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The present invention relates to a fluid nachine such as a punp ¢7 Jhen ‘5
| i ke, and nore particularly to a fluid machi ne which detects the

tenperature of a fluid being handl ed, prevents shut-off oper g np

or the like, or changes the fl ow r aDBSOGRIpTESBuUre of the fl uﬂmm@mmmmm he
detected tenperature of the fluid being handl ed. Background Art nerally,

when the shut-off operation of a pERJIDSMBEHINBA out for a | ong P¥%0od of

time, the punp causes trouble. Specifically, since the liquid being handl ed

by the punp is expanded by a rise in the tenperature of the mmmﬂmHWWMMWME

punp, the pressure in the punp increases, resulting in damag

casing. It is also known that whefechaigpahdFéd€l€i quid i s evapor atmeomand

atom zed, the service life of a mechanical seal and a gl and packing is

reduced. If the punp TheofPLRRaNta SAVeREIIR FRbRtehetRaddIfddid A ing used

to lubricate hearings and cool the notor, then the evaporated and atom zed

liquid al sGYLHFRS AR it 1535 ofahdPeaRatdst B e Yfotdorfluid
System reqiAHEIR s Whifdn HECREESbeaIE c BRI pPar oft LHE PRSI h
L2, P PR, LS PR PR o 4 pulf A PR
shut - of f Og)ferr fz%]ﬁeé)r?/%?é’etﬁg ?%é%?é‘%%%e%&ﬂjé&%ﬁ]ﬁf eLhEl sRLRY LBl Qpeous

oper ation varve o i ef _ res for “producing cooling
vater W th & oplddi dPWinlith o [ofitlidtd N MR A GaRdhRIouST Y oper at ed

irrespective of the tenperature of the liquid, and often consune nore

el ectric power than necessary. There is also a systemin which sone units,
i.e., a fan and a punp of a cooling tower, are operated when the
tenperature of the liquid rises, aatkdwumd eaxdhut down when the
tenperature of the liquid falls. Though this systemis a better energy
saver than the forner Geasidaltliyes,whan relye f ahtittof Suppéyatisnr ed @ogiumpg

wat er because the tenperature of the |iquid varies depending on the

t enper at ur eiSse€2TRYSA f BBTt fiafi iy dANAn®ESHPdt i thidRerostRe. PPMPt FaYS@%ge i n
which the tenperature of the liquid is variable is reduced, then_the above

units need TPURI%t ar S8EHitd Y 1d P Gfor ENFr dd@diid yoeng Randéedutier

mai nt enanc robl ens.. Di scl osur f ILnvention In.view of the abov
s D] | Py

conventi on ?w%%?%nﬁfi?xg %ﬂﬁ%%? 5 t ggﬁ%ﬂgﬁﬁa?WV%nP?o§qﬁ)
provide a 't(i}ﬁcli Ofinprﬂ\’@n}ﬁ)'uﬂ% t hep & hud -l bes gt 'tgﬂe Obu p‘ir}}?:xfe\ol\c);se
protectingt punp from ttie sHut-of f “operation, and a pu unit IC
enpl oys suGhd®itify in damage to the pump casing.

It is also known that when the handled liquid is
evaporated and atomized, the service life of a mechanical
seal and a gland packing is reduced. If the pump is of such
a structure that the handled liquid is used to lubricate
bearings and cool the motor, then the evaporated and
atomized 1liquid also reduces the service 1life of the
bearings and the motor. Heretofore, if the shut-off
operation of a pump is unavoidable due to system

requirements, then it has been customary to protect the pump

with a relief pipe or the like in the shut-off operation.



A second object of the present invention is to provide a fluid nmachine

whi ch recogni zes the tenperature of 2 1 2 JUL 2002 a fluid by itZdUF 26and
enpl oys the recogni zed tenperature in coordination with the flowrate or
pressure of the fluid to allow the entire systemto save nore energy. To
achi eve the first obj @owetescridiesh abbee, réniaf nptihed bé pr@dgnt iHgmay
shut-of f operation of a punp according to a first aspect of the present

i nventi on, advd despadrlat weinnd aboandsbdtloqdi dperathenpuige | so dat eatsed, and
the punp is shut down if an increase in the tenperature per tinme of the
handl ed |i dpaisebd s lgrepatrertiidanehi@f ediper ornedrvakoes Apeording bd tthe
first aspect of the present invention, the punp is reliably protected from
shut - of f operlatd of tWeenaliefppmpe.s operated normally, it shoul d not be
operated in error. In applications for circulating hot water, the
tenperature of the hafakdditigsi df pasprriudinolgifocidngunyabey abrtupt lay
change as in the follow ng case. For exanple, at the sane tinme that the
punp i s actC@Rlddd hdowRRt ednds syupFireRlatdMd ML sGrec e COM T QS lan
side. For preventing the punp from being operated in error, _.in a _nethod of
prevent i ng BFFRIES FFSSHETAVGE of puhd eRBRERRYT €004 §BEoAdMdFec TSt the

present invention, a tenperature of .a handled liquid in the punp is
measur ed i P& Pt EFEE IW%&T%i%%?C B ROVEpINRR PEySSF2ENy times, and the
punp is shut down if incr.ea in_the tenperatur.e.across th .
predetermined tinme isa‘g‘reégt % fsaﬁgﬁ & préaétert H’Z]&C\I/lalsﬁ) < (W‘)l%gt’_ (N 1)
times. The a”efel}f’daﬁ&cgrgh{ﬁ% e tahecfosﬁ%ngd BSPEL! Qietgge%géﬁ%h'eﬂvet@l[te' on
i's capabl e of preventing the punp from ~'Z ~ a ~ Z00S berng operated in
error. Speddifedldoerd b kAL Qisdd1e hrRNARY ld:isthuts dRAS Wit N
times, e.g., Six tines, each in the predetermnned tine (DI), e.g., 1
mnute. |f tdd ddipdermaiatas etldéfiﬁcﬁ@ﬂ@eﬁabﬁév\/?emhf)hgﬁt t8hd $9eeRe is
measurenents, second and third nmeasurenments, third and fourth measurenents,
fourth and & | béhtarasmwermgnt savemnd thiaht htleand fsirmene aSioidneniess ar et 2@agr

hi gher, then the punp is shut down. In this manner, even if the tenperature
of the handladd ltoqiubrly clesiged dosdrigns ewit arr desiaarste yhien tempeadature

operation of the punp, the punp is prevented from being shut down in error.
of the liquid varies depending on the temperature settings

for turning on and off the thermostat. If the range in
which the temperature of the liquid is variable is reduced,
then the above units need to be started and shut down more

frequently, and hence suffer maintenance problems.

Disclosure of Invention
In view of the above conventional problems, it is
a first object of the present invention to provide a method
of preventing the shut-off operation of a pump for
protecting the pump from the shut-off operation, and a pump
unit which employs such method.
A second object of the present invention is to

provide a fluid machine which recognizes the temperature of



In order to recognize the gradient of the increase in the tenperatp%? ?fﬂ
the handled liquid in the punp, it is necessary to neasure the tenp Q 34&
at |east across, i.e., before and after, the predeterm ned tine. Therefore,
it is time-consumng to recognize the gradient of the increase in the
tenperature @fiutibieblyandised fl iaqud cemglowevethe i feaoghitedf feoperatioa dDh t he
punp occurs while the punp is operating at the upper limt of the

t enper at ur eooaddraadonr ding tchepiipws pedid i@atpessutdent tbiee plihpidetds to
be shut down as soon as possi bl e because the tenperature of the liquid in

t he punp ertéedsthheesperef Egatemntoangeei moresanergperiod of tinme. In a
met hod of preventing shut-off operation of a punp according to a third
aspect of the presentTdngehievn, thaefpudp Phisatit dgswnibedaabenper &fue of
the handled liquid in the punp, other than the jncrease in the tenperature
per 4 1 peghpdlofo@xeaviandigg tHuitirafd @Psrajuial decdnBYMBgagForeing

hi gher than a predetermined value (T). In this manner, the punp is

pr ot ect ed Fpoﬁl§G$QQWQE?§QR3Qﬁxﬁ@@p?%%?%%%.lﬁyﬁﬁﬁtoﬁniFhﬁcgﬁmaﬁﬁ@tPﬁean
aspect of the present invention has a punp, a mtor for actuating the punp,
a tenperatBfeadgﬁééﬂﬁﬁgl&QVFéelPoF%SePg@Piﬁﬁ ?Egngﬁﬁerﬁp r& Sfpgmﬁaﬁﬁled
liquid in the p a a control circuit electrically conngcted to,the
tenperaturégagtéggpnd%g@ﬂ(ﬁ?%%ﬁa%ﬁnﬁq(ﬁW?rﬁf?ﬁﬁﬁ%ﬁ?%% BF émﬁn?%the
wherein th i s.shut wn ' ease. i " e e, detected
by the ten%ggégggei&g Eét?%ggaséfgg,kﬁéﬁ ?iﬁ%énggﬁgﬁﬁgﬁd?ggH%fquid i s
greater than a predetﬁ&@bﬂgggnga'w- dife S sknventlop, e gipopaktnhas a

frequency converter asse or supplying electric power to the notor, the

control ciKeYehtB8nNg €hep i st heell h @BUGNCYr SOEVEE erf rass eBBlY -of £
Recently, there have been used punp units having a punp, a notor, and a

frequency epevattien.(i nWeeherhet haimmr esi vpeghakdy momsligd Wit hsaaahd
ot her. These punp units are products that are prinmarily designed as an
energy savaot |be sysdratedinpnuerrora tehpeappliicadetmet fogy dévicodakdng
di sposed in a punp casing, and connected to the control circuit in the
frequency bomvevater asdbebl yemper prwiecoifngthee hpogp efr ok ahid - pRFsing
operation. Since the frequency converter has a circuit, for staoring and

pr ocessi ng todpPighed-Raf BHRRL itAY t BPEBRELBI ARG pdE Sifgnshe t SLABYABEOr
n the 5 <2350 Htioo SFaRBIPat (7B O hE-Nandi G| tddcd, *A JRUEH BEa
above. Accqrdingeho N0 NGatdPerl QhpbiGdrefElh a heat source on a
suction side.
For preventing the pump from being operated in
error, in a method of preventing shut-off operation of a
pump according to a second aspect of the present invention,
a temperature of a handled liquid in the pump is measured in
a predetermined time (AT) at a plurality of (N) times, and
the pump is shut down if an increase 1in the temperature
across the predetermined time is greater than a
predetermined value (At) at (N - 1) times.
The method according to the second aspect of the

