is communicated to the control

- vievigekiyFor example, the DC link voltage, the DC link CuH@'%L%&E‘/@OGW}
h

like can be used directly or can be used to determine, 5 for example, the

torque of the motor 9 or preferably thES power of the motor 9. At the

control device 11 the cower of the motor 9, for example, is compared with
predeter- mined reference level at step 64, e.g. the rated power of the

r%ff’&rcg WhicR ) e SorédHr it soihg MmeaRS 130105 2bF cXakiple
thesprocessiag meansd@ b at stey 64, dtfis determineddhatthécpover

levgkofithe moteris Qigﬂ@rihamgm@:ar%‘;ée\teﬁain@%@&%feﬁy%%\@d,it{@es
3lgos fithmretyrns;! § Step 62, and the operation of the : %% D, 'S tne
e and, ifitis

maintained at said desired speed level. On the other

dBRFREd A4t tRE poiverievel GrthBY nivtoFsAbWEF iar thes oF
Fredederpaineddevek the Elges rithmiproseeds 2o step 66 pwhere the speed
reghireddoo reach theypredatermingdpawenleyek ofitheamety is€akting
cylated inthe progessing means 12. &%mggaﬂsm%tst%u&%%

calculated speed IS compared with a preset maximum speed
CAtORYed Shéed R 1EMTTo BENIIIEP tHAR te: froset haxtmui 'spieed,
fesalgorithmpibceeds e stepL70 awhefd tie- zoatrdbdeviced Iperiod

ermmuNicatesinsiructons i thec¥abe2pamitoto i thegnetorshat the
Rieset maximum speed,, and the agggrlg{tgylgeggg}s tq step 64. If t C[s found

that the calculated speed is lower than resét maximum’ speed, the

5@%?.%%%%8@&18 St 72 Hh m%*anﬁﬁc}rl&éfv.ee SRR eSS
iFstEieibn S 10 tHe VFD Uit 2 bl3& eun thie nT6I0E9 atitise thlfcuthtedrect

spgeed.l Hereaftef cthep atgorihm @eceeds:Ho step 64 wvhergdhess
Bracedure is continted. By maiptainingthe power of the motor.ata

substantlall'y constant 'level, the head/ ressure can be
with reference te any one of Figs. 1-2 and 7-9 in respect

of energy consumption, durabllity and starting relia-
bility.

First, at step 80, the operation of the pump 1 is
initiated, i.e. the pump 1 is started. Then, at step 82,
the pump is ran at a desired speed level. Thereafter, at
step 84, a check is performed whether the pump is
clogged/jammad. This can as an sexample be performed in
the fellowing two ways. One way is to measure an opera-
ting parameter of the pump and compare i1t with a prede-
termined reference level, for example, determine the
power of the motor 9 and comparing it with & predeter-
mined reference level of the power of the moter 9, for
example, the rated power of the motor $. IFf the measured
power of the motor is highex than this predetermined
reference level, it is an indication of a clogged/jammed
condition. The secend way is to monitor an alarm function
of the variable freguency drive means 2 and an alarm
indicating DC link DVerueurrent is used as an indicaticn
of a clogged/jammed condition. _

Tf it, in step 84, is determined that the pump 1 is
not clogged, the algorithm returns to step 82, where the
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increased at low flows as indicated by means of line 32 35 in fig. 3.
Turning now to fig. 6, the general principles of the method for operating a
pump according to a third aspect of the present invention will be
wiesglibgg,-This third WO 2006/137777 PCT/SE2006/00071Q -1 @sResb o
the method according to invention deals with the problem of clogging or
jam of the intake and/or the impelle26f the pump 1, which may be caused
by particles in the fluid that sediment at the intake and in the 5 impeller
and build silt having a relatively thick or solid consistency. Thus, a large
SRFRT tSHueTorthe B motst adirédfslordst b fitiatd e Band,
rotatifig iof theysumprimpetierntTHis consumes lamyecanmopunds of lenergy
and &isa wears the pumpimpeller and thenmetor: 10 \Whenthe pump bas
been IanalLale o CraReiof o\e0 amaRym SR IA0 I e ey

