;e3e{vvwdy: y0&{ 6\ { T{ 2DESCRI PTI ON FLUI D MACHI NE 12 JUL 2002 Techni cal
Field The present invention relates to a fluid nmachi ne such as a punm) 9 700
the like, and nore particularly to a fluid nmachine which detects the =~ """~
tenperature of a fluid being handl ed, prevents shut-off oper gti np
or the like, or changes the flow ragesegrpFgsgure of the fl u%\‘“ﬂﬂmmmmlhe
detected tenperature of the fluid being handl ed. Background _£§gally
when the shut-off operation of a ppiprhsug@afinged out for a |ong p&ri'od of
time, the punp causes trouble. Specifically, since the liqui i | ed
by the punp is expanded by a rise in the tenperature of the mwmmmumm“mmﬂL
punp, the pressure in the punp increases, resulting in damage to,}l&« Punp
casing. It is also known that whepedineib@n#ieshdi quid i s evaporated and
atom zed, the service life of a nechanical seal and a gl and packing is
reduced. If the punp TgeoOfprauemta igivamiivhe ddiaitdshecdandfedili qactiing used
to lubricate bearings and cool the notor, then the evaporated and atom zed
liquid al sguceduces pumpsenvithe |like ofandheocleapangscaddrietowotorfluid
Heretofore, if the shut-off operation of a punp is unavoi dable due to

syst em r equacérime syhiibén déteéass besre castperayutre pobdt ect filhedpubpingt h a
relief pipe or the like in the shut-off operation. 1 ~2 ~ UL 2002 Y
However, whemdles ,r gidesfergipeshut1affl oparataypracy denpalp yobr thg abéet
shut-of f operation due to a rustbased clog in the relief fipe or erroneous
operation OF tHeenggsethe fhewr &ptef ofi prespadE iaf ¢he of lptddbafRg €8oling

water with a cooling tower and a circul ati are continyously operated
irrespecti$QQNdQﬂﬁ§£ﬁ§ﬁ%?%Fﬁﬁéq§F Pﬁetﬁﬁqggﬂggggﬁlaﬁtgﬁnégﬁ§0ne nmor e

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, r hut down when the
?ﬁbu t A ALt

tenperature of the liquid falls. is systemis a better energy

saver than the fornmer daeirhitiyes yhen e At IS SURR Yatlesh red §0ghnpg
wat er because the tenperature of the liquid varies depending on the

tenper at ur g sseddFNpsd f eatt Yo Y Din@ngepiddt be tdigiayostied . phipt kA usaRge i n
which the tenperature of the liquid is variable is reduced, then the above
uni ts need troubd est ar Specarfdcsily ,desmaerehé r éqgent! \peinygl handkegdubfyer

mai nt enance probl ens. , )
the pump is expanded by a rise in the temperature of the

liquid in the pump, the pressure in the pump increases,
resulting 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. 1If 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 1liguid also reduces the service 1life of the
bearings and the motor. Heretofore, 1if 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.



Di scl osure of Invention In view of the above conventi onal problensqzimtwﬁ a
first object of the present invention to provide a nethod of preventing %e
shut -of f operation of a punp for protecting the punp fromthe shut-off
operation, and a punp unit which enploys such nmethod. A second object of
the present inventi onH@)@e{,@rEr QHAE tRef Irléilqe@ac‘gi & Wi chsLgcogni zgs, the
tenperature of 2 12~1UL2002., . aflud Itsel f and enpl oys the

reCOgni?edaE@EH%h%B§&9iﬁ}ﬂﬁgﬂéﬂdﬁﬁié%hﬁ“éf&tEgeiéeﬂbﬁaHﬁeO&opQ§$§H§€—0f
the fluid to allow the entire systemto save re energy. To achieve the

first objephsdgsenioled Akgue, rdnier MRIMOGOf e PFOYVENd NSkt 1 Of fo PPERAL T ON
of a punp accordingto a first aspect of the present invention, the

t enper at ur ga0feacandkedehiiatwi gipa.the punp is detected, and the punp is
shut down if an increase in the tenperature per tinme of the handled liquid

is greater than a preggtelitned viedreprbdeerdigngcéeline hiatslr agpeat of the
present invention, the punp is reliably protected from shut-off operation.

When the pupplisgopevaeed aadmabkl ycirtuiboihd nptmpe aper atedtinuetasdy. In
applications for circulating hot water, the tenperature of the handl ed

| i qui d passprgatlkedolgiresipective ey tder upnpechange &S the theqdibd ) oandg
case. For exanple, at the sane tinme that the punp is actuated, hot water is
suppl i ed fpéivea keasumsumeseorlgcsudci pawskdeharorepedv@riti ng the punp from
being operated in error, in_a nethod of Ereventing shut-of f operation of a
punp according to a sERBRE ASpaifCoR FHETPReiBNYNLIANHPMONUNHLE enbefat ure
of a handled liquid in the punp is negsured in a predetermned tinme ( DT )
at a pluraPi fpTofaNd Nt )PEPReSE, 23 f@CtHR ISy FHR WRHPESY arhehcERSse in
t he tenper%tur% a%rgsso%h% gr de%grn&ngd tige i%ﬂgreatgr th€n a h
pr edet er mi REFPTARTELEF PE) T8 (N f) thBs. e THEY hBHS a2D q?ﬁﬁntg tHe
second aspefl RleniRFaRuFeCWr RPN SrHARAD! erfudll RN | 8Ps LB RUIP

a better energy saver than the former facilities, it may

fail to supply desired cooling water because the temperature

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



1 2 ~U. %a~l being operated in error. Specifically, the tenperat relﬁf
the handled liquid is neasured N tines, e.g., six tinmes, each int g“’ 2007
predetermned time (DT), e.g., 1 mnute. If all the tenperature differences
between first and second neasurenents,” sécond and third nmeasurenents, third
and fourth neas nt u ifut sy, t ’IQHQ i Si X

neasur ement s arjléICE S@o?% Fggerg?lat %@glioh/g I&&% |$O?r;1r§{}ec%iiovm.. eﬁja{ﬁ}sea%anner,

even if ”?:f‘ootxf‘dﬁ'l_f}?a[@fc‘{&{ & Py LOke hf‘?&'%ega'tbq&%%dp}g%s%ﬂ?@g%? (t'h%crﬁl%signd)to
transiently 1'n normal operation of the punp, e punp i s prevented from

bei ng shuty GORN dHk &IAOre |, XL d & RE BV &rddigy,ar adi ent of the

increase in the tenperature “of the handled liquid T the punp, it is

necessary to measure e, IR A & Alsd EASfe ACTRSDOribet aRRIOr & pnd
after, the predetermned tine. Therefore, it is tine-consumng to recognize

the gradi edciRiq the ppeveasenynshiie-berrepatrdteotfl ofhe R afbdd o kh
However, if a shut-off operation of the punp occurs while the punp is
operating tf 4 heidppernsbebtt o8f thiee gremerative itangs GO rthnget Lo PrdTp
specifications, then the punp needs to be shut down as soon as possible
because t hef tempeidled el Dduidein ithe dourmp the Patgrtexdceadsd e spag fication
range in a short period of tinme. In a nmethod of preventing shut-off

oper at i on sifuta ¢asmp afcendingreesa tihi riheaspaperatutrkee ppresdmte iofvetiie on,
the punp is shut down if a tenperature of the handled liquid in the punp,
ot her tharhanbledckieansediis tdreat@paranre pradetermined) value .10Q2 ti me of
t he handl ed |Iiquid, becones equal to or higher than a predeterm ned val ue
(T). In this manner, AIRCKUAY | $opr bhect BHTS | oASPFTer PAg Fhe apereent

probl ens. A punp, unit according to an aspect of the present invention has a
burD, & MOSFETORO et (R4 ngURRe HamEe LA PEOSFE thE: oEX PRy St L F or

detecting the tenperature of _.a handled liquid jin,the punp, and a_.co ol
circuit eloe'%%rralltcr?rfy cgﬁlﬁaenctter(ljetgmt“ﬁe Jtsen%%er'%?%er% H%F@%ﬁ)}ﬂg ddvieeY

control li at,l f. 4t : wherein t i ; Ao | n

i ncrease ir}%ﬂ?ﬁgét%h%gﬁgtegr gﬁ %Ice%{:rt'ed E/l t ltlgrarggggtsur%éﬁggléctl ngﬂ%negi ce,
per time ofott hgahkerdl eghdi quinperstareater than paddrdet efghned yaddieng I n
this invention, the punp unit has a frequency converter assenbly for

suppl yi ng etesidh c thewesuri® mhg raMraiptliyhecBangeolasci 11 uichebef S0 sl Sppsed
in the frequency converter assenbly. Recently, there have been used punp
uni ts havigrpe- punpora emanple andta thequeamsy tomeerthat (itineer pemp timt are
integrally conbined with each other. These punp units are products that are
primarily FEHYrRY adodn MRy 1§aIPP1 LS UEKCR punpeahi tSOUWrInpPBr & ure
detecting device is, disposed in a punp casing, and connected to the control
circuit iri{FHeg? Aty converter assenbly for protecting the punp from

shut - of f operation. Eﬁ ?R%QeeﬁffH%eQﬁ%aCﬁ?%@{%?%mhqﬁ%ﬁ% ig %%%t%grt%%oring

and processing suppli‘e orfation to co an ou sIgn:
motor, it dsreAsY iho £r Aktfibal Ur PHEBYBY¢iREOWHABE S NEpGF AL SR oF Lhe
Increase in the 5
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 in 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