present invention is capable of preventing the pump from



invention, a punp unit for shutting down a punp after a shut-off ogﬁizwjﬁm
of the punp when the anount of liquid supplied fromthe punp is re '
characterized in that the tenperature of a handled liquid in the punp is
detected, and the punp is shut down if an increase in the tenperature per
time of thpehagdbgdrhteyi gni srgoeater than a predetermined value. In order
to achi eve the above second object, a fluid nachine for delivering a fluid
according to an aspecgpedifheaprgsenthe nveanporatehar ast ertged hanéihedl a
flowrate or pressure of the fluid is changed dependi ng on the tenperature
of the flullflqakidt e cheageréd Nhetinemperatyre afix heifiés) debatedironthe
predeterm ned control program In the fluid machine according to the
present inpestieberminade theet e(pByat uw sy of tlhenfiamudleed fl| aifd a3l the
recogni zed, and the flowrate or pressure of the fluid can be changed
dependi ng btempheatemper atdirff egfentdss f | Upeltween he chamage | mitche t eapendt ure
of the fluid, the energy consuned by the overall system can be saved. In a
preferred maspesremeness| ofecane opnPr esBiréd omeppvremgntsys thangedand
order to keep the tenperature of the fluid substantially constant. The fl ow
rate or pré8Y¥GktE oPeaRRrEManES; s Ehidfged WY adilfsti ngepRErEBLALSonafNdpeed
of the fluid machine which is a turbo-%ype Jluid machine. In the fluid
machi ne acésf#Pn§Peo Stiffe GRSV et @ Yaryeinshr etlefR et nBBIRL ur e
for the fluid is 6 12 JU_ 2002 predeterm ned, and .the actual_ ftenperature
of the handfedMitui Py detIé‘cttg'Hl%J“?%elf'enﬁ‘é?gt &Eetdﬂé%eié%lpp]%rﬁ%% et f

there is a_difference, bet.ween the reference tenpera e .and t.he actual
tenperaturgggf IEEHéé]fEF%i TAHEN the G e|%gn f‘mggeege &(ﬁ‘)\{ tﬁ%legqﬁllﬁn&alﬁﬁcﬁpne is
i ncreased r educ fife c n e
terpor at ur SPEAITT RS TR ¢ Shpar St (P8t “ERS O, e derd Ty T Zrom
preferred gapaet salitt RBwRr €peBkrbRyention, a fluid machine is characterized
by a punp unit "conprising a punp, a notor for actuating the punp, and a
frequency converter assenblkyetor teonteaddgnig et heehet ofrddiedtangesri t shepeed,
and further characterized by a tenperature detecting device disposed in the
punp unit, inkeeaseangenthe beimpersdctre haf ahsi gratd¥edmltiheitienper dhar e
detecting device is supplied to a controller in the frequency converter
assenbly. Rumgit cit i s dNEEESEATYNn tthangr R nEPec Hrdaret udes el FepsE
changing the reference tenperature stepw se. According to an aspect of the
present i nfEKCESn, 4-Benpdieke d8Cectfhgrdeviite ﬁ’é’te%(?&eéé‘tli“ﬁg? t hame.
tenperaturg of air is.?epargtely diSﬁgsed %round t he flgbd nacQLne agd t he
preset ref &PEREEOFEmpdtattr &S SOPEHREPEarPy T EH8HEEE H588dIBRIAREL 8Et ed
si gnal fro%‘nfeheikéngégt e 19 ch‘?}eec%bﬂ%e%‘éh‘fs- oF WS SLnuGlur €1 15[¢ql! uid
machi ne can be operated in view of the tenperature of the anmbient "air for

al | owi ng t heRyeral |ir§%§t Mt Q0% SPTEY R INRET &Y - tBEl YunlpeS6ddpEd ORhefie

Drawi ngs 7 12 JUL 2

the pump is operating at the upper limit of the temperature
range according to pump specifications, then the pump needs
to be shut down as soon as possible because the temperature
of the liquid in the pump exceeds the specification range in
a short period of time.

In a method of preventing shut-off operation of a
pump according to a third aspect of the present invention,

the pump is shut down if a temperature of the handled liquid

in the pump, other than the increase in the temperature per



FIG 1 is a cross-sectional view showing a first enbodi nent of a punp unit
according to the present invention; FIG 2 is a schematic di agram QﬂngM
an enbodi ment of a fluid nachine according to the present invention; 23
is a view show ng anot her preferred enbodi nent of a fluid nachine according
to the preseme obfvertd drgndHldd Uil a Heomewl eyail obal ovi biwgpart kthrann
cross section and 4B is a side elevational view, and both views are show ng
det ai | s of at heretkstieenshedn vedull GTB; FIIR Bhis ananwss, s&oei gnalp vilew
taken along line V- Vof FIG 4A; and FIG 6 is a diagram show ng an
enmbodi nent pukeeetede fyoas eni femiagt tbe pbosgppreliledsa water treat nent
system Best Mdde for Carrying out the |nvention An enbodi nent of a punp
unit accordi ng to theRpPEBEnENLlvE8REPSEALIRMI Lobandasperbe@fbs&hewpriesgnt
reference to FIG, 1. FIG 1 is a cross-sectional view of a
ful | ci rcunfBVERtiign fhdty FotPRMHunP J8OEAT efPadi MeHiabing hep RHIR, 2
according to the present invention. The full-circunferential flow notor
punp has atpBRETEAsERg deterttdithededbt®r I6ThARKRF NS e pukFTPLERRYTE, and
an inpeller 8 fixed {0 an_end,qf a in shaft 7 of, the canned notor 6. The
punp Casi ngT1 BoMIbEs ah ghtdr B Th BUPL Z062 dyITHHGOL, CARGUAT
suction casgg 3.and.a dischan&gicggi%% 4 whi ch q&gzcoggfcéggnre%%%ctiver
I ,

to the opp8 &rahds lgf THe Suter cylin ertein%?/racameng %ngeng 62° The

casing flanges Gl 67 1GOMPId58 J1005e di NgiSNAEd: £ashage [ apges Ry e

t he suction casing arge casing 4 af Ixed to ter

cylinder 2gnlhe souher C¥N NdRredset N8 Thel t@MpeasitiFed. gaRdckhe diseharge
casing 4 are made of sheet netal such as stainless steel. A brackéet 45 is

I
nount ed on tampebtai re H%&@EQﬁ%gtH@bi&énf®@Q efimehe rogher haylieden iguiand a
frequency converter assenbly 50 is nounted on the bracket 45. The frequency
converter asserielayer0 thampr peedeteandnéd atllached to the bracket 45, a
cover 47 attached to the base 46, a frequency converter (inverter) 48
surrounded by the basén4@hasd imvenddwer, 4he gouinm eoibt rbas chr duieguédcyThe
frequency converter 48 and the control circuit 49 are connected to each
ot her by acenyealtelri nasgembile BPACkEEPRLEY HRY PPk 40NEe tEspELEi ve
hol es 45a, 46a defined therejn throyugh which the canped npfor 6 and the
frequency BOAPErt drPsaPEr Rt eELFFEAFI PRI SETRPSSS eRntBENdF By ePEYds
82. The bracket 45, th e 46, and the cover 47 are nmade of a good heat
conduct or SPQM%ﬁte u%%%%ﬁ§§?'

Recently, there have been used pump units having
a pump, a motor, and a frequency converter (inverter) that
are integrally combined with each other. These pump units
are products that are primarily designed as an energy saver.
In such a pump unit, a temperature detecting device is
disposed in a pump casing, and connected to the control
circuit in the frequency converter assembly for protecting
the pump from shut-off operation.

Since the frequency converter has a circuit for
storing and processing supplied information to control an
output signal to the motor, it is easy to protect the pump

by recognizing the gradient of the increase in the



The canned notor 6 conprises a stator 13, a notor franme outer barr$2~ﬁ@ZM2
di sposed around the stator 13, notor frame side plates 15, 16 weld

open ends of the notor frame outer barrel 14, and a can 17 fitted in the
stator 13 and welded to the notor franme side plates 15, 16. Arotor 9 12
J U L 2002 t8npatatats yo ditdppdetidlred Ha gtiat,orasl less rdbweidn poofviet.t ed over
the main shaft 7. An annul ar space (flow path) 40 is defined between the
nmot or franme outer barﬁ@cqmﬁinﬁitﬂﬂatﬁﬂ@#h%wliﬁﬂp¢02 Aafguitde ngmesentl for
guiding a fluid radially inwardly is held by the notor frane side plate 15
of the canrigwemtiom 6. aTHamMmpenier By sshvbuséagi foam | aAnedunpas Hgeu?2 & hat
is fixed to the guide nenber 11. A seal nenber 85 is disposed on an outer

ci rcunf er erfthili-Qidr t PBRYBE 1PRe ui B mpB®r hen Lither M 78f add avdeht ed
on i nner ends of, the]%¥|de ring 11 and are sl i dabl e agai nst a front sur face

(suction motiEPLiek)IAM (He iRPw 116 tedupRd i dract§ g et ins that the
PO L o ool ol i QU e gL SR AU et
I T olts vt o JEniibL doRd 1R eakﬁhﬁsgé%%zﬁndi?t netﬁltptﬁ'%tﬁrﬁe'@'ﬁft 5
hor g, S AR! LB Rapdylch WA %d e ORI LRAR® Ot inattt BY

outer barrel gk t hrough the t erm nal case 20 and are connected to t he
frequency converter (inverter) 48 in the base 46 and the cover 47 via the

hol e 45a in the brackefty 45r@8d e dapkwRASERGE dpRhe Aaediiy 1 BBjBase 46.
The outer cylinder 2 has a hole 2a defined therein in which the term nal

case 20 is ins@d tiesehilhe fernisaliveaseg28 Mouseasatkeraingatbhemnmas@ctdl as
a 10 1 2J UIl 2002 tenperature detecting device. The therm stor 51 is
fixed in posfttlon byeaentubbavebtusbtnphgebradherihednist bthablai Sloennedteed to
the control circuit 49 by a signal line 83. Bearings and associ ated parts
near the irpel Irfessusie | dfe ddscr fbuddbefisw changed depending on the

temperature of the fluid or the change in the temperature of
the fluid based on a predetermined control program.

In the fluid machine according to the present
invention, since the temperature of the handled fluid is
recognized, and the flow rate or pressure of the fluid can
be changed depending on the temperature of the fluid or the
change in the temperature of the fluid, the energy consumed
by the overall system can be saved. 1In a preferred aspect,
the flow rate or pressure of the fluid is changed in order
to keep the temperature of the fluid substantially constant.
The flow rate or pressure of the fluid is changed by
adjusting the rotational speed of the fluid machine which is
a turbo-type fluid machine.

