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The present invention relates to a vacuum punp self-diagnosis nethod, a
vacuum punp sel f-di agnosis system and a vacuum punp central nonitoring
system for making self-diagnosis of a dry vacuum punp in which by-products
are deposited due to reactions in processes. 10 DESCRI PTI ON OF BACKGROUND
ART In recent years, the dianeter oPESERTESAHNct or wafers and the size of
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cause major |osses. On the other hand, in regar iquid crystals,
self-diagnosis of a dry vacuum pump in which by-products
are deposited due to reactions in processes.
10
DESCRIPTION OF BACKGROUND ART

In recent years, the diameter of semiconductor wafers
and the size of liquid crystal boards have been
progressively increased with increasingly higher

15 integration of semiconductor devices, resulting in a higher
unit price per semiconductor wafer and liquid crystal board.
For this reason, it is necessary to stabilize manufacturing
processes to increase the product yield rate. Particularly,
stable operations have been regarded as a critical

20 challenge for devices which directly affect the
manufacturing processes, such as a dry vacuum pump.

With a batch processing apparatus which processes a
large number of wafers in batch in a single process such as
LP-CVD (Low-Pressure Chemical Vapor Deposition) used in

25 semiconductor device manufacturing, if a dry vacuum pump
suddenly stops during the processing, a large number of
semiconductor wafers are damaged to possibly cause major

losses. On the other hand, in regard to liquid crystals,



1 an increase in size has been progressed to such an extent that the board
area exceeds 4 nR2, so that damaged boards would result in a trenendous

| o0ss. See Japanese Patent Lai d-open No. 2005-9337. 5 In situations as
menti oned above, a demand has been increased for a system which makes

sel f-diagnosis of dry vacuum punps and provides a safeguard agai nst the
failures beforehand to, prevent damages in products. At present, a central
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value is exceeded by an I nt'egrated val ue or an average val ue of

beforehand to prevent damages in products. At present, a
central monitoring system manages the operation of multiple

10 dry vacuum pumps for satisfying the demand. This current
central monitoring system, though capable of monitoring
multiple dry vacuum pumps for operating situations with a
few computers (personal computers), does not have a
function of making self-diagnosis of the dry vacuum pumps.

15
DISCLOSURE OF THE INVENTION

The present invention has been made in view of the
foregoing aspect, and it is an object of the invention to
provide a vacuum pump self-diagnosis method, a vacuum pump

20 self-diagnosis system, and a vacuum pump central monitoring
system.

To solve the above problem, a vacuum pump self-
diagnosis method set forth in claim 1 is a vacuum pump
self-diagnosis method for making self-diagnosis of a vacuum

25 pump, characterized in that self-diagnosis is made to
generate an alarm when a predetermined alarm set value is
exceeded by an integrated value or an average value of a

current of a motor for rotating a rotor of the vacuum pump.



current of a notor for rotating a rotor of the vacuum punp. 2 A vacuum punp
sel f-di agnosis nethod set forth in claim2 is characterized in that the
alarmset value is the sumof an average current value during an initial
operation of the notor and a predeterm ned value a in the vacuum punp 5
sel f-di agnosis nmethod according to claim1. A vacuum punp sel f-di agnosis
met hod set forth in claim3 is characterized in that the self-diagnosis of
the vacuum punp % VSR RYER h! 1Rl ARI Sl DY H G uiderfofthtites t he
current val ue ofg%he not or exceeds_the alarmset 10 value per unit tinme in
the vacuum ptifdtsel 2 df Ayrdst & L et hby @&%rﬁ?%ga%%ﬂa%l%‘iabvez%sAt@%cuum
punp sel f-di agnosis systemset forth i claim4 is a, vacuu u ,
sel f - di agno%qlg Sy ste Y%?a%k?%re%tel‘f%di‘% bstY ot a“%t%h%ﬁ: %&%a%h‘i’%h
conprises a i n 15 and.a rotor rotatably ranged in the casing for
sucki ng aﬁﬁggﬁg%%%?%ﬁ%ga%qg%§p¥$§%)%ﬁp}%ﬁ tY%ileo {%eQ?%tg??uum ump
characteri zed, i Nyt 059@I*Q%%%m5%%g%é§¥§"é§%§“?H9PPra'ity of stages of
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the rotors, a pressure sensor arrange ween e rotor stages, and a

sel - di agnosi s uny tyd a3l aling 20, a0,4 1 Saes Yal U, an, aver age

value of a current of a notor r rotating the rotor, and making

sel f-di agnasi $Rf3 {deyAcdiR PLIRI When i e il el pf ed; yghye; oo Average
val ue exceeds a predeterm ned al arm set value, and the self- diagnosis unit

swi tches frampone Sehd -t ag00si i £ Coth &hONL2Si Sred hoghd on@nethes £ or
interrupts the self-diagnosis calculation based on a pressure val ue
detected bytit®s the current value of the motor exceeds the alarm set
10 wvalue per unit time in the vacuum pump self-diagnosis
method according to claim 1 or 2.

A vacuum pump self-diagnosis system set forth in
claim 4 is a vacuum pump self-diagnosis system for making
self-diagnosis of a vacuum pump which comprises a casing,

15 and a rotor rotatably arranged in the casing for sucking
and discharging a gas through rotations of the rotor,
characterized in that the vacuum pump comprises a plurality
of stages of the rotors, a pressure sensor arranged between
the rotor stages, and a self-diagnosis unit for calculating

20 an integrated value or an average value of a current of a
motor for rotating the rotor, and making self-diagnosis of
the vacuum pump when the integrated value or average value
exceeds a predetermined alarm set value, and the self-
diagnosis unit switches from one self-diagnosis calculation

25 method to another or interrupts the self-diagnosis
calculation based on a pressure value detected by the
pressure sensor.

A vacuum pump self-diagnosis system set forth in



pressure sensor. A vacuum punp self-diagnosis systemset forth in 3 claimb5
is characterized in that the self-diagnosis unit is arranged in a control
unit within the body of the vacuum punp in the vacuum punp sel f-di agnosi s
system according to claim4. 5 A vacuum punp failure central nonitoring
systemset forth in claim6 is a vacuum punp central nonitoring system
which conprises a plurality of network adapters for connecting a plurality
of vacuum pUpd td ¥ rfetar K enird 1 dritatal thforie b i e Torpis entloris
intensively nmonitoring the 10 plurality of network adapters, wherein punp
data sent fFOMRNERAEN T L RMR P PhrfodghE e et RRY ddhptle? YRCWHRI t or ed
by the central npnitoring conputer. Thfe acuum pu central nppitoring
systemis CHEFRACHErTRd FFE RIAP s ¥ -‘%m%%ﬁ%raﬁ%ﬁ%&% Bt ween
t he vacuumgfjlurrp alﬂd the 15 adapter and conprising a self-diagnosis unit for
maki ng sel -ad]i“ég 'osis of the vacuum punp, or a self-diagnosis unit

di sposeg in the rAetV\oCrk adaLpter f.or makin sell f-di.agnosi s oftthe vacuum
punp. A’vacuum purrp\'_’af ar ture mcpenqarla Yroni G orr!ang Héoyr?sjt oth €6 S0 BriR i n claim
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adapter conprises a punp data storage or storing data o e vacuum

punps,_and jihieen Sebido.di agnosi s wni s ks selfodi agngsis of eipe vacuum punp
based on the punp data 1n the punp data storage unit 1 n the 25 vacuum punp
central nONddNG RYSE e deeofd) nge tdu &ldh Bfps to a network, and a
central monitoring computer for intensively monitoring the
10 plurality of network adapters, wherein pump data sent from
each vacuum pump through the network adapter is monitored
by the central monitoring computer. The vacuum pump
central monitoring system is characterized by a pump self-
diagnosis adapter disposed between the vacuum pump and the
15 adapter and comprising a self-diagnosis unit for making
self-diagnosis of the vacuum pump, or a self-diagnosis unit
disposed in the network adapter for making self-diagnosis
of the vacuum pump.
A vacuum pump failure central monitoring system set
20 forth in claim 7 is characterized in that the pump self-
diagnosis adapter or network adapter comprises a pump data
storage unit for storing data on the vacuum pumps, and the
self-diagnosis unit makes self-diagnosis of the wvacuum pump
based on the pump data in the pump data storage unit in the
25 vacuum pump central monitoring system according to claim 6.
According to the vacuum pump self-diagnosis method
set forth in claims 1 to 3, since self-diagnosis is made

when the alarm set value is exceeded by an integrated value



According to the vacuum punp sel f-diagnosis nethod set forth in clains 1 to
3, since self-diagnosis is made when the alarmset value is exceeded by an
integrated value 4 or an average val ue of the current of the notor for
rotating the rotor of the vacuumpunp, it is possible to provide a vacuum
punp sel f-diagnosi s nethod which can sinply and accurately nmake

sel f-di agnosis of the vacuum5 punp. Particularly, in the invention set
forth in cl¥ M2, aVeRRopredbierat nete varteent i of adurdneecrantaver age current
value during an jnitial operation of the notor to create the al arm set

val ue, the BPERMR%t NI TR betRRIVFFIURFPH B nmi 1y 1© ROpstPieurar punp
even when the current val ue 10 of t?ﬁ gntor vari es due to, individual
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and the self-difagnosis unit 1S provi or calculating an integrated val ue

or an 20 avgiage %@l ue; ofn thes cHrT efe Ol idie %é%ﬁe{rﬁ%té?t%iggez;@g rotor,

and maki ng sel f-diagnosis of the vacuum punp I ntegrated val ue or

average valdige excoaSs & PLEAS] efie Neth Ah afdn Sed1val dign whegeinifhe
self-diagnosis wunit switches fromone self-diagnosis cal culation nmethod to

conformity to a particular pump even when the current value
10 of the motor varies due to individual differences among

pumps. Also, in the invention set forth in claim 3, since

a failure is determined on the basis of the number of times

the current value of the motor exceeds the alarm set value

per unit time, it 1s possible to accurately detect a state
15 in which the pump is about to fail.

According to the vacuum pump self-diagnosis system
set forth in claims 4 and 5, the pressure sensor is
arranged between the rotor stages, and the self-diagnosis
unit is provided for calculating an integrated value or an

20 average value of the current of the motor for rotating the
rotor, and making self-diagnosis of the vacuum pump when
the integrated value or average value exceeds a
predetermined alarm set value, wherein the self-diagnosis
unit switches from one self-diagnosis calculation method to

25 another or interrupts the self-diagnosis calculation based
on a pressure value detected by the pressure sensor, thus
making it possible to provide a vacuum pump self-diagnosis

system which is capable of accurately making self-diagnosis



25 another or interrupts the self-diagnosis cal culation based on a pressure
val ue detected by the pressure sensor, thus making it possible to provide a
vacuum punp sel f-diagnosis systemwhich is capabl e of accurately making
self-diagnosis 5 of a dry vacuum punp which is applied with a varying punp
| oad due to variations in inflow gas amount. According to the vacuum punp
failure central nonitoring systemset forth in clains 6 and 7, since the 5
punp sel f - dPagRoSr¥ Haapvar PEBRpYPEFRgisharsel fddvaghodi ¥agnindf skmeaki ng
sel f-di agnosi s of the vacuum punp i s . di sposed between the vacuum punp and
adapt er, or1PRe dBPfLodvagnsstenanit iL8fdPYpgaedamAuihe network adapter for
maki ng sel f-di agnosi s gf the v cuunlgunﬁ{ it if possible to 10 sinply
provi de, for exanpfeOran8xFetFig Vachvth BURB L@bAEFSI CRBRAFROri ng system
with a function_of .making, sel f- diagnosis of each_vacyum punp. BR| EF
DESCRIPTICNWE?l??ElEﬁAﬁY%EﬁmlgeEiBPgEgiénac ?éﬁ?aﬁ1§8ﬁe?glFgBFFIEEFrating an
exenpl ary configuratign of a.screw dry vacuum punp, used r ..a _min _punp;
Fig. 2 i% aPHWBgﬁsﬁiggh%ESPF§si gﬁggﬁgtFﬁ@pﬁhsEggeﬁgﬁaﬁﬁﬁgéﬁ%ﬁaﬂpiﬁﬁon of a
Roots dry vact 20 ost np;. _Fi g. is a_diagram
iIIustratinﬁgggg¥§gg§§%§§8f%%&Fo%lagnegéﬁuﬁipgﬁ% XEFFgﬁiéﬁﬁgsﬁg met hod
according tQ;LPE. R B8ENbehMLRR! L8R uuR Burf hia2adLBEEEM Lo cfesgribing a
sel f - di agnosi s

diagnosis unit is disposed in the network adapter for

making self-diagnosis of the vacuum pump, it is possible to

10 simply provide, for example, an existing vacuum pump

central monitoring system with a function of making self-

diagnosis of each vacuum pump.

BRIEF DESCRIPTION OF THE DRAWINGS
15 Fig. 1 is a diagram generally illustrating an
exemplary configuration of a screw dry vacuum pump used for
a main pump;
Fig. 2 is a diagram generally illustrating an
exemplary configuration of a Roots dry vacuum pump used for
20 a booster pump;
Fig. 3 is a diagram illustrating a processing flow of
a vacuum pump self-diagnosis method according to the
present invention;
Fig. 4 is a diagram for describing a self-diagnosis
25 method which relies on the number of times a pump current
is generated in a main pump according to the present
invention;

Fig. 5 is a diagram for describing a self-diagnosis



25 nethod which relies on the nunber of tinmes a punp current is generated
in a main punp according to the present invention; Fig. 5 is a diagramfor
describing a self-diagnosis 6 method which relies on the inner pressure of
a booster punp according to the present invention; Fig. 6 is a diagramfor
describing a sel f-diagnosis nethod which relies on an integrated punp
current value of _ 5 the booster ng according to the present invention;

Fig. 7 is ﬁFB@gaﬁ?fﬁ? H@%b??b?ﬂg séPFeH|86ﬁ5§P§e ﬁétﬁoHORﬁFéﬁ PElPes on
an |ntegrated py aP n% val ue and pu ng i nner pressure of the booster
punp accor dffig ?ﬁe OpF §eﬂfeﬁﬁ98anXﬁ “48"Fig. 8 is a diagram for
describing an exegPIarg confaguratlo r unp_ central

current drg
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coni gurat i gb. phaa, nelfLaoposhs adaplet Lor.d ¥ALUUMBUER, 15:GEnbed
e ention; an 1 g. IS a

noni tori ng system accor dirn resen I nv .
f"na?LZmr?Zf‘ﬁ@%ﬁgn%gog}e@%%%*“%o%%@%%%%@% R R P R SR tne enbodi mont
ool he brosent | veghenutt Ll o, frehnabieccbeteses odesk s sgtegence o
devi ces andnbthyhdwRi¥at 8b1DOSr 88, ahCaGE LGP PYaPHRAHCESrrent value and
a pump inner pressure of the booster pump according to the
present invention;
10 Fig. 8 is a diagram for describing an exemplary
configuration of a current dry vacuum pump central
monitoring system;
Fig. 9 is a diagram illustrating an exemplary
configuration of a self-diagnosis adapter for a vacuum pump
15 central monitoring system according to the present
invention; and

Fig. 10 is a diagram showing a change in the number

of times a peak current is generated in the main pump.

20 BEST MODE FOR CARRYING OUT THE INVENTION
One embodiment of the present invention will
hereinafter be described with reference to the drawings.
In dry vacuum pumps used for manufacturing semiconductor
devices and liguid crystal boards, reaction by-products
25 resulting from process exhaust often deposit within pumps
to make the same inoperative. Particularly, this tendency
is prominent in dry vacuum pumps for heavy load processes

such as P-CVD (Plasma-CVD) used in liquid crystal board



25 resulting from process exhaust often deposit within punps to nmake the
sane inoperative. Particularly, this tendency is promnent in dry vacuum
punps for heavy | oad processes such as P-CVD (Plasnma-CVD) used in liquid
crystal board manufacturing processes, LP-CVD used in sem conductor device
manuf acturi ng processes, and the |ike, which involve a |large anmount of
reacti on by-products caused thereby. The present invention provides a
vacuum punpMeBLEagitagAngi ®rOCREERSd, LE -CHPUUREPUAD SEMECORSgFdSits syst em
and a vacuugl Qunp central mpnitoring systemwhich are suitable for _making
sel f - di agnoSF¥16F BaBHIAFFUTABGuRFBGRESSFor 2h8atie Ld&E piEdessd&VORYE ur es
in dry vacuunhgungs f or heavy Ioad.grogesses 10 are mainly caused b
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which stops the punp. On _ since t eposited Treaction
by- product saRyngauge r34l b8k ! s@fpgl{lehuagy%%wméguﬁp@u%Br hial$ t hought

that tenperature’is used punp sel f-di agnosis. t, the tenperature is
al so affectedaBypaoceqekkng water and the like other than the reaction by-
products, so that the current value of the nmotor for driving the punp (for

rotating the rotoryifheesi RAf 48y vacuum pumps for heavy load processes

10 are mainly caused by reaction by-products which flow into
and deposit within the dry vacuum pumps and thereby lock
their rotors. When reaction by-products deposit within the
dry vacuum pumps, the rotor slides into contact with the
reaction by-products deposited in a space between the rotor

15 and a casing, causing a gradually increased load on the
pump, a gradual increase in a current value of a motor
which drives the rotor, and an eventual overload which
stops the pump. On the other hand, since the deposited
reaction by-products may cause a rise in temperature within

20 a pump, it is thought that temperature is used for pump
self-diagnosis. But, the temperature is also affected by a
cooling water and the like other than the reaction by-
products, so that the current value of the motor for
driving the pump (for rotating the rotor) (hereinafter

25 called the "pump current value") more directly contributes
to a detection of such deposited by-products within the
pump. In the following, a description will be given of a

vacuum pump self-diagnosis method for monitoring a pump



25 called the "punp current value") nore directly contributes to a
detection of such deposited by-products within the punp. In the foll ow ng,
a description will be given of a vacuum punp sel f-di agnosis nmethod for
nmonitoring a punp 8 current value to make sel f-diagnosis of a dry vacuum
punmp. Fig. 4 is a diagramfor describing how self-diagnosis of a main punp
is made from pul ses appearing in a punp current. Vacuum punps for a heavy

| oad procesSUEBAPEi ¥@laenhpnmakepafplratadrpsiagofranftrHevarsspRenPe
pressure, and a booster punp which _operates as an auxiliary punp for

assi sting theImafnlpufpdiadgenehrdr JevaEibinguipyi §eltndiagbrFii§uPht fon of
which is illustrated in Fig. |L,is used for the main punp, while a Roots dry
vacuun1puinafﬂepﬁﬁpcbﬁfW@a?aﬁFBW B AAT cAPPSaT I Est FafeBWR EPETEBL i s used
for the auxiliary %unp. As illgstratgd in fi%d 1f the screw . dry vacuum punp
10 is configured Y3“ ROt BIHPE §3F et FOV¥r 1929 REQCEHEE| AR I 8Rd2 a hitn

shaf t 1% hfgﬁﬁéakgp'ériéEggok%Sﬁ Qgebggﬁégﬁﬁegﬁcté?ésgﬂﬁégfaggher hand, the

Roots 1 cuum punp I's confrgure contarn-a S rotor 22 in a

casing 21, i S edh, i py Fi nd.a.pmain, . sk IS tatably
supported b?é%%géyn%gﬁé4?h%gﬁ %%efﬁgegcg%mﬁﬁﬁéuﬁéig%%%péﬁ%blsgga reaction
oy~ Pproduct o bLeepeay! endlinbltf LORST SATIARE, Afr N Sash Wadd 120 Near a

di scharge port, as Tllustrated in Fig. 1, and the screwrotor 2 slides into

contact withofhegdepesbhedr fRachi 08 Dy1pLedyetaMn! pifhe1 Rogt §sdpy syacuum
punp 20, in turn, a reaction by-product M deposits on the inner surface

the main pump, while a Roots dry vacuum pump, the
10 configuration of which is illustrated in Fig. 2, is used
for the auxiliary pump. As illustrated in Fig. 1, the
screw dry vacuum pump 10 is configured to contain a screw
rotor 12 in a casing 11 and a main shaft 13 is rotatably
supported by bearings 14, 15. On the other hand, the Roots
15 dry vacuum pump 20 is configured to contain a Roots rotor
22 in a casing 21, as illustrated in Fig. 2, and a main
shaft 23 is rotatably supported by bearings 24, 25.
In the screw dry vacuum pump 10, a reaction by-
product M deposits on the inner surface of the casing 11
20 near a discharge port, as illustrated in Fig. 1, and the
screw rotor 2 slides into contact with the deposited
reaction by-product M. In the Roots dry vacuum pump 20, in
turn, a reaction by-product M deposits on the inner surface
of the casing 21, as illustrated in Fig. 1, and the side
25 surface of the Roots rotor 22 slides into contact with the
deposited reaction by-product M.
Fig. 3 is a diagram illustrating a processing flow of

a vacuum pump self-diagnosis method according to the



of the casing 21, as illustrated in Fig. 1, and the side 25 surface of the
Roots rotor 22 slides into contact wwth the deposited reaction by-product
M Fig. 3is adiagramillustrating a processing flow of a vacuum punp
sel f-di agnosi s nmethod according to the 9 present invention. In this flow,
different self-diagnosis calculations are made for the screw dry vacuum
punp which is the main punp and the Roots dry vacuum punp which is a
boost er punprBéeatisenvhayianff efniphihel behavdbffefent psapt -Sigomeens val ue
associated with the deposited reaction by-product. First, an alarmset val ue
i s deterni nedlrBlahiorsi asei Badef farsehe- dragrosry dpayhbsPymef whiieled by
the self-diagnosis calculations for the main punp and booster punp. Wen
the main pufp FBeaMRéGBt BUPRcalim phRpROPRE SEYf VAOUBMaBHE® whéshcdBaki on made
therefor is simlar to that of the bqoster punE. [ Det erm nati on of
Sel f - Di agno8PSSAPLr RPEBt POSPHER Erf¥t 1516l fRdFa§nBerevarar Mfsét PY&Pue is
determned at step ST1l. The pu urrent valuye may vary due.,to 15
individggl SFFFEPanQ uﬁnasﬁﬁglggﬁé.WPBB FHFSH?88§gﬁ?gf%PaC&éPErnining t he
al arm set values for the_respective punps thf u urrent _valuye is
aver aged OV§Y gﬁogﬁFFraﬁpl%%gfa??ﬁ%l TS ant? %#sfgv%?%%ﬁm%ﬁ?reﬁ?rv%lue is
designated ap,ipitigl JguLrent cvaky F . . The 29 p rm ned lue a is
added to the %nl%laﬁ 8urre%t va?uesn g?saﬁgggﬂésrgéuﬁggﬁé%gghg:sF%%osen to
be the alargLeely;¥ghtgisTRAt cLifac2bAEMESE cXB! MEiF LEHR ahRenbBEtEd!
pump. When the main pump is a Roots vacuum pump, the self-
10 diagnosis calculation made therefor is similar to that of
the booster pump.
[Determination of Self-Diagnosis Alarm Set Value]
First, a self-diagnosis alarm set value is determined
at step ST1l. The pump current value may vary due to
15 individual differences and the like. For this reason, for
determining the alarm set values for the respective pumps,
the pump current value is averaged over an initial
operating time, and this average current value is
designated an initial current value Is. Then, a
20 predetermined value o is added to the initial current value
Is, and the resulting sum is chosen to be the alarm set
value. That is, alarm set value = Is+o. The initial
current value Is can be obtained by automatically
calculating the average of the pump current value for 12
25 hours after the pump has started the operation. Also, the
value of +a is set to approximately +10% of the initial

current value Is for the main pump, and to approximately

+50% of the initial current value Is for the booster pump.
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current value Is can be obtained by automatically calculating the average
of the punp current value for 12 25 hours after the punp has started the
operation. Also, the value of +a is set to approximately +10% of the
initial current value Is for the main punp, and to approximately +50% of
the initial current value Is for the booster punp. 10 The val ue of +a may be
set to appr |natel +10% for the main punp because_the punp current val ue
of the mainT %ﬁnﬁalv ﬂgrﬂgymanEEt%ﬁtbﬁoaﬁpPﬁ?¥me5§§Yré@B ah@rt hBel i ke and
is therefore relatlvelg?stable whereas the value of +a may 5 be set to

apprOX|nateW?lq56@m?o? ﬂ%sﬁoﬁg?ePu%HnﬁuBQ%%Es%alFﬁeOEuﬁBeCWPFEnPuWBIue of
the b t to b ffected b f d
|afgefﬁsvgi%gé‘h@a?f%fgfﬁackﬁﬁ ¥yp?§dfﬁff®ﬁe§?§rﬁ? Yectol hee "haGe pdan

det d t 1 | f-di | cul at ' de f th
i npunp. At sTAR &Ta sﬁ%g%éﬁ‘éﬁw'y?%‘fe’f W nei {vagysp oETS gt ner or
t th t 1) |t
N e A e ?E‘@’%efé@as* ? $85ehRer SR PERE ™ arm cer
val ue, the [houbhbugas Ly st ﬁpuéTg t nt opsaL: Lheydny PLOCESSLNGy ugr eas i f
the result 1s equal to or hi an the al arm set va i agnosi s

alarmis 9@8%@‘§§f@ét@§xﬁyséﬁp1§ﬂ_ﬂow ?‘ééhﬁétefé’ﬁ&()%?@ei? §5§9e§T1 the
sel f-di agnosi s cal cul ation 1s nade he booster punp step S

Subsequently, it Astaeterai ﬂ@@mtp]_sé@pc&r&l@lmt:b@tﬁ PE106% BQ@erﬁéé'th of
the calculation made at step ST5 is |lower or equal to or higher than the
al arm set vabti€rmined at step ST1, the self-diagnosis calculation is
10 made for the main pump at step ST2. Subsequently, it is
determined at step ST3 whether or not the result of the
calculation made in step ST2 is lower or equal to or higher
than the alarm set value. If the result is lower than the
alarm set value, the flow returns to step ST2 to repeat the
15 ©processing, whereas if the result is equal to or higher
than the alarm set value, a self-diagnosis alarm is
generated at next step ST4. Further, following to step ST1,
the self-diagnosis calculation is made for the booster pump
at step ST5. Subsequently, it is determined at step ST6
20 whether or not the result of the calculation made at step
ST5 is lower or equal to or higher than the alarm set value.
If lower than the alarm set value, the flow returns to step
ST5 to repeat the processing, whereas if equal to or higher
than the alarm set value, a self-diagnosis alarm is
25 generated at next step ST4.
[Main Pump Self-Diagnosis]
Fig. 4 is a diagram for describing how self-diagnosis

of the main pump is made. In the screw dry vacuum pump,
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If lower than the alarm set value, the flowreturns to step ST5 to repeat
the processing, whereas if equal to or higher than the alarmset value, a
sel f-diagnosis alarmis 25 generated at next step ST4. [Main Punp

Sel f-Diagnosis] Fig. 4 is a diagramfor describing how sel f-diagnosis of
the main punp is nade. In the screw dry vacuum punp, 11 when the reaction
by- product Whbastgeaddakkyotlepospieduen mt hgsi graausuni,aeepekitbe easing 11

as illustrated in Fig. 1, the screwrotor 12 operates to rake out the
reacti on byhproduer. shrfebesoévene, casting ttheasotianuk2 rias el iimstFdRrt.aneousl| y
| oaded, the punp current value I instantaneously rises, as illustrated in

Fig. 4. Thushet berepunptour ieénbpeaktes| texeakdsotihethri teaktdonrent value is
+ 1 Ato reach a peak current value Ip in a pulsative manner. As the
anmount of theg-peadticbn bim priodscevént ncsisase nghy ddc st i tksiso the inner
surface, the peak current value Ip is frequently generated due to the rotor
raki ng dut thetaneacepoalpylppdddct thVe Buent gakkgntavadmsudt of the
reaction by-product M which can no |onger be raked out, deposits between

t he rotor 12nahantﬁ@e@a§ﬂMgr1§?Stoaéaaéguisraﬁe@vénlBaa-oﬁ-tﬁﬁhm%tothqz,
which slides into contact wwth_ the reaction by-product M Paying attention
to this beRdWPoFUrEeBE| Fad8ghosikseqfar F'etnVhl@é FETr§ERECYBdUBN ISt He
basis of the nunmber of tines the peak current _value Ip _is generated for a
unit tine (ever§oebeAfAuteBSPR FPETER. V26ushéR, 1fheé RUkBEFriyf MPRBSTthe

eak current value Ip is . . .
P hs ghe amgunt of the reaction by-product M increasingly

10 sticks to the inner surface, the peak current value Ip is
frequently generated due to the rotor raking out the
reaction by-product M. Eventually, an amount of the
reaction by-product M, which can no longer be raked out,
deposits between the rotor 12 and the casing 11, to cause

15 an overload on the rotor 12, which slides into contact with
the reaction by-product M. Paying attention to this
behavior, a self-diagnosis alarm set value is selected on
the basis of the number of times the peak current value Ip
is generated for a unit time (every 60 minutes in Fig. 4).

20 Then, the number of times the peak current value Ip is
actually generated is counted, such that the self-diagnosis
alarm is outputted when the count is increased to the self-
diagnosis alarm set value or higher.

[Booster Pump Self-Diagnosis]

25 Figs. 5 to 7 are diagrams for describing a booster
pump self-diagnosis. In the Roots booster pump, when the
reaction by-product M has deposited on the inner surface of

the casing 21 as illustrated in Fig. 2, the side surface of
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actually generated is counted, such that the self-diagnosis alarmis
out putted when the count is increased to the self- diagnosis alarmset val ue
or higher. [Booster Punp Self-Diaghosis] 25 Figs. 5 to 7 are diagrans for
describing a booster punp self-diagnosis. In the Roots booster punp, when
the reaction by-product M has deposited on the inner surface of the casing
21 as il lusthat edtbmr ERgsl2deshensibdecaturtaceioh tRet heacation 2 -slides into
contact with the reaction by- product M deposited on the side surface of the
casi ng 21. pThduptnp depcentedabuoe thegsadeabhytfpcsesf abeskesnnion21Fi g. 6,
due to the rotor 22, the side surface of which 5 slides into contact with
t he reacti oRhByPErBdGEE rMNtd&paget éd9saduRe 1yi désserf ase sbownhércasi ng 21.
As the amount of the reaction by-product Mincreasingly sticks and the gap
bet ween t heF3PdebsuffigcéCoftheh&oreror222thRdsiAe ssirdacsupfag®ish t he casing
21 is closed, ,the rotor 22 is 10 overl oaded due to a sliding contact and
made i nmbbi Feideshdator Rensanms WitPehheyaras tiops bynPegrRcEd or a
pr edet er mi ned integration tine %one inute_in Fig. 6) to_ calculate an
i nt egr at ed PGRPSEGFFeRP vAEUEIAR 8T ﬁﬁﬁnoﬁnth?ig?SGPgAﬁlala%ﬁ1F§egenerated
when this integr te%] nmp 15 current value Il _reaches or exceeds. a
self-diagnogpggﬁgap %EgtrﬁﬁFﬁéoﬁh ¢RPFEEEE Molﬁﬁrﬁﬁﬁéﬁﬁiyé&tﬁﬁkﬁ E0fr ent
value (initial integrated np _current _val ue II§+2 A mn.i,n Fig., 6).
ouever . oi KB FRE BEGOESR DD KLe Rk LoRs! Py FERT Ff el 22 e e
side surface of the casing 21 is closed, the rotor 22 is
10 overloaded due to a sliding contact and made immobile.
Thus, the pump current value I is integrated for a
predetermined integration time (one minute in Fig. 6) to
calculate an integrated pump current value IT as shown in
Fig. 6. An alarm is generated when this integrated pump
15 current value IT reaches or exceeds a self-diagnosis alarm
set value which is set to an integrated pump current value
(initial integrated pump current value ITg+2 A min in
Fig. 6).
However, since the booster pump is characteristically
20 affected by the amount of gas flowing into the pump to
largely vary the pump current value I, it is necessary to
determine whether an increase in the pump current value I
is caused by an inflow gas or the deposited reaction by-
product M. Therefore, focusing attention on the fact that
25 the inner pressure of the pump increases when a gas flows
into the pump, it is preferable that a pressure sensor is

mounted between casing stages (between stages of the main

pump comprising rotors at two stages) and that any failure
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20 affected by the anbunt of gas flowing into the punp to largely vary the
punp current value I, it is necessary to determ ne whether an increase in
the punp current value I is caused by an inflow gas or the deposited
reaction by- product M Therefore, focusing attention on the fact that 25
the inner pressure of the punp increases when a gas flows into the punp, it
is preferable that a pressure sensor is nounted between casing stages

(bet ween stafededfdeddoyras Fnubiane@widf iRINg- F0t T 2 R ¢swuse agek)e and t hat
any failure_ 13 is_decided by sinultaneously nonitoring a pressure val ue
det ect ed by RIRETRE RIS ST SHRI IS PURNE UFhR RUNR ¢lerreqt gvabuges g

di agram for_descri bing a change_in the punp inner pressure P, which is a
pressure valife o%tje%taed%(ﬁgﬁ %Orpr‘%%%‘iﬁéojs%‘iﬁs%r‘?h & et e’ tPYRP net hod.
The punp inner pressure v is . used to switch se]f-diagnosi

calcul ati ondieh RERTTTHed bel'ieh o hieb BEFSTHIT ol bis SHetnteq &Y 6% r om

one progess o anot her. such n@Sy adseq{aeoqcs.i tiaon rocess, a cl eani ng process
e

and the”l i K& ST I%?/Iviesforp’re sure VarUe B is set at a | evel higher

than the punp inger pressure.valuedna process wilgh igvolves,a sl
amount of gas, such d&s the deposition process, as shown in Fig. 5. Also, an

upper presséf’éff-icgita}%r%é’fs Pé‘élﬁ?h%éi 4, al adé§é’zeal'bé‘c§ %@fo&ha%iy}ee RYMP i nner

pressure val ue a process Ich 1 nvolves a [ arge anpbunt of gas such as

the cleaning, PrOCesss drduUyg &8 MBSPNES S RIASSE FUMBL Hghe PUrdih
at nospheri c pressure punping, the punp I nner
as a deposition process, a cleaning process and the like, a
10 lower pressure set value Prow is set at a level higher than
the pump inner pressure value in a process which involves a
small amount of gas, such as the deposition process, as
shown in Fig. 5. Also, an upper pressure set value PHIGH
is set at a level higher than the pump inner pressure value
15 in a process which involves a large amount of gas such as
the cleaning process.
(1) During Atmosphere Pressure Pumping:
During atmospheric pressure pumping, the pump inner
pressure P extremely rises with an associated increase in
20 the pump current value I. In such an event, a
determination is made that an increase in the pump current
value I is not attributable to the reaction by-product at
the time the pump inner pressure reaches the pressure set
value Pyigu or higher to cancel the calculation for
25 self-diagnosis.
(2) When Pump Inner Pressure P is Equal to or Lower Than
Pressure Set Value Prow:

In a region of the pump inner pressure equal to or
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pressure P extrenely rises with an associated increase in 20 the punp
current value I. In such an event, a determnation is nade that an increase
in the punp current value | is not attributable to the reaction by-product
at the tine the punp inner pressure reaches the pressure set value PH GH
or higher to cancel the calculation for 25 self-diagnosis. (2) Wen Punp

I nner Pressure P is Equal to or Lower Than Pressure Set Value PLON In a
region of thevplinphannERepPESSERECERAI vREUSr PLAU. | WReFet RBA BREuUBFesiure
set value PLON where the anobunt_of gas is_relatively small such as durlng
the introdu8®fohSofelat§Epo¥i eMahlgadChtae Pukbreukhentniapdactipy of

i ntegrated fixed integ rgtlon time to find the_integrated value 5 |
and an alarﬁ1$§p%§h5i8?e9aﬁheﬁ BhBUTRt BgFAERY Value FllsréEEﬁggaFﬁg alarm
set val ue ( nitia e u current .value |1 S+ her (a
det ecti on ?ﬁoﬁ 1X?§ g?gegﬁ?glgg)tﬁmgntﬁuﬁbnénﬁa? Br ?gﬁﬁgég VgTEgual to
or ngh TPan %% §£e§§gre Set Value &CN% ;large ngugtlgf gas IS
involve such’ a3 uring the'i n? |on of a c eanlng Sag t e Su i nner

press“reof ¥%§£%SLYt£QC5f3§ﬁS %%&8 ?ﬁQElX?riﬁgégP§t58 %QﬁpP“”p current

val ue | ooster punp e punp I nner ressar i ncreases to

the pressursuff-ényaiva ghg\é% mﬂb%r 1{;9%&@ ﬂegragtg@t%hcmk%b nain (2)

above is aborted, ntegration o e punp current va I'sS newy
in Fig. 6).

(3) When Pump Inner Pressure P is Equal to or Higher Than
10 Pressure Set Value Prow:
When a large amount of gas is involved such as during
the introduction of a cleaning gas, the pump inner pressure
P largely increases, causing large variations in the pump
current value I of the booster pump. When the pump inner
15 pressure P increases to the pressure set value Prow or
higher, the integration calculation in (2) above is aborted,
and the integration of the pump current value I is newly
started to set again an alarm set value. An alarm is
generated when the integrated value IT of the pump current
20  value I exceeds this alarm set value (a detection method B
in Fig. 7).
[Vacuum Pump Self-Diagnosis System]
Next, a description will be given of a vacuum pump
self-diagnosis system. Fig. 8 is a diagram illustrating an
25 exemplary configuration of a current dry vacuum pump
central monitoring system. Dry vacuum pumps DVPI1,
DVP2, ..., DVPn are connected to associated Lon adapters

103 of the central monitoring system 101 through a

15



started to set again an alarmset value. An alarmis generated when the
integrated value Il of the punp current 20 value | exceeds this alarmset
value (a detection nethod B in Fig. 7). [Vacuum Punp Sel f-Di agnosi s Syst enj
Next, a description will be given of a vacuum punp self-diagnosis system
Fig. 8 is a diagramillustrating an 25 exenplary configuration of a current
dry vacuum punp central nonitoring system Dry vacuum punps DVP1, DVP2, .. ,
DVPn are cofpestedcablassoerdeel LA, adapt the reopeofivhelornadabtapaitoring
system 101 through a 15 communi cati on network 102, and the respective Lon
adapters 1b83apEe| hpberoaneetbadt khbogah aa neewoekk| Lhee1d84.AAplurality of
central nonitoring conputers (personal conputers) 105 are connected to the
net wor k | i nel4palisy pRfpCeatadi sMPRahehi RY cdOPPBReY fe (BRYSOBELUM punps

DvP1, DVP2. ..... DVPn_to the respective Lon adapters 103 through the
conmuni cat | SATRBEGHFk 182 PheacebRaahed WPt Rhethetwassoeivsnhdifi cation

schene, .and captured data is sent top th entr al nitoring conputer 105
t hr ough % he netmoé%mﬁog?F%elﬁoﬁr?%?mé?B?gggr?%e? ?zgrzh%afﬁ Tt BTk i s

bl f ti j 3,000 dry. DVP, _Th
Contral momPBr | NG Catput ot 10RP BB 8he DpEPErthYC PFoRRARI GRS 103"
(tenperaturgg, ¢ r@ﬂ% & Sﬁiéggigﬂen L6k 0] gt hgse 95¥FQHH§$WPV51’ DVP2,
.. , DvPn, and afarm 15 informatron (a arn1man|ng} and-cofrecti Ve y nmanhage

the VaCUU”{H&”ﬁ§2?@&Cgoﬁﬁﬁn£9§ﬁfgﬁegcﬁgmé,SEH&CQQSHSEQ& data is sent

to the central monitoring computer 105 through the network
10 line 104 for storage therein. One Lon network is capable
of accommodating a maximum of 3,000 dry vacuum pumps DVP.
The central monitoring computer 105 displays operating
information {(temperatures, current values and the like) of
these dry pumps DVP1, DVP2, ..., DVPn, and alarm
15 information {alarm waning) and collectively manage the
vacuum pumps which are installed in a semiconductor
manufacturing factory or a liquid crystal manufacturing
factory.
For building up the vacuum pump self-diagnosis system
20 according to the present invention, the following aspects
are required to take into consideration for the central
monitoring system.
(1) A self-diagnosis function is added to an
existing central monitoring system.
25 (2) Existing software for pumps are not changed.
(3) Data must be collected at intervals of
approximately one second for capturing peak currents of the

main pump which are generated in a pulsative manner. For
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manuf acturing factory or a liquid crystal manufacturing factory. For
bui l ding up the vacuum punp sel f-di agnosis system 20 according to the
present invention, the foll ow ng aspects are required to take into
consideration for the central nonitoring system (1) A self-diagnosis
function is added to an existing central nonitoring system 25 (2) Existing
software for punps are not changed. (3) Data nust be collected at intervals
of approxi KBEBLRJohEASEC 8Ad aPNIc 4pRUPERgiBeaRecBEMERL s tdE BARERA mai n punp
whi ch are generated in a pul sative manner. For 16 keeping track of aging
changes in FRECPURPsAtt RBLEAVELSc Pt APRYUCKLMRAEEYVERS 6FCEPFr SXPHateP§ one
second shoul d_be able to be preserved for one week or |longer. (4) The
result of sBPfedf8gREsPESERRVEE ABRi PBFeHSEK ©5 tREIEENtral nonitoring

coni derations (1745 (B TeSTEE GocrdEbT & A0 S8 1900 b TbeA L ke B s 106
shown in dotted i ; ddi ti | Ly i | L.ed_bet v the d

5 umos Bk Db A5 hoigdgL L Bngl b T8t 8 Lo PR tERE g et atec
[Configuratjan.of Vacuum Punp Self-Diagnosis Systen] Fig. 9 is a diagram

illustrating an & Iayy system configuration of the self-diagnosis

adapter which is 35,1 p5takked,Betreenohleadry yasuumpump (RyP apd;Lon

adapter.
desirable that self-diagnosis adapters 106 (shown in dotted

lines) are additionally installed between the dry wvacuum
10 pumps DVP1l, DVP2, ..., DVPn and the respective Lon adapters
103.
[Configuration of Vacuum Pump Self-Diagnosis System]
Fig. 9 is a diagram illustrating an exemplary system
configuration of the self-diagnosis adapter which is
15 installed between the dry vacuum pump DVP and Lon adapter.
As illustrated, the self-diagnosis adapter 106 comprises a
pump data storage unit 106a, a prediction execution unit
106b, and a data creation unit 106c. The self-diagnosis
adapter 106 requests the dry vacuum pump DVP for pump data
20 every second, and in response to the request, the dry
vacuum pump DVP sends the pump data every second to the
pump data storage unit 106a for storage therein.
Simultaneously, the self-diagnosis execution unit 106b
performs the self-diagnosis based on the self-diagnosis
25 calculation flow illustrated in Fig. 3 with reference to
the pump data stored in the pump data storage unit 106a.
On the other hand, the self-diagnosis adapter 106, in

response to the data request from the Lon adapter 103 every
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As illustrated, the self-diagnosis adapter 106 conprises a punp data
storage unit 106a, a prediction execution unit 106b, and a data creation
unit 106c. The sel f-diagnosis adapter 106 requests the dry vacuum punp DVP
for punp data 20 every-second, and in response to the request, the dry
vacuum punp DVP sends the punp data every second to the punp data storage
unit 106a for storage therein. Sinultaneously, the self-diagnosis execution
unit 106b pEEr §ereiFe SEldE- gieddnddirgnpased resutlite deglaf cdicadess ity 2%e
calculation flowillustrated in Fig. 3 with reference to the punp data
stored in t REIpuf2gROS 18t 6FEGE iR UId6a 106bn tenéhet Hat eisdndlatihe

sel f-di agnosi s adapter 106, in _response to the data request fromthe Lon
adapt er 1035&0EF¢ 17 G D&EBndetaaddersser vaikgldsirs resulsendst &her eat ed by
the self-diagnosi,s execution unit 106h to the |atest data stored in the
punp dat a sf8gﬁgzlﬁﬁi atF64° 5#& $ORd&9eRéeTr dfdlting data to the Lon
adapter 103. 5 Theg,sel f-di agnosis.adapter 106 in.the foregoin

configuration is §8ﬁn88%ga%géﬁﬁ8§ﬁstﬁ@aPéﬁﬁeEP?véndFQe V8 &gﬁgﬁﬁnps DVP1,

P2, i oA RS acLALA A (adtRter 0% comnaced dhereto I the

central nonitori systemo

from 10 thevaellndbagpas pyadanien 100, bheconl ahoranbotindg Bugtem

di spl ays a message on the central nhoni'toring conputer

since the sahbpdeagnashs cadabtel LAG, IRKESCOMIUALGRLEANGOH B,/ !

conpatible wih existing central nonitoring systens, no software ee;
system of Fig. 8. As a self-diagnosis result is sent from

10 the self-diagnosis adapter 106, the central monitoring
system displays a message on the central monitoring
computer 105. 1In this event, since the self-diagnosis
adapter 106 makes communications in a format compatible
with existing central monitoring systems, no software need

15 Dbe changed for either the dry vacuum pumps DVP or Lon
adapters 104. Also, the existing central monitoring
systems have a limit in capability of data communication by
the Lon network. If data is collected every second, the
number of connectable pumps becomes very small.

20 Consequently, it is configured that the pump data is stored
and preserved in the pump data storage unit 106a in the
self-diagnosis adapter 106.

Alternatively, the vacuum pump self-diagnosis unit
comprising the pump data storage unit, self-diagnosis

25 execution unit, and data creation unit may be provided in
each Lon adapter 103 in Fig. 8. In addition, the wvacuum
pump self-diagnosis unit comprising the pump data storage

unit, self-diagnosis execution unit, and data creation unit

18



15 be changed for either the dry vacuum punps DVP or Lon adapters 104.

Al so, the existing central nonitoring systens have a limt in capability of
data communi cation by the Lon network. If data is collected every second,
the nunber of connectabl e punps becones very small. 20 Consequently, it is
configured that the punp data is stored and preserved in the punp data
storage unit 106a in the self-diagnosis adapter 106. Alternatively, the
vacuum punpC8el PedpagHasdrd 4Ri & ceBrpPLsHAgtt hBopuRpowat afetorage unit,

sel f-di agnosi s 25_executjon unit, and data creation_unit may be provided in
each Lon adSpREFo163ngntEpgdry. VRRUHAIPEIBNPVEhELG8eGUuRP PURF18El £- di agnosi s
uni t conprisi?? he ﬁung data storage unit, sglf-dia nosi s execution unit,
and data cr@§tfoftaalPS18 SYRTHE HPOVABed™FAVALEAt AEY YRICHUYhEMEhENE): f or
controlling the d vacuum p DVP itself to provide a self-di 0Si s
system for an ind#%FHﬁﬁFfﬁrygggcﬁﬂﬂPBEnﬁ Eﬁﬁmpcﬁ?F%nfFy?pPﬁ8XéWﬁE%?yof punp
data i s appr.oxi mate 5 siX abyt e r _day hat the sel.f-di agnosis
adapterfﬁloﬁlfsm?gah¥F85 PSrpgggeré8 ggsgrgﬁetgﬁigfélSQQSFéF 2HARGPLds
nmegabytes o ata far [ ta for ane k. or nger.. _To i npl ement
this storaggogtag oapz%gg,gghggggﬁfyengéﬁﬁgﬁst%ﬁ%p%grgfﬁgrggn enpl oy a

general comhathy Ehashed0n(tedi skongda! FBJeURLL.IPHBLY 68L00H00R:HnLeh 1o

used for digital caneras- an or t a storage unit.

Al'so, a f!'@oﬁgékemweﬂn%feﬁ@ﬁém COMPM L Sad Sa BRI Y8, TOfe Bsel£-
preservation format, so that the co Tected
diagnosis adapter 106 can employ a general compact flash

10 (registered trademark) memory card 106a, which is used for
digital cameras and the like, for the pump data storage
unit. Also, a file system used in personal computers is
employed for a preservation format, so that the collected
data can be browsed as they are by a personal computer.

15 In one embodiment, the self-diagnosis adapter 106 is
mounted with a memory card of 256 megabytes, so that the
pump data sent from the dry vacuum pump DVP every second
can be preserved for approximately six weeks. The self-
diagnosis adapter 106 additionally comprises a total of

20 three RS232C communication ports, two for input and output
operations and one for a service personal computer, LED for
displaying the state, a power supply for backing up the
adapter for several seconds of powerless event in
preparation of instantaneous power interruption, and the

25 1like. The alarm set value and the like for the self-
diagnosis can be changed by dedicated software program
running on a personal computer which can be directly

connected to the self-diagnosis adapter 106.
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data can be browsed as they are by a personal conputer. 15 In one

enbodi nent, the self-diagnosis adapter 106 is nounted with a nenory card of
256 megabytes, so that the punp data sent fromthe dry vacuum punp DVP
every second can be preserved for approximately six weeks. The self-

di agnosi s adapter 106 additionally conprises a total of 20 three RS232C
communi cation ports, two for input and output operations and one for a
servi ce personal WWonputtdre fEPJIGng dizsmld fps hotatte)e acgowerl supply for
backing up the adapter for several seconds of powerless event in

pr epar at i oA"Y §FEEht BAEERE Wolkh eTRyupthomoametwerlos dnke. The al arm
set value and the like for the_self- diagnosis can be changed by dedi cated
sof twar e proFa FRThdOMeE &3S drfal SRR €r° Wik IF @ dk directly
connected to the self-diqﬂnosis adapter 106. 19 ile the foregoing exanple

has shown tHECEHTH S¥RMTT or Mg sy SOEMPRRIES EfpP&FS e SR FeCRSr k, any
communi ¢cation nethod can be applied to the central pnitoring s em Al so,
t he am)§nt ot pr espe‘?'r{FchP%a?ré a@ﬁcé%ﬁ‘%ﬂ% o'?‘?‘ngcc?ﬂfjgg%%l tehgeﬁ%fé'ed to
configure the self-_ diagngsis system For confirmng the validity of the
vacuunlpumék%ﬁﬂ?%%ﬁeﬁ%ékﬁ%'systen1of the present invention, the

sel f-di agnosi s C |y ne qugQg f.or. dry uum punmps .10 DVP used in a
P- CVD process o:‘lv%lsolrgu(‘fogﬂ! clr%/{%ﬁq’laqr .t il el:'t &Y [?uér/r%%ceurvragcnr{pnbfp%r??e mai n punp

was stabl e Jamedial elys Al tofse AP UTR YIeh: Wl dRefLAPAgr ed.  peak

currents starte
self-diagnosis was actually performed for dry vacuum pumps
10 DVP used in a P-CVD process of liquid crystal. While the
pump current of the main pump was stable immediately after
the pump current had been monitored, peak currents started
to appear in the pump current value after operating for a
certain period of time, eventually resulting in a stop of
15 the main pump. A change in the number of times of the peak
currents is shown in Fig. 10. As shown in Fig. 10, the
pump was stopped on the 63rd day from the start of pump
operation. Fig. 10 also shows that the number of peak
currents appeared increases from when the pump was stopped
20 (nine days before, in Fig. 10). For the main pump, it was
confirmed that self-diagnosis can be made if an alarm is
generated when the alarm set value is exceeded by the
monitored number of times the peak current appears.
While the foregoing example has shown the result of
25 an exemplary experiment in the vacuum pump self-diagnosis
system with dry vacuum pumps used in a liquid crystal P-CVD
process, there are a large number of heavy load processes

which involve the deposition of reaction by-products within
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to appear in the punp current value after operating for a certain period of
tinme, eventually resulting in a stop of 15 the nmain punp. A change in the
nunber of tinmes of the peak currents is shown in Fig. 10. As shown in Fig.
10, the punp was stopped on the 63rd day fromthe start of punp operation.
Fig. 10 al so shows that the nunmber of peak currents appeared increases from
when the punp was stopped 20 énine days before, in Fig. 10) . For the main
punp, it waBumpsnffRfedtt RRPUsd| bedihagavsFeodahhpe Fadé-ftagnoalisr afi s
generated when the alarm set value is exceeded by the nonitored_ nunber of
times the p@&K Fafremt PuPBe&fs. Pphnpeet he FBpegoPAGCeRaRPl 8ShHsldhbYn t he
result of 25 an exenplary experinent in the vacuum punp sel f-di agnosi s
system wi t hU8tHIvEEGUNPBHHPSPHSRASPAEa L pEUPELEr §¥ERPTPREYDY dpPECcESs, there
are a large _punber of heavy | oad processes which involve the deposition of
reaction bygﬁ?oaﬁﬁﬁgnﬁﬁfﬁV%HEGOBunps, and it should be understood that

sel f-diagnosis of__a,.dry vacuu u can be nade in these processes as well
by using the vacﬂﬁh%ﬁu%ﬁmge?wgégéggBEFsogyg?%n?58§8? iﬁBVEBQlPHegﬁygsent
i nventi on. Wi l.e _saor di nmen of _th resent.i.nventign, have. en
Goscri bad aBGua SEREE pPeloRPovivaheonr PRERE: TRFRRFAAN TS RS arBBERTent s
descri bed abgv b Lety L ki |.Qns n_b ithin the scope
of the techggcg © %ﬁ??gggéhggdggéF?Egggi% %kg’ch?n%,ggggg?Fr%gtions, and 10
drawi ngs. 2I%Odifications can be made within the scope of the technical
philosophy described in the claims, specifications, and

10 drawings.

21



CLAIM5 1. A vacuum punp sel f-diagnosis nmethod for making self-diagnosis of
a vacuum punp, characterized in that: 5 self-diagnosis is nade to generate
an alarmwhen a predeternm ned alarm set value is exceeded by an integrated
val ue or an average value of a current of a notor for rotating a rotor of
said vacuum punp. 2. A vacuum punp sel f-di agnosis nethod according to 10
claim1l1, characterized in that: said alarmset value is the sumof an
average current value during an initiC@AIdSeration of said notor and a
predeterm ned value a. 3. A vacuum punp sel f-diagnosis nmethod according to
15 claim1 or 2, characterized in that: the self-diagnosis of said vacuum
punp is determned on the basis of the nunber of tinmes the current val ue of
sai d notor exceeds YHSIH! FWAR et Val Hearees thitether. far makde@um punp

sel f-di agnosi s_system f or ki ng 20 sel f-diagnosis of a vacuum punp which
conpri ses aS%J:%T P INARHS aggo?oYa‘Flb‘fIBt%‘HF@/' ThrAnfeteT hzeqi i chlehy for
sucking5 and dischafgi ? a.%as throqgg rotations of said rotor, said vacuum
punp sel’f - di agnosT$ _y‘g TRLHET act PFIed 9 PEHEA LAY ST conpri ses
a plurality of .stages o 5 said rotors,.a pressure sensor. arranged.bet ween
said rotor ng %%_éé; %%%éaasaelf?-%?%g\ﬁ%g\il% ﬁi%x?%?g%gl%l%?ihﬁé%\%r Frfegr at ed
val ue or a%a@]‘[’féglgg ¥ é‘&eP%ggz&é‘Mg”éfoi Qur PRLOTEOL fOL8L! pg, sai d rotor,

and maki ng se gnosis o

rotating a rotor of said vacuum pump.
2. A vacuum pump self-diagnosis method according to
10 claim 1, characterized in that:
said alarm set value is the sum of an average current
value during an initial operation of said motor and a
predetermined value «.
3. A vacuum pump self-diagnosis method according to
15 «claim 1 or 2, characterized in that:
the self-diagnosis of said vacuum pump is determined
on the basis of the number of times the current value of
said motor exceeds the alarm set value per unit time.
4, A vacuum pump self-diagnosis system for making
20 self-diagnosis of a vacuum pump which comprises a casing,
and a rotor rotatably arranged in said casing for sucking
and discharging a gas through rotations of said rotor, said
vacuum pump self-diagnosis system characterized in that:
said vacuum pump comprises a plurality of stages of
25 said rotors, a pressure sensor arranged between said rotor
stages, and a self-diagnosis unit for calculating an
integrated value or an average value of a current of a

motor for rotating said rotor, and making self-diagnosis of
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sai d vacuum punp when the integrated value or average value exceeds a
predeterm ned al arm set value, and said self-diagnosis unit switches from
one self-diagnosis calculation nethod to another or interrupts 5 the

sel f-di agnosi s cal cul ati on based on a pressure val ue detected by said
pressure sensor. 5. A vacuum punp sel f-diagnosis system according to claim
4, characterized in that: said self-diagnosis unit is arranged in a contro
10 unit within the body of said vacuum punp. 6. A vacuum punp central

noni toring syséevx&eQaRr bahnpIwhenPtHEALht ¥gPhcBat vRIKeadaPLEESaFRr vaoQReCt i NG
a plurality of vacuum punps to a network, and a central nonitoring

comput er foextet@sshvpkydaearihohbadasatdl peurabity, okndd network adapters,
wherein punp data sent from each vacuum punp through said network adapter
is nmonitored by ssatld sebfralagnosieringt conputiees sabs yaeuum punp central
nonitoring systemcharacterized by: a punp self-diagnosis adapter disposed
bet ween sai delf0dvagnuaipunplantlasaod adapbértandnoohpri skrngnaeselibts
di agnosis unit for making self-diagnosis of said vacuum punp, or a
sel f - di dgnothe salf-disgnsedsi natautlaneomob&seddapt er pfessnaki mglue
sel f-di agnosi s of said vacuum punp. 25 23
detected by said pressure sensor.
5. A vacuum pump self-diagnosis system according to
claim 4, characterized in that:
said self-diagnosis unit is arranged in a control
10 unit within the body of said vacuum pump.
6. A vacuum pump central monitoring system comprising a
plurality of network adapters for connecting a plurality of
vacuum pumps to a network, and a central monitoring
computer for intensively monitoring said plurality of
15 network adapters, wherein pump data sent from each vacuum
pump through said network adapter is monitored by said
central monitoring computer, said vacuum pump central
monitoring system characterized by:
a pump self-diagnosis adapter disposed between said
20 vacuum pump and said adapter and comprising a self-
diagnosis unit for making self-diagnosis of said vacuum

pump, or a self-diagnosis unit disposed in said network

adapter for making self-diagnosis of said vacuum pump.
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