1 2J UL 2002 tenperature of the handled |liquid, as described abo .Ul 107
Accordi ng to another aspect of the present invention, a punp unit for =~
shutting dowmn a punp after a shut-off operation of the punp when the anount
of liquid supplied fromthe punp is reduced, characterized in that the

t enper at ur g 9f, aoﬁggg{gg Lhouigofn the punp is detected, and the punp is
shut down |? aﬂ Ihcrease In the tenperature per tine of the handled liquid

is greater than a pregeiefpidem yal ugne | neofgeratr@chiever e ghoyeegecond
object, a fluid machine for deli'vering a fluid according to an aspect of
the present;hRygntisOnmesbaraet T izigtkd N £hQt, asfikow e, OkaPhesSsUrendf the
fluid i s changed depending on the tenperature of the fluid or the change in
the tenpergiupetetmihedf | tife baf@ﬂ) on & Jredat eminagd.contrel prografe In
the fluid nmachine according to the present invention, since the tenperature
of the handkfgethtidei s IEFTFPHtR@s andbéthedd OW Fatetor RMASSUree®dnd he
fluid can be changed depending on the tenperature of the fluid or the
change i n mbestespenasyr eseéohfie 4hdi dthihé emnesgyrenasteed byitde anveral |
system can be saved. In a preferred aspect, the flowrate or pressure of
the fluid Esurhhngedasnremertsi o kmepctt handenfefahur seasurbeehtsi d and
substantially constant. The flow rate or pressure of the fluid is changed
by adj usti igftheandt stixomslasspeagnss tahe 2°@ ¢ rracighes whiledn ishen pump
turbo-type fluid machine. In the fluid machine according to the present
i nvention, 18 sdugetdqwt er eAbe théigpdianigle foyer haff (thied tenmeratpre gL
~~02 predeterm ned, and_the actual tenperature of the handled fluid is
detected byPEhIAHRS atdABidet ¥et CHGPIEH cE1NFFeRtRAL (L aRSdePtdYentl
between the reference te era%ur and the ﬁﬁtual tengerature Qf&%hf fluid,
then the rBPEPRINSPTEES bf Ot hd ' P Y RrachRe FWR ntt edd&y Bt ect £38ed to
reduce the,di.ffe e n reference tenperature and the actual
tenperaturgg%PBtEEH?ISpgﬁmggcg%gﬁﬁg to a preferred aspect of the present
invention, a fluid na@hingragrcheeaCQ%kbﬁ%quy & pRUMY il e fROMMY £ Si e a
punp, a notor for actuating the punp, and a frequency converter assenbly
for controlihtigakBe 1Mt ehet A ctipIGR urles speede Huhded heigehar ast ech@ed by
a tenperature detecting device disposed in the punp unit, the arrangenent
bei ng suchpuhat atsi gwaheteernthe ticenpeasai e etblet ¢empergadeveceat slsappl i ed
to a controller in the frequency converter assenbly. A switch is disposed
in the freg@enEy cohvert erbefyEenbpPdf orfERBNgitf t PEedeterappedt ehpeeat ure
stepw se. According tQ an a;gect of the gresent invention, a tepperature

r

detecting ABGFEECFEr dbt &€t FhGCTRENFUAERIaFOr BCEPIRTFE | SN cphrdteRy OF
G oposed L hteaLLy S RGe, BRdr RS 3Pt sl ehgspcheTpetELLe I
O 0 SEHASEe, L T SpRLELE Y Bkl L0t D pespen A appised (1
to save NDE@eeRARNGY -isBdRirase i itk Afpdd@vi St ©f 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



1Z~;U~_~@01 FIG 1 is a cross-sectional view showing a first enbodipent of
a punp unit according to the present invention; FIG 2 is a schemalicUl 00
di agram showi ng an enbodi nent of a fluid machine according to the present
invention; FIG 3 is a view show ng anot her preferred enbodinment of a fluid

machi ne acegpdi Bg kAt hanRNRILNt qUIENHEndd Gt it & Neigh&t evdd onal
view partly in cross section and 4B is a side elevational view, and both

views are ghgpduridatdides obalhe davice shpwehid hdaned, Hke gulmg ais

cross-sectional view taken along line V- V of FIG 4A; and FI s a

di agram shpwbBgcaadenbesli septewhggechbeapseseptoblesiion is applied to a
wat er treatnent system Best Mdde for Carrying Qut the Invention An

enbodi ment of a punp Anpémpceniti Agctodihe s eseNEsHOYENST OPhaM predent
descri bed belowwith reference to FIG 1. FIG 1 is a cross-sectional view
of a fullcincenteoantiad &l pumpt oa puwtprasfen eydditivgt olie apgumpp uni t

according to the present invention. The full-circunferential flow notor
punp has atpmppreasragdbteatdannetewniter f6r hdesed tiingt heheputempasatgrd, and
an inpeller 8 fixed to an end of a main shaft 7 of the canned notor 6. The
punp casi ngfl xompnidded ahiguidr i the? pgunp,~ ad@2 a control circuit

electrically connected to the temperature detecting device

for controlling operation of the motor; wherein the pump is

shut down if an increase in the temperature, detected by the

temperature detecting device, per time of the handled liquid

is greater than a predetermined value.

In this invention, the pump unit has a frequency
converter assembly for supplying electric power +to the
motor, the control circuit being disposed in the frequency
converter assembly.

Recently, there have been used pump units having
a pump, a motor, and a freguency 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 fregquency 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



cylinder 2, and a suction casing 3 and a di scharge casing 4 which B 8u1 200
connected respectively to the opposite ends of the outer cylinder 2 by -

casing flanges 61, 62. The casing flanges 61, 62 conprise | oose ring-shaped
casing flanges by which the suction casing 3 and the di scharge casing 4 are

fixed to thempetatud¥ ofdeheZhathecauUlehuell i AdedederibagSHEEyON Casing 3,
and the discharge casing 4 are nade of Sheet netal such as stainless steel.

A bracket 45 is mount gdcepdangouter Gncewerer enidedlt swf acenof phesenter
cylinder 2, and a frequency converter assenbly 50 is nounted on the bracket
45. The fragyeneyoaqnver bampasserdl ¥ob0 gamimesdawhase #mpt taahad Lo the
bracket 45, a cover 47 attached to the base 46, a frequency converter

(i nverter) sh@tswEfounsiech thyor hefbate: 4puapdwhied cthver ahidunandh B CogtLa
circuit 49. The frequency converter 48 and the control circuit 49 are
connect ed tsappddedotfiten hjeapsimgnak kiedec8d, therbraekétedSiandhtbethase 46
have respective hol es 45a, 46a defined therein through which the canned

not or 6 andemperbreageendy achandiedr 148uadeiel eher pumpl yscdrhected, t andach
ot her by | eads 82. The bracket 45, the base 46, and the cover 47 are nade
of a good hé#& peowduct cthwdf davimi vummal lngredie tanhked hemnpersteveappeses a
stator 13, a notor frame outer barrel 14 disposed around the stator 13,

mot or frandified@fpltheshandled hepdéd t6 PFERt@FdstIvAn t wepHBdeEermnanedout er
barrel 14, and a can 17 fitted in the stator 13 and wel ded to the notor
frame sideVpi¥Ces 15, 16. Arotor 9 1 2 ~ J! Z®02 18 rotatably di sposed

in the stator 13 is s?rimﬁéétted over, t he in shaft 7. A aqyular space
(flow path) 40 is deffRedi5Etweth Fﬁglﬁﬁfeortq‘?er aPRO Bt é"lecﬁéi‘grec? I @nd?t he
t i . 2 i d . f i di i d ially._i dl
out et €1 | G2 g P TAI A L U0 2Ll gl oLy olpacdly
i mpel | er 8 s UKL ddh@n dyRr; GRS th deecddiailz e ] X@ghd 0 Bfoguir9€e

menber 11. A seal "nenber 85 is disposed on an outer circunferential portion
of the gui dg nmprbesutd. bEnethéi ngBuid are MHEMHPRE OlcpRRRIingndsnof thhe
guide ring 11 and are slidable against a front surface (suction nmouth side)
of the inpeldmper@tutieecifnnde casidgoi2the shbayantinakhy denpesbhaped amd
covers an end of the main shaft 7 of the canned notor 6. The inner casing
12 has a guihge fdanidcbased oonpr bsedgtargundd 9anmtrot povdaramfor gui ding the
fluid discharged fromthe inpeller 8 The inner casing 12 also has an air
vent hole 12b definedIPn BPqi fluadd thsebie ACFOrRilRgl BAs&N®D PEeEpREd to

th t f. t b | .14 b | di.ng. The | eads, 82 ) d
[rom the cOPVEREASPHe RN FPam TR Dok eP 14 T, BOGA FHo TatiA naF chse
20, d dt ' 48.1n,t b
46’ and t ne S0 T S he Kol o dbat Y RoL RS BF SERRE S5 fand T n-tEdd ERcenge

hol e 46a i el ke hasd 4fpaHha U W INdRSeatha% & holke 281 @af | Bedehber i n
in which the term™nal case 207 s inserted.” The term nal case 20 houses
therein a idhengestior thle asempelfdture of the fluid, the energy consumed

by the overall system can be saved. In 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