In the fluid machine according to the present

invention, a target reference temperature for the fluid is



A bearing bracket 21 supports a radial bearing 22 and a fixed thrusy? ju. 2m
bearing 23. The radial bearing 22 has an end face serving as a fixed thrust
sliding nenber. Rotary thrust bearings 24, 25 as rotary thrust sliding
menbers are di sposed on opposite sides of the radial bearing 22 and the
fixed thruptredeaeirmgn2d, Tamed r dthar yachnast tsemaneaguz4 i sffitdedd hendledr ust
disk 26 that is fixed to the main shaft 7 by a key. The rotary thrust
bearing 25filsifli Xed detectdd usy thek tZmperature fdetattting eweter shaft 7
by a key. The bearing bracket 21 is inserted in a socket defined in the

nmot or franthsicge isl & el e encanbaveery Pheoredarenast barprEaknrer pafd

i nt erposed therebetween. A sleeve 31 serves as a sliding nmenber against

whi ch the thei achenti fgmperatuges. oBeihiengEl kY ad868i atleRl patesipeast e
fromthe inpeller 8 will be described bel ow A bearing bracket 32 supports
a radial bEREEAy @B. thes| EdyédaMagdring 48 AN4SASRY nekbeteARATRE §Ri ch
the radial bearing 33 slides. The sleeve 34 is held against a seat 35 that

is fixed i RePYSEL | I RRRF SRS RBEHEERaRE BEFT St Rr CEBBAYBRBTBf 2PHe

i haft 7. The b i b ket 32.is i ted i ket defined in th
e Shelgh, BRI RRERLE, R mpegied i 2 socket defined I th
2002 mter) o\ 1L ORELLNGALSiTEn o Yty 0 Skgel 0 iy hpagel

frame outer barrel 14. e a i Xe e outer cy

wel ding. The,eaaned ”Q%OQ%@%%SmEQB§B@bh§ &h o3 athesd o Qgpoargﬁh M ufRke by

t he frequency converter at converts the frequency of a c rcially

avai | abl e %\4@&1%%@ YalBLApa N gﬂé{:ofsr%ien&%ua“tﬂigﬁcbﬁég%dﬁf%z'&ngoai s

fixed to the discharge casing 4 by welding. The di scharge nozzle 70

CONpri ses i cfitlcyr q?@rﬁm@ftés@wa@geaxbugr gfo10UEShEeo Ul 8§t @heanfo®or akge
wal | thickness. Thé di scharge nozzle 70 is nmade of stainless steel or the

| i ke whi chchanigke i3anme peed,handatfemtalerofchialre cpeny zeds ibyg a2  arthpleas taxrer ont
end face serving as a sealing surface 70s for mating with a conpanion

fl ange (nodetleowing Aealiisthatippddethgen 74he | Redpt Bnthe dhechRargaIederlte 70
is made of a material different fromthe material of the punp casing, e.g.,
cast iron PEdn%orsuab 14hat a@ndsignehr AR V8 FHEOU M g ENEEEB970.
As shown in FIG 1, the discharge flange 71 has.an upper portion partly
bevel ed. ARSVGEal 13t | GRRRELAAL T2 i At eGPAFFYLIBF mediontORe dFSERATSY

flange 71. A pressure pic pi pe 72 . . di t%é dg r ed.in t
di schar ge rﬁ:(??fle&scﬁf afosp‘?nl‘%i%??{ ig‘ rséqr%\%zlbﬁys a%f %sgé] t'I(L)Hjt ﬁggp%ét-]se “reg%& ckup
pipe 72. T %n&rew .eaEé&'ﬁHP%p'ﬂ%%: 7Zhhﬁgﬂﬁm£;'“ttﬁh‘é Ofewf"el%éc%g% altange 71
at its beveled position out of alignnen th a maxi num out si anet er
portion therefsisdhen the plug 73 is renpbved and a pressure gage is
attached to the pressure pickup pipe 72, 12 12J UL 2002
According to an aspect of the present invention,
a temperature detecting device for detecting the temperature
of air is separately disposed around the fluid machine, and
the preset reference temperature is automatically changed
based on a detected signal from the temperature detecting
device. In this structure, the fluid machine can be

operated in view of the temperature of the ambient air for

allowing the overall system to save more energy.

Brief Description of Drawings



t he di scharge pressure in the discharge nozzle 70 can be neasured. As shown
in FIG 1, a suction nozzle 74 is fixed to the suction casing 3 of tﬂ@-ﬁﬂﬁﬂm
casing, and a suction flange 75 is fixed to the suction nozzle 74. A leg
751, is integrally formed on the suction flange 75. The discharge flange 71
and the suction flang®I5 hauve cutsraes-€kdenei@rsl gveat eshdhamg t hefiimskde
di aneters of the casing flanges 61, 62. Qperation of the
ful | -circumngoditiealt flaiv ndt opuppnp uehidawn davddddngl wid | bheef byebent
descri bed below. The fluid drawn fromthe suction nozzle 74 connected to
the sucti odnyasitign3 fl ows through the suction casing 3 into the annul ar
flow path 40 defined between the outer cylinder 2 and the notor frame outer
barrel 14 of the cann&dGnot & 615 padseSANNGHgE t Helagian arshowvinpat AN40,
and is guided by the guide nenber 11 into the inpeller 8 The fluid
di schar ged emmﬁgwq npél | &r Blyidudachddgghacherginde &evitde 1PEeSERE i s
di scharged fromthe di scharge nozzle 70 connected to the discharge casing
4. In the pro&EHI%bodi ment, the thermi stor 51 as a tenperature detecting
device is disposed in_the term.nal assenbly of the full-circunferential
flow motor punp, and fitfed ©n pdsi € ol 1Y t K OW&BSeraBB§%Fﬁg Qﬁ?f?ﬁéeaubber
bushi ng 52 | fective_to_reduce,the heat of the.trequency.converter,kB 48
transm tte&“ﬁ’@%ﬁq‘eenttheprfri s?orgslil.d Tlllnéarcé]flgree, afﬁgrfléﬂ%er%? ur J‘eof PERE®RENdI ed
liquidin Hggggﬂﬁg)qan accurately be determ ned. Since the term nal
assenbly is'1 % 3 UL 2002 positioned internedi ate between the notor
stator 31 and the fregyencysgonygery e 48 rangh &acesoddie fv'i%}éb’ q%éﬁdle# he
e

tenperature of the handled Itquid in the punp can accurately ect ed.

The presentcrigasenie®nids Bagedsonid hg tage thalvdtieonanpera ur en@f pbhe
liquid in the punp abruptly increases in the shut-off operation of the
punp, and shwws dovwn sHusripigTpiedadn st o ghadidentcef shbent ¢éAperat upe i ncrease
is sharp. Specifically, if the tenperature increase per tine is 2C per

m nute, for exanple, FHE.pdnpsi @ shussdewetithedefvdew, tekenpaidpngahine
reliably be protected. The term nal case 20 of the term nal assenbly is
made of netVal- M K FfeetdPof axdai nl ess steel ), and can well transnit the
tenperature of the handled Jiguid in the pu to the therm stor 51 in the
termnal case 20. Theftfer fi stBr 25 H1PHEEN I I ¢ AOEALAMERF e WhETE
electrical lLy connected to the.control circuit.(board) 49.in the frequency
converter at eentﬂrfsﬁ?dcf ormrvglnitéglne %’F’eveé lf%)%dofu?hegsr‘ﬁ?ttoefrf 558?&%‘%8 of
t he punp.lé}gggh§hut-off operation of the fullcircunferential flow notor
punp, the tenperature of the handled liquid in the punp increases with the
heat generated by the notor as well as the heat generated by the punp
assenbly. As with the enbodi nrent shown in FIG 1, the frequency converter
mount ed on an outer Mwedtepdd fdre dadryding wifte @t iTalvehik@ennot or punp is
effectively cooled by the handled liquid in normal operation of the punp,
but the heat generat ednbyembedimenerdy zopuapt eunis alcsordiagsfwr r &édet o
the handled liquid. Therefore, the tenperature of the 14 1 ZJ Ul Z002

present invention will be described below with reference to
FIG. 1. FIG. 1 is a cross-sectional view of a full-
circumferential flow motor pump as an embodiment of a pump
unit according to the present invention.

The full-circumferential flow motor pump has a
pump casing 1, a canned motor 6 housed in the pump casing 1,

and an impeller 8 fixed to an end of a main shaft 7 of the

canned motor 6. The pump casing 1 comprises an outer



handled liquid in the full-circunferential flow notor punp is nore I1i2aml_e202
to increase than the ordinary punp in the shut-off operation. Therefore, |g
is highly effective to protect the punp with the nethod of preventing the
shut -of f operation of the punp according to the present invention.

Fur t her nor ey ltthdefrul2l, - @indc unfsranidral c44 ovg ndt end panpishbangencksngl4has
its punp assenbly and notor operable at high speed and reduced in size by

t he use of whAehf psguenopectrderespecsiiiedyt ke thewopareise watder oifnthhe
punp to the amount of work done by the punp/notor and the frequency
converter PYte& a¢Yvengesnmed | byt ragpndli ddeneest hel ¢ efger at (e r c861ng t he
shut-off operation is large. Therefore, the present invention_is

particul ar EyaBgféctiilve G THPEFIRS - EPPTRInF erenthapeqd | A #BF of LPUEBS PV i s

i nport ant shut _down the pu for protection ai nst use of, the punp at

to.
li quid tenﬂgﬂﬁpuﬁé&e oBPSFYRN | £854R8ci% i 23 i GhE SLSRPRrISs Farethut - 8FF
tion. _Theref if the t t f handl ed 1jqujd d ted
by the. ¢ her i eFort1thal PYYEE: SR T Tereol f OB Pt Parfgbl LA £ he CEtnt 1 o
circuit 49 in.the fre uency con\éer#ﬁr gssec_rfrlblﬁgé 50C shut s own t he (ﬁung The
process of Slugg('}aﬁll Ay The” shit™of %p raCi o based OIF t he &leadpaeet f a

t enper at ur hgg%emg%aﬁlggchnggr%@ggn&%gq1ggggﬁer standpoint. Specifically, a
wat er supply apparat Us “general 'y énpl oys a process of shutting down the

punp with a flow switgh apdaaxkimer suhenithe pUuRci used at .3 | owukkow
rate. However, this process suffers the problem of undue wear of contacts

of the 1l owisehhgerchiiall 2udrhel 20P2 Aecouliay toyLhgagt esent draveation,
since the contactless thermstor 51 is used to detect the gradient of a

t enper at ur €reighenely tdenvemngdedakbgublyi 150t hes prspnted hutthagpdashethe
punp, the process according to the present invention is preferable froma
dur abi li ty4st.andpe firequentcyl lconivieagtrere restendllyf béwcompoispanpsbase 46

hi gh- speed, snallsize punps, the gradient of a tenperature rise of the
handl ed |i giit@chgnd d&sithe berafdialctdEd) a& ¢oves 4harptaphefetghtibeobhse
operation. Based on the above function of the therm stor to detect the

t enper at ur 8 6of @ hETRIHBPEY ISHVEF E athe FP0%F 59 t cABusdg Horndse waY efhsuppl y

t b I ith th herm.stor. Specificall if th I
are of 11 BAFE o ScRARGERS 1 Thot pums bocbnEe BEEhl “E8oBL terd or Phan o

i bed A | , [ h t t he, . l.ed I quid i
ner oased, RGN EERor SPVE™FFRe 18 GBact S by ThE Thermatar L4 %hit Cdoan

the punp. Lanhie et hed alenPbeyent ib@gat B‘ig%ﬁﬂt 19HE gperation of a punp
according to the present invention, “as descri bed above, the tenperature of

the handl ed |iquid i nThBe yuHgkdts et @gldedch@ndaké am i wgFe€agesplcthe
tenperature of the handled liquid is sharp or if the tenperature of the
handl ed | i hoilesf akbs, ok6af delfenegecthiexain orthramugd, whioht hhegurpnnedshut
down. Therefore, the shut-off operation of the punp can reliably be

prevent ed Meg@rocturaiichgthan Eredaenent asmvertar d4faciigeeaecdirdcadlyo t he

present invention will be described below. FIG 2 shows a cooling water
product i onCPA®ECtef {0 each other by leads 82. The bracket 45, the

base 46, and the cover 47 are made of a good heat conductor
of aluminum alloy.

The canned motor 6 comprises a stator 13, a motor
frame outer barrel 14 disposed around the stator 13, motor
frame side plates 15, 16 welded to open ends of the motor
frame outer barrel 14, and a can 17 fitted in the stator 13

and welded to the motor frame side plates 15, 16. A rotor



1 2J U 2002 conprising a cooling tower and a circulating punp (pump A). A
cooling water produced by the facility is supplied to fan coil uniltZJUlo0?
installed in various places in a building |01 by a punp B. The supplied
cooling water cools roons in the building 101, and returns, with its

t enper at ur @ 8i moteasbdy daspowetiernt ahk $03tpomsfal Ledsbutiskdéibfedhever
building 101, e.g., on the roof of the building 101. The punp A corresponds
to the flutdenashime shecdy difng t &t henpuésentspanent(ifépew Thetlwat 0 i kst he
wat er tank 103 is delivered under pressure by the punp A to a cooling tower
105 havi ngdgffiagdiOactueerr thee mater fyagsol edtey theexsdol 1hg anshwethe0s,

it returns to the water tank 103. The water tank 103 is supplied with
make- up WaPEterACYSrddsE #o the present invention, in order to achieve the
second obj ect described above, the fluid machine that conﬁ;j ses the Eurrp A
is arranged to changePt K1 WERPRL of lpridsupBieinghe it i radially
operation depending on the tenperature of the fluid or the change in_the

t enper at ur € FRIERE 11K He%ﬁsé’gpo?b% PPEaEt M tdnt PORTBr dgr & ¥he
arrangenent__of the fl ui ma%hi ne will be8desc i bed .below. Ln FIG 2, when
the flow r §f86F TRECE Qui d 148 NEFG By 8t RE éﬁﬁﬁeﬂ AcPBadBEST F@SEBYI i ng
ef fect of e .GoqQl i, 5,158 increa nd .hen t erat yre of
t he water :1% t%ealq;mltnsgr£?%§(§< %gStlhé g%ggegl%%aee%eﬂall'l y?zgt %&a’ﬁ%@?%? g% t he
pump Ais | ec it h-a (o TALs WU s WAV o] t i pe

ot her fact g%saqugg\@rdeg?l tatﬁatoﬁlg%frl gv}/wfgl\tﬁ\{g%fgfhteggﬁl Fggltgglnng a?hg gggggti on
tends to bgegMRrylq{1. 12 J U L 2002 excessive, and the tenperature of the
water in the water tank 103 is liable to be | ower than necessary. According
to the present inventi@iert B8 rigsow ¢ adee ohothteli aui d indrougtyd her puAp A i's
controlled so as to be constant when the water tenperature is about 32C
(referencegudder ainge)ll t aust r edecigigiddiel powen insnsuaptiramtbysthéapanp A
In FIG 2, the punp A the punp B, and the fan 104 of the cooling tower 105
are al so shHsucdowm moudl isdide alofstthee impelileirs 8t.i nEhet hengat eastagpéRat ure
is 28C, for exanple. If the building needs to be cooled, the punmp B is
started to iffe DPFt@REE 2 PRV dred ehPer SPUPESgRAd A yF nEReaBB4n Wien

the water t rat ur ceeds the reference tenperature (320, the fan 104
of the coolsi%%%%to ?Flg Caff@ P ﬁl?%?rA tarFESpéPé‘Firn&a(s,&t“g% His 13%e? the
u A is gperate A r tively.l rofation d,_e.q., ro i onal
gpggd whi ¢ ?Lg%Gogﬁ/f}sé?gt hgia?atcggp)séﬁgg\g(g b%/ adl}quzgqugﬁﬁg c%ﬁvg]rotlélr%e(i %\%rter)
106. The f : [ gl n h ont ipUe s atin
For 5 m nuba S e e o T of 8 e thAeE™ ! M

reference tREEIANY 13 Sasd sl RUkeTenith@B1lkhe 2BUBRrANELE €ANLI BYBUSHY
operated at the sane rotational speed until the water tenperature reaches

28C, for exaplesmf.When the water tenperature reaches 28C, the punp A and
the fan 104 of the cooling tower 105 are shut down. If the water
tenperature further iAcrteeruinalfteassd Adnutsesfixé@ntohdaheotmetionakrapeed of
the punp Ais increased. At this_tinme, the punp Ais operated at a
rot ati onal O3¥&&d Raika i k4 6BY 6L AERE - r atl® skrade $drexBendjoutyprdlyQp
exanpl e. By thus corrgar,i ng .t he water ten}[%er ature with the reference

y

t enper at ur &5 RF yC8L P ndfestto Bot St FERPI PUHRENJP e et ht APROVAB

copt at abdHE S | RETBowdt " cBRGupd RoBYePheY pif TT o TRERGSPEYa
nininunlre%%ﬂv%%ter (inverter) 48 in the base 46 and the cover 47 via
the hole 45a in the bracket 45 and the lead passage hole 46a
in the base 46. The outer cylinder 2 has a hole 2a defined

therein in which the <terminal case 20 is inserted. The

terminal case 20 houses therein a thermistor 51 as a

10



In a systemfor producing hot water, unlike the systemshown in FIG 2, the
control programis arranged such that the rotational speed of thedﬁuqﬂtﬁmis
decreased when the water tenperature is increased, and increased eﬁ

wat er tenperature is |owered. For exanple, the water tenperature in such a
syst em f or tpmpgyetugehdeteaténgcdavbeenni Ahai hedratsaboubl60€. flimetihénabove
exanpl e, the relationship between the increase and decrease in the

rot ati onal pogé&dodf bhe apunpbperndusiaiicicP@ase dh¢ deberaseton tHe water
tenperature is already known. That is, in the exanple shown in FIG 2, it

i s known tK&NNREERC ke theacPrdRiPlspasauils AfcPBadedigphé haber88enperature
is |owered. However, there are instances where the above relationship is
unknown even though t RB2FéreFecAbe fEfiperattrePPEteheRki hBE. 1BpsLéar 8

ot herw se, thrﬁ is a sy%ten1in which it is not known whether the water

t enper at ur ¥iils PRcAES5&dP6F BELPYased if the rotational speed is increased.
According to an aspec f the present ipyention, if there is a difference
bet ween a preset refe%eﬁ@@rfaﬁpéFﬁFE?E gxdsHHPBEFEaF Fﬁdﬁaitsﬁﬁéﬁasu?g,
then the 19 172.J l.,200 ot at.i on speed i s ..ncreased or .decreased,
and i § ' he St Perdned (hEPEhs b Reng Pasul RS, KEH T EROEAP oA NEROD | s
conver sel y (gcreased gr, J fereasedy 10l hragess. 1 ends, LAaald, (0 Aqsyglem
where it i§ not known wHether t he Water tenperéiure i% THcreased or
decreased ich R IAtiQRAlSpesd is w@é@}aseﬁrugersﬂam%emefnﬁekeeaw@t er
tenperature 1s higher than the reference tenperature, thenh the rotationa
speed is t@iR@odkd Yn RPRASAR tIEh dit tife NEdd KAPVWeheh§er 2t BBA the
rotational speed is to be increased or decreased in order to bring the

wat er tenpératedr eclohasel yeapinde2sef erpnecerbeaper ahuinet [Hedhimgvat er is
tenperature increases as a result, then since it has becone clear that the
wat er t enpdixtdr o endhrtwstdidifsh 2orehdt ons t hexedf e ehbe hempeshtfite7when
the rotational speed increases in the system the rotational speed is
conver sel ybyowekey.. Affher rot@ryvendaisy barhedi Abréaséisedt he detheast in
the water tenperature in relation to the increase or the decrease in the
rot ati onal 9dfed 'hidaheds EASRA, tPhELEI BRADt ERPEFaT uPE BakeBe kept constant

sinmply by changing thg,rotatianal speed through conparjsqon .between the
ref erence tenperatureﬁgﬁd&ﬁﬁgﬁﬁﬁLﬁﬁg?%%%e?gt % é€§?§kggnfﬁht%s?°? &%unp

uni tshown 4o ELG i1 | 5,0 501 Eabhe LOnUss s e fhul d,pmghip

. 2
according to the present i'nvention, a ctively functions as ?ﬂe Bunp A

shown in Fu@ 2n TBeaBUBRek$ca hatdrfil cUEdgEd fln@idBtleddUmp, and is
constructed as a punp unit having a frequency converter assenbly integral

t herew t h. sTkevier eguensarvanvact es asiselily bembbat 2aind? WHicH00Zhe
conpri ses the frequency converter 48 and the control circuit 49 has a
swi t ch capalsldd adf beeirtingg 22helidker.ence t enperature stepw se. For exanpl e,
the switch can select a value of 40C, 36C, 32C, 28C, 25C, 20C, - 5C, or -
10C as the reference B@ﬁpéngsurQnd associated parts remote from the

impeller 8 will be described below.

A bearing bracket 32 supports a radial bearing
33. A sleeve 34 serves as a sliding member against which
the radial bearing 33 slides. The sleeve 34 is held against
a seat 35 that is fixed in position by two nuts 36 threaded
over a threaded end of the main shaft 7. The bearing
bracket 32 is inserted in a socket defined in the motor

frame side plate 15 with an O-ring 37 of an elastomeric

11



In the above cooling water producing systemusing the cooling tome5 t he
val ue of 32C is selected as the reference tenperature. As a result,YDH%Zmﬂ
punp unit singly operates to increase or reduce its rotational speed, and
keeps a constant rotational speed when the water tenperature is about 32C.
| f the pumpatertisediasecapyvaterthappbytpaan.in applications where the fluid
t enper at ure does not change even when the flow rate changes, then the
switch may be set to staesitrdd peeituveldsd tthat thbe radiave ceameol optecess
does not work. The present invention further proposes a process of

aut omat i cabhyreat tdng t1res refeyentd bteapdriakdr ecbaded ortexr seyhalddr on a
tenperature detecting device for detecting air tenperature. Specifically, a
t enper at ur bydeeddiingg deéllicecdmedianetor ng asr rodapebdeurd ias shegbsefl near
the punp unit, and the reference tenperature is automatically set based on
a det ect ed48Pgnapmf psnmeke bEnpbeatiegugpc¥cepnyetber céd thatheonyerts
tenperature is high depending on the season, then the water tenperature nmay
not becomethewdiregHERCY ©dr ttai FPMRRNRE Mol et Tkl 3lohe HIQYFEE heupite dAto
circulating water in the cooling tower may be. In this case, the 21 121
U L 2002 refBiehes fERPEPRFYre setting is automatically increased to | ower
t he power consunption_by.th unp. Even if the cqoling effect s slightly

| onered as a result, %uéﬁsﬁﬁPEHGCHQﬁ?'%1{%e150595ﬁ8 ecte shbefie ge
accepted in_vi.ew gf .the recent trend in favor of nore er savi n

efforts. FF@Slﬁ’gs%ov@’a %}e%er?gbr e?gFr S SEMBS G Ve %of ?bﬂ‘g‘%llﬁplfhsc nd"
accordi ng p i j on. e C r I i's
mount ed on"REaRFaRERER A P L et AR AR Lt e
det ecting stucetkqekqegeqtlngTﬁelIaggehsegeeraauafe'87@tt§§heﬂaa9 agpase
212 of the frequency converter assenbly 211 near the bottomthereof. The

t enper at ur gredeheekkngs eyl ceot husheat hakkedwHetRCt st hehd | Guin@ t ggpetréure
relatively accurately. In FIG 3, a punp unit 201 conprises a punp 203 and
an el ectri mametrdnl204f whitch aumpnooas eugpn endohmasn daskraiX2. eAdf | fiade

i ntroduced froma suction pipe 205 passes through a suction gate val ve 206
and a shor sepivpeg203, ai sedlang snrdarke7panporz0Batiingavwptihpasaenpanipor t
203a, increased in pressure, and then discharged froma punp di scharge port
203b. The &l3895r ggtPt | §h@WPUrt heP phissER%4R ofigAndecHdckiaede t208tBRd a

di sch te val ve 209 i.s introdyced into.a. di i pe 210. Th
(1 cauency BOFCOFESF AS2aNfly 24 MESRoGH BAmONSPAGLSHOF FERPRE SO byhehe

e L R S AL 8 R

'S the Trequency ‘CONvert er
assenbl y 2&&1(@{ bﬂési%noﬁhﬁm 3022 he discharge nozzle 70. As

shown in FIG. 1, the discharge flange 71 has an upper
portion partly beveled. An installation leg 71L 1is
integrally formed on the discharge flange 71.

A pressure pickup pipe 72 has a distal end
threaded in the discharge nozzle 70. A plug 73 is removably
attached to the pressure pickup pipe 72. The pressure
pickup pipe 72 is mounted on the discharge flange 71 at its
beveled position out of alignment with a maximum-outside-
diameter portion thereof. When the plug 73 is removed and a

pressure gage 1is attached to the pressure pickup pipe 72,

12



1 2J UL 2002 also fixed to the short pipe 207 by U bolts (not sh?gg}
El ectric power supplied froma control console 213 is applied from qhﬁﬂh
cable 214 as an input nmeans of the frequency converter assenbly 2I1 to a
frequency converter in the frequency converter assenbly 211, which converts
the frequenty odisdleasypplbiredselrectin cthewerischiaergel entzz e pGlercamobe
frequency has been converted is supplied froman output cable 215 as an

out put neameasfurelde frequency converter assenbly 2l1 to the electric notor
204. The frequency converter in the frequency converter assenbly 211 causes
a heat |oss, which isAsaghavad inntFd G-hd /| iauserthienll rezblet hé panfived t he
base 212 and the short pipe 207. The tenperature detecting device for
detecti ng ftRe Hhgusactepperasirg i3s oft t BeReBUMD C86 IPgse PIP aeancthen
bottom t hereof, and detects the tenperature of the handled |iquid. The

det ect ed t Edp@9&t Ur%e 15 EbRe@rERdtPRt §UStdPEnar22dEi dh -i s Bubpdi édlt dSa
controller (not shown) in the freguency gonverter assenbl¥ 211. FIGS. 4A
and 4B shoWw"58X@dpdr tU<hoth FREFFECTAOPL Idénge 75 G Tha Pdsghprgst

el evational_.view, partly ipn cross.section, of the apparatus, and FIG 4B is
o ol e of odderg Tl 40 of ReneSRE R acda o haters auFe i «BarEtens
short pipe 207.b haql t 20, .The input. cabl e 214 and the t put cable 215
keep the fﬁé&ﬁ%ﬁ%ygﬁﬁﬂbé%‘%rl%ﬁﬁéﬁﬁﬁﬁéifﬁff er%%t%%%l??ségglggagggﬁ1gﬁé

at nosphere g-n the sane nanner as wth an underwater cable of a subnersible
notor punp, for exanple. An O-ring 22| is disposed to prevent anmbient air

from23 1 Z JUL 2003,erbehbRY dehe iPpah £ Usi f iR dhes i Hg aBkbace
bet ween the base 212 and the frequency converter assenbly 211. A structure

around the pfuﬁr%ﬂl@ﬂﬁ/m cpnverser 1assenblpy izl ywidd dpescessdd besh kgl owrwet h
reference to FIG 5 which is a cross-sectional view taken along line V- V
of FIG A4AflThel fdeguendraonyiet erucABidrs houskd im aceasecwbich«compei ses
t he base 46 and the cover 47. The base 46 and the cover 47 are fixed to
each ot her sy thont saginy 8 Jéawsnddirorngbs thet enptsed thernehgeBwaeho the
hernmetically sealing the case fromthe anbient air. The frequency converter
48 i s hi ghlapnH@e ey PRkBd 400 dklnrisebabveont Lhfsfart atheCyehedeX ed heat
to the base 46. Simlarly, the base 42 and tqﬁ base 212, and_ the base 212
and the shé™d gilife Y7L EXARGhPYEPHt PRAEE!Y 1 0dd Tt PP ET MBPECS| fce t he
heat gener gt r.eq C rter.js itaply _radiated int he
handl ed fI%a%’,%et%%eéﬁ%%%%ngggcéﬁ\ﬁgg\égr 1E:;Lsoé",e %i’r/“ dggé r?cr)lt% rlesqu ?%ag%% E)y

ai r-cool i ngfan use i enes al ;i pyer S.: %EE% he freq cy erter
assenbl y ighffegh Pgnlﬁﬁggfgic?gntl%g%li%ﬁéddgn 0 énia%'failﬁﬁg. {%geéase
46 and t he J3axd2le@r erbast ened inpoaddy olgher1 Bysboli o Beeaugaikke
interior of the case is isolated fromthe anbient air, the frequency
converter idevilceverdaed andmiknsdkahaegedetfaomoridid ofi skiteatge Weatheei ng and
wat er condensation. A threaded cap 224 serves to keep the frequency
converter ass@ddteddomdthiecdlilsgheegleedakiom tthe anbi ent air through an
O-ring (not shown). The threaded cap 224 houses therein a swtch for

setti ng the refer encelpeﬁﬁér w6§6n24emb0dlment, the thermistor 51 as a

temperature detecting device is disposed in the terminal
assembly of the full-circumferential £flow motor pump, and
fixed in position by the rubber bushing 52. The rubber
bushing 52 is effective to reduce the heat of the frequency
converter 48 transmitted to the thermistor 51. Therefore,
the temperature of the handled 1liquid in the pump can

accurately be determined. Since the terminal assembly is

13



12 JUL 2002 stepw se. For exanple, the switch conprises a rotary st £0y
swtch for appropriately adjusting the reference tenperature. In the a£§Wé
enbodi ments, the present invention is applied to punps. However, the

principles of the present invention are also applicable to not only punps,

but al so fpasiteentar eénkleymadnateoichgeear iths nAY nes v Ippaiat use FI G
6 shows an enbodi nent where the present invention is applied to a water
treat ment gystj@gncyhecoavertetreatdgentarsystimoassesce fiflew 398thipr theating
wat er. The water treatnent system functions by establishing a pressure

di f f er encetbaperanukheocifnitbe anddoetl eétigofidt he thet pnmBOBanThecuestsinnce
applied by the filter 300 to the passage of the fluid through the filter
300 great| pevatatestdebendilg opredent enpeeataers dfs theséd qond.tHen dader to
equal i ze the anobunts of treated water in sumrer and winter, it IS necessary
to change thatpridssutenpesetared & Ahsunbiguidr igel ther invgn r ebredtat er
froma water tank 301 to the filter 300, i.e., to change the rotational
speed of tRBCHERPCA. erdrofdhet-¢ff hagebabhorusforkdyey RWvamRd | §hehange
the rotatignal speed of the punp dependi ng on the season, but such a manual
process ha8OHBeiNCeddis VEIRD thife cHrRdHEMg. OAckde dEagPEBaE REE piBSERRSE

rom2s " 122 S io02 TReut BLG o attr 9 batEPGRaEREST ARSI BT
bet the.liquid.t tu d i St lied by th ilt 300

o the pastilE dF he Hafuri LGt ne Tt fer , Do PRl TRt nd*8hntro
clroul L 4908k -6 LT CQUBNGUyORYR LEE19ba} NEePUIB shoug. 10 FIG T, Tor

exanple. ASa conseduence, en 1 f the enperature varies fromtine
to tinme due to daily @H@ng@§m&ﬂa§h%a§br2%9Qﬁ?“@ﬁé”@brﬁfﬁbpug§s@HEE%EHSCal|y

regul ates its generated pressure to produce treated water stably.

descri bed aBaeeoft hetfdiui dmBrhingeBcEorgiithless steel), and can well
transmit the temperature of the handled liquid in the pump
to the thermistor 51 1in the terminal case 20. The
thermistor 51 thus installed with such care is electrically
connected to the control circuit (board) 49 in the frequency
converter assembly 50 for reliable prevention of the shut-
off operation of the pump.

In the shut-off operation of the full-
circumferential flow motor pump, the temperature of the
handled liquid in the pump increases with the heat generated
by the motor as well as the heat generated by the pump
assembly. As with the embodiment shown in FIG. 1, the
frequency converter mounted on an outer surface of the full-
circumferential flow motor pump is effectively cooled by the
handled liquid in normal operation of the pump, but the heat

generated by the frequency converter is also transferred to

the handled 1liquid. Therefore, the temperature of the
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to the present invention recognizes the tenperature of a fluid by itself
and enpl oys the recogni zed tenperature in coordination with the fldwUla0@
or pressure of the fluid to allow the entire systemto save nore energy.

I ndustrial Applicability The present invention is applicable to a fluid
machi ne sudlanad eal puigpuidr idekiheerfivigl -a ifdouind errecheri afir eSlsaw emovof apumpr
supplying a gas such as air, or the like. 26 12J UL 2002 CLAIMS 1. A
met hod of prseventé ndishle- afd operadsen tdfana thepordhaeayt eumpediby the
detecting a tenperature of a handled liquid in the punp, and shutting down
t he punp i fshart-iofdr easeratnicome t diparedfianes pet tisndigfhliyheehbedt Bde | itqui d
is greater than a predeterm ned value. 2. A nethod of preventing shut-off
oper ati on gfrodguinphe euneter il ethgymathgdr Phgpaevenpendt the shui-piadl ed
liquid in the punp in a predeterm ned tine (Eﬁg at a plurality of (N)
times, and oL @dwtheh®usimacicrradngnéreide PHSERBTt éRPERELORe across
the predetermned tine is greater than a giedeternined value (fit) at (N -

1) tines. 3. A net hod F¥EtHEETeRei nd dhuf o bt 1o btk s 1P torala hUe BOESEdI ng
toclaim1 or 2, characterized by shutting down the pu if the tenperature
of the han&F@H’IF§8W8 iﬁnth%I%un%% Eﬁ%rlgﬁainﬂB iqé%éghﬁ¥i ﬁn@hemgeor
tenperature per_.tinme of .the hand] ed Jiqujid, becones equal .to or higher than
a predeterﬁd%ﬁfhkﬁ|i§ &ﬁﬂ £PR o&%%kc Fe&@nfﬁﬁ& HUFDSfPSSpSFangn of

2 Pump, chaaclalaeciy, el ot ng Ackerner ks 9f:8 ndladd ! gyl grih the

punp, and Ing-down ti the nper at ur e of andl € |8U|d
falls out Qfy@ SPECLALCAARt’ YWeworX done by the pump/motor and the

frequency converter is relatively small, the gradient of the
temperature rise in the shut-off operation is 1large.
Therefore, the present invention is particularly effective
in the full-circumferential flow motor pump.

It 1is important to shut down the pump for
protection against use of the pump at liquid temperatures
outside its specifications as well as the shut-off
operation. Therefore, if the temperature of the handled
liquid as detected by the thermistor 51 falls out of the
specification range, then the control circuit 49 in the
frequency converter assembly 50 shuts down the pump.

The process of recognizing the shut-off operation
based on the gradient of a temperature rise 1is also
important from another standpoint. Specifically, a water
supply apparatus generally employs a process of shutting
down the pump with a flow switch and a timer when the pump
is used at a low flow rate. However, this process suffers

the problem of undue wear of contacts of the flow switch.
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1 2J UL 2002 5. A punp unit conprising a punp, a notor for actuati i% jlneﬂ]ﬂl
punp, a tenperature detecting device for detecting a tenperature of

handled liquid in the punp, and a control circuit electrically connected to
the tenperature detecting device for controlling operation of said notor;
wherein said punp is ladtorddwy | toanthecnpaasentn ttheehenpear atsife;e dethect ed
by said tenperature detecting device, per tinme of the handled liquid is
great er thaom gredstervheadistadnes] 6is Aupadptundetaceorttiengyraa ienai 5,
characterized by a frequency converter assenbly for supplying electric
power to sa dtemperatsaed miewt rof thecuiandleichgl gspdsead ithesapdmbr egprency
converter assenbly. 7. A punp unit according to claim®6, characterized by
an outer cydhudeinaletdvn ngharpummul tdre fpovwess eaadiha tst dthe fesdrs
motor, and a termnal assenbly for supplying electric power fromaround the
outer cyl i nderentolan nd ngyeffenafd est Bf QR | asaluy sflriddiancyt @edpeinter asigenbl y
bei ng di sposed near said term nal assenbly on an outer surface of the outer
cylinder, sEd t@hgamkeredetlection MEATELPEHE IpeebRaeSais®aldrmi nal
assenbly. 8. A punp unit conprising a punp, a notor for actyating the punp,
a tenper at (T YetR¥¥RShg &g‘\‘?i cgr?é%gHEte%fti Ry ZCTBRBETCELEr e bFCa Mandid

liquidin th ,, and. trol.circuit electricall, ted.to th
tenper at ur B o LTI SBB05 hiE b BngeBiBoFER for Lortr Gy WShari i on

of said notgr.; _vggﬁre' i unp is shut down if the tenperature of the
handl ed 11 qsﬁ‘frudtfa séllgeu s oforg' specification range. 9. A punp unit for

shutting down a punp aéatﬁd %P N e 03%098%3&2208“ oNgpnau Ie‘#ﬂlt%%tto'}e @Jrount

of liquid supplied fromthe punp is reduc aracterize at the

t enper at ur ggfecdt hand edehb@dhbdurB tHe PHE ihandalect edquad thige PURy S
shut down if an increase in the tenperature per tinme of 'the handled liquid

i's greater dviiatcia psedetier niedwiabde subplyvA apperdiid hiey bel ngegispkd N a
system in which a tenperature of a handled liquid is changed dependi ng on
a flow rat eviofh t hbehaviokedistqui d, Specplinpalhyi ddnpthsi Mjow puapef arf
delivering the liquid, a notor for actuating the punp, and a frequency
converter askunl ydigehaxged &rémeghenpypmpobecpmes tgrnadovor ¢l ismplder
rotational speed of the notaor; wherein a tenperature detecting device is
provi ded i Fhae puRpeERFLPeEr fdeMecdtatfy ati¥hpeidtar EN6f tEA@SRAYrEd of

l'iquid, the arran t peing.such that a sign of_the t erature .
det ecti ng Mﬁcgaggqg&pﬁf%‘bg o'§ cjol?ﬁllﬁ’%ﬁeeé’ i ﬁhFhet?"}pe%‘i]ae cbhVer t'ét
assenbly fof éc?l# NG, & {104 i?ﬂél éooesqﬁ ©fg %Ele HAUT t he frequency
converter soettc%@;% a 5?ow rat{e [gﬁ e l1qui IS C anged “dependi ng on the
tenperature of the liqy d ehet henhange bR thardwrimenaf urenaf thfad igps d
based on a predeterm ned control program 29
operation of a pump according to the present invention, as
described above, the temperature of the handled liquid in
the pump is detected, and if an increase in the temperature
of the handled liquid is sharp or if the temperature of the
handled liquid falls out of the specification range, then
the pump is shut down. Therefore, the shut-off operation of
the pump can reliably be prevented from occurring.
An embodiment of a fluid machine according to the

present invention will be described below.

FIG. 2 shows a cooling water production facility
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12 J U 200Z 11. A punp unit according to claim 10, characterized in that
the flowrate of the liquid is changed in order to keep the tenperature of
the liquid substantially constant. 12. A punp unit according to clbi dUi@0dr
11, characterized in that if there is a difference between a preset

ref erence temperiatiuge aancdnrgrtiatent exrperat arecwiat heg | paup d{ pttenA) he
rotational speed is increased or decreased, and if the difference becones

| arger as & rcesdling twedren heradcsd dnal thpebac ikitponiersepyl et reasédnor
increased. 13. A punp unit according to claim12, characterized by a switch
di sposed i Aotitlevhitguéney losheddedr lasyeirbbyst plackangnng bhéldéngr éfte
tenperature stepw se. 14. A punp unit according to claim 12, characterized
in that thEYr&f @8RS ¢ erdht? af Wkl 18d cPrMbEMI depedidi freebh ¥oems chpeEheur e
of air around_the p . 15. A frequency converter assenbly having

afrequencyb86%98PBeﬁ- cI@%@dF?ﬁBFBmedﬁf¢hr¥%%l9GEB%¥?EW¥$n§n§r?BFS@ional
= handl ed £Pui 1AEEhahak RS adBoraates Rt 189 1% Tik et fRE nhhdr ed
bei ng  spBe8d on® prBE, EAATa Sbmlat (e ULt 1 ‘dev! S8 oP OBt et | ng
a temperat Ui, 0 L& NA! efle” A LInAdE: P! QEBYARG 1G e ffedthe2002

invention. The water in the water tank 103 is delivered

under pressure by the pump A to a cooling tower 105 having a

fan 104. After the water is cooled by the cooling tower

105, it returns to the water tank 103. The water tank 103

is supplied with make-up water.

According to the present invention, in order to
achieve the second object described above, the fluid machine
that comprises the pump A is arranged to change the flow
rate or pressure of the fluid in its operation depending on
the temperature of the fluid or the change in the
temperature of the fluid based on a predetermined control
program. The arrangement of the fluid machine will be
described below. B
In FIG. 2, when the flow rate of the liquid

delivered by the pump A increases, the cooling effect of the
cooling tower 105 is increased, and hence the temperature of
the water in the water tank 103 is lowered. Generally, the
capacity of the pump A is selected with a margin in view of

the aging of the pipes and other factors. As a result, the

flow rate of the liquid in daily operation tends to become
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arrangenent being such that a signal of the tenperature detecting H2VUL&ps
supplied to a controller in the frequency converter assenbly so that a flow
rate of the fluid is changed depending on the tenperature of the fluid or
the change in the tenperature of the fluid based on a predeterm ned control
program le@xcesfsrigguengyd ctheertempaissamy yodcddrali wgteo dlnai vhd5water
characterized in that the flowrate of the liquid is changed in order to
keep the t &@mdr dt0dr e sofl itafid € itquitd sphstratthiaal Ingcesssirant . AtzorAihgedgency
converter assenbly according to claim 15, characterized in that if there is
a di fferenddenapupaanta preertiorf efbfcdlownpatst wl the adaguéidughrough
tenperature of the liquid, then the rotational speed is increased or

decr eased, téed HUE He 1 fdartairdd aseEones |tar dxer cansiandsyihen tthen wveker
rotational speed is conversely decreased or increased. 18. A frequency
converter &SIRANAFUEEorl§i ngPPBtcl 37 nf 17(TeEPERRRR erSMPURE U S t HRUS

di sposed in the_fregﬂfncy converter asseng&y for changing the reference
t enper at ur & SRS & e FOVRTF CORTENRFIGRY &t &Pea®¥BRbPY according to clai m

17, characterized in that e reference tenperagture i s change endi ng on
the tenperature of ai nafoﬁﬁgr}d %he%éﬁnﬁ’.un@lr?’ l%e\]pﬁmﬁ Ozgrﬁg Qﬁ% %ﬁr‘?p
unit for s | yi.ng and| | i quj 01Sd’50p| th ng)J | ,quid to wat er
treating fﬁﬁﬂérbEaJﬁﬁg %%Pﬁgpgnteégg%stance§¥Fo ?%ggpggggbed§¥ntﬁgll%&uid

ther et hr oug, cepanding o1 the SEIPAHA &1l el ke i YD 0,

conpri sing "a punp, notor for actuating the np, a frequency

converter agaerdilandiavi ng 8 (L GHBNGH P MERIEL R o Y @i 1felr, Gt ?salmlpi By the
notor to change 1ts speed, further including a tenperature detectling device

di sposed i nd hesfagedinido tie ajgageimgnt drl nghsuchraiteat a ewiparaltufeom
the tenperature detecting device is supplied to a controller in the
frequency 3adualdyl ildche2H@s .21 .Whienmetheo dvanfe rp rtewpreirang reh wixceledepehat | on
of a punp, the nethod
reference temperature (32°C), the fan 104 of the cooling
tower 105 and the pump A start operating. At this time, the
pump A 1is operated at a relatively low rotational speed,
e.g., a rotational speed which is 60 % of the rated speed,
by a frequency converter (inverter) 106.
The fan 104 of the cooling tower 105 and the pump
A continue operating for 5 minutes, for example. If the
water temperature drops below the reference temperature
after 5 minutes, then the pump A is continuously operated at
the same rotational speed wuntil the water temperature
reaches 28°C, for example. When the water temperature
reaches 28°C, the pump A and the fan 104 of the cooling
tower 105 are shut down. If the water temperature further
increases after 5 minutes, then the rotational speed of the

pump A is increased. At this time, the pump A is operated

at a rotational speed which is 65 % of the rated speed, for
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conprising: nmeasuring a tenperature of a handled liquid in. the gl 002

predeterm ned tine period (DT) at a plurality of (I~ tinmes; shutting down

the purrap if an increase in the teznpezature aczoss the predeterm ned tine

period is greater than, a predeterm ned value (0t) at (N- 1) tinmes; and

shutti ng dewamphe.purgy i thidectreppeiagurtbeofwatiee haamfeadhHumpuivdiin the

punp, other than the increase in the tenperature per tine of the handl ed

| i qui d, betefrezesgealtampeyrathingheint karery pr edeénetasneawd vahtemgtically A

punp unit conprising. a purnP, a notor for actuating the punp; a

t enper at ur ehdegecirtngradiew fiore dectetiogah spapér afurtdeofpunthahnd| tle

liquid in the punp; and a control circuit electrically connecteg to the

t enper at ur EcHPeEatIRg Qdvithe fcoolddva MItaMglopaRit i h FPOBRI 32 Nt ornd

wherein said punp is shut down if an increase in the tenperature across the
the power consumption by the pump A is held to a minimum
required.

In a system for producing hot water, unlike the
system shown in FIG. 2, the control program is arranged such
that the rotational speed of the pump A is decreased when
the water temperature is increased, and increased when the
water temperature is lowered. For example, the water
temperature in such a system for producing hot water can be
maintained at about 60°C.

In the above example, the relationship between
the increase and decrease in the rotational speed of the
pump A and the increase and decrease in the water
temperature is already known. That is, in the example shown
in FIG. 2, it is known that when the rotational speed is
increased, the water temperature is lowered.

However, there are instances where +the above
relationship is unknown even though the reference
temperature is determined. Stated otherwise, there is a
system in which it is not known whether the water
temperature is increased or decreased if the rotational
speed is increased.

According to an aspect of the present invention,

if there 1is a difference between a preset reference

temperature and an actual fluid temperature, then the
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predetermned tinme period is greater than a predeternnined val ue () Jigt2002
(N-1) tinmes; and wherein said punp is shut down if the tenperature of the
handl ed liquid in the punnp, other than the increase in the tenperature per
time of the handled liquid, becones equal to or higher than a predeterm ned
val ue (t). r28atAonplnpspaet ateoridioygasedc| airm @2créawed 7. esndcordyfri shag a
frequency converter assenbly for supplying electric povu~er to said notor,
sai d contrdifdfierence Bgiorgagiespdsed iresalt, reerztby rtohebioralaspendl y.
33 12 J UL 2002 24. A punp unzt according to claim23, further

conpri si ngign NRrISAY ndecraasPAl Oy errcremifdy f IThWspaprreestndendst at or
of the notor, and a term nal assenbly for supplying electric power fiom
around t hel§§€dE &A ihdeyStNWRBERgdtoflst M st %%ﬁ@h??eghénwﬁter
converter assenbly being di sposed near said term nal_ assenbly on an outer
surface of CEREEGTEr ey P ndCT RSP t &fpef8Furasadt ett i AdicdevrEatperag

di sposed in said term nal aﬁiénbkﬁ. 34 'AN3'AEK§;

CAY. Al A APPSER A IRCREER Al FPTaACKaRPIE, 14 e Avaher asvempgrature

x
Al h. A A A'iéu':'hAJl_\lglﬁA‘Ief A %%aﬁ\S the

reference temperature, then the
rotational speed is temporarily increased though it is not
known whether the rotational speed is to be increased or
decreased in order to bring the water temperature closely to
the reference temperature. If the water temperature
increases as a result, then since it has become clear that
the water temperature tends to differ more from the
reference temperature when the rotational speed increases in
the system, the rotational speed is conversely lowered.
After the tendency of the increase or the decrease in the
water temperature in relation to the increase or the
decrease in the rotational speed has been known, the fluid
temperature can be kept constant simply by changing the
rotational speed through comparison between the reference
temperature and the actual temperature every 5 minutes.

The pump unit shown in FIG. 1 is most suitable
for use as the fluid machine according to the present
invention, and effectively functions as the pump A shown in
FIG. 2. The pump is a full-circumferential flow motor pump,
and 1is constructed as a pump unit having a frequency

converter assembly integral therewith.

The frequency converter assembly 50 that
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operates to increase or reduce its rotational speed, and

umﬂﬂﬁﬁlt singly

keeps a constant rotational speed when the water temperature
is about 32°C.

If the pump is used as a water supply pump in
applications where the fluid temperature does not change
even when the flow rate changes, then the switch may be set
to a neutral position so that the above control process does
not work.

The present invention further proposes a process
of automatically setting the reference temperature based on
a signal from a temperature detecting device for detecting
air temperature. Specifically, a temperature detecting
device for detecting air temperature is disposed near the
pump unit, and the reference temperature is automatically
set based on a detected signal from the temperature
detecting device.

If the air temperature is high depending on the
season, then the water temperature may not become lower than
a certain value no matter how high the rate of circulating

water in the cooling tower may be. In this case, the
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*110%H+& () -!&@10%m&' ()-" 19g}[9MB7 ! &&! 10%&' ()-!& 109 ()-!!1110%& () -
FIT109& ()- 11109 ()- &109%& ()-t_= !'THYSI10%& ()-3!+YS! 109& ()-3YS 20086 2007
& ()-3& 10%&' ()- 10 10 10L@ 10%&k' ()-tZ\]"_n~_=
P+ 1109 ()-31110%& ()-3"10%& ()- 10 10 10&y;
S10%&' () - ! WVeSeeXig o ) tSiy@BCDERz o dYet  RAPUEE' ahtohBt10ally increased to
lower the power consumption by the pump. Even 1if the
cooling effect is slightly lowered as a result, such a
reduction in the cooling effect should be accepted in view
of the recent trend in favor of more energy saving efforts.
FIG. 3 shows another preferred embodiment of a
fluid machine according to the present invention.
A frequency converter assembly 211 is mounted on
a surface of a pipe which guides a handled 1liquid. A
temperature detecting device for detecting a 1liquid
temperature is attached to a base 212 of the frequency
converter assembly 211 near the bottom thereof. The
temperature detecting device thus attached detects the
liquid temperature relatively accurately. 1In FIG. 3, a pump
unit 201 comprises a pump 203 and an electric motor 204
which are mounted on a common base 202. A fluid introduced
from a suction pipe 205 passes through a suction gate valve
206 and a short pipe 207, is drawn into the pump 203 via a
pump suction port 203a, increased in pressure, and then
discharged from a pump discharge port 203b. The discharged
fluid further passes through a check valve 208 and a
discharge gate valve 209, and is introduced into a discharge
pipe 210.
The frequency converter assembly 211 is mounted
on the short pipe 207 by the base 212 that is made of
aluminum alloy which has good heat conductivity.

In this embodiment, the base 212 is fixed to the

frequency converter assembly 211 by bolts (not shown) and
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109@s10%& ()-!'M 1109 ()-3'CA!109% ()-3'Q110% ()-3Rj"$. %)O/&O/dxq.z' JUL 2007
10G , ;
10968 () -1 >3 10963G& () -mi' 1431 109G () - 431 109%66G& () - m' ! 1096& () - ! ! 10%;
Z; & ()-1%R%WBWY&) **gH: 10G ,; 17 10%& ()-!& 109 ()-!+110%& ()- I!109& ()-
' 3109 ()-aldoGiipgi*to*the+gheXt pipe 207 by U bolts (not shown).
10G +! 10%m&’ ()-!& 10%m& ()-!!!10%m& ()-3(10%& ()- 10 10 10°,;
S109%& ()-4,,---./wi3-Eleqor &gl powers $yippkdadoshren()a! &orixah console
m& ()-!4!'10%m& ()-!0!10%m& ()-!0!10%m& ()-//////alC3j4_=
10! & >| | 108&3 ( }s3eppligggfrpm3jan gygul) bl 14 -as om 10mpuonneans of
th%h&f()-%4555555F6X6~_@@10!&J
he frequency converter assembly 211 to a frequency
converter in the frequency converter assembly 211, which
converts the frequency of the supplied electric power. The
electric power whose frequency has been converted is
supplied from an output cable 215 as an output means of the
frequency converter assembly 211 to the electric motor 204.
The frequency converter in the frequency converter assembly
211 causes a heat loss, which is radiated into the 1liquid
handled by the pump via the base 212 and the short pipe 207.
The temperature detecting device for detecting the liquid
temperature is attached to the base 212 near the bottom
thereof, and detects the temperature of the handled liquid.
The detected temperature is converted into a signal, which
is supplied to a controller (not shown) in the frequency
converter assembly 211.
FIGS. 4A and 4B show the apparatus shown in FIG.
3 in detail. FIG. 4A is a front elevational view, partly in
cross section, of the apparatus, and FIG. 4B is a side
elevational view of the apparatus.
The base 212 is fixed to the short pipe 207 by U
bolts 220. The input cable 214 and the output cable 215
keep the frequency converter assembly 211 hermetically
sealed from the atmosphere in the same manner as with an

underwater cable of a submersible motor pump, for example.

An O-ring 221 1is disposed to prevent ambient air from
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10 the base 212 and the frequency converter assembly 211.

A structure around the frequency converter

assembly 211 will be described below with reference to FIG.
5 which is a cross-sectional view taken along line V - V of
FIG. 4A. The frequency converter 48 is housed in a case
which comprises the base 46 and the cover 47. The base 46
and the cover 47 are fixed to each other by bolts with a
seal member 58 interposed therebetween, hermetically sealing
the case from the ambient air.

The frequency converter 48 is highly intimately
fixed to the base 46 to transfer the generated heat to the
base 46. Similarly, the base 46 and the base 212, and the
base 212 and the short pipe 207 are highly intimately fixed
to each other. Since the heat generated by the frequency
converter 1is suitably radiated into the handled fluid, the
frequency converter assembly does not require an air-cooling
fan for use in general inverters. Thus, the frequency
converter assembly is free from insufficient cooling due to
a fan failure. The base 46 and the base 212 are fastened to
each other by bolts 55. Because the interior of the case is
isolated from the ambient air, the frequency converter is
prevented from insulation deterioration due to weathering
and water condensation.

A threaded cap 224 serves to keep the frequency
converter assembly hermetically sealed from the ambient air

through an O-ring (not shown). The threaded cap 224 houses

therein a switch for setting the reference temperature
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switch for appropriately adjusting the reference
temperature.

In the above embodiments, the present invention
is applied to pumps. However, the principles of the present
invention are also applicable to not only pumps, but also
fans for forcibly air-cooling various machines and
apparatus.

FIG. 6 shows an embodiment where the present
invention is applied to a water treatment system.

The water treatment system uses a filter 300 for
treating water. The water treatment system functions by
establishing a pressure difference between the inlet and
outlet of the filter 300. The resistance applied by the
filter 300 to the passage of the fluid through the filter
300 greatly varies depending on the +temperature of the
liquid.

In order to equalize the amounts of treated water
in summer and winter, it is necessary to change the pressure
generated by a pump A for delivering treated water from a
water tank 301 to the filter 300, i.e., to change the
rotational speed of the pump A.

Heretofore, it has been customary to manually
change the rotational speed of the pump depending on the
season, but such a manual process has been tedious and time-
consuming.

According to the present invention, pressures to

be generated by the pump are determined in advance from
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stored in the control circuit 49 of the frequency converter
of the pump shown in FIG. 1, for example.

As a consequence, even if the liquid temperature
varies from time to time due to daily changes in the air
temperature, the pump automatically regulates its generated
pressure to produce treated water stably.

As described above, the fluid machine according
to the present invention recognizes the temperature of a
fluid by itself and employs the recognized temperature in
coordination with the flow rate or pressure of the fluid to

allow the entire system to save more energy.

Industrial Applicability
The present invention is applicable to a fluid
machine such as a pump for delivering a fluid wunder
pressure, a fan for supplying a gas such as air, or the

like.
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CLAIMS

1. A method of preventing shut-off operation of a
pump, characterized by detecting a temperature of a handled
liguid in the pump, and shutting down the pump if an
increase in the temperature per time of the handled liquid

is greater than a predetermined value.

2. A method of preventing shut-off operation of a
pump, characterized by measuring a temperature of a handled
liquid in the pump in a predetermined time (AT) at a
plurality of (N) times, and shutting down the pump if an
increase in the temperature across the predetermined time is

greater than a predetermined value (At) at (N - 1) times.

3. A method of preventing shut-off operation of a
pump according to claim 1 or 2, characterized by shutting
down the pump if the temperature of the handled liquid in
the pump, other than the increase 1in the temperature per
time of the handled liquid, becomes equal to or higher than

a predetermined value (T).

4. A method of preventing shut-off operation of a
pump, characterized by detecting a temperature of a handled
liquid in the pump, and shutting down the pump if the
temperature of the handled 1liquid falls out of a

specification range.
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detecting a temperature of a handled liquid in the pump, and
a control circuit electrically connected to the temperature
detecting device for controlling operation of said motor;
wherein said pump is shut down if an increase in the
temperature, detected by said temperature detecting device,

per time of the handled 1liquid is greater than a

predetermined value.

6. A  pump unit according to claim 5,
characterized by a frequency converter assembly for
supplying electric power to said motor, said control circuit

being disposed in said frequency converter assembly.

7. A  pump unit according to claim 6,
characterized by an outer cylinder defining an annular flow
path around a stator of the motor, and a terminal assembly
for supplying electric power from around the outer cylinder
to windings of the stator, said frequency converter assembly
being disposed near said terminal assembly on an outer
surface of the outer cylinder, said temperature detecting

device being disposed in said terminal assembly.

8. A pump unit comprising a pump, a motor for
actuating the pump, a temperature detecting device for
detecting a temperature of a handled liquid in the pump, and

a control circuit electrically connected to the temperature
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wherein said pump is shut down if the temperature of the

handled liquid falls out of a specification range.

9. A pump unit for shutting down a pump after a
shut-off operation of the pump when the amount of liqguid
supplied from the pump is reduced, characterized in that the
temperature of a handled liquid in the pump is detected, and
the pump is shut down if an increase in the temperature per
time of the handled liquid is greater than a predetermined

value.

10. A pump unit for being used in a system,
in which a temperature of a handled liquid is changed depending
on a flow rate of the handled liquid, the pump unit comprising
a pump for delivering the liquid, a motor for actuating the pump,
and a frequency converter assembly including a frequency
converter for controlling a rotational speed of the motor;
wherein a temperature detecting device is provided in the pump
unit for detecting a temperature of the handled liquid, the
arrangement being such® that a signal of the temperature
detecting device is supplied to a controller in the frequency
converter assembly for controlling a rotational speed of the
pump by the frequency converter so that a flow rate of the liquid
is changed depending on the temperature of the liquid or the

change in the temperature of the liquid based on a predetermined

control program.
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11. A pump unit according to claim 10,
characterized in that the flow rate of the liquid is changed
in order to keep the temperature of the liquid substantially

constant.

12. A pump unit according to claim 10 or
11, characterized in that if there is a difference between a
preset reference temperature and an actual temperature of the
liquid, then the rotational speed is increased or decreased,
and if the difference becomes larger as a result, then the

rotational speed is conversely decreased or increased.

13. A pump unit according to claim 12,
characterized by a switch disposed in the frequency converter

assembly for changing the reference temperature stepwise.

14. A pump unit according to claim 12,
characterized in that the reference temperature is changed

depending on the temperature of air around the pump.

15. A frequency converter assembly having
a frequency converter enclosed therein for variably controlling
a rotational speed of a motor pump, which is used in a system,
in which a temperature of a handled fluid is changed in accordance
with a flow rate of the handled fluid by the motor pump,
characterized by a frequency converter assembly being disposed
on a pipe, and a temperature detecting device for detecting a

temperature of the handled fluid by the motor pump, the
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arrangement being such that a signal of the temperature
detecting device is supplied to a controller in the frequency
converter assembly so that a flow rate of the fluid is changed
depending on the temperature of the fluid or the change in the

temperature of the fluid based on a predetermined control

program.

16. A frequency converter assembly
according to claim 15, characterized in that the flow rate of
the liquid is changed in order to keep the temperature of the

liquid substantially constant.

17. A frequency converter assembly
according to claim 15, characterized in that if there is a
difference between a preset reference temperature and an actual
temperature of the liquid, then the rotational speed is
increased or decreased, and if the difference becomes larger
as a result, then the rotational speed is conversely decreased

or increased.

18. A frequency converter assembly according
to claim 17, characterized by a switch disposed in the frequency
converter assembly for changing the reference temperature

stepwise.

19. A frequency converter assembly according
to claim 17, characterized in that the reference temperature

is changed depending on the temperature of air around the pump.
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20. A pump unit for supplying a handled liquid
to supply the handled liquid to a water treating filter having
different resistances to the passage of the liquid therethrough
depending on the temperature of the liquid, the pump unit
comprising a pump, a motor for actuating the pump, and a frequency
converter assembly having a frequency converter therein for
controlling the motor to change its speed, further including
a temperature detecting device disposed in the pump unit, the

arrangement being such that a signal from the temperature

detecting device is supplied to a controller in the frequency
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period (AT) at a plurality of (N) times;

shutting down the pump if an increase in the temperature across the predetermined

time period is greater than a predetermined value (At) at (N - 1) times; and
shutting down the purnp if the temperature of the handled liquid in the pump, other

than the increase in the temperature per time of the handled liquid, becomes equal to or
higher than a predetermined value (t).

22. A pump umit comprising:

a pump;

a motor for actuating the pump;

a temperature detecting device for detecting a temperature of a handled liquid in the
pump; and

a control circuit electrically connected to the temperature detecting device for
controlling operation of said motor;

wherein said pump is shut down if an increase in the temperature across the
predetermined time period is greater than a predetermined value (At) at (N-1) times; and

wherein said pump is shut down if the temperature of the handled liquid in the pump,
other than the increase in the temperature per time of the handled liquid, becomes equal to or
higher than a predetermined value (t).

23. A pump unit according to claim 22, further comprising 2 frequency
converter assembly for supplying electric power to said motor, said control circuit being

disposed in said frequency converter assembly.
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24, A pump unit according to claim 23, further comprising an outer cylinder
defming an annular flow path around a stator of the motor, and a terminal assembly for
supplying electric power from around the outer cylinder to windings of the stator, said
frequency converter assembly being disposed near said terminal assembly on an outer surface
of the outer cylinder, said temperature detecting device being disposed in said terminal

assembly.
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