not be en In SucC casest € pump nas to be manua ycC eaned

5A4, %?%gﬁénﬁ?vtﬁjésﬁaﬁn%treﬂabﬂlﬁfbf SERDS Herakd n BheRe~

- EAVIFGMREnESWIPBe d6WEThas, thethirdaspeet $6of treimeashtipnr iod

provides: forra: apiefficient way-ef-pperating a pgmp-eemprisinga MRD-ynit
2as.described. yith reference.to any ene gi Figs. sf'u%r?‘yz%g?lz'ferej?gg%t

o energy consum tion, durability and startlng relia- bilit irst, at step

; eopélpatﬁ)%“ Fifie- pUP™Y is™ nifiafed, F&. thep mﬁp%%@iﬁﬁed
Wh@hﬁa@sﬁé@esa Lese puthpisran ates desivedSpeed level PERéeafter, att
step-84,4a sheck is perfasnedanhethes theipumprisclogged/anamed. g@is

ean asan.example beperformed iny 25,the follawing two ways Qpe,w

S to measure n Qpﬁl’ a- tin arameter Of the pump and compare it Wlt
prede- J:[elr'“mlned referénte fgé£ BEor Examphe detémming IRe pg\%r Gﬁﬁﬁ‘é‘
RICIBIRO - esmparingtiewithZa predeter- mln_ed reference level of the
power of the-tratot 9, fafevent clogging during normal operation
of the pump 1, the following procedure can be performed
at regular intervals: running the pump 1 reversely at a
predetermined speed during a period of time having a pre-
determined length, stopping the pump 1 after said period
and running the pump 1 at its normal rotation direction.
Thereby, the operational reliability of the pump can be
improved still more.

Reference i1s now made to fig. 3. The lines shown at
reference numbers 30 and 32 are examples of liguid flow
and head ratio for a certain pump 1, which ils supplied
with & 3 phase voltage having a freguency of 60 Hz from
the VFD unit 2. 60 Hz is the standard frequency in some
coeuntries in the power mains, but by meansuof the VFD
unit 2, this level may be increased considerably, e.g. up
to 150 Hz, and by doing so salid linss 30, 32 wilil be more
cr less offset in an direction upwards in the chart of
fig. 3, and a certain pump may be used for very fluctu-

ating applications and conditions.

Feasible modifications of the present Invention

Although specific Dmbodiments have been shown and

lification, it is understood by those of ordlnary skill
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30 example, the rated power of the motor 9. If the measured power of the
motor is higher than this predetermined reference level, it is an indication
of a clogged/jammed condition. The second way is to monitor an alarm

wngliges-efthe variable frequency drive means 2 and an alaﬁf‘r%%za{)ﬁxeﬁmw

indicating DC link over-current is used as an indication of a
clogged/jammed condition. If it, in stép 84, is determined that the pump 1
is not clogged, the algorithm returns to step 82, where the WO
2006/137777 PCT/SE2006/000710 20 operation of the pump 1 is
Maintsinéd “on‘the other RARE - irifisHRtarmifad thaf I Bufpd™ is
SrStfHEel HYe TElgokith s ProcesdE- /P stEPBE whete thaxontol dévice 11
cotyntaicates mstuctions o the VirD unit Padrive-3 the impelierat
seyersely-at a first speed-iying g prede- termined period of ime, After the

redetermined period of time the pump 1 is stopped and then ran in a
R To BTG AN BGET AT AL S o EFUIE Tacts a0t 1-10
SeBoRUE STREN EISEH 8T, it9e \ehécked T0RAREmeE e Elgyiny State has
ceasedyasis petformed st sstepr84 abiove; Ihaetithe: preceilure fetusrs to
Sten 8Rerthis cycle issepeaigdiyntil {he clagging cendiionhas. beens ¢ |

iemoved. fhe clodging state has ceased, the aloo: Tt rstum o steg

87459 order o prevent clogging during normal Opération”of Te ptim

e ¥Re Foll iRy Prosediirt édn BETetfoffet b FdgAgr tervals: FaRMing
the pump iirevérsely ataspredeterminetiispees-guring:a pefiotl=of time
havingsa prexdetermined length sstoppingthe.purp d.after said period 20
andfrunnln th pUM 1lat |ta normal r%}agon dlrectlgn. Thereby, the

nre gﬂ%bl 1SS 1n

T srre i 5 discuss re1n . ngague .,11‘\7 the
opérational r ﬁti/ oeﬂ e pump ¢an be Jmproved‘sltﬂl mo?e.. éferénce
7 ABR Thatle T8 Hg: 3 The Ii%'s@%wﬁ’fét Yeferéfee Minbers3otand 32
areexampled afiqurhifow o235 antihead raterfer a.certain pump 1, which
is supplied



with a 3 phase voltage having a frequency of 60 Hz from the VFD unit 2.
6C Hz is the standard frequency in some countries in the power mains,
but by means of the VFD unit 2, this level may be increased considerably,
e.g. up 30 to 150 Hz, and by doing so said lines 30, 32 will be more or
less offset in an direction upwards in the chart of fig. 3, and a certain
pump may be used for very fluctu- atirkapplications and conditions. 35
Feasible modifications of the present invention Although specific

embodiments have been Shoﬂ’ﬁﬁ@sﬂ?ﬁﬂ g herein for purposes of
illustration and exemp- lification, it 1S Understood by those of ordinary skill

WO 2006/13 TErpipdihs HE0OS0USIEIR! BuinaheniSRetehersgifEfic
embodiments shown and describggsmayds gubstituted for a wide variety

of alternative and/or equivalent implementations without departing from

the scope of the invention. Those of 5 ordinary skill in the art will readily
‘appretidteiat the preséft irerftisheould BEmpletieAtd® it a wide
aratiety:ofsembodimentsyincluthing herdwarerand softwaree ing arranged to
dmplementations. or.combinations thereof, As,an.example..many ofdhey notor
functions described above may be obtained and 10 carried out by suitable
Yotware coripiidedin & niicro- Ehip oF the Tike data"Cartier: THi§ -7 r+ve means
applicationis intenddd 6 coveridany adaptatiens dicvariations oithens
Prefered.embodiments:diseussed herein: Consequantly theopresest to =
é%%%@%?”&éx%eé'eﬂe%é/ the wording of the 15 appended claims.and, .. .
equivalents thereof. 22 AMENDED CLAIMS [received by the International
BRI 8RB Tctdbr 2006 (181092606711 & fnéthod fortoPerating acst -9
pumpscomprising aimotoeand variablesfrequency:=drive means, thedatterd as a

Jeing.aranged.to. controlthe aperation ofdhedmotorRy heingconnegied. « i ve1y

to said motor ‘ ‘
connected to said DC link,

- communicating said values of operating parameters from the
variable fregquency drive means to the control device,

~ determining by means of the control device if a predetermined
condition is fulfilled based on said cbtained wvalues of operating
parameters, and

- communicating instructions from the contrel device to the wvariable
frequency drive means, based on the fulfilment of said predetermined
condition, in order to control the operation of the motor in

accerdance with said pump conditions.

2. The method according to claim 1, wherein the step of cobtaining
values of operating parameters of the pump comprises the step of:

- obtaining values of at least one of the following operating
parameters: the DC link voltage level, the DC link current level,

the torgue ¢f the motor, or the power of the motor.

AMENDED SHEET (ARTICLE 19)



and to a feeder cable of the pump, the variable frequency drive means
comprising a rectifier, an inverter and a DC link extending therebetween,
furthermore the pump is operatively connected to a control device, the
method being characterized by the steps of: - obtaining values of
operating parameters of the pump indicating pump conditions, by, means
of sensing means, which is comprised-gs a part of said variable
frequency drive means and which is operatively connected to said DC
link, - communicating said values of operating parameters from the
JrariableFréGiency R eshs to thé Contréidevict  E tetéfmining by
dueanssahthe-controddevice if a predetermined condition is fulfilled based
.on;said. obtained.values,of.gp reuagip%aﬂ@e_tssﬁ%d 5 £OMOUNIEALNG e
instructions from the control device to t ,-,e variable frequency drive
‘eahs based 8 the fulfilment of said predetermined condition, in order
to control the operation of the motor in accordance with said pump
conditionsx2:Tbe method:accardingdeclaim-dravbereipthe stemof
Qotaining, values of onerating parameters of the, pump compriseg the step
of: - ‘obtaining values of at least one of thejfollllowmg operating
Hétameters: the DC link voltage level, the DC link current level, the torque
of the motor, or the power of the motor. AMENDED SHEET (ARTICLE 19)
523 3cThemethad.according to.claim.l. of 2, fushest, comprising the step
of: - detecting a certain pump condition by using said at least one

Spératirity Barareter Z “Fheethod aetoranid td eldin 3- witerein gaid
Pumpteondition concerns the presence of liquid at an inlet of the pump.