12 .~UL '"tCul tenperature detecting device. The therm stor 51 is fixed
in position by a rubber bushing 52. The therm stor 51 is connected 1 & Whell
control circuit 49 by a signal line 83. Bearings and associ ated parts near
the inmpeller 8 will be described below. A bearing bracket 21 supports a
radi al beabk@&e@%rﬁ@ﬁeé,f'éﬁﬁ theusicbeal | Remddratheer a8t altReanhng1éd has
an end face serving as a fixed thrust sliding nenber. Rotary thrust
bearings 2423 ags rddeddrddrppt thki @leﬂl?_eli‘ﬁlﬁ’@@és Rt a1 FRO SR ik .OppPsi t e
sides of the radial bearing 22 and the fixed thrust bearing 23. The rotary
thrust beathBge24si & fdXefbidhce thetisgdendi Site 26efdaénds fénpdriOutdeanain
shaft 7 by a key. The rotary thrust bearing 25 is fixed to a thrust disk 27
that is fixpd tarddel neempeitattiré byr atkey.fIlhiel beaneng teacketaionsl
inserted in a socket defined in the notor frane side plate 16 with an
Oring 29 ehean edBstorerflubdt aaicdinent &6 pased dalzeidebet weriereA stideeve 31
serves as a sliding nenber against which the radial bearing 22 slides.
Bear i ngs amddassoctih& etl ffsmtenaeetdtevdarontlidiere feediacs Bempétatberelesndi bed
bel ow. A bearing bracket 32 supports a radial bearing 33. A sleeve 34
serves as ahsl aditnglntebperagarasofwbhhehfinédradi al bearing 33 slides. The
sleeve 34 is held against a seat 35 that is fixed in position by two nuts
36 threaded over a thPReggediead t¢f @ahenedierredafaspectrhefbddys npresaeket 32
is inserted in a socket defjned in the notor frame side plate 15 with an
0-ring 37 &RAVERAtdPAst chekltidmachinpe isychazggserarsri &Y ihtRiPoseyit

t herebetween. Stays 43 are welded to the notor frane outer barrel 14. The
stays 43 aFEMPEAEA"Eo & hBUBHL eP YPTRHEEro3 B A Gy, tifie BERRNG bt Br 6

is rotatable at a speed of 4000 _rpm e by th eguen converter 48
hat _convertSoPRECHT CURRey O & SamasY o1 Ca o LA pahe: R  Eonco a
hi gher fre YW | rg 0%7| I L : he, dLs Lng 4
by el di g TRt S S P e oE T e T70 Eatpr See Gt bandl oY AosbaPeRaviEe e

| arge out sidec@i-anBt fevar@ Ailsygedvall tid ckigssunipe €hechargfqbpéste 70
is made of stainless steel or the like which is the sane as the material of
t he punp caeiing, @uchhashzet f aondiemal f Feemsetié NG aperaterld ndesacting 70s
for mting with a conpanion flange (not shown). A discharge flange 71 fi xed
to the disdearige ndsz|l sutpliissdrade ofa a peanerdéhblexi f imr ehhef r 6neghency
material of the punp casing, e.g., cast iron (FC) or the like, and is

t hr eaded o¢ERVEREed YnozzP eSYBLChs IShslWFHOS e GN 1the hérgayenayge

flange 71 has an _upper portjon partly beveled, An installation leg 71L is

i ntegral | yCPBVRERCON FHESMRLENSPge THARTLIT L EOR FrERAEDi ERUBSERBEES2 has
a distal egqehugg%ped in the discharge nozzle 70. A plug 73 is renovably
attached t6 the préssure pickup pipe 72. The pressure pickup pipe 72 is

mount ed on the di schapgeothangerdl 3 ddpedieVst egh HOstLsoR: Ovhyght 2bhgnnent
with a maxi mum out si dedi ameter portion thereof. Wien the plug 73 is renoved
and a pr esgukempaga thy cdidedelednyo dehg cer gsgunetpekdy PhBetéhperature
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



12 ~z~a~~002 the discharge pressure in the discharge nozzle 70 can be
measured. As shown in FIG 1, a suction nozzle 74 is fixed to the sjuttijomm)
casing 3 of the punp casing, and a suction flange 75 is fixed to the
suction nozzle 74. Aleg 75T, is integrally fornmed on the suction flange

75. The discharge fl apge, 71 agdat ke-oscisicen ihange; idy havsy ol sa deirst
di aneters greater than the inside dianmeters of the casing flanges 61, 52.

Oper ati on ghbbhgmbrt! - ¢ifr cunf epens | ahnit owarebed ipynp tshownd N Fr&sedt Wil |
briefly be described below. The fluid drawn fromthe suction nozzle 74
connect ed tavtheisue¢tion casing 3 flows through the suction casing 3 into
the annul ar flow path 40 defined between the outer cylinder 2 and the notor
frame outer barrel 14Fp6.theé carsneda nosohefiatpassed aglramughsidweirannubar
flow path 40, and is guided by the guide nenber 11 into the inpeller 8. The
fluid di scekabgddmeéntm ¢he d nfdlidr Bathome tdvoughindie tgui dbedepresetfa,
and is discharged fromthe di scharge nozzle 70 connected to the discharge
casing 4. Lnveh&ipnesent enbodi nent, the therm stor 51 as a tenperature
detecting device is disposed in the term nal assenbly of the
full-circunferential FI®w ndt oispuap, Vaed fiRkeding paspthen bprekerredber
bushi ng 52. The rubber bushing 52 is effective to_reduce the heat of the
frequency EBRPEAMERAt48Cfr ahsHilied PBChhBet RFIREIHIY 510 ThELef BEESCRRe
tenperature of the handled liquid in the punp can accurately be determ ned.
Since the t8VAPR&PNassenbly is 13 12 J UL IQU-

FIG. 4A 1is a front elevational view partly in
cross section and 4B is a side elevational view, and both
views are showing details of the device shown in FIG. 3;

FIG. 5 1is a cross-sectional view taken along line
V - V of FIG. 4A; and

FIG. 6 1s a diagram showing an embodiment where
the present invention is applied to a water treatment

system.

Best Mode for Carrying Out the Invention

An embodiment of a pump unit according to the
present invention will be described below with reference to
FIG. 1. FIG. 1 1is 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



positioned internediate between the notor stator 31 and the frequency
converter 48 and faces the flow path, the tenperature of the handl éd Juld0§2d
in the punp can accurately be detected. The present invention is based on
the fact that the tenperature of the liquid in the punp abruptly increases
in the shutypiddeperat haa af stibe ipuMeasang Shung GoWi stdhe e adierny the
gradient of the tenperature increase is sharp. Specifically, if the

t enper at urghidier s ecPrhictt 8@ +EsPecPEVely Nt ethd Apyeingld GandoDMWHE i S
shut down. Therefore, the punp can reliably be protected. The term nal case
20 of the éetar nalylassrl g ilsy medeinly nelahgdd hien ,sheer of TheaiddLiasg
steel), and can well transmt the tenperature of the handled liquid in the
punp to thelamgesi 61or 631 compiriie et dovismalr icaseha@pedTha stimer nilsinayesS oyt hus
installed with such care is electrically connected to the control circuit
(board) 49hihch h&her equenicon comyvird e assientiley &lsdlmargel cablipgpreveard i on
of the shutoff operation of the punp. In the shut-off operation of the

ful | ci rcunf bxedt tal thevwwbeorcplimder hd .t erfpleg avwter ot yl hedrandl,edthe qui d
in the punp increases with the heat generated by the notor as well as the
heat gener3¥@Ei®y CRE PGS asdbfblbhe ABisFhargnecadbbdi fendrehdadei I G

1, the frequency converter nounted on an outer surface of the

ful | ci rcunfeehtTatat | svrhoedrsbubpl S e3¥2R%Y i vel y cool ed by the handl ed
liquid in normal operation of the punp, but the heat generated by the
frequency converter i% alREAt¥&hsfet?ed 19 tH%O‘Hhtrqut ed 91 quid? TS or e,
the tenperature of the.l4 1 J U.i. 2002 handl ed |i,quid_in,the

full-ci rcucﬁr*]é?%lﬁf?ra nﬁ.%QN n%"froécp%nﬁfi sgﬁSreOW%ﬁ)l é"ytlg'rﬁdﬁc‘fr edse %n 3 he
ordinary p ' e - Qf f i-an. = fharef 4 A Lahl tive
to prot ectygﬁ%ﬁgﬁé v?nf%t %trﬁgrm%%ﬁﬂoﬂp?gvgﬁti%ﬁthéé s(lﬁIEt Egg}%f %rp%% 1 on of
the punp aggor drng f%&;hén@yeé@mewa@nssQ&nbﬁgréme&wﬁsééﬁ% base 46
full-circunferential flow nbtor punp shown inFIG 1 has its punp assenbly
and notor gpeschée® 8b hheghbzperdtand,r eduer@r B 7Siazd sk eihe dusgh Ofbdde
frequency converter. Since the flowrate of water in the punp to the anount
of work doh€, by tfreequempdynotonvantet hg ivegaengy 4donserteundsd r eyattihvel y
smal |, the gradient of the tenperature rise in the shut-off operation is

| arge. ThebaFordfb tand pEbgefOvervém i oand s ap@antagilardir afftectPve iThe he
full-circupferential flow notor punp. Jt is inportant to shut down the punp
for protectf SRR nsTORERT bFT t h"ge p @RS aths gGPAtFeMpefRETrEs ot sidfefits
specifications a | as the shut-off operati.on. erefore, if the

t enper at ur%o%?e?ﬁ%‘g\ﬁjﬁ%d?%aﬁl?%?ﬁ R et %IE%% bYi& e t hermi stor 51 falls
out of the specificalypn paggger! SN Lhe €AB! AlsLl [EULLVED JdLidiftive

frequency converter asse y 50 shuts down the punp. The proce

recogni zi ngo18e WY - olibaopgepinan Razadion theowdRdi@llenof tRet vl Ure
rise is also inportant from anot her standpoint. Specifically, a water

suppl y appastedus geaedal tye emleapenaypr OCRSSr0ér Bt t ang davecttiecginp W th
a flowswitch and a tinmer when the punp is used at a low flow rate.
However, té¢d¢mnecbedssosgaadr sotther pbpbleadsef 82ndueTheabratkebnidact sthof t he
flow switch. 15 1 2J UL 2Q02 According to the present invention, since
t he cont ack?@8s4f hePhfisthe SPVes dde@neo Ndce@f tth@opdadieatt asnductor
tenperature rise of the handled liquid in the punp for shutting down the
punp, the Pf REEBIRERORHLIPY-to the present invention is preferable froma
durability standpoint. In full-circunferential flow notor punps an

d
hi gh- speed, snal | si zeT}b%n%%’}n?q’lé“‘ﬂ?%i rﬁ‘?‘?ﬁr_JaFetserﬁ)esrtfi’ttL?rre sé@ Y He
hand ed 11 AL C30¢ 85 RE 49 ELEhAS  hrdindNEhR bRakDE St oo
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



Based on the above function of the therm stor to detect the tenperitﬂgﬁ#@k
the handled liquid, the flow switch used in the water supply appar g -

be replaced with the therm stor. Specifically, if the flowrate of liquid

di scharged fromthe punp beconmes equal to or smaller than a prescribed flow

rate, thenjgi peeathplyeanepateneciff theshangleds! { §usgrisklnct €asedvet he
tenperature rise is detectéd by the therm stor to shut down the punp. In

the nethodtpk pEeMentshagtt he, shuknof inQPEs At ispacel arpPewp Raaoy ding i the
present invention, as described above, the tenperature of the handl ed
liquid in gbeipuap néerwiedrectad, mihr f faamenchease bartrbe terpenat ukge of
the handled liquid is sharp or if the tenperature of the handled liquid
falls out ofitehecgpeadkircati on range, then the punp is shut down.
Therefore, the shut-off operation of the punp can reliably be prevented
fromoccurring. An enbodjuieet némizerf | Lld fivac hjuwisd Bogoadifigitd +aeipr egent
invention wll be described below. FIG 2 shows a cooling water production
facility 16nwaidPy~jid. RPeld bgnyrhesimygtar cdohmag stickserpbance aléi rocful @hé ng
punp (punp A). A cooling water produced by the facility is supplied to fan
coi | unitscaopeidnwosabked-i nThar ivpel peacsis nhauped | th ngn 1diney eapimp B.
The supplied cooling water cools roons in the building 101, and returns,
with its tédp&haturié ifiorehstkdl, the auideernerhak 103 i AstsAdlednenhat d@s of

t he building 101, e.g., on the roof of the building 101. The punp A
corresponds®t §1FRESEALPE ABCAPRETaELBFEMAGTEBE AL PPESEMR PhveRei Ridghe
water in the gateﬁ tank 103 is delivered under pressure by the punp Ato a
cool i ng t oREP°%55 ﬁaving a fan 104. After the water is cooled by the
cooling tower 105, it.k r e t 103. . r. tank_ 103 is
supplied with nmake- upL&g%gr Eiﬁggoﬁgi r?\g,]i@et gﬁ?%g@%dr e(grgntl}ggg\l;\g%h%gn,o?nt%gder

to achi eveghhgesecond abj eghgdesed | @qq.d%l%(i\é&aé? nftuifd gRefines {Palce

conprises the punp Alis arranged to change the ow rate or pressure of the

fluid in itsuepesat neatdependingrobhbhembeeragur erpé theef | vigigg ihe
change in the tenperature of the fluid based on a predeterm ned contro
program The atubangentntl 1gf ddwefshaipddreatd neowetd be dascrifbethdehoin | n
FIG 2, when the flowrate of the liquid delivered by the punp A increases,
t he cool i nghaftedt of the cadheAgmpPoRsr 6105 The i henensedsiand lReres tae
tenperature of the water in the water tank 103 is |owered. Cenerally, the
capaci ty ofUif8 pFPL2Ei d%Se| EEFRALAMEE £ nENdAR | FARE eWof VOAETLEGI g@rof
t he pipes and . other factors. [As resyl the flowrate of the liguid in
dai 1§ Oper ARGRIBehBE FotbicghacAatasy begnene Gibelt et | o o iher
temperaturga08nneawat 6 hast B WRLeEohanko10%: s ALAPLE, o, Pe {Quer,jhan
necessary. According fo the present Invention, e TTow rate of the ?|qU|d
t hrough thengpBBfA is controlled so as to be constant when the water
tenperature is about 32C (reference tenperature), thus reducing the power

consunption by the pusptlArminal case 20 is fixed to the motor frame
outer barrel 14 by welding. The leads 82 extend outwardly
from the coils in the motor frame outer barrel 14 through
the terminal case 20, and are connected to the frequency
converter (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 FIG 2, the punp A, the punp B, and the fan 104 of the cooling tloé¥ 265
are also shut down in an initial state. At this tine, the water tenperature
is 28C, for exanple. If the building needs to be cooled, the punp Bis
started to be operated, and the water tenperature gradually increases. \Wen
the water tempriralture axeeedsnyhacketereneget enpenatepre 6326, riheqf an 104
of the cooling tower 105 and the punp A start operating. At this tine, the
punp Ais %@%ri&ti@ih apy a o ekabbuel ybdstMrf%t 8bi onalrhepeeler®i Stor @ 510t @i onal
speed which is 60 %of the rated speed, by a frequency converter (inverter)
106. The faeni4teld thet@eokbRgrbowerr&Q%tand b{iea pHiPnél CONHE NgI®, oper ati ng
for 5 mnutes, for exanple. If the water tenperature drops bel ow the
reference tenperatureBabtengd ahlutesocibesdt perpsinpedri sheonhpauves! y
operated at the same rotational speed until the water tenperature reaches
28C, for ewddipl be desortibedwdedpwtenperature reaches 28C, the punp A and
the fan 104 of the cooling tower 105 are shut down. If the water
tenperature further iAcbeasésgabrerk8tn?husepporhenat hedial abeanahgspred of
the punp Ais increased. At this time, the punp Ais operated at a

rot ati onal agWead fiaxiegh tihguss Weof inge28at e@hepeadialobeading122 haglLan~QZ
exanpl e. By thus conparing the water tenmperature with the reference

t enper at ur &Ndn TA&E SEMHILRS o fddgedndhirastl ¢ ldisdmge AmbR nt aRat e hg
rotational Efeed of the punp A,_the tenperature of the cooling water is

kept at ab&Bfu§icPedrdngfe Jfones® cBhsEMAR TR IR heS bidina nelbery asca

m ni mum required. In _a systemfor, produci hot water, unlike the system
shown in F?léSpf,setdhémc@rﬁﬁpﬁllTﬁroggﬁ‘gﬁﬁ iogatrr}?%nrgae%“va\gu%eﬁmg t4e B4 atPGnal
speed of t i d en r.t ture i.s | eased,
and incr ea?g&%\lﬁq&nﬁ% SZC \j\‘g%ée]?ﬁ?‘grr%g?at uérlgeei %\@#%ﬂ%r gg_?ﬁ%gr %ée%alfﬁ%]]gerbc{ h%gwat er
tenperat ur g jixS4eN A RN 1Yk AU NG N0k 1t &6 Cafe B [RI B 2Fpeg at
about 60C. In the above exanple, the relationship between t%e i ncrease and
decrease i byt e kegt.at raeal-otpeed tairubReppEPnd apdisheikogr €3s8 BRLust
decrease in the water tenperature is already known. That is, in the exanple
shown in FAGsk227 thias KsodmixtHatowhka mhénrshaft ohaby Speleslyi s i ncreased,
the water tenperature is |owered. However, there are instances where the
above rel ationshi p i sThakieaxigdgenbrdokrfh 2he isef regceed eAperaat soekets
determ ned., Stated otherwise, there is a _systemin which it is not known
whet her t h88idPed tidnddiatie ey strave c8ded BlaBBcAbadddh fan He-FBHrat 29nal

dis i d. . A di t t of th t i tion, if
there i s a®difAlr eRLESDATTEEN dVBIESHL r orEEIRES SLenpBFAEHPEERE " an’ abt ual

fluid tenper e, 2th ]gg% 1 ~ N =~ ~ t at|.o S i's
i ncreased %rl%&g%r e?iise%{k and i gst h% élﬁcgrn ncrtsa%{?]ﬁ(é:?egE¥ aslr}ggst aaﬁggﬁl tt,_'hetahen
the rotati@paliaaPeRdrifiqconvenggky . decreased or increased. This process

l ends itself to a systemwhere it is not known whether the water
tenmperature is increasedrofigdecdmpsadsiotibliedr opatto®nadentrred firsmi NEfeased.
For exanple, if the water tenperature is higher than the reference

t enper at ur empeidert Bewidfilabeodekcspbed belowenporarily increased though it
is not known whether the rotational speed is to be increased or decreased
in order to bring theAwdesringnperacket SRosuippartst he mefddadncieearing
tenperature. If the water tenperature increases as a result, then since it
has beconme3é8l-ear®t RaEeYfe JRatSBr tasRs ad ufé idéRds mesib@is faga fgite whipht he
reference tﬁnper ture when the_rotational speed increases in_ the system

the rotati GRSl T@Hddd PSAEIRTerdefyLiRBier edhe AFLRRVE hdt t BhokPLY 3Faimet

i the . d i.n th (N { enper at i | ati to th

ot ease of CABYAGS GIEE (1P (I D AT Pbal D HRET KBvHITEIRed | ui o
t t L t sj b h i t ti | d
thr bugh. oSSl son HEERSER ¢ RELr of br ofife TeNberdeite And { RBSacheaT TAS
tenperatur g, GugLy 535“ Qyt Cfiserted in a socket defined in the motor

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

11



The punp unit shown in FIG 1 is nost suitable for use as the quid1pggpQ%§
according to the present invention, and effectively functions as the punp
shown in FIG 2. The punp is a full-circunferential flow notor punp, and is
constructed as a punp unit having a frequency converter assenbly integral

t herewi t h. ndberfiaBquePEYpE O8N EthereRsSREdhy 50 that 20 1 2 ~ a L 10J2
conpri ses the frequency converter 48 and the control circuit 49 has a

switch capable of setgtagsthg reter anseid®mper at s e neitepw SeamEoroex&npl e,
the switch can select a value of 40C, 36C, 32C, 28C, 25C, 20C, - 5C, or -

10C as thepaetelence tamerstayse.43 natberfakodeteoahien®utairercydriotiet ny
system using the cooling tower, the value of 32C is selected as the
reference benmefdtiuge. Ahe camdd  méter poinpsusbtasabiby atper afppsed oof
increase or reduce its rotational speed, and keeps a constant rotational
speed when4thé wpiheortmoperhyutbei SraguencB2nvértdmre plinphats csmdenss a

wat er supply punp in applications where the fluid tenperature does not
change evehhehdmeghentyowfr & e anmenEisl liyheryvailaldw tpstwermnysumplgetinooa
neutral position so that the above control process does not work. The
present inaehigbarf freaeenpyoposes a process of automatically setting the
reference tenperature based on a signal froma tenperature detecting device
for detecting air terpefafGhardgpdcizeil€allly,in féiper 2turtd et EeehdEdeevi ce

for detecting.air t erature is dispased, near the pu unit, and the
reference Fégﬁéﬁaﬁu i Q%mii?h?l§1589a53§e8°5ﬁ83n%@té&ﬂ&&%ﬁ%ﬁwﬁnfrom

h d [ devi ce._ | h ' . [ i gh d
on the. Sea8BR e PRGN tdlSr Corbet &t &F cOHES ABY CHEBSRET SRS A hiRrde -
certain Va{qH?l”OtHEEkﬁ%sQ?W hi gfet hﬁiﬁé‘ﬁgﬁ&é Cﬁ%&é’i@“ﬂg erm%cﬁ'et hes
cooling tower may be. In this case, the 1 ~ 1~ ~1lu~Z reference

tenperatur g+88hibBy | $t&&i ONgY | GAld V1 Rer easeeh t 0 d OWgle L BEMBOVRE the
consunption by the punp. Even if the cooling effect is slightly |owered as

a result, seHebraanedsiet ithe i puinpe coolhdg effdechashoul driamtaceapt egatd view

of the recent trend in favor of nore energy saving efforts.
serving as a sealing surface 70s for mating with a companion
flange (not shown). A discharge flange 71 fixed to the
discharge nozzle 70 is made of a material different from the
material of the pump casing, e.g., cast iron (FC) or the
like, and is threaded over the discharge nozzle 70. As
shown in FIG. 1, the discharge flange 71 has an wupper
portion partly beveled. An installation leg 71L is
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 1s attached to the pressure pickup pipe 72,

12



FIG 3 shows another preferred enbodi nent of a fluid nmachine accorﬁéq& L&
the present invention. A frequency converter assenbly 211 is nount h {8
surface of a pipe which guides a handled liquid. A tenperature detecting
device for detecting a liquid tenperature is attached to a base 212 of the
frequency enavelisth@ésgenpkygsdiiendar the kdtstomrigeermoizldheot eyger peure
detecting device thus attached detects the liquid tenperature relatively
accur at el ymehBuke@. 3, a punp unit 201 conprises a punp 203 and an electric
not or 204 which are nounted on a conmon base 202. A fluid introduced froma
suction pipe 205 pass&s shvpaughnaFIGct ilgn Padwectvidwven@0Hleanth aishot kefi pe
207, is drawn into the punp 203 via a punp suction port 203a, increased in
pressure, &nd thensdcsitmar gedifigod afpunipe dpsnharcge ipgrt a2Bba Fhetion

di scharged fluid further passes through a check valve 208 and a di scharge
gate val vef28ageand iks i hitxedlucedthat suatdbschargéepiige 210.1dhe7 3k edaency
converter assenbly 211 is nounted on the short pipe 207 by the base 212
that is nadetefraldyi rfipnmad B3 wehehshasigoodlhage dénducthei dgscharghi s
enbodi ment, the base 212 is fixed to the frequency converter assenbly 211
by bolts (AéBNgRowr) M@ bhe spctipnt Llangesd X jhave touthedehdiamptpss207
by U bolts (not shown). Electric power supplied froma control console 213
i s appli edIFPERFEN GhFPutt Reaptns e HLmEE ¢4 RE nBRisCaF 1phelipRGBRNEY
converter ?isenbly 211 to a frequency converter in the frequency converter
assenbly 2Yf° which converts the frequency of the supplied electric power.

The electr! o poer whase LLSBICOY Jiae BOPil COINGHIEL 1 SuPpl edy L am an

out put cable 215 as an oquu means o € frequency convert asse 211

to the el egﬁsﬁsﬂgﬁbl & AP4rrdhe) f LSGHERGY GV Y &feddt i f%ée%]{;ncy he

converter 11 causes a heat [ oss, ich 1s radiate to the

l'iquid hangheddbyatfenpumonvi ehéhekase’lioantet e, sborhebtog 3Q/7. thbe
tenperature detecting device for detecting the liquid tenperature is

attached t euthaohasasdhy nBednotwibe thebugm ther eatriandcdetiagts theo the
tenperature of the handled liquid. The detected tenperature is converted
into a sigeahplwiri chlow paphl 46d def imesbnbetléen ¢het csitean)cyhinder 2
frequency converter assenbly 211. FIGS. 4A and 4B show t he apparatus shown
in FIG 3 pRddéthe Imotpig £3ame souter ohfrepévati efalthe esanprg th9ter €ross

section, of the apparatus, and FIG 4B js a side elevational view of the
appar at us. PR&€Fas %ﬂﬂﬂhst??xéanPathg¥ﬂﬂnﬁa$ﬁpEOQO?HSy1@lﬂﬂ%%?gzby The

i nput cabI%T%14 a9 ethﬁFRBEEUt1fabiﬁtg15tﬁ§*“ﬁ@§%?ﬂ$Fq¥ﬁncy gggveﬁgggd

assenbly 2 heFnetically seal ed fromthe atrosphere in'the same nner as
Wi th an undecuaheqetbkeofl €nsubipyaikle gt ?iowpémgcshrfd?flgk?ﬁ%m%l ggué\ae

O-ring 221 is disposed to prevent anbient air from e~J~~7~
device 12a, and is discharged from the discharge nozzle 70

connected to the discharge casing 4.

In the present embodiment, the thermistor 51 as a
temperature detecting device 1is 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
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entering the apparatus through the mating surface between the base 1213 alu
the frequency converter assenbly 211. A structure around the frequency
converter assenbly 211 will be described belowwith reference to FIG 5
which is a cross-sectional viewtaken along line V - V of FIG 4A The
frequency gesveibged48niterhedsadei bedwease thel e teaNptazes tIe fasetyd and
the cover 47. The base 46 and the cover 47 are fixed to each other by bolts
wth a seakregabaty58contvetrpesed sBheneldet ieres herheet i fladw y s@ed ) ngthide
case fromthe anbient air. The frequency converter 48 is highly intimately
fixed to thempagsetdbet oft thpshendlbe pegeiat £d beatphmp tden baseuddbtely
Simlarly, the base 46 and the base 212, and the base 212 and the short
pi pe 207 abe higfdotddt i mathel ypféeseart t bneanhiohhes. RBswe dhe theatfact
generated by the frequency converter is suitably radiated into the handl ed
fluid, thetheequenzyteopesatereassenthy dossiit inequhe e pampai abropting fan
for use in general inverters. Thus, the frequency converter assenbly is
free from iinsukBseserdn ddul | plgutheff copefanidri blir dheTipampaseantb alndts he
base 212 are fastened to each other by bolts 55. Because the interior of
the case i 9oWsoltheced@umtoninaie Hihidmdiant ahethe chempRYR tWiR cin@Feage
prevented frominsul ation deterioration due to weathering and water
condensat i &f. AR eadeP bt IU l3or vés tTd % eEFMPREAFRERUERCE SESHY eP RS

assenbl y hennethalg% seal ed fromthe anbi ent air through, an O-rinﬁggnot
o .

shown) . - Th&1Pfr é8déd ScAF 2 - W fve S ThP @™ LE s Wit PYH Lotihiny ¢

f t 4 1.2 ~ .| ~D? st ise.. F le, th
ui tch conBRrEeLokty orhey putenoal PenitBlY JBbr BV TSNS ad usting ¢ he
reference tenperatur eThE”tE?ﬁiﬁQQYEaE@%i ttﬂ'le t%ﬂﬁe@sé%ﬁ(ﬁwi op is
applied to punps. However, e principles of the present T1nventiom are al so

appl i cabl ephgenglr @RltA1PYMSIn et ¥ fANSi H1¥sd WD Y, ada COLh 1 9811
vari ous nmachi nes and apparatus. FIG 6 shows an enbodi nent where the

present inveahsAiti Thapplemsbiairavad £rthe eahABNRASYSHRAY e W8d epump
treatment systemuses a filter 300 for treating water. The water treatnent
syst em f untbi onbeby teetralkteli nfla pnesthee tefhmeénahcechet wezh. t he Theet
and outlet of the filter 300. The resistance applied by the filter 300 to

t he passag&hgirmifgor| wild Gthwsougie ttedd e [vigrh F0rlyreand yivaeiestuepehdly ng on
the tenperature of the liquid. In order to equalize the anpunts of treated
water in sGRABRCERE WOnitBF, cPRtEelngiEsuity (PaEantd thethf etEp@rency

d b A f | i ' f k, 301
Phe 111 ter 3002 oe. Ao i FEP, ppEEhERe) BBt Pl ol il AeT 1

Her et of or e ¢ict Jhas heen g¥staEBLYLLO Manual Iy change the rotational speed
of the pung geggngfng on the segsgg, but such a manual process has been

t edi ous and timeconsughng. thecorging-d«r t heeesarin i N¥ent i Re Pregsures to
be generated by the punp are determ ned in advance from
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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25 12 ~;,,~~ Eu2 liquid tenperatures based on the rel ationship beli)?/\/trﬁenmz
the liquid tenperatures and resistances applied by the filter 300 t e
passage of the liquid through the filter, and stored in the control circuit
49 of the frequency converter of the punp shown in FIG 1, for exanple. As
a consequehaadleden iiguikdheid | ghed flu@npeiatunéeyanteslf famnt inecdo pump due
to daily changes in the air tenperature, the punp automatically regul ates
its generatied mrmessligble pooducerdéasat edanattdie séadiyary\spdapcrirbedhabove,
the fluid nmachine according to the present invention recogni zes the

t enper at ur ehot-affl wipbdat iidrsel f Thedecopeoysitt hes r @doghiiyz exf fieenpiereat tioe i n
coordination with the flowrate or pressure of the fluid to allow the
entire syspemteotsane pumg evidigythd mkigiod abf Appévenbing t yh&hehpt eseht
invention is applicable to a fluid machi ne such as a punp for delivering a
flui d undepppressanepfathenphivp sapprging hoghkesprésesnt alnvemtiome |ike.
26 12~ ~" L ~?2J2 CLAIM5 1. A nmethod of preventing shut-off operation
of a punp, characteri?Pesthgrierect ithg &xldmsdrsunierentd alarfdied ReHard in
t he punp, and shutting down the pu if an increase in the tenperature per
time of thEURBNAFREWRi gt d H1G gr éa?glast hahS a PHRiettESHMPeY valde. MQLOR

nmet hod of preventing shut-off operation of a punp, characterized by
measuring Qpﬁéﬁﬁéﬁagﬁr 1gh §PRSAJPEE FFaHFﬁdiEn?Eézﬁuﬁﬁ FRe aupF ettt BRRi ned

(e (LT LTl Bt (Mol ehe 900 oy oo Lnepupp | o0
predeterningpv@&K%ﬁglgmgﬁn£Nof %bfﬂrﬁghe by the pump/motor and the
frequency converter is relatively small, the gradient of the
temperature rise in the shut-off operation 1is large.
Therefore, the present invention is particularly effective
in the full-circumferential flow motor pump.

It 4is 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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3. A nethod of preventing shut-off operation of a punp according to claiml
or 2, characterized by shutting down the punp if the tenperature of 7tje 200
handl ed liquid in the punp, other than the increase in the tenperature per
time of the handled liquid, becones equal to or higher than a predeterm ned
value (T). 4. A nethofc@br@igyenid n@hehupr&éénopeimaidmiicH, aspHEBR, the
characterized by detecting a tenperature of a handled liquid in the punp,

and shuttipgndawnitbe puepnibtbhe stenperaiad eofddtw-thald egrddiiel dal | s
out of a specification range. 27 12~1~L ~~?~15. Apunp unit

conpri si Ngaa Hukfsrac Ui OrifOr odCttiad | Rgnihedpuiguid t epenat yunpdeteet i ng
device for detecting a tenperature of a handled liquid in the punp, and a
control cigauttiageabwncahkypampnpechedpiocthe heopedbhyreodehecpragentevi ce
for controlling operation of said notor; wherein said punp is shut down if
an i ncreaséniventhent ernpepatferabiet dcbed ydsarllil topesabudpodatect i Tug
device, per tine of the handled liquid is greater than a predeterm ned

val ue. 6. AuplrpiucumfaceokdahgfdowchaknrSpunpar asdehighdsbged, fsmylbncy
converter assenbly for supplying electric power to said notor, said control
circuit beFagedi spoped iTheaiaddiefien®yf conviednReraigyeabinise7. oA pul® unit
according to claim6, characterized by an outer_ cylinder defining an
annul ar f| BanPAEH dAGudd &ast £BSL10F BehddqhRcded Afd o t&F nFRarP akR ety for
supplying electric power fromaround the outer cylinder to w ndings of the
stator, saflutredbeRBFTE5A0Brt er assenbly being di sposed near said terninal

nbl t f f.th t l.i.nder, idt t
detecting device bei nBaaPapBRed e AAME (RPN £ cth yE RS ATt i
i 1 " R | Uip" i
Govt ce. for “SPERr; Ren TRy BrL e 2Ok e DL A P Ve TR 09

control ci ggyicbrehfdd i €8l kheComast eQu;|5;_S’l§ hepb&PRELST Wa$ 4%k replhleh 1 |
~~| ~ ~~~~~ detecting device for controlling operation of “said notor;

wher ei n saidtpurphé s thirtmidews .i f  idedigieanalyr ei of thke hasdl eddd qufd
falls out of a specification range.
liquid discharged from the pump becomes equal to or smaller
than a prescribed flow rate, then since the temperature of
the handled 1liquid is increased, the temperature rise 1is
detected by the thermistor to shut down the pump.

In the method of ©preventing +the shut-off
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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9. A punp unit for shutting down a punp after a shut-off operat|0n1 ?f,.f WIZ
punp when the amount of liquid supplied fromthe punp is reduced,
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 th@oiﬂgadbed | hOdiod 1iisggredieer dntan a fadeiteiny ety algienp 10) . A

punp unit for being used in a system in which a tenperature of a handled
liquid is phengedndepeandirngroduacid ®y rafe fafc itlhie yhaindlsarbgliigd d o t feen punp
unit conprising a punp for delivering the liquid, a notor for actuating the
punp, and aofilegunéneylédniestelladsenbiryrioes udiages fm equentlyd tonvedl er
for controlling a rotational speed of the notor; wherein a tenperature

det ecti ng Hgviaceump [Br.ovilthed supplieduwqgplumg wWaremdetarls ngpand eipetla¢ ur e
of the handled liquid, the arrangenent being such that a signal of the

t enper at ur budétiéoyi @ ldevarok retsuppl i wdtho idscorammertaduren imerd¢asediency
converter assenbly for controlling a rotational speed of the punp by the
frequency tenverMarersctamiat1@3f logtpidledoputmedei @di dhes whidthiew dependi ng
on the tenperature of the liquid or the change in the tenperature of the
liquid bas@dJoen aopr cleerfeded @bntths puddcdmg 2901.1 2 The |pYAP11A A
pump unit according to claim10, characterized in that the flowrate of the

liquidis Eﬁéﬁﬁéﬂ’oi“ﬁsor%rt]i‘% TSR H'éaqrblr‘r‘ﬁer%l‘?%?’édb‘i‘gt ke IGhfuigresent

bstanti al.l t ant di 10
iﬁa?agtnelr?b?& P%ri?ﬁgtn i?l'l‘?hé’ratgpelrgpjdyg %‘Fg(ﬁé ! |n eibg g’ses%‘%){’r%?g?%nce

OV SRR TR Bl b e hore

speed is |ncreas ecrease nce

result, thegnqt he 4 ot ablepal spee atéﬁc‘l'évecro%ﬁ dﬁgr%ﬁée%o(?ﬁl r@@é&f’- 13.

A punp unlt accor ding’to claim1 aracteri zed a switch di'sposed in

the frequengy ,converdiirmsseibtyef QatepanghrI10Be I afiRr enpet enper aipse
st epwi se. 14. A punp unit according to claim 12, characterized in that the

reference tenpapdlicd witahmagedugepandirng on t he tenperature of air around
the purp. According to the present invention, in order to
achieve the second object described above, the fluid machine
that comprises the pump A 1is arranged to change the flow
rate or pressure of the fluid in its operation depending on
the temperature of the fluid or the change 1in the
temperature of the fluid based on a predetermined control
program. The arrangement of the fluid machine will be
described below.

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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15. A frequency converter assenbly having a frequency converter eggﬂqaﬁﬁ,
therein for variably controlling a rotational speed of a notor pu Y @%
is used in a system in which a tenperature of a handled fluid is changed
in accordance with a flowrate of the handled fluid by the notor punp,

charact eriggdebyiaef r eqidenele cagyerar uass esbl yhbeing i sposedeonvar ¢ pe,
and a tenperature detecting device for detecting a tenperature of the

handl ed fluafkbyoshesnmbiablpusp, beheodlr tA2nUnebElsary angamstd irej ngo such
that a signal of the tenperature detecting device is supplied to a
control |l ertha preskehequenvantcienverties Absenbhyesoft hdie d ifduawl raisowdh t he
fluid i s changed depending on the tenperature of the fluid or the change in
t he tenperahearpunp Bhésftantrbd3ed sn asptedeeteconsesntonitemnl tips ogateenw 16.
A frequency converter assenbly according to claim 15, characterized in that
the flow rheepetatheel i igi cebsuthaidjell i(rededenceo kemperaturepperthiug e of
the liquid substantially constant. 17. A frequency converter assenbly
accordi ng redeFane the phdeiccenFuBgtianthatthe pweperis a difference
between a preset reference tenperature and an actual tenperature of the
liquid, then the rotatRoRaF-speedth® PHBPedsedhft B&RP eBsedNdafdi ffame

di fference_becones |arger as a result, then the rotational speed.is

conver sel ylB&crehsddCor CPAtiRIsdPWerB. LA5f r&Rierfdy ocofl el t &S sdhbl 3P

di . cl. ai 7 h ized b itch di dinth
convert or HOLEHBlyFOFCChatG: NG PEY cf BRcH EBRpErRPer et SR ph stb 4o, A’
frequency gopvertar,assendl y acaqrdiog.tgchal pLig, shajast epizedihp 4hat
the reference téenperaturé’i s change gpen 'hg on Fhe enperatur air

around the;punBe,3leq 1t8 ~p¥ Logarht@da20- afuPUlReUNLAeLPT SURPLYIOG-E
handl ed Iiquid
gradually increases. When the water temperature exceeds the
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 until 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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to supply the handled liquid to a water treating filter having difﬁ@pﬁﬁ%mn
resi stances to the passage of the liquid therethrough depending on the"
tenperature of the liquid, the punp unit conprising a punp, a notor for
actuating the punp, and a frequency converter assenbly having a frequency

converter thangia. f oy, Comud! tbmgat g Mher wheeehaagerhusBeed.Lnl Wder
including a tenperature detecting device disposed in the punp unit, the

arr angenmente per86csUdkniddatarel gl et themt gapes atwr exwledmatidg xevi ce
is supplied to a controller in the frequency converter assenbly for

changi ng taﬁaﬁ?@saw adenerial ethdyrdter gl basest oot athel uingnad)i pcibet ween
tenperatures of the liquids and the resistances to the passage of the

l'iquid throegbetfeutéel ber the32oollihy waterllils, kept. aA netdwad 3¥f°qyr emedti ng
shut -of f operation of a punp, the nethod conprising neasuring a tenperature
of a handl ehle! ipgwed iconddmptpio by aher goleder M ded Helde per aoduiferun T) at
a plurality of (N) tinmes; shutting down the punp if an increase in the
t enper at ureeguinsd.t he predetermned tine period is greater than a
predeterm ned value (Ot) at (N- 1) times; and shutting down the punp if
the tenperature of thEnhandlysdem it prodwelpunpot owhsery hamltike itiee ease
in the tenperature per tinme of the handled |iquid, beconmes equal to or
hi gher thadyatpRedBpPERniiReBIGal de thy. CORLral pRFPCIAN tit RpFangedy: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 1in 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 1is not known whether the water
temperature is increased or decreased if the rotational
speed 1is 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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a punp a notor for actuating the punp; a tenperature detecting deyice for
detecting a tenperature of a handled liquid in the punp; and a coi@»@ilﬂz
circuit electrically connected to the tenperature detecting device for

controlling operation of said notor; wherein said punp is shut down if an

I ncr ease '?’ottla%lbﬁ'mer@fsééﬁ agg Osﬁléﬂé‘%\sl%rcﬁdgﬁcerﬁéafgaéé@? R6Id 04 Scgeeat er
than a predeterm ned va fit) at (N1) tines; and wherein said punp is

shut down aflftfa%eh%@pqrr@wa%&f atshea h@@.@iﬁ@@ |+ g Oe 8 w@a@yd%)alogp@édthan
the increase in the tenperature per time of the handled Iiquid, becones

equal to ofshiedpretdany, aqpeedabennidiedi Nataesdd) . 4G isA) p3tBsdINiénds
according to claim?22, further conprising a frequency converter assenbly

for suppl yllrnge@lfeaidlac ppyeemt @heakd 180G ,nai kh@antwindtiedr Cthé Peteog

di sposed in said frequency converter assenbly. 33
temperature 1is increased or decreased if the rotational
speed is increased. For example, if the water temperature
is higher than 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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;fin2 " """ 1 L ~u,_ Li,u 24. A punp unit according to claimZ? -
further conprising an outer cylinder defining an annular flow path gh@&#&ua
stator of the notor, and a term nal assenbly for supplying electric power
fromaround the outer cylinder to wi ndings of the stat or, said frequency

converter | i &ﬁﬂ; der ter
surface of tﬁé ouétlselr)ﬁ{cé;lgfl% ai d teerrperlgt u8‘r3earH tectn ng gevn ce Oéj
di sposed ijgS

Yy AN, Aal S o g AFRAR & TAY: %Y?eﬁvﬂ@ é}' AF;/IY%Z%?I:A Ke Aiemperature
;Y. Al ARS. f{:éjgwbiseAY{ Y3 @Xém &, A¥B Al gvitdin ASRE- '%{e"l‘&(c%l value of

wpuW N gk6! Gzuoj d_ZU] ca] ca] ca ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca] caU ca]ggigal setd caisat cabgatcabhea) crate, alcapea! GAWHWT Hs Ghe-///1
155566n7o77777999v VVc

}xsni d_Z] cpdealsdsad &£ ajea] cal cal ca] cal caj ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]calc;i;z;;;;;>>?

93A4A—ACAEASApAqABBDaEFI%§ia=&(5d36£ma,dIMgmm\éxceﬂﬁtﬁitﬁﬂ]rﬁg&aéyhﬂ@ahmlr@] cajc
a]J ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
y GGYHHHNKGKigd h cbbMDOBPSSvab VUL MEWGHaDGEY} ¥EYWYKIA [ fiE} xsaliebtfTahcajlva) ca]
aJ cal ca]l ca]ca]ca]ca]ca]ca]ca]ca]ca]calcalca]calcalcalcalcalcalcalcalcalcalc
a] ca] ca] catefefance 4tBnperaehaykkkAgga g3wswlwaz |id pump unit singly
operates to increase or reduce its rotational speed, and
keeps a constant rotational speed when the water temperature
is about 32°C.
If the pump 1is 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 1is 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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| wr | ga\ W ] ca] caU] ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ldallfa)itha
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

_alt'{]|Jj}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca!jpPs4: BGrEl { U ez{vql gb] X]]] ca]

ca] ca] ca] cakgalealbealiciifeltalreal Lala cad cal calaal &l oal cadsddsad cedl ca ¢

ajca]calcalcalcalca]ca!zlgr{|-\LRTvVa/"{] wnmhc”Y]]]]ca] ca]ca] ca] ca] ca] ca] ca]

caJc aU c lower the power consumption by the pump. Even 1if the
a]ca]ca]ca]ca]ca]ca]céﬁca]ca]ca]cafba]ca]ca]ca]cafcafca]ca]ca]ca]ca!{;

Ea<$0|, | W woshany] | Feat€al i) saligakas] cadwatsd] agl cal cadsaM calseahcakcal ca
] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]jcaljcajcaljca(8 ='@10%& ()-!'0l,!10%& ()-M
|, 1109 ] & edMc34bh0%% (dhe 408K - efERME Cho@lb: b¥3!dddpted in view
& ()-#&YZ10%&' ()- 10 10 109; 10% ()-'0@10% ()-! @ 109& ()-1.
WU3{\ : 'l *! b@E%&he) r@&cknt! 1@¥Rd( in@gvor of more energy saving efforts.
| *110%00& () - @ &Y3! 10%&' () -#! +Y3! 109%&' () -#!! Y3 109%&' ()-#
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 liquid
temperature 1is 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. In 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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Y~ =11yl 10%<<& () - y!'10%& ()- !'$10%<& ()-s' nl0%& ()- 10 10 10;}2 Jul 2007

t109& ()-w, zodY: ! &YMLO%&' ()- 10< 10< 10<;

S10%<& ()-!1039" ' 10%<<& ()-'039"' 1 10%<& ()-!Cy!10%<& ()- prstuz[PE! 10 10

10; 109 ()-!'LYf!109%& ()-3!'HYf!109% ()-3!+Yf!10%& ()-3Yf!10%

& () -3uNNE9PE: t1ke§! 460%N¢) sBtS! 1O3& 107 PPIBIBA%E (nct! IsBokapk () - 31 S 10

9%&' ()-3&Z109%&' ()-WrZ[\ k6! "~ =111 & 109 ()-1"SI10%& ()- !'S!'10%p& () -

& mMlo%&' () - Electric power supplied from a control console
213 is applied from an input cable 214 as an input means of
the fregquency 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 liquid
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 1liquid.
The detected temperature 1is 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 is disposed to prevent ambient air from
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10 10 10; S109%& ()-"$O% YIUCAYZY&{\ =! | | f1 109%& ()- s' mLO%&: ()- 10 1Q 2.0 7007
S109& ()-11100& ()-1"1& 100& ()-1"& ******+}rg\=119' Z10%& ()- 10 10 10&
S10%& ()-F7 109%& ()-!1'110%& ()-!+ f!10%& ()-
FWH+0, | 8- - wWU3g\ =! 4Y@ 1098 () - ! 4Y@ 109%&’ ()-!4Y@ 10%& ()-' OY@ 109%& ()-! +Y@ 10
%&f()-'&Y@Eﬁe%&lﬁbnthé/ébbézadﬂb'tﬁl@%&Mﬁthe1ﬁai@n§0%mrface between

109& ()-!!1& 109%: ()-!1 & 109& ()-!1 & 109%Z& ()-/| 134555552 PE:1 10 10

10f ; the base 212 and the frequency converter assembly 211.
th%&'()-!93,!10%&'()-3!93,!10%&'()-3!03,!10%&'()-33,!10%&'()-355q677999aBP
E: ! 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 1is 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 1is 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 is suitably radiated into the handled fluid, the
frequency converter assembly does not require an air-cooling
fan for wuse 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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10 (10%&' ()-1 @10%& () - ‘10%&f()-!&YS!10%&T()-YS!lO%&f()-'IlO%&f()-1?th;
g;h;i;z;, %p<b@ 10! 9YS! 10%&' ()-3YS! 109%& ()-3& Z10%&' ()- 10 10 10y; JUL 2002
109%& () -1*!110%&' () - p<u>f ??7=A@AABACAWXMB7! 10 10 10;
109%& () -!YSI109& ()-3!+YS!I 109& ()-3!0YS! 109& () -3!+YS! 109%& () - 3CASAUABE&G) G
*G[<17 10¢repwise. For example, the switch comprises a rotary step
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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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1. 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 an
increase in the temperature per time of the handled ligquid

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
ligquid 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 in 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
ligquid 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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actuating the pump, a temperature detectlng 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, 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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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 liquid
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 température 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,
inwhich 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 convertexr 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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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 1liquid, 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, amotor 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
converter assembly for changing the pressure generated by the
pump based on a relationship between temperatures of the liquids
and the resistances to the passage of the liquid through the

filter.

32



' 109%& () - %m 109& ()-<xnb@ 10! n' ml0%& ()- 10 10 10: 10%& ()-610%& ()3 ;i 3507
41 109%&' ()- " f210%& ()- O], dEnb@ 10!l @ 10%&' ()- @ 10%@& () - 10%@& ()-S

109 ()-" 10%@& ()- ''mlO%a&' ()-dEnb@ 10! @ 10%@& ()- @ 10%@& () - 10%@& ()-S
109 ()-:109%@& ()-10%@& ()- Normal" "Heading 13]c" "Heading 23]c" "Heading
33] c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading
83] ¢" "Headi ng2193] ¢" A A Bestlandlof pRyeniimgsblut-Eif operafiodt of, OByt Bethod

V3\ Hb~hn: tyo9ZQQ%; yqg | Z{ uW &+-/59p<CA* GHM S<Y. CeykeouOx| ~t n{d P<6Ti nes
New Romagésripaikisguri er New'h Root EntryWr dDocunent {

measuring a temperature of a handled liquid in the pump in a predetermined time
period (AT) at a plurality of (N) times;
shutting down the pump if an increase in the termperature across the predetermined

time period is greater than a predetermined value (At) at (N - 1) times; and
shutting down the pump 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 unit comprising:
a pump;
a motor for actuating the pump;
a ternperature detecting device for detecting a temperature of a handled liquid in the
purmp; 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 a 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
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.
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