; Z[\]"_e3ezn6&Tzl | # DESCRI PTI ON DI AGNOSTI C SYSTEM FOR FLU D MACHI NERY
Technical Field 3 0 ,J UL 2002 5 The present invention relates to a

di agnostic system for fluid machi nery capabl e of estinmating wast ef ub Ueﬂ@r@qz
consunption in the fluid machinery anﬁ its geripheral devi ces, and nore
particularly to a systemfor estinmat PAGSBABTYRYi fying the ni ni mum required

power consunption in equi usi 0_co0] j iLreul ati ng punp or

the |ike. Background Arplggﬁggﬂﬁél§8§§F%rF%%n%#@???ﬁégéiﬁgégtional speed of

a notor punp us ing an inverter ( frequency converter ) is known in the art
15 This nmethod is an extrenely effective nmeans for energy saving, not

6n|y in the application of the pu . egd ter supply systemor the
like in which a violent fluctuati gﬁeéﬁﬁf‘g%% glé%')l{?s, but also in the

e in whicha violent flu . ot _ _
ot manuPact or ed SEOFAERE 0 BB A AP AdE e Cham Fi AETThe ¢ BB A 1 ©

the general 'ﬂl{{j;}fsemé)&@né ”Oéﬁgggyéa%f”e@ségmﬁﬁih MRk tered' ! ddergy

speci fication ow rate, punp : “but such a pu havi ng a performance
exceedi ng t he{aaMid&sh SReehti £pli@mdchisRIschad {toPar SBekal devices,
Addi tionally, design specifications are generally calculated so 25 as to
satisfy a nmagidwordd pertatalwirlh b entsysafem@ogi 8s0imbt DNy raie vellie yaney gy
loss in piping is also determned in consideration of margin and aged

det eri or at i athe AtDoimamol ¥quibhed pbwepuapnssmptionl iy epeadphedt tizdnealave

adjustnent is -~ 3 0J Ul 2002 conducted for suppressing excessive flow
rate, rdsul taowling avateest e iafculee isTgemoynp Bwerthief ltitke ..punp i s sel ected
based on cal cul ati ons, waste of energy will be nore or |ess generated. A

deci sive factor of saving energy is to match the 5 operations of the punp
to "true" requirenents in order to conduct efficient operations w thout
energy | oss. Here, "true" requiremBREHIYeATed as the nini num required

flow rate and head, {hat can only, be.(ound; Ry PeLEorThng: Al (PETAQ"s

pump using an inverter (frequency converter) is known in the art.

15 This method is an extremely effective means for energy saving,
not only in the application of the pump for a feed water supply
system or the like in which a violent fluctuation of load occurs,

but also in the application of the circulating pump or the like.

A general-purpose pump is not manufactured according to

20 a standard specification. Specifically, the general-purpose
pump is not manufactured so as to meet a certain specification
(flow rate, pump head), but such a pump having a performance
exceeding the required specification is selected from a stock.
Additionally, design specifications are generally calculated so

25 as to satisfy a maximum flow rate with plenty of margin of flow
rate. The energy 1loss in piping is also determined in

consideration of margin and aged deterioration. Accordingly,

when the pump is actually operated, the valve adjustment is
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10 For exanple, if too nmuch margin is found in the capacity of the punp
when perform ng actual operations at the site, it is possible to s@JeJUlL 2007
energy by the following nethods. ( 1 ) Replacing the punp with a smaller
one havi ng one rank reduced capacity. 15 ( 2 ) Machining the quter dianeter
of the i npeFPBAVESeFedaEeSHRRT BEFLBENBHERSDEVE Hel PURsteo ZFSHPPLLr LAt 8
val ue. However, this process requires an extra expense. Al so daﬂégéd on

perforning FRELEbOTe TREAGNGEIN 1 (EVER X5 &g RYR atSeSehecte
perfornance%rico¥er_the perfornaEceé when qﬁgqgg. on the_other 20 hgng, an
i nverter caf2eS8iAy19RG r WGELEi BF yCeR0F ¥tV WP e PEotfERcaeNERLed -
hi evi ti havi ng t t .effici o f