5. he methed asearding to elaint 4-ydhereinthe step of determining-ita
4 Epggggéegrgiq%dmgondition is fulfilled comprises the steps of: - running the

pump at a first speed level for a predetermined period of time,
- running the pump at a sscond speed level for a predetermined

period of time, and

- determining if the power of the motor is proporticnal to the
cube of the speed of the motor, based on the values of operating
parameters obtained by the sensing means for the first speed

level and the second speed level, respectively.

[#))

The method according to any of the claims 4-5, wherein

the communicated instructions from the control device to the
variable Ifrequency drive means, are

~ run the pump at a desired speed level, if it is determined
that the predetermined conditicon is fulfilled, or

- stop the operation ¢f the pump a predetermined perzod of time,
if it is determined that ths predetermined condition 1s not

fuifillied.
7. The method according to claim 6, further comprising the

steps of, 1f the pump is ran at the desired speed level:

- checking the presence of liguid at an inlet of the pump by,

AMENDED SHEET (ARTICLE 19)



- running the pump at a second speed level for a predetermined period of
time, and - determining if the power of the motor is proportional to the
cube of the speed of the motor, based on the values of operating
parameters obtained by the sensing means for the first speed level and
the second speed level, respectively. 6. The method according to any of
the claims 4-5, wherein the communicatéd instructions from the control
device to the variable frequency drive means, are - run the pump at a
degired speed/leveldf iy is getermined that dhe pregeterningd.condition ds <
ngfﬂlged,s%rn-ssto }n@%g eration of the pump a predetermined period of
time, 5if it 1S determined ‘that the predetermined condition is not fulfilled. 7.
“The ATBTHBE-AECHRIIAG D CAIM®S, RIFtIRBLESMPIEIRG tRES Sfes of ot thee
pump s Fan-atitherdesikredspaeed hevel: -ichecking the-presenee-ef liquid at
anjinlet of the pump.hy. . AMENDED. SHEET (ARTICLE: 19) 245, obtaining

values of operating parameters of the pump, by means of the sensin
Bheanss S Edmmaicating Saitvaiies of 8peratity pitaiietere trém
wariahlecffequeneyidrive meanstosthezcontrol device, - determining by
-means.qf the contral deviee it.asecend -predetermined condition isne

Julfiled based.on said phtained valuss of gperaling parameters. and -
conwnunmauﬁb|n§ﬁth0nsfﬂnn%ﬁeconnolaevmetofhe vangbm

sfregueney e Feans, Baseden thefulfitEnt o saiel seebnele cperation
cfiredetessined condition, in order to control the operation of the motor. 8.
The method according to claim 7, wherein the step of determining if a
second predetermined condition is fulfilled comprises the step of: -

Ccomparid tr& Bbtafet Faltted of operiting parameters" witir &® ©*
deredetermined Teferercetevet =9 Thaumethodeaccording 1o dny bf tlaiis
& whereinthescep of:

- comparing the obtained values of operating parameters

with a predetermined reference level.

&. The method according to any of claims 7-8, wherein the
communicated instructions from the control device to the
variable frequency drive means, are

- run the pump at the desired speed level, 1f 1t is detsrmined
that the second predetermined condition is fulfilled, and

- stop the cperation of the pump a predetermined period of time,
if it is determined that the second predetermined condition is

not fulfilled.

10. The method, according to claim 2, further comprising the
step of:
- maintaining the wvalue of the at least one operating

parameter at a substantially constant level.

AMENDED SHEET (ARTICLE 19}



communicated instructions from the control device to the variable
frequency drive means, are - run the pump at the desired speed level, if it
is determined that the second predetermined condition is fulfilled, and -
stop the operation of the pump a predeteﬁ ined period of time, ifitis
determined that the second predetermined condition is not fulfilled. 10.
The method, according to claim 2, further comprising the step of: -
maintainingdhesmlueftheat leastone operatingr pasameles ad@ or
substantally constant lovel, AMENDED, SHEET (ARTICLE 19) 25 11
e metho according to claim 10, wherein the step of determining if a
Prevetefmingd corititiofis fulfiled comprises the steps of: running the
pumpratrg desired:speed levels determiming if the: power of the motor is

IDV&%EQ’&%H&;R{ e@'@%ﬂ@"}%é@“%?n{r‘ﬁée&(@{@ﬁ the POWEL of the VHOIQV’
based on the values of the power of the motor obtained by the sensmg

TheansTor he désited¥peed fével. 12. The Méthod actsrdifig  any bt-" "
the claimss10-1 Thwiveredt thé cormnunicated insractisns Fromsthieséontrol

<devige to.the-varable frequency ddve:means, are - run the pump at the
desired speed level, if it is determined that the predetermined condition is
not fulfilled, or - calculate the speed of the motor required to reach a
predetéimifed fsfeterica 1ev8l 6FtHe power-6fite fidtor, it itis
wetermineddhatthe predetermined-condition is-fulfilled, amd:+rin the

Pump.at said caleylated speed., 13, Theymethagl ageording to claim 12,
further comprising the sttzg)s of, if the pump is ran at the calculated speed:

- run Lthe ¥WD aF WhF esirad F sed level., 171 1t 15 detarmined

- comparing the calculated speed of the pump with a’preset” maximum
tgﬁ@édfﬁtﬁéﬁﬁﬂ?ﬁ%@%ﬂ?drGﬁQﬁéﬁ?ﬂ@wﬁﬁtgaﬁjéakiﬂéﬁﬁﬁsp@éd,ﬁthe
caleulated spegek speed of the motor required to reach a
predetermined reference level of the power of the motor, 1f it is
determined that the predetermined condition is fulfilled, and

- run the pump at salid calculated spesd.

13. The method according to claim 1Z, further comprising

the steps of, 1f the pump is ran at the calculated

speed:

- comparing the calculated speed of the pump with a preset
maximum speed ¢f the pump, and

- run the pump at said calculated speed, 1f the calculated speed
is lower than the preset maximum speed, or

- run the pump at said preset maximum speed, 1f the calculated

speed 13 higher than the preset maximum speed.

14, The methed according to olaim 3, wherein said pump

condition concerns clogglng of the pump.

AMENDED SHEET (ARTICLE 19)



is lower than the preset maximum speed, or - run the pump at said preset
maximum speed, if the calculated speed is higher than the preset
maximum speed. |4. The method according to claim 3, wherein said pump
condition concerns clogging of the pump. AMENDED SHEET (ARTICLE
19) 26 15. The method according to claim 14, wherein the step of
determining if a predetermined condition is fulfilled comprises the steps
of: - running the pump at a desired speed level, - determining if the power
of the motards-higherdbaniagpredetesmined reference.level ofthe pewer
gitosmoter, hased.on dhe.values ofthe,powsr of the matpr obtained by,
the sensing” means for the desire spee level. 16. The method accor ing
to%aniy- &f théclaims 14-15, wherein the communicated instructions from
-thewcontrol devige:ite the warable frequensy deve Imeans, are - run the

Pupp.atthe desired spegd Jevel, f it.is determined; thatthe predetermined
condition is not fulfilled, or - run theopurp reversely at a predetermined
"Speed ToF'a" predatérmined pariod OF times ard s fuR the Suffip fif its == °»
Hernval- eperation dirgction at thé desired 'speed level &ftersaidensing
redetesnined periad of titneof reverse operation, if it is determined that
the predetermined condition is fulfilled. 17. The method according to

claim 16, further comprising the steps of. - repeating said step of
deternirinG St pdvrerof-the Aot YisShightt thairapredietérmined
weterence: levelofitheipowet ofnthe motorrantirorepeating thestepsvice to
accarding to claim 16,18, The methad according to claim 14, wherein the

foIIowingl steps are performed at [e%ular intervals during the ogeration of
un e 8 o] by etermined

thé Pump® - FIRRIFG thé putnp reversély at apretietérmied $pde
that the predetermined condition is not fulfilled, or

~ run the pump reversely at a predetermined speed for a
predetermined period of time, and

~ run the pump in its ncrmal operation direction at the desired
speed level after saild predetermined period of time of reverse
operation, 1 it 1s determined that the predetermined condition

is fulfilled.

