Method for predicting a failure in the rotation of the rotor of a vacuum pump and associated pumping
device The present invention pertains to the field of the predictive and preventive 5 maintenance of a
vacuum pump associated with a process chamber. It more particularly pertains to tracking sensor signals
coming from the va p and making jt.possible to predict a.failure owipg to the pump seizing in
order to make it poscskflﬁ%&‘ggéﬁg& écbl?élgrt: |1\£J i eenragrtl%téocr)lp(gfré ooy ﬁggﬁ@gﬁﬁbﬁgﬁr &r extends to
the associated pumping device. 10  Madussogumipgendrgllaaceprise one or more rotors which,
while operating, are driven by a motor in order to turn inside the pump body (the stator). During the
rotation, the gas sucked from the process chamber is trapped within the free space between the rotor and
the stator, in order tbhoe mlischargedtowarps:thesoutlethd St ueimthenppsiaterparticufardyensed in
methods fpr manyfagiying semieondusiars flalsareensy ol BhoiRaliale subsalen: whiiegure
pressure lower than atmospheric pressure. However, the gases used in these met.hogls may turn into solid
byproducts whietianaydepdditindayer sermsomoitietmovihg v firad parandithsipgmpossiddead to
clogging and thep,sgizinggmf.the RUMP WRIEH MGy Gause the mechanism © sIRROWing (e fgxcessive

friction of the rotor against the stator.  Other sources may be the cause of the seizing of the vacuum
pump. For exdiffk theatramtaanseizng Haysocths dresterdtstsecofeswirpels fron tieeffect of
becoming heafgehJ:ilseyvise. a fault in the rotor balance or alignment when the vacuum pump is being
installed or manufactured may lead to the rotor becoming unbalanced and seizing of the 25 vacuum
pump. AHQiitionalIy, when the vacuum pump has roller bearings, their degradation may also be a source of

the seizing of the rotaks)nwvithin ghestator; Iheseizivg:aoftheopUBp PMayhcalsenilceyassitie damage to the
product while manufacturing is underway within the associated process chamber (for example, a
semiconductof Wefer}} ASTHEIF 43 @ é%&&dﬁ%lﬂﬁmﬁﬂmpﬁgﬁgﬁs@wﬁﬁa&&&%& P50 the
processing takingqalacacwdathirothedeh pnaldessintardbertos pragpatl todie Wactramsparapeteptacement. The
costs incurred b%/ Ehe%e unscheduled interﬁgj{)éilcs)&saineartoducgo are &onsiderable. Today, the

%) h War S%\ et

. rotor and the stator, in prder ¢ outlet.,. . . . )
maintenance o?vacuum pumps IS ase&qb on C(%’I’GC Ive an preventlve actions, with the best situation

being to ke able to predichprevestive paritalntenand énbefohe dhéovassrfrpumy failsiandshuts, off
flat screens, or photovoltaic substrates, which require pressure lower than atmospheric
pressure. However, the gases used in these methods may turn into solid byproducts which
may deposit in layer form onto the moving and fixed parts of the pump, and lead to
clogging and then seizing of the pump, which may cause the mechanism to stop owing to
20 excessive friction of the rotor against the stator.

Other sources may be the cause of the seizing of the vacuum pump. For example,
heat-related seizing may occur after the rotor becomes warped from the effect of becoming
heated. Likewise, a fault in the rotor balance or alignhment when the vacuum pump is being
installed or manufactured may lead to the rotor becoming unbalanced and seizing of the

25  vacuum pump. Additionally, when the vacuum pump has roller bearings, their degradation
may also be a source of the seizing of the rotor(s) within the stator.

The seizing of the pump may cause irreversible damage to the product while
manufacturing is underway within the associated process chamber (for example, a
semiconductor wafer), as well as to the vacuum pump. It is then unavoidable to interrupt

30  the processing taking place within the chamber in order to proceed to the vacuum pump



To do so, preventive maintenance operations are carried out at a frequency defined based on the
application the vacuum pump is being used for. However, the frequency is not tailored to the actual
conditions of using the pump, which may vary based on the production load, and may directly impact the
worn or cloggin%lsgeed of,}he pump, causiggblor}}]eedless or %}/e(p.late maintenance ggerations.
Vacuum pump FRiITE Brediction e tiSHE Fhve BREN JLVERSHeS In S EIiRy 1 Bredistite Ysizing of the
pump and to antisigateblts replacement.  For example, a failure prediction method is known for
determining the tim%gg]iéhintwhi%]ai%tfe%%rce V\(I)IP occur in audr yacuum pump. The %g'%irrpc%geeogt e vacuum
pump use 15 time be ore faifure is carried out by marllﬁir?g a'statistical stu y of the pump specifications
(current, temppratereyvibraibons,vetb. ) bemisisiediwitipthebeingr sotepistidgdeofttheofatiricationcproeess (gas
flow, presgure, temperature @%Qﬁe%lgﬁgl%ﬁu%t}g@a@Qxlae%%rt, this method is not autonomous. It cannot
predict the lifespan of the pump without taking into account t?we process operating conditions. The
analysis system depgendis on foematomprevided ppepoithe progudtidrequiprsatcahiclsfieelires the
installation of @a‘é9@‘6%“&%'&%}38&5!88&&@9&%9@@&%@SQEQQQJ@%‘@%@HrHR: Adgliipnally, changing
e an

the process conditions then requires modifying t 1alysis system model, which cannot easily be done
while the vacutith Bilfrigs relsess tiseendatinistisd o sigpredictng avkeuntiinefahaiedi©algecknown from

document EP 251 754,838, indhismethed. iths.chands.over @mgﬁmgasﬁ@&m paramgter relating

to the pump motor and a second functional parameter relating to the pump gas exhaust system are both
measureld ThBRHESHAT BRI BRI IICE PRIMHred are then correlated by statistical processing so

as to predict the timesefiusepiipersred R LR befereiclagaing acedisioie HacHien iinesithereby
capable of condgchtin%la sel,f-di%%tnosis withogt 30any correlation with outside signals. This method is
|

particularly welt Sl {6 ARkiNG the BrotRL S ot tHE B b FRASI S pollution by solid products inside
the vacuum line whigh dead i pumineloggiigiddoweated predietingoihé:abmoimalbekiamdoriefithe vacuum

pump in the evemt of s 1ilzing t1 Lou hr (l:log%in onl oceurs sjil%rtlé/ ttl)r(ralf(%re ttht% failure.nllt is r’[rrl1en not always
possible to take action HEford thevactuim p%maﬁus ut8 ofPFurth&fmore, this ﬁrg%:ceuéls &6t make it
possibleltd predhct bther Seizirgiselated malfon otidnseof theaiSpuhypyduch @s thosp gaussdddynkeating or a
manufacturing or installation defect, .The prablemis therefore eprgdictgnrgsthe ocgurrence of a

é mper tc.) C with thel'characte ot the

. current, te LIIDC a lfre Vlbratlona, omlanf (e rication
selzmg-relate vacuum pump aifure in order to schedule preventive maintenance for the purpose of

preventing theppervip (gamﬁaiﬁng_rwhhle,ittisr?lpefm@ngseﬁ.tltow’m@tprt@blﬁm-iéiaI‘SQVifde.miﬁymgdabh@r.mal
behavior of the yagyum RUMP W @Q&&gtag%dﬂg 'ﬁ%t'f?f%s%ﬁg‘gft?ﬁ@é@gw Rﬁﬁ?&ﬁst}l@fﬂ%%%ag&&m? in the

process chamber. It must be possible to carry out the failure prediction independent of the knowledge of
the vacuum puhspresiseitioesasng sengiaritu by vethrédsiotehe dapdots puimissaagies owddeddnature of

the pumpgd gases, Jhe-AyratipisRsenoh RQIREr Words . mitbawrcansigeranandeiihe.da particular
conditions and parameters other than those comln% from the vacuum pump.
the equipment and the vacuum pump. Additionally, changing the process conditions then

requires modifying the analysis system model, which cannot easily be done while the
vacuum pumps are being used.

A method for predicting a vacuum line failure is also known from document EP

25  1,754,888. In this method, the change over time of a first functional parameter relating to

the pump motor and a second functional parameter relating to the pump gas exhaust

system are both measured. The functional parameters that are measured are then correlated

by statistical processing so as to predict the time of use of the vacuum pump before

clogging occurs. The vacuum line is thereby capable of conducting a self-diagnosis without

30  any correlation with outside signals. This method is particulatly well-suited to tracking the

progress of the phenomenon of pollution by solid products inside the vacuum line which



Additionally, the prediction must be reliable. In other words, the failure prediction must have a possibility
of occurring with a sufficient degree of confidence to predict failures in more than 50% of situations, if not
more than 80% of situations. Additionally, the prediction must occur sufficiently early to enable the
scheduling of Pr%ventive Z%mainteﬁnce. Te%.that eﬂd, the url[ijo%e of th(fe%:vention is a method for
predicting a faifdfe SPHEN StatoRof thETSToP 51 & VA it PUnTh” conipiEing the TStiowing Sels:
sequences of gxentsnrebdted-iaotiiechgingeier dmewt the shacty b fouenge Zbiliuncitonahsigneds are
recorded, .., 2 matdhyis sought between at least one seduence of events and at least gne precursory
pattern of a pre-egtalgllsﬁe(f association rule of the vacuum puﬁ]gnbje%awor miodel within the recorded
sequences of pvents, daisl agsociation palesleingresiablisthed byzextrattindg kmdivedgeswithttive restriction
of one or more, Gaclion, PREAMEIR(E AN SAIMIPIERIOR-RAIE RlRIE:eRplished association rule
involving a failure In the rotor rotation, and a time prediction window is deduced during which a
failure in the rotor rotation will occur in the vacuum pump. The failure prediction method thereby makes it
possible to reliably giedigt fe.5;0qeurenee ot Adailkre, dus Lo e vagiynpHIRSSizing.pased on the
change over time of the recorded functional signals. it is then possible to schedule preventive
maintenance antidhpeits tivefaliire ottisd Pairisiseroie ey ddirs Wiilkuhesbeihgraseditehe
diagnostic is e@g)?u\g{ﬂthbmqlﬁgggmﬁig@b@@@ggize damage related to the deterioration of
components and facilitate the maintenance operators monitoring work, and therefore 10further reduce
maintendfce costs. The REtdFaIAY A drat BiRsaBRnEnt driiy prediEto e dY Y §ifbAEESBT events
related to the change @ vardimeatyikiaien signalsofprmpBadyef fhevacdHmpuamp aresrasorded.
15According to a second embodiment of the prediction method, sequences of events related to the
change over & BYGHE GaSt Shimp nsterclisrent Siimarisre ?é(iﬁ?olgﬂ?"“kd%é’%]ﬂ%ﬁaﬁéﬂ@ignals may
be transformegiintp @ fi@guency spepiiituland dredencybandsamanhe Seleqtesatbunadiieqencies
characteristic gf the vacyum pump kinematics wihin said, spectrurn- 20The pump body vibration signals
and the vacuul U Mstor CUrreﬁifl&gnaTs are

15  particular conditions and parameters other than those coming from the vacuum pump.

Additionally, the prediction must be reliable. In other words, the failure prediction
must have a possibility of occurring with a sufficient degree of confidence to predict
failures in more than 50% of situations, if not more than 80% of situations. Additionally,
the prediction must occur sufficiently early to enable the scheduling of preventive

20  maintenance.

To that end, the purpose of the invention is a method for predicting a failure in the
rotation of the rotor of a vacuum pump, comprising the following steps:

- sequences of events related to the change over time of the vacuum pump

25  functional signals are recorded,

- a match is sought between at least one sequence of events and at least one
precursory pattern of a pre-established association rule of the vacuum pump behavior
model within the recorded sequences of events, said association rules being established by
extracting knowledge with the restriction of one or more extraction parameters and said

30  precursory pattern of pre-established association rule involving a failure in the rotor

rotation, and



raw signals, meaning that they are derived directly from the vacuum pump and do not come from
combining other signals, as may be the case, for example, for the pump power. These signals are
therefore more accurate and directly reflect the state of the pump. Additionally, the transformation of the
vibration signals or current signals intq_a spectrum 25makes it possible to study periodic phenomena
which characterize the operﬁtf&ﬁeo?g%‘éﬂ%r?‘( 18%% ?ﬁﬁﬂﬁ@eéta&’ﬂ%d‘@ﬁ@eﬂ .gmlu?fs’é’og?ﬁtffé’ﬁofules may
be establishedglesenikingodtamactumaumpbelavior model by extracting knowledge from a learning
database comprising a plurality of sequences of 30 events, obtained from a set of vacuum pumps over
the vacuum pumps life span running from when operation begins to when the rotor rotation fails. The
vacuum pump behavier fnbdel jsdhietivestablishiedhbasedonksequensesloftevenitdbheqarded dver several
days, whigh enables It to be independent of the occasional sonditions of the treatment, pragess that may
be taking place within the process chamber. As the glsrﬁ)ptlons aused’ By the treatment process may last
only a few minbtessdbrelzbdeortiertraigspardntifohestablishingthelmddel prevatie predictionnpeocess
therefore makes;pssiblgdeJiatl ahnumRl BERAVISY In. (g, vAGKUTHRUMA qnifie.c0p Ajnd with no
indication of the process taking place within the process chamger, and on the other’hand without being
affected by dishaptietis orqbdifibatiomskes the prddess Mhenyachinegbetavid thibedetisesaionneed to be
readjusted _19%@%%%Eadagw tha FeameERI RGeS RIRCes IS ators ARSRIGIAY 10 20e,) MRKeharacteristics
of the prediction method, taken singly or in combination, - said association rules are extracted with
the limitdébn drERe: sedngrEdkiuersh 5tharameters chosen from among: the support, confidence, and
maximum duration between each event of the association rule, - one or more association rules are
extracted from N-1 sequences of events from the learning database, recorded from N vacuum pumps,
and said association fEREL 2V erifie 6P ERigaEARE BIdlRing WRBAdVASTHERSSef fE¥&draction, 20-
from said learpingcdatabrsenagsanuenae: of euanid issdeigsmmeehfilsidyihe selectioniiem among said
frequency bands of a reference level and intermediate operating levels corresponding to a multiple of the
reference Ieve’i?%’ﬁﬁeéharacteristic of the vacuum pump operation, and second, by a duration
charactetistic of said develsg2bAnathardperposinaithefifveptidictsa plmpi)gdevice cofmpastag: a
vacuum pump comprising gt east onerolor. and.one pump body, said rotor.haying the patential o be
driven rotationa ﬁ/ Wwithin said pﬁjm‘ﬁeﬁo y by a motor of 3ai pump, " & '

The functional signals may be transformed into a frequency spectrum and frequency

bands may be selected around frequencies characteristic of the vacuum pump kinematics
within said spectrum.

20 The pump body vibration signals and the vacuum pump motor current signals are
raw signals, meaning that they are derived directly from the vacuum pump and do not
come from combining other signals, as may be the case, for example, for the pump power.
These signals are therefore more accurate and directly reflect the state of the pump.
Additionally, the transformation of the vibration signals or current signals into a spectrum

25  makes it possible to study periodic phenomena which characterize the operation of a

vacuum pump rotating at a fixed speed.

Association rules may be established describing the vacuum pump behavior model
by extracting knowledge from a learning database comprising a plurality of sequences of
30  events, obtained from a set of vacuum pumps over the vacuum pumps life span running

from when operation begins to when the rotor rotation fails.



a sensor of said pump functional signals, and 30a means for predicting a time prediction window during
which a failure in the rotor rotation will occur in the vacuum pump, said means for prediction being
configured to implement a method for predicting a failure in the rotation of a vacuum pump rotor as

previously describe% in order to caICLLIa}Ee the [%18

5ctiv§ time 'nﬂogﬁ/bbas don measuretments provided
by said functional sigial $ehSoR " PAECSI MY S i<t emBEaIMENt S Buinpiny device Ctie functional
signal sensor is@nibtatien sensddafer ekanplaldnetficdst andepardiearinfjtbé sawdspunipdatyons According

to a second ergtbageirrtlreent of the{glcjerg Ti%gtd]%vic bth% unciional lstigtrlla&l%ensor IS g means Ac%r tr}qeeasuring

f
atment a taking .place w. rQCESS cnamper. .y
the vacuum pump motor curren e use'ofa punf(f)lﬁg device comprising a means for prediction that

provide a diagtiesistimakestitqdobgible tocavoid tnpajorfaitorgdadsyophedidtingrthereswihen tvedmstallation

which thegvacyum pump figr%@tgb%g}il%‘é%tﬁg Active production phase. 150ther advantages and features will
emerge from reading the following déscription of a particular embodiment of the invention, albeit one

which is in no way lithitinesdigsioe s dvetepprend et kirawipersitite whidpo tHigepecrdd gictsrdaschematic view
of an installatign. cOMRBHSINg:A PHAGESSGHANRELFANNSHELIR.A BHRPIPLHQVIER: PPN & depicts a

diagram of the failure prediction method, Figure 3 shows a graph representing the vibration signals over
multiple frequéhPsstls SRUibrationd a8 afuretionepdniathovaberampis e diledieeiprieverts, Figure 4

symbolically dgpjgis.anotbes %ﬁ%@&%s%ﬁ'ﬁ]%@ﬁ%@fm@%@ﬂ&%&%&%{%&gﬁ@é%é & @Qh&ﬁ}@gegonﬁdence
percentage as a function of the size of the optimal window, and Figure 6 illustrates a graph of an example

sequencof ebits R YukEHEH BRthR aFfaaH A&sBtiated predictive time window.

According to one or more characteristics of the prediction method, taken singly or
in combination,

- said association rules are extracted with the limitation of one ot more extraction

15  parameters chosen from among: the supportt, confidence, and maximum duration between
each event of the association rule,

- one or more association rules are extracted from N-1 sequences of events from the
learning database, recorded from N vacuum pumps, and said association rules are verified
over the sequence of events which was not used for extraction,

20 - from said learning database, a sequence of events is determined, first by the
selection from among said frequency bands of a reference level and intermediate operating
levels corresponding to a multiple of the reference level, and characteristic of the vacuum

pump operation, and second, by a duration characteristic of said levels.

25 Another purpose of the invention is a pumping device comprising:

- a vacuum pump comprising at least one rotor and one pump body, said
rotor having the potential to be driven rotationally within said pump body
by a motor of said pump,

- a sensor of said pump functional signals, and

30 - a means for predicting a time prediction window during which a failure in

the rotor rotation will occur in the vacuum pump, said means for prediction



In these figures, identical elements bear the same reference numbers. 30For clarity purpose, the stages
of the method are numbered starting from 100. The invention applies to all types of vacuum pump
comprising a rotor driven rotationally within a stator of the pump body. The vacuum pump may, for
example, be one with rotatirgglobes, uchéas a.roqts vacuum géj P; With%{/o.or thrlgee1 lobes. Jn roots
vacuum pumps, each pump’Stage COMRPITSe tWor o tora Wit fdentical grofitst fotatiig ™5 Withih the stator
in opposite directions. Whemnctheyraiate, thensuckedsip gastdsatrgppedusisidedheepen spdee found
between the rotors and the statqr, and is,then discharged raugh the exhaustlowards the puflet or the
next stage. The rotating-lobe vacuum pump may also be @ two-ciaw vacuum pump,% 30 known as a claw
pump. Furthermore, the vacauhiuponapairagnalsensermolecular, turbomolecular, or hybrid, or a rotary vane
pump or k0screw-type pump.  The installation 1 depicted in Figure 1 comprises a process chamber 2
connected by a tube 3 to the inlet 4 of a pumping device 5 for pumping the gases drawn from the
chamber 2, in the flowcdirbetion dépictatbbyitheapiohs Britpngylbdcs, chambetianih sehidlsamyrtreatment
process is being, cartied OUtn{or, eXAIRIE AERRSHNG. SIEINGIANG ARialaptngy o heat-treatment

processes used in the manufacture of microelectronic devices on silicon wafers, or flatscreens or
photovoltaic substratecordimhéopgrifsivrdetheiBresmpridis RIEIRIACHGMPIT dRAfsitrY aigidnp body

within which a ey ray-ee-drivemialatinnally Rxa:metenohibe PUmPL (not depicted). While operating,
the rotational velocity of the rotor is regulated to a fixed value. The outlet of the 20 vacuum pump 7 is

connectdd to an exhaust tube.  The pumping device 5 further comprises a vibration sensor 9 of the
pump body and a predictienineanskinef§ acpredictivertime windoms duringewbith falire ouing 10 seizing
will occur in the pump 7. Seizing is defined as a failure in the rotational movement of the rotor inside the
pump body, whithiisy BabEe th TStatonS MEihaRig s 55 THE USRI SetBr S sy, for
example, be aipieetleciit-actelerameieuinpiipakes it possinleviofmavide eff@ative vibrational speeds
(in m/s). The output of the vibration sensor 9 is connected to the prediction means 10.  Analyzing the
vibrations makes it possible to identify periodic characteristic phenomena necessary to predict the seizing
of the vatium pumprbtatingrataadixed speeds 30Givengh & sigicstiugtdrefofthengulmpdyadhy afsingle
vibration sensor. 8 iy, suffice o, callachall of the pump,body charecteristic bialipn phenamena at a
single measurln% point. The angfog output o the vibration sensor 9 is transtorme Bg')a Fourier transform
into a spectrurthcinppradedolidentifsys pevibdic phenomena.  The vibration sensor 9 may, for example, be

fixed onto one of the two begfings 0f iR NaCUMMRYIR; & a5t iLiS Here that e siess ofhedQtors is
transmitted to the pump . . o devi
chamber connected to a pumpmg €vice,

20 - Figure 2 depicts a diagram of the failure prediction method,

- Figure 3 shows a graph representing the vibration signals over multiple
frequency bands of vibrations as a function of time for an example
sequence of events,

- Figure 4 symbolically depicts another example sequence of events,

25 - Figure 5 depicts a graph of the confidence percentage as a function of the
size of the optimal window, and

- Figure 6 illustrates a graph of an example sequence of events as a function
of time and an associated predictive time window.

In these figures, identical elements bear the same reference numbers.

30 For clarity purpose, the stages of the method are numbered starting from 100.



5 body. More specifically, in the example of the dry vacuum roots pump, the vibration sensor is placed
vertically on the upper surface of the pump body, roughly between the two rotors, where the compression
stresses caused by the shafts of the rotors against the pump body are the highest. The means of

prediction 10 calculﬁ.i%e)s .thelpredictiv% time Wﬁndow during which 10 failure owing to seizi 9 will occur in
the vacuum pump 7, baded O théMRédsitementst the CHange BVEPME B e vinratidn €ighials provided
by the vibratiorvseinsalOwikthe meats of repichiobdl .chmprisesaprapessingouritalapaids: ondhe vacuum
pump 7 level orjocated remotely within.a dedigated expert center, The processing,unit may, for example,
transfer the pre(f|ct|on information to a pump monitoring Bener "he 'Server may then'in turn send 15a

message to thexmaintenampse @pbratonmonitoringplisicewo ronoorderttoidalculbterthéeprediative time

window dyrin Wﬂfﬁ*}ﬁ%‘i'&5?09‘%'r_‘gpé‘?oa?eizéﬁ%c"t‘{ic!'n?.cﬁ&ﬁeﬁh%@er%E‘ane?ftHées%i “e%*__‘i&oifs“l%"%{% (g the failure
prediction method 100 depicted in"Figure 2. In a first stgp 101 of the pl’edICtIO% method 100,
sequences of evilstshelaped twabre R0cHdrge wrethinetofsthad/ithatotosignaldsofhtre geshpdsddy are

recorded baseg QN NGRS LRMENSIAKE M IOE RXRTPIR: QUer ¥t§§e$?ﬁ9@9&ﬁn%-igb9r9ﬁ5ﬁ%{ dHgs the size of
i

the learning database, vibrations frequency bands are selected within the vibration spectrum around

frequencies cHatacsristic bItHeAE R PUnMY Rinetiatitao iy are Fapriathd Visrstmarsighals (in
speed) for fouryibratipnRprequencyiands BL, BARR REEB4r hyh@d Sfampley a-mibratiap frequency

band is selected that is centred on the characteristic frequency corresponding to the rotor rotational
speed. 10 It ¥ra) 4186 B Manned to select a vibration frequency band around the characteristic

frequency correspondingdaithe-geomptoafiihedotating machanicad RasteHsHsh ascthedahafts, lobes,
roller bearings, and gears). . . A vibration frequency band may also be selected around one or more
harmonics of ﬁé‘%ﬁ%pt?ogﬂ?idﬂﬁf fetfuB R RRCAHSS ?o?oéxg’ﬁﬂﬁ??%é EFEHSTENE dFAYSRSr imbalance
or mis_aligr_lmefltmmlaezr,dtof}&r@éts direcffd}ec&@qmensgsmfgemﬁss.arﬂmaﬁaateh'medeﬁrgﬁdpy;le«&elg of
‘e’l'tbsrgit:jon signals selected 2Mom. amang,ihe frequency,bands and ssigond by;gharagteristic durations spent
15  implanting, or heat-treatment processes used in the manufacture of microelectronic devices
on silicon wafers, or flatscreens or photovoltaic substrate.
The pumping device 5 comprises a vacuum pump 7 exhibiting a pump body within
which a rotor may be driven rotationally by a motor of the pump 7 (not depicted). While
operating, the rotational velocity of the rotor is regulated to a fixed value. The outlet of the
20 vacuum pump 7 is connected to an exhaust tube.
The pumping device 5 further comprises a vibration sensor 9 of the pump body and
a prediction means 10 of a predictive time window during which failure owing to seizing
will occur in the pump 7. Seizing is defined as a failure in the rotational movement of the
rotor inside the pump body, which may cause the rotational mechanism to stop.
25 The vibration sensor 9 may, for example, be a piezoelectric accelerometer that makes
it possible to provide effective vibrational speeds (in m/s). The output of the vibration
sensor 9 is connected to the prediction means 10.
Analyzing the vibrations makes it possible to identify periodic characteristic
phenomena necessary to predict the seizing of the vacuum pump rotating at a fixed speed.

30  Given the rigid structure of the pump body, a single vibration sensor 9 may suffice to

collect all of the pump body characteristic vibration phenomena at a single measuring



vibration levels.  For example, sequences of events may be measured over four characteristic
durations: 2 hours, 2 days, 1 week, and more than 1 week. For example, a reference level and
intermediate operating levels are determined. The 10levels are, for example, determined by averaging the
envelope of signals Qyer a redetermined duration. Thrge examples of frequency band levels Si, S2,
S3 of the vibra\%)éfrllt'sigr?aflé1 L3MMPHLM the Vibratioh s&ngor ésrémdqesp?&réegjiﬁycﬁ VBT i EHOre 3.
Reference leveltShoprespondstddhe lidwntifygshoeldiopheeoritation signals 15 evaluated over a
characteristic duratipp of about 24 houts, for example i grder (g avercome paeasional disturbances that
may for example be related to the treatment process gur’renty underway. The measurement of the
reference levelh€ivbegins mtdgadt 24ihoursaftbrthkestarsoba thewovasusmapempdd order pouopercome the

burn-in p%”f’dboclcaﬁg!%%légé‘&@&ﬁ%p iﬁwﬂé"@%n%?e"‘é@%‘etﬁ‘gr Vi 5%5119E‘o'gt‘é‘(’?:%r%@"t%e”x%h}’&{o%t%?ﬂi%?d- The

first intermediate operating level S3 corresporiding to the upper thresh the vibration signals is, for

example, about fasedivrssaily peféhe nopdevetf S (st Fryme Bydit s udrekampie, threasuredsyver a
characteristic %@QQ&OJ&@@%&M%&&W%&M%&M@@% 5 PesSIBlE Lo Q¥RECAT S Qe T,0gFasional

disturbances which may, for example, be related 25to the treatment process currently underway (lasting
about a few m?ﬁ@fb%)@g ¢Ythe second intermediate operating level S2 represents three times the

reference level Si angis ofefRxaMmpiaiimeasHied eygra aharacierstic duradiomol anaul2haurs. A first

intermediate or%erating,level S3 observed during one week followed by a second intermediate level S2

observed Yurift Wi dAgs (e orFees SHlS det dR ARSpIac to thBUsePel it g SRt Vst st fizing. In

a second stepchRgefthe predistian mathed 1001 pratcRdssanghihaiwesmalloastoneseqyence of
events and at least one precursary pattern of pre-established association rule prjcursor pattern of a

vacuum pump BEHENRSr MGABIRIRFIF S Tz S s EGaASHIYS BF sPSHE RS doVatiBh ATE being
established byrextrattingknondedigeatlixpert center. The processing unit may, for example, transfer

the prediction information to a pump monitoring server. The server may then in turn send
15  a message to the maintenance operator monitoring device.

In order to calculate the predictive time window during which failure owing to
seizing will occur, the means of prediction 10 implements the failure prediction method
100 depicted in Figure 2.

In a first step 101 of the prediction method 100, sequences of events related to the

20 change over time of the vibration signals of the pump body are recorded based on
measurements taken, for example, every 80 seconds.

In order to reduce the size of the learning database, vibrations frequency bands are
selected within the vibration spectrum around frequencies characteristic of the vacuum
pump kinematics. Figure 3 depicts the vibration signals (in speed) for four vibration

25  frequency bands B1, B2, B3 and B4.

For example, a vibration frequency band is selected that is centred on the
characteristic frequency corresponding to the rotor rotational speed.

It may also be planned to select a vibration frequency band around the characteristic
frequency corresponding to the geometry of the rotating mechanical parts (such as the

30  shafts, lobes, roller bearings, and gears).



5the restriction of one or more extraction parameters. The association rules have the format: "if
precursory pattern then result". They involve a failure in the rotor rotation. They are denoted according
to the formula (1): (1) : a=>F wherein: 10-"a" is the precursory pattern comprising a sequence of events A,

B, C ..., each event eirgg spac d a%oart in t(igine byla maxi uméﬁresetdduration and 'mlposed tyfthe

maximum duration hetWEah the 4t BVeHrSr TR Arechr<SIS BAEM Eha e SRS BV HE maximum

duration betwekn pveipisrissendorfexample, $hitb days.féhesegience ofieventsdf the origioating event
is denoted accordipg to formula %{ 15:5&) DA -> E ENhere A is the first event followed by B, the second
imba tof the rotot sha

event; "F" is the resuft of failtire’in %rtla rotor rotation, it'is the seizing event, and "=>"is an if-then operator

between the precur’svbwsmt@manﬂetmtsesﬁlthmm@ﬁn@ fosohp lembadiwibrmi@ssi_goimi@dmtds
describing; theé’&%‘%ﬂ?&%“%ﬂ?'f%ﬁ%&? YaGHUMLRUIR, { AL etablisned by, exiracting knowledge from a

learning database.  The purpose of the method of extracting knowledge from data or knowledge
discovery in datetssise |@€®D), including the method called "data mining”, is to extract learning or

knowledge from large quantities of data.dhropah aytomated,or semizaytomated, methads: s method

makes it possible to use the data that is available in the databases to 25 identify a characteristic pattern,
combinations, BitfiaRtetbghizet ittt Sigaticand strietrsydrrgsements by using one or more association

rules. This method is iferativee Wwhich mrkes it pagsitle R RumZe.ine; qualiy f dhe axiracted knowledge.
Additionally, and contrary to other methods, the data mining method makes it possible to obtain

associatith rule&thatfalPpesHteRifetdateirinedudsr. Som R dhingrasasasy cirplisedd purality of
relevant sequenegsehavenistelated to failure through seizing, obtained from a set of vacuum pumps and
over a lifespan runnTl'?lgee examples of frequency band levels S1, S2, S3 of the vibration signals coming
from the vibration sensor are depicted in curve B1 in Figure 3.
Reference level S1 corresponds to the low threshold of the vibration signals
15  evaluated over a characteristic duration of about 24 hours, for example in order to
overcome occasional disturbances that may for example be related to the treatment process
currently underway.
The measurement of the reference level S1 begins at least 24 hours after the start of a
new vacuum pump in order to overcome the burn-in period of the vacuum pump 7, during
20  which the vibration levels have not yet stabilized.
The first intermediate operating level S3 corresponding to the upper threshold of the
vibration signals is, for example, about four times the reference level S1 (see Figure 3). It is,
for example, measured over a characteristic duration of about 2 hours. This duration makes
it possible to overcome other occasional disturbances which may, for example, be related
25  to the treatment process currently underway (lasting about a few minutes).
The second intermediate operating level S2 represents three times the reference level
S1 and is, for example, measured over a characteristic duration of about 2 hours.
A first intermediate operating level S3 observed during one week followed by a

second intermediate level S2 observed during two days, corresponds for example to the

30  eventF of the vacuum pump seizing.



from when the vacuum pump starts operating until it seizes. A sufficiently large set of vacuum pumps is
considered, for example one with about sixty pumps, so as to make the events reliably relevant. A set of
vacuum pumps is preferably used which will be operated under actual conditions of use, so as to observe
the failure which is ?ought to be Qre{id'gteg overgfull Iifes&\an olfO e vacupym pump, The learning
database only compPides Syl diCet ot VISt SHISTE BRI B AT EERnY MR PE A GRdEr actual
conditions of uset wirensvertite séizinghoaf el vaclusa pumpiscpredictpaitthe gdglisdaaddplace the
vacuum pump,uith,&,new pump. [Ls thus neediess o ean, rom,any seizing (gt oceurs afte the firs
one. Consequently, In order fo 10°buil 'fl%ex]earning databas , the acquisitions made between the
vacuum pumpsstartugsdateemdsthbedate vidtion thiéesitstiseizindohtidebpumrisiop serreddrevediected. The
first seizing is, for example ascertained/establish: n‘éiagyng{%r@‘xpert, who may particularly rely on the signals

e
sent by sensors incorporated into the vacuum pump and recorded during operation, such as the power
consumed by the vatbunsistiematdrsohane dasfpressurd atrtsersenperonstve vasdtimanp. The

expert may alsg,tely Qn,an-2558SMENL LIS VRGHUMRIMAIR Qaenie cleatbridentifyithe cause of the

seizing. Figure 4 depicts an example sequence of évents recorded over several lifespans of pumps
placed(@&ndxe=8nd. The lifespan dl depicts, for example, a between startup and a seizing event "F". 20The
association rules arg,extracted with the restriction sequence of events extraction parameters chosen
from among: support, confidence, and the maximum duration between each event of the association rule.
Support torrespohds tottlrepnumiberygiditnescthapthexgssegiation ofilevpneditidl] Seizingdelated failure. A
support at least equal fo 4 Is chosen, meaning ihal. an assapiation 25 ulemust faye atleast,an
occurrence of Ain the detection of syemng-rg’la?ég fafures in tﬁe?earn?ng alfgxbase. A support equal to
2 may be chosemsgorthiatttheextradted associdtidn nolesiareynphteonspedifice seifaonfidemcelisa reliability

measure of the, asseciation fule It 5. expresged as aprediefion % A fie.seizing guent Fr A gapfidence of
100% is chosen. In other words, the ’ ’
of the originating event is denoted according to formula (2),

15 :2):A->B,
Where A is the first event followed by B, the second event;
- "F" is the result of failure in the rotor rotation, it is the seizing event, and
- "=>"is an if-then operator between the precursory pattern and the result.
According to one embodiment, association rules describing the behavior model of
20 the vacuum pump 7 are established by extracting knowledge from a learning database.

The purpose of the method of extracting knowledge from data or knowledge
discovery in database (KDD), including the method called "data mining", is to extract
learning or knowledge from large quantities of data, through automated or semi-automated
methods. This method makes it possible to use the data that is available in the databases to

25  identify a characteristic pattern, combinations, and unrecognized and significant
structure/arrangements by using one or more association tules. This method is iterative,
which makes it possible to optimize the quality of the extracted knowledge. Additionally,
and contrary to other methods, the data mining method makes it possible to obtain
association rules that may be interpreted by the user.

30 The learning database comprises a plurality of relevant sequences of events related to

failure through seizing, obtained from a set of vacuum pumps and over a lifespan running

10



30precursory pattern must always be followed by a seizing result in order to prevent false predictions,
even though this choice tends to reduce the prediction rate. An association rule for which a seizing event
is obtained nine times out of ten, for example, will be rejected. © The maximum duration between each

event of the a%sociat'on I’l.He iS a restriction imﬁgosed by the p{e.diction h riz%, .meﬂgf] i{‘ the.maximum

b
duration betwaBIRE IS B ST IBI RS SR S e tnis fiure NAHF R hdssatst fbration

between eachvavemnhgiabeuis 10 daksds, determingd.oncAtithelend akthelearing aassaciatioherules are

characterized ebe an PA%Hfgfﬁlkéﬁ’éngn‘%WAdﬁe{igﬁd from the calculati?en a{)?r ea@w%slc o%i]ﬂfign rule. T(Ele optimal

window is the duration of the rufé resu Ing in't ugrar%%?éjsst feler'oF confidence. For each association rule,
the 10optimal widdowtfot evhidh supportdissequabtobkeardtbotfiienceishli0Gotghilthdegtaidtiedd  For

example, §or tlgge(;éagmpﬂ?le%ﬁ&ugp&% %C%YJ%Q %'}HrFFigure 4, for a maximum window wl which duration is

equal to 3 units of time ul, the precursory patter A->B takes place twice. Furthermore, each time, this
precursory pattern iheliraththe deihing evdntenodisideneenisthdrefons 1009 ctoRdpE masinium window

w2 whose durafion s gaualie o itz @t iime sl dhe Bresursan.patiem. Az lrkesiplage fyice. This

precursory pattern involved the seizing event F one time out of two. The confidence is therefore 50%.
For a maximuRtWihéosi B ithabe aetatior iselgtaris foaruniRammifew, Be preeordory pattern A->B

takes place thigediraes, IHoweNsh athéﬁs%%%%ﬁﬁ’{ M&%MR&QH%VQN@&@?@%&%M&K@EH G:@alygwo times
out of three. The confidence is therefore ~The graph in Figure 5 summarizes these three

possibilitlds by BEbRGHEEE ShithaMedlSetea e A PR O th S GBI BHBP tHA WM HYW. It is

observed that fad anwingowhah Wicihs gitiationisds Witsy beisenfidenceds at dsTmaxisada.when, for a
window w2, w3 of shorter or longer 9uratior#?g1e confidence is less. In other words, there 25 is an optimal
S

window wi for {hicH HRECcaridase i§ MY 20 BRETorIMOBULEERIER s B tréT Extracted (in

general a set efasspeiation ibtespdramiNhlostquaccas phaventd i doe katmingdatabasaedecorded

from N vacuum pEMps, and the asE%cia}'Eion rules are verified against the sequence, of events ¥vhich was
t y t the output o

not used for e&irdigiBawer consume ¢ vacuum pump motor Ot the gas pressqlre at

15  the vacuum pump. The expert may also rely on an assessment of the vacuum pump in
order to clearly identify the cause of the seizing.

Figure 4 depicts an example sequence of events recorded over several lifespans of
pumps placed end-to-end. The lifespan d1 depicts, for example, a sequence of events
between startup and a seizing event "F".

20 The association rules are extracted with the restriction of one or more extraction
parameters chosen from among: support, confidence, and the maximum duration between
each event of the association rule.

Support corresponds to the number of times that the association rule predicted
seizing-related failure. A support at least equal to 1 is chosen, meaning that an association

25  rule must have at least an occurrence of 1 within the detection of seizing-related failures in
the learning database. A support equal to 2 may be chosen so that the extracted association
roles are not too specific.

Confidence is a reliability measure of the association rule. It is expressed as a
prediction % of the seizing event F. A confidence of 100% is chosen. In other words, the

30  precursory pattern must always be followed by a seizing result in order to prevent false

predictions, even though this choice tends to reduce the prediction rate. An association

11



30This approach makes it possible to test the robustness of the established association rules. A valid
association rule must make it possible to predict or not predict a malfunction over all of the remaining
sequences of events which were not used to establish the association rule, satisfying the same

restrictions as dPri g eﬁgralgtion..'l'.his metpod lgakes itrposst{'ble to buil tthe |£nost en ric?p sible
construct behdVior Modals ahd 15 08 fHe b &IARSH S thdMetssd 8t n ?ﬁa%%lél eiaﬁence of
events (still unaged)d. 5 This method is then repeated N times to determine other association rules, or to

find the same assoqﬁtlog rq}g&meguch tmeble%%\ene@lge%fﬂew unu%etgll set for. the veurglqgtéorré S(gfigggnnew

.y (& ax t10 .event € a5S0C1ation 1
association rule. Each sequence is then successively isofated from the N-1 sequences of events that
were used to estabishbanhagsediation ratezim,ordenite rerifye saidiassodationT blewEbe tyrotapuod
associatia r“[%%cﬁé%%cg%% qyoing the Nextagiops hendarms a6k ol A0assasIHon,JHgS, , During a
third step 103 of the extraction process 100, a predictive time window Is deduced, during which a failure in
the rotor rotatiovenvittodewt dh dhes vaderarmiparhp 7. For any occurrence of an originating event, the date of

the faure i precioteg by afg Dg.i26 TG BRUMAINILON 0.1 dale DR NG st YRt of the
|

association rule appears. 15 For an observation window d2, the predictive time window d3 is equal to the

interval of timelgéisrednthd crokadtfafluler Gage pradietion ard Ths pivsndistaderaitirecdbtafnadiction.

The observatign windew d2.riPRASEd Rytherule Sasmrising:the. areateshumieerioh eyantak) and is
equal to ék-l) times the maximum duration between each event. 20The rules established by extracting

knowledd® froff iRl adrdnmg paBiske WaoTol stathie aR4 qrslengrd (R8)° REPASBIXE=>F, with a
first optimal windowrwa (R fR->Fr>Ge>RaMiik a&peand optimakwindpwune {RB) KrxEribial, with a

third optimal window wh. 25Figure 6 illustrates a sequence_of events measured over time during the
observation wii@s® a ! W%”ﬁg é&?ﬁ?‘?%&&%‘faﬁh@ SRS Bhy BB n RSRESSE {HEKRY t Bossible to predict
seizing F that wiltogtaseovibie datehwhendhefiistienvenhid pReearsy plisdhe isizavel thie- optiia window
wa. This precursony eyentapReare ise ypng the window d2, so two
15 For a maximum window w2 whose duration is equal to two units of time ul, the
precursory pattern A->B takes place twice. This precursory pattern involved the seizing
event F one time out of two. The confidence is therefore 50%.
For a maximum window w3 whose duration is equal to four units of time ul, the
precursory pattern A->B takes place three times. However, this precursory pattern
20  involved the seizing event F only two times out of three. The confidence is therefore 66%.
The graph in Figure 5 summarizes these three possibilities by depicting the
confidence percentage as a function of the duration of the window. It is observed that for a
window w1l which duration is 3 units, the confidence is at its maximum when, for a
window w2, w3 of shorter or longer duration, the confidence is less. In other words, there
25  is an optimal window w1 for which the confidence is maximum.
One or more association rules are then extracted (in general a set of association rules)
from N-1 sequences of events from the learning database recorded from N vacuum
pumps, and the association rules are verified against the sequence of events which was not
used for extraction.

30 This approach makes it possible to test the robustness of the established association

rules. A valid association rule must make it possible to predict or not predict a malfunction

12



30dates are predicted for the occurrence of the seizing.  The occurrence of the precursory pattern
D->E->G makes it possible to predict a seizing F that will occur on the date when the first event D
appears, plus the size of the optimal window wc. The occurrence of the precursory pattern K->E->L

makes it possible tolprefdi%ea 55eizinng that will occur on the date when the flC[st evenuﬁﬁpgears, plus
the size of the optifial Window Wi "SrRel&iBaE of poiitt coréshonding b HeVANSHE a8SuMptions of
predicting the osotitigncenti seizingdalis withindhedorediativedime window. dhbetwded thekpyajection
according to the optimal window wc of the rule D->E->G and the projection according 10 to the optimal
window wa of ?ﬁésﬁ):lset %)c\(ézlﬁﬁrgeﬁ%ee 'of tufe ASBEE! etfrﬁtés\t/f/?ﬁag\}é\% éﬂlﬂﬁén \?v?%‘g: agg!atl(?u‘rfgrﬁt}w% rotor
rotation will oceprramthef vhcmathalinyemaynthenivepredicted: of Fhetpfedictionedethod therefore makes
it possiblesto identify-gbnormal Refiayior.in thewaGHUT,PHIR,AY hE.PRe Nand withno indigation of the
treatment process taking place within tHe process chamber, and on the other hand without being affected
by 15disruptiofs ermolifications tddheqsiotess cThegrachinerbethviofactievdoEsation riéetico be
readjusted based qu. oy e lieAmMeNt RIRELSSMIRGEE S essiv AVIRERMOE D& Predicligndsc(gliable in
more than 80% of situations. It is then possible to schedule preventive maintenance anticipating the
failure of the pRfnSpeHETGRatitvaETUkRy faIRS Whiikd itis buirigtiosetlTheodiss o366 RS BiHissaHiER tnakes it
possible to 20mipimizeAapage elated ta-the @@E@El@&%@ﬁhgﬂ&@@%@&%@@éﬁ%ﬁﬁ@m& aintenance
operators monitoring work, and therefore further reduce maintenance costs. CLAIMS 1. A method for
predictinboa falIRS st ¥5ation of the rotor of a vacuum

During a third step 103 of the extraction process 100, a predictive time window is

deduced, during which a failure in the rotor rotation will occur on the vacuum pump 7. For
any occurrence of an originating event, the date of the failure is predicted by adding the
size of the optimal window to the date when the first event of the association rule appears.
15 For an observation window d2, the predictive time window d3 is equal to the interval
of time between the closest failure date prediction and the most distant failure date
prediction.
The observation window d2 is imposed by the rule comprising the greatest number
of events (k) and is equal to (k-1) times the maximum duration between each event.
20 The rules established by extracting knowledge from the learning database are, for
example (R1), (R2), and (R3):
R1) A->B->C=>F, with a first optimal window wa
R2) D->E->G=>F, with a second optimal window wc
R3) K->E->L=>F, with a third optimal window wb.
25 Figure 6 illustrates a sequence of events measured over time during the observation
window d2.
The occurrence of the precursory pattern A->B->C makes it possible to predict
seizing F that will occur on the date when the first event A appears, plus the size of the
optimal window wa. This precursory event appeared twice during the window d2, so two

30  dates are predicted for the occurrence of the seizing.
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pump, comprising the following steps: sequences of events related to the change over time of
the vacuum pump 5functional signals are recorded (101), a match is sought between at least one
sequence of events and at least one precursory pattern of pre-established association rule of a vacuum
pump behavior model within the recfor}(ljed sec%uences of eﬁeg?é id a sociationbrfJIes being established
by extracting knowléd§e Wit TR re5thEHds S $ite B8 & extractiol PsrainBtai Snd S5 1oprecursory
patterns of prestaplisthedadisociation rhtedmeokting édafitsrecirdih®roppeaotgiion (kOJ)carfdthe a
time predictiorg)vxgn(%?yvvirilsdg“e]%lcced during which a failure in the rotor rotation will occur in a vacuum pump
(103). 2. A ppre%llction method according to claim 1, wherein sequences of events 15related to the
change over time offVibratiorrsignals tine thee pursopy hody of the Vaelumebunprareibbcordeddit01). 3. A

prediC“O”smet&?zqn%‘:ﬁ%‘ﬂ”\%fpo%@w’o%}’tﬂ’@%?é”\x%%%%@%% QL LYE EE%E%'&E%E’ i dhgLLOHange Qyer time of

the vacuum pump motor current signals are recorded. (101). 204.A predictiont method according to one of
the claims 1 toBliwHereiddiveunctional signals may be transformed into a frequency spectrum, and

frequency bands m%@%lé@!ﬁ%ﬁeﬁﬂ%u@&i%é nGies.ChMBEENSHMPhMNME YRGUUmM-RHIMA Kinematics

within said spectrum. 5. A prediction method according to one of the claims 1 to 4, wherein 25
association rulss#rensstablishén dasciing the vaeditiicptirh Benavictnsaer vy bstPaetisg¥nhowledge

from a |eamin9c@§$§i‘ﬂ§§% W@Jﬂgxﬁrﬁﬂw@l&}é of seakgneses-of events, &Qtﬁmj%@tfé‘ama@céﬁh% vacuum
pumps over the vacuum pumps life span running from startup to failure of the rotor rotation. 6. A

predictiol’metifottaepBrfhy ity erai s Mdnosamsdeoefdtibntuids Jre A time window during

which a failure in the rotor rotation will occur on the vacuum pump may then be predicted.

The prediction method therefore makes it possible to identify abnormal behavior in
the vacuum pump, on the one hand with no indication of the treatment process taking
place within the process chamber, and on the other hand without being affected by

15  distuptions or modifications to the process. The machine behavior model does not need to
be readjusted based on how the treatment process proceeds.

Furthermore, the prediction is reliable in more than 80% of situations. It is then
possible to schedule preventive maintenance anticipating the failure of the pump before it
actually fails while it is being used. The diagnostic is early, which makes it possible to

20  minimize damage related to the detetioration of components and facilitate the maintenance

operators monitoring work, and therefore further reduce maintenance costs.
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30extracted with the restriction of one or more extraction parameters chosen from among: the support,
confidence, and maximum duration between each event of the association rule. 7. A prediction
method according to one of the claims 5 or 6, wherein one or more association rules are extracted from
N-1 sequences of eéfgfﬁ %om the learning 5database, recorded from N vacuum pumps, and said
association rules a d against the sequence of events which was not used for extraction. 8. A
prediction method according tmahedfdherethimsS thilyrtakethinrcombination withrabaimvdewiherein from

said learning database, a Squ?(t?;rewfelpf events is determined, on the one hand by the selection from
S

among said frgaﬂnéjhé:;(}mf&%% of a reference level and intermediate operating levels corresponding to

a multiple of the reference levelicand characteristicsiobthie: vdeogrmopemimoperatiomcanch grmuthie other
hand, by g du@ﬂg@oggﬁ%gtﬁrigitécrgg‘o%ggg @ﬁls. 9. A pumping device comprising: a vacuum

pump (7) comprising at least one rotor an e pump body, said 15rotor having the potential to be driven
rotationally within said pump Bedghbly sorgbtdrasivesichplemp (), saderrstioraivsighandendos(9pof said
pump (7), and 2 means plRcedigting 0hatmne,edisianyindew diing WhiAD Bclalise inthe rotor
rotation will occur in the vacuum pump (7), said means for
within the recorded sequences of events, said association rules being established by
extracting knowledge with the restriction of one or more extraction parameters and said
10 precursory patterns of pre-established association rule involving a failure in the rotor
rotation (102), and
- a time prediction window is deduced during which a failure in the rotor
rotation will occur in a vacuum pump (103).
2. A prediction method according to claim 1, wherein sequences of events
15  related to the change over time of vibration signals in the pump body of the vacuum pump
are recorded (101).
3. A prediction method according to claim 1, wherein sequences of events
related to the change over time of the vacuum pump motor current signals are recorded.
(101).
20 4, A prediction method according to one of the claims 1 to 3, wherein the
functional signals may be transformed into a frequency spectrum, and frequency bands
may be selected around the frequencies characteristic of the vacuum pump kinematics
within said spectrum.
5. A prediction method according to one of the claims 1 to 4, wherein
25  association rules are established describing the vacuum pump behavior model by extracting
knowledge from a learning database comprising a plurality of sequences of events, obtained
from a set of vacuum pumps over the vacuum pumps life span running from startup to
failure of the rotor rotation.
6. A prediction method according to claim 5, wherein said association rules are

30 extracted with the restriction of one or more extraction parameters chosen from among:

15



20 prediction (10) being configured to implement a method for predicting a failure in the rotation of a
vacuum pump rotor according to one of the claims 1 to 8 in order to calculate the predictive time window
based on measurements provided by said functional signal sensor (9). 10. A pumping device
according to clﬁum 9, Wherelnﬁséaéd functc\onal 5|%nal£153ens%re&%) is a eratlon sensor fixed onto a bearing

of said pump BRg )?}Jpport, confidence, and maximum duration cen each event of the association
rule.
7. A prediction method according to one of the claims 5 or 6, wherein one or
more association rules are extracted from N-1 sequences of events from the learning
5  database, recorded from N vacuum pumps, and said association rules are verified against
the sequence of events which was not used for extraction.
8. A prediction method according to one of the claims
5 to 7, taken in combination with claim 4, wherein from said learning database, a sequence
of events is determined, on the one hand by the selection from among said frequency
10 bands of a reference level and intermediate operating levels corresponding to a multiple of
the reference level, and characteristics of the vacuum pump operation, and on the other
hand, by a duration characteristic of said levels.
0. A pumping device comprising:
- a vacuum pump (7) comprising at least one rotor and one pump body, said
15 rotor having the potential to be driven rotationally within said pump body
by a motor of said pump (7),
- a functional signal sensor (9) of said pump (7), and
- a means of predicting (10) a time prediction window during which a failure
in the rotor rotation will occur in the vacuum pump (7), said means for
20 prediction (10) being configured to implement a method for predicting a
failure in the rotation of a vacuum pump rotor according to one of the
claims 1 to 8 in order to calculate the predictive time window based on
measurements provided by said functional signal sensor (9).
10. A pumping device according to claim 9, wherein said functional signal

25  sensor (9) is a vibration sensor fixed onto a bearing of said pump body.
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