Shi eving ener gy ST dRRB RN Ty BRY SRS SHETRTL 4 [ AG JUHED ¢« FBFe

| t hod h.with i 5 yant di t
escr | betl bRPBRATCID=can s by B eafey RRyRNERaRRSarT BRERD 8 R0aret,
Advant . i fi ' : j f it sel, w3
0 3 oL 9005 TR IR R PhEE Tt R0E FEBNOSE Herddt THERL PrRrel0Mhrve

lot of ”DiSE%g?ar%ﬁ%n%%PQrér§@fi§e&Q§¥Hﬁﬁph§nﬁﬂﬁmiﬁé # & 1 AP aR ISAET 2l

inverter. Acc ingly, it is desirable that the inverter 1s housed inside

the control neagethabelss only ddirbl@@ Byt PerPSEMAPtdAu Al opbeatnvast gt, 1t
is necessary to nodify the control panel or manufacture a new contr ol

panel . (2) Repl aditreg an existing notor punp with an inverter-nounted punp
(Advant age) Essentially no nodifications of the control panel 10 or the

| i ke ar &0 necessar ¥or( Bkangiant afjejoAmuet srgdnpispf ownd dquithedcapabety
replaced in its entirety. Therefore, since the existing punp that has not
fulfilled i of $bevpvapl wheni peréptmied, actnal mperat iansdiadadhensageoustf rom
the viewpoint of cost. 15 (3) Replacing only a notor of an existing notor
punp with adsi PeEsidlendontsay emsner IyARYaktb8gdp loaWynghBefBP8s - of the punp

2 el 200 NEEL s AL e PUIR o8, Ok A St 1S0URld N0 LIPS s peuce
Essentiallycg%acity.
15 (2) Machining the outer diameter of the impeller to reduce the
performance of the pump to an appropriate value.

However, this process requires an extra expense. Also,
after performing the above measure, it is difficult to raise the
performance (recover the performance) when needed. On the other

20 hand, an inverter can easily and reversibly adjust the pump
performance, thus achieving operations having the best energy
efficiency.

In case of achieving energy-saving by adding an inverter
to an existing pump, there are several methods, each with its

25 advantages and disadvantages, described below.
(1) Controlling an existing motor pump with an inverter

(Advantage) No modifications are required for the motor pump

itself.



20 nodifications of the control panel are necessary. ( D sadvantage ) Since
the notor that has not fulfilled its service life is repl aced, thiéiqsg’@tlz@f
i s di sadvant ageous fromthe viewpoint of cost. Therefore, it is n Ia

to select the nost effective 25 net hod gased on the conditions at each
site. An evéRigpe¥pBfageobleenazea RECPAEKTRE RAMPHFOALRRINP fGve a 1ot

cal cul ating the anpbunt of energy conservation achi eved by using.an
inverter. TRatMPSTREC AP apEanRs1RDI s f%’r’: f‘-i“ﬁ&iaﬁrgagloni%oé J UL

200Z the "true" requirenents of a pu V\/gen an inverter, i ot s%d d for
estimating §ﬁ8e€@ﬁi R % di fAFé’PéﬁB’Qg drweth tHies@eIHf eaﬁ'gl he*3Et ual
operating point.. For. tg‘i S _reason e%%récthou it ii kqgmcth%t a(ri i€verter
contri but eslPXeEﬁEFgJ;F CU5Hh: eJr%H% P eHoW PERE ay Hhe Be T8N %+ (em
t be | A . t.. th i t | i