17. The method according to claim 16, further comprising

the steps of:

- repeating said step of determining i1f the power of the motor
is higher than a predetermined reference level of the power of
the motor, and

- repeating the steps according to claim 16,

18. The method according to claim 14, wherein the following
steps are performed at regular intervals during the operation of
the pump:

~ running the pump reversely at a predetermined speed

for a predetermined period of time, and

AMENDED SHEET (ARTICLE 18]



for a predetermined period of time, and AMENDED SHEET (ARTICLE 19)
27 - running the pump in its normal operation direction at a desired
speed level after said predetermined period of time of reverse operation.
19. Computer program product loadable into a memory of a digital
computer device, including software cade portions for performing the
method of one of the claims 1-18 when said computer program product is
ran on said digital computer device. 20. A pump comprising a motor and
variable freglenty drive means the'latket Being atangetdta cohtrol the 1L =
pperation et the cmotes by bekgecennected te said motoriard 46 afeedess
Lahle.of the pump,. the variable frequency drive means comprising a
rectifier, an inverter and a DC link extending therebetween, furthermore
the pump is operatively connected to a control device, characterized in
Ithat SeMBingeanztisssompriset-as @ dodrt of sHid varkalefregbencyroital
c@ﬂ\gﬂ@iﬁ@%@vw_mphi&ﬁl&iﬂgr{@eﬁéﬁ:d&flp&l’aﬁ&em&@ﬂlﬁﬁﬁt%io@@d@ﬁing
dlink and, which is arranged _to obigin values of gperating parameters of the
pump indicating pump conditions, the variable frequency drive means
FBEMY artangéd o comruficatéto the'eantrol devicesaid values of
operating parameters, furthermore the control device is arranged to
Setermingif-a predetermined condition, is fulfiled based on. sajd phtained
values of operating parameters and tp communicgte. instructions (g the .,
Niatable frequancy drive Meahs based s the fulfillent ot said ohe
Ipredetermived corrdition i ofdesto- Bonfret thebperatiotref tiie Motot iRt
@;&qﬂa@gecw&th@aiﬂa@mmraf;@mjﬂ@psazjlvér he: punpageording te claim
20 wherein said; control device is agapted to.oblain.valugs.ot.at [east.one
of the f%)?lowmg operating parameters: the DC link voltage AMENDED
SHERTTARTICEERLIY 28 ° IRt the: BE Jink EtiTeht feviél, thé toidife of the
daotor orcthae powet oéthe motart sensing means is comprised as a
part of sald variable frequency drive means, which sensing means
is operatively connected to said DC link and which 1s arranged
toc obtain values of operating parameters ¢f the pump indicating
pump conditions, the variable freguency drive means besing
arranged to communicate to the control device said values of
operating parameters, furthermore the control device 1s arranged
to determineg if a predetermined condition is fulfillied based on
said obtained values of operating parameters and tc communicate
instructions to the variable freguency drive means, based on the
fulfillment of said predetermined condition, in order to control
the operation of the motor in accordance with said pump

conditions.
21. The pump according tco claim 20, wherein said control

device is adapted to obtain vaiues of at least cne of

the following operating parameters: the DC link voltage

AMENDED SHEET (ARTICLE 19)



22. The pump according to claim 2'1, wherein said control device is
adapted to: - run the pump at a first speed level for a predetermined
period of time, run the pump at a second speed level for a predetermined
period of time, and - determine if the power of the motor is proportional- to
the cube of the speed of the motor?based on the values of the at least
one operating parameter obtained by the sensing means for the first

speed level and the second speed Jevel, respeciively. 23, Ihe,pump .

according to cIaJm 22, wherein said control device is adapted to: - run the
PuinpAtd desiretf spekdievel, if it is determined that the predetermined
condition is fulfilled, or - stop the operation of the pump a predetermined

period-of timg,, ititis determined that.the predetermingd; gonditionis not

fulfilled. 24. The pump according to claim 21, wherein the control device
IS aaaptéﬁ 16 aintain the value of the at least one operating parameter

at a'substantany constaat EvelS25eThe*Bamp atcoraifif fs- erdinr 24,
wherein the comirol device is adapted to: - run the pump at a desired

speed leyel,, - determine, if the pawer of the motar is lowerthana, .

predetermined reference level of the power of the motor, based on the
Yafues of the powerBf the motor obtained by the sensing means for the
deskedrspeed Iéveh AMENDED SHEED{ARTICLLE &8)r29026. The pamp

acearding-to-claim.24 of 29wherein the contral device.is.adapted (- =«
run the pump at the.desweggpged Ie\égl ifitis detteggmed that the

T ] .. for
p(raéfl(fécterm|nel(:flﬁcrgn(:1‘|It1|%np ISTAGE ful- fifle %(l)lrl?%akfgulate tﬁ%nssplélgd%?atﬁ(sa °

ﬁﬁﬁoﬁ¥éq9”@@%ﬁQé%ﬁﬂ$é_and the second speed level, respectively.

23, The pump according to claim 22, wherein said control

- device 1s adapted to:

- ﬁun the pump at a desired speed level, if it is determined that
the predetermined condition is fulfilled, or

- stop the operaticon of the pump a predetermined period of time,
if it is determined that the predetermined condition is not

fulfillied,

24, The pump according to claim 21, wherein the control
device i1s adapted to:
- maintain the value of the at least one operating parameter

at a substantially constant level.

25. The pump according to claim 24, wherein the control

device i1s adapted to:

- run the pump at a desired speed level,

- determine 1f the power of the motor 1s lower than a
predetermined reference level of the power of the motor, based on
the wvalues of the power of the motor obtained by the sensing

means for the desired speed level.

AMENDED SHEET (ARTICLE 19)



predetermined reference level of the power of the motor, if it is
determined that the predetermined condition is fulfilled, and - run the
pump at said calculated speed. 27. The pump according to claim 26,
wherein the control device is adapted to: - compare the calculated speed
of the pump with a preset maximuméspeed of the pump, and - run the
pump at said calculated speed, if the calculated speed is lower than the

opreset m@xigwgy speed 0 run the.pump at said preset maximum speed,
e

if the c?l%ulat, §pee{(;11 is hlgher than the preset maximum speed. 28. The
cﬁﬁrﬁlboaccgfdliﬁa tbsclglr%pff, wherein the control device is adapted to: -

“ruprthe-panipat aedesitedspeeddevek eddetermninelif thé pewer of the

dnolekis.bigher-thama predetesmineskreferanee devekohthe pewer of the
-smotor, ng?ed on the values of the power of the motor obtained by the
sensing means for the desired speed level. 29. The pump according to
“claim 28, AvRerein tHePEONftbl devite s ad&pted 5 -Furf i€ puinp at the
rdesised:speed leveleifdhis detesminédtthat thepredetermined condition 1s is

JRetuls filled, ok = rupthe pump reversely gta predetermined speed fora
predetermined period of time, and AMENDED SHEET (ARTICLE 19) 30 -

“rdithé Pumpiii it n8fhal Bhetation diréEish at the desired speed level

after said predetermined period of time of reverse operation, if it is
sdetermingd thatthe:predetey- mained eanddion:is: fulfiled» 30 Jhe-pump

daccording to c%%itr_@ QZJF wherein the control device at regular intervals

ggﬁﬁs the operation 6?fhe pump, is adapted to: - run the pump reversely
At @ Prédéterifined speedIor F e determmetPeribe-of ime, and

preset maximum speed of the pump, and
- run the pump at said calculated speed, if the calculated speed
is lower than the presetl maximum speed, or

- run the pump at said preser maximum speed, 1if the calculated

speed is higher than the preset maximum speed.

28. The pump according to claim 21, wherein the control
device 1s adapted to:

- run the pump at a desired speed ievel,

- deternmine 1f the power of the motor i1s higher than a
predetermined refersnce level of the power of the motor,
based on the values of the power of the motor cobtained by the

sensing means for the desired speed level.

2%. The pump acceording to claim 28, wherein the control
device ls adapted to:

- run the pump &t the desired speed level, if 1t 1s
determined that the predetermined condition is not ful-
filled, or

- run the pump reversely at a predetermined speed for a

predetermined period of time, and

AMENDED SHEET (ARTICLE 19)



- run the pump in its normal operation direction at a desired speed level
after said predetermined period of time of reverse operation. 31. A pump
station comprising a pump according to any of the claims 20-30, and
further comprises an operator unit comprising input means and display
means, which is adapted to present i#fformation related to the operation of
the pump. AMENDED SHEET {ARTICLE 19)

- run the pump in its normal operation direction at the
desired speed level after szid predetermined period of time
of reverse operation, i1f it is determined that the predeter-

mined condition is fulfilled.

30. The pump according to claim 21, wherein the control device ,
at regular intervals during the operation of the pump, 1s adapted
to:

- run the pump reversely at a predetermined speed for a
predetermined period of time, and

- run the pump in its normal operation direction at a

desired speed level after saild predetermined period of time

of reverse operation.

31. A pump station comprising & pump according to any of the
claims 20-30, and further comprises an operator unit comprising
input means and display means, which is adapted to present

information related to the operation of the pump.
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