oxi ati ng puts B heahePROENeE e dR R e b B ke fiBr EEL "En

| cul d. i ' [ f
bei ng. per meaP APl BAARL Bo RaPRSrCiboad R eCh PRt BBt P o

rate-pressurg )%é{:i‘ﬁ&%b%h%xi&ﬂu_f%t@ﬁt i WG%h 9h Pn¢ePtérinGdht 84N

are represented by a single curved 1ine whén the horizontal axis represents
flow rate (gdumpharge flow rate) and the vertical axis represents total head
(pressure). According to the situation, 15 other data such as punp shaft
power ( outpativhntaBePESEEhEi&DTY, nS Widd M ey forrs wECeher equt el PESE) ,
and electric current (in case of notor punps) may be represented. As
descri bt@l abavehet héke has heeemskapyn a technol ogy for controlling a
rotational speed of a notor punp using equi pment, 20 such as an inverter
(frequency c¢onvedvenrageor Avhexngshgng eumptis ire@lirgdesd be répléaceddin
machi nery. This nmethod is an extrenely effective nethod for saving energy,
not only initReeBpprEEAti SFheHeiHe pSHHCLoENE ¢RI WG arump, $haf BRSt ARt | | ke
in which a \éi 3Ifeﬁé fluctuation of I(ia ocgurs, blut afjﬂso iin the 23 :
appl i cati onT8f-Teféegi r LHF atI H Pifhp 137 St hdS| i kP LI Yes HM e dmEH808, LS
general - pur .S _not .oanu tuted rdin a standard
specificati (%%%%g%ég?fﬂg%g ?y,frf)ﬁ'etcgén‘é%gma%g]ggog% %ﬂg is not manufactured
50 4 350 139 Rep92i83 bA19CE nBrELT bal BnSBEELLLATUAGLOL Ll §ALE. aRUMP
head) , %ut\lsyckeé purlrpahawlgg amper?or manrcle exceeggng t he éerg%vi‘?'edﬁ ak
specificati gpviesteelactad el pBarst ock. A decisive factor of

(Advantage) Only the motor of the pump is replaced. However,

if the pump is not a direct coupling type, essentially the pump

assembly must be disassembled and reassembled. Essentially no

20 modifications of the control panel are necessary.

(Disadvantage) Since the motor that has not fulfilled its service

life is replaced, this method is disadvantageous from the

viewpoint of cost.

Therefore, it is necessary to select the most effective
25 method based on the conditions at each site.
An even greater problem is the lack of a common method for

calculating the amount of energy conservation achieved by using

an inverter. That is, no method has been established for finding



conserving energy is to match the operation point of the punp 5 to the
"true" requi rerrents in order to conduct efficient operations vm'thggd ﬁgzd?y
| oss. Here, "true" requirenents are defined as the mnimumrequir fj 0
rate and head that can be found only Eerforrri ng actual operations at the

site. A ren’é‘?%ab’?%‘l%[hﬁfrﬁuh?ewsg?fcén BP SRR Y IMV§ddiedglenkO gise
 oansed nuRBS Fab: S Tt Therans aAiHy Ehe 5?—533&%5%361%5?‘19%%%@‘%%
DA and 4367 ”é%ﬁ%u'g ?ﬁ%e%&ﬂ#pm” it EPPornts 2Pe¥fnraleit e
Ci Sonar oo EBPREE Gt B8 wRRoRE: S 3ol LEvELLEF Z@?%\xﬁéhm%ﬁg ok Andey 2 €
khob. kﬁga'%§§§39?’a£%%¥? @08 20800 ¢ BEULIMUINA Qb OE B ARHIA,
However, %&h%% | 'éa&ett%‘iﬂn8koﬂ¥vé§kﬁﬁ%§?'gf G Ci'é%flﬂgt Qﬁ'éﬁié\'l?u?gi ot

shown in FI an inverter 1s used to con erve nergy, It

possi bl e to,gRg When &lationshi &r hedwpedy dherbar 88 xf leQWn ?ﬁtee ahriddt abe head
when varying the rotational speed of the punp. Further, the graph contains

no 25 data ¢glahedtéq. poweri§onmyPprenenfeda nasul Te,nelrfE;yl ScHREEEEEE Yor O
performa bothersone sinulation every time in order to find the return of

i nvest nent eguéipmenef fechi benrgspéomeansd athrogglanthavesilest.5 3 0 J U |
200Z Al t hough the out put for each rotational speed corresponding to each
nunber h the adjasti rhdwmwb is i rkiGded4i2n t eheonfdow onahtéeephess ogy
representing characteristics as shown in FIGS. 43A and 43B, the graph
contai ns nocharacterastics t@-heheractRruapiran. ofrm@,entltlflsgmb@@gl@amyeto

acquire separate data such as notor efficiency and inverter efficiency and
per f orm represented by a single curved liné when the horizontal axis

represents flow rate (discharge flow rate) and the vertical axis
represents total head (pressure). According to the situation,
15 other data such as pump shaft power (output), pump efficiency,
suction performance (required NPSH), and electric current (in
case of motor pumps) may be represented.
As described above, there has been known a technology for
controlling a rotational speed of a motor pump using equipment,
20 such as an inverter (frequency converter), for changing the
rotational speed of the fluid machinery. This method is an
extremely effective method for saving energy, not only in the
application of the pump for a feed water system or the like in
which a violent fluctuation of load occurs, but also in the
25 application of the circulating pump or the like.
As described above, a general-purpose pump is not
manufactured according to a standard specification.

Specifically, the general-purpose pump is not manufactured so



a sinulation in order to | earn how nuch energy is saved when varying the
rotational speed. In other words, nmuch tine and effort is currentlggJUszz
required 10 in the conventional technology to calculate the return of

i nvest nent when using an inverter in a punp tao.save_energy. Further, the

energy cons®t ihge5enaf Festatn uﬁ?%%’zﬁﬁ&l% (A LOMVEREEY sg%%’/é’ g&ited

w despr ead $$ ularitgmgt resent. |S Disclosure of Igventi n Iln view of the
t
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to provide_a energy-saving pre- gnostic systemfor conserving energy in
fluid machi gef yn&anabhd OhiBamuhyrE4h SHEAE NG i@ ABRUNhe 88 ENEE Ban be

conservation that can be achieved usSing an inverter 6 3 0J UL 2002
found only by performing actual operations at the site. A
remarkable amount of energy can be saved by reducing the

10 rotational speed of the pump with an inverter.

There have also been proposed pumps having an inverter in
which the frequency applied to the pump can be controlled
stepwise with an adjusting knob. As shown in FIGS. 43A and 43B,
in this type of pump, the Q-H characteristics are represented

15 Dby a plurality of curves showing the relationship between the
flow rate (discharge flow rate) and total head (pressure) when
the frequency (rotational speed) is varied according to each
number on the adjusting knob. FIG. 43A is a partial enlarged
view, and FIG. 43B is a total view.

20 However, in the conventional technology representing
characteristics as shown in FIG. 42, even if an inverter is used
to conserve energy, it is not possible to see the relationship
between discharge flow rate and total head when varying the
rotational speed of the pump. Further, the graph contains no

25 data related to power consumption. As a result, it is necessary
to perform a bothersome simulation every time in order to find

the return of investment or cost-effectiveness for installing

an inverter.



(frequency converter) to adjust a rotational speed of the fluid nachinery.
It is athird object of the present invention to provide a nethod AL
material for displaying the characteristics of fluid 5 nachinery tzha aztm)sZ
capabl e of easily return of investnent, when i

adding ) an inverf*teliir'[ﬂ%?“}lg héhﬁ%e BVtPHEI udi g dﬁ?ghr el cj;)%?%ga;iﬁrﬁ%eg
R RIIT - Rasl g e N JC I S R SR
B s i T
fivst 1 dent o tReEEeeTorT Sl ¥R s et B SRE L o SRR g At
Tachi nery T GoreR et e B o at ek Char e 2 o etearaerhanerFyi ng

means for i darbl dyeRNesii QPEERLENENE) AU 8 FePtePREFALI R R S5 Pee fBknt he
20 fluid nmachinery according to the relationship between thé identified

charact eri sti gSnm@flatcthenf lin dreeehizaenkaznd haw RasHr @ﬂe@@?r 3kl BavRHeghene or
operating flowrate of the fluid machinery by operating the fluid machi nery
to be di agneaeq iakd thepubtiatdohhe epeasdred results of the operating
pressure ( head ) , operating 25 flow rate, power consunption, or operating
el ectric current ah ¢tieef hwoirdisyacheherijne andpefrfatitons and eartdoe segndgredans
for conputing variations in the operating flow rate, operating pressure, or
power coPsurpt i tdre wabheenhéonal attieghalo logyedt of ceheuYate3 the) Ltue®0zf
fluid machinery to be diagnosed is varied, and for displaying the conputed
results. { ANVeRtMENdr @hed REINIMITs MYRIIRT ofn bei PP b BRVE €8RpAYer
for storing %ro rans to enabl e the corg),uter to inplenent 5 the functions
of : identif A NEKe G SATTIGITVEHFYHHE PERE acht nes ye eBHBEENFEE Moy
flow rate- hea(‘j,ecg;ar ac%‘eri st %s b)_zL i gput.ti n% rgscri b(_a[d d%tya EQ_n the fluid
machi nery t 3"NEGEAGNOEEE. "Phe IETENYIERE 5%3 aPPRYLAF &Y r BFePEFS8P&r ati ng
pressure of the fluid machinery according to the relationship between the
10 identified characteristics and a neasured operating pressure or
operating flow rate of the fl upfsePSthrer ¥s Dinwdeeadd ng the fluid nmachinery
to be diagnosed and inputting the nmeasured results of the operating
pressure (head), aperiéw B tHeoPorafeinPpurs i€ anSiyEy obfec o fOpEE preBent
electric current of the fluid 15 machinery in operation; and conputi ng

vari ati ons iimvien igpertat prgviildewar dtiegnoseriat spgtpmessur €luad pewhinery
consunption when the rotational speed of the fluid nmachinery to be

di agnosed i sapabiledof aﬁﬁlmastmrmytgg arRuto AP ANRY I SANSSIVABYLOA tthatysest i c
system for fluid nmachiner rises 20 first identifying neans for

i denti fying blené‘céﬁg!"&& 8Pt Qgioé b’?"?ﬁ%eﬂ TP HEHI I &P VS FeddehCeadayst ow
ratenea cskapherali Ghala b4 vyl Iphigo BobE. ' aanracit, saiRld
" Uhe oper SCTNG Tt whEh PRACE STorTonar T pags P Rs Yy Pl GoeapkeReRt Uo”
be di agnoseq pveMaldneds E8GrioRiad &R Avd ik £ e sGaTRHt £6r raSHd Rachinery

capable of finding wasteful energy consumption in the fluid

machinery and its peripheral devices.

25 It is a second object of the present invention to provide
an energy-saving pre-diagnostic system for conserving energy in

fluid machinery capable of easily calculating the amount of

energy conservation that can be achieved using an inverter



(4) A nethod for diagnosing fluid machinery conprises 8 30J Ul 2002
I dentifying the characteristics of the fluid nachinery represente
fl ow rate-head characteristics of the fluid machinery to be diagn

i dent i fyi h | i i f the f|uid mchi .
(i agnosed, CUREIREIGH S URHERTONED, FETHE GpEr 5 FhG po R heh The LLuid

rot ati onal
di spl ayi ng

the fluid machinery to be diagnosed is varied; and

t he present invenﬂ o,

10 the rotational sﬁée@t&ﬁé%ggﬁgﬁﬁgérg@ﬁﬁ%¥Péggéﬁgsﬂgg§9§?¥g?T?¥§%R%3ﬁ§ing

cal cul at ed

of the steps I n the

as a pragr

15 aspect (4 % .
by a conput gfyOstméne vﬂ%‘@r@‘itn%x%%r%‘tﬁ%"c_; (’Eé@§n<§ e 8l veReedt beNehe alikd -

P ile¥h oiCa REME QT 29 £ d§g£>f§%ﬂ§€rtﬁ:’he%?§r ol %épfs{?@glé £and; sgach
pr | i y & conput €, such
alﬁ%@g' Eﬁ%%ﬁktc%%%%f ab!ﬂl%v\ed/ier?%§e ?in&bﬁ%SEEQS e ub e fbove

t are not executed

esent "I nvention-ar ['ement ed

present 1 nvention Inc cases t

order to achieve the first object, according to anot her aspect of the

present in

visptinuditey €at & HNleriedeto ol heshd@ipton danidfe/bBdrarying

characteristics of fluid machinery conprising:

10

15

20

25

rotational speeds of fluid machinery such as a pump, and can aid
in making energy-conserving products more widespread in the
market.

In order to achieve the first object, the diagnostic system
for fluid machinery of the present invention has aspects
described in (1)-(4) below.

(1) A diagnostic system for fluid machinery comprises
first identifying means for inputting prescribed data on the
fluid machinery to be diagnosed and identifying the
characteristics of the fluid machinery represented by flow
rate-head characteristics; second identifying means for
identifying the operating flow rate or operating pressure of the
fluid machinery according to the relationship between the
identified characteristics of the fluid machinery and a measured
operating pressure or operating flow rate of the fluid machinery
by operating the fluid machinery to be diagnosed and inputting
the measured results of the operating pressure (head), operating
flow rate, power consumption, or operating electric current of
the fluid machinery in operation; and processing means for
computing variations in the operating flow rate, operating

pressure, or power consumption while the rotational speed of the

3 0L

s&eﬁad of
P %%%E%ted results. According to the above aspects (1)-(4) of

In



cal cul ating the head and shaft power for flow rates by determ ning
representative points for characteristics of fluid nmachinery incl u%i n? a
representative head and representative shaft power and by determ ni r{)g ¥l 2&02
rati os of head and shaft power 25 other éhan the representative flow rate
to the repifdddst BROREDEENdtanEer &bP @RRFEAL 1T &/ HEY SRt BadedPSAYERE port
di aneter of the fluid machinery, the nunber of inpeller stages, and the
rated out pdeas@MpPted £&58titSnal speed of the motor used to drive 9 3 0

J UL 2002 the fluyid hi Y; tipatir (Sl h teristi f
Une T1uid maohi ndfy BaoGe Ui BEFLUD ol BaCRBRRLENG s T DoHErS  BHas

ol udi g CROEETa P he A SRR S AP b B Y (R EPShn hdnRe! M
h teristi f.the fluid. i I ement i-acl udi
ol east 0 SaBe s Bsonks IBEH A R EnaralEes b ETER o il AN 10,

o achi eve 18, SR601 % O Eln: 460000 Qe 4Lt REPEELoPLstlIEs PEGSEN!

i nvention, re energy-savi ng pre-diagnostic system for

fluid machi; . LSRG o4 td : j i .
1@1%@%1&?&9%@3@%59??3 RRYRL DY nEBANS d Rhch TRELY WM& WG gnosed;

rat e- pressur ow rat e- power consunption data for “tluid

machi nery hasdiig & iR} She Bhtalt iy 216QHERIE bal o s POVVRY fr@g@lugeséﬂ&he
specifications (fl'owTrate-pressure€) in a facility side;” 15 inputting or

esti mati ng fIRANRG LOEhiNELY t lakgord g%t itmt thg nediadianehiyf Pephogn (&bkual
head) when the flow rate 1s zero; calculating neans for calculating the
reduct iton iidgaoviefii ecbnbapptteniathcs\wed winsre swade bpgraténggbiads umae ogpeed
of the fluid machinery with a frequency converter; and processing neans 20
for di spl aydperatimgalovizeteiof dhd £iuidgaehdingy vt by areiriadiingspee tf 1yfidt he
present invention, there is provided a recording nmedi um capabl e of being
read by a dHRENETY 6P Re sHigppqsesyrafsirRR Ehiig dhenBepshpat eres bl tsetement
the functions of: i ngutti ng flow rat e-%essure ghead) 5 and fl ow
rat e- pover dY¥hsBRBERbANGaPE SESPIA ut REHhLhi ABPY2RADInd 18 "ot Bt € dr PR¥E by a
commerci al AC power. and design_specificati,ons (flow rate-pressur i.n a
facility siCEPer}qu“\}A’r'%ith]’ngo& %g?fﬁgf?%g é‘leescitsrtlacncecug eE)“i%pi %g ‘(atsha%t E%Iflu rgjead )
when 185 sinapc}glﬁélly 2992 operation; and computing variations in the
operating flow rate, operating pressure, or power consumption
when the rotational speed of the fluid machinery to be diagnosed
is varied, and displaying the computed results.
(3) A diagnostic system for fluid machinery comprises
20 first identifying means for identifying the characteristics of
the fluid machinery represented by flow rate-head
characteristics of the fluid machinery to be diagnosed; second
identifying means for identifying the actual operating point of
the fluid machinery to be diagnosed; and processing means for
25 computing variations in the operating point when the rotational
speed of the fluid machinery to be diagnosed is varied, and for
displaying the computed results.

(4) A method for diagnosing fluid machinery comprises



the flowrate is zero; calculating the reduction in power consunption

achi eved when reducing the rotational speed of the fluid machinery with a
frequency converter; and displaying the calculated results. 5 In %rﬂddiﬂ. 2009
achieve the third object of the Present i nvention, the ggfsent i nvention

has aspect si¥@Rt+fpegi nthe) -¢bgragtarysiicet ol idhe dilsdiidi MptHeery

it oo pr 665 B RES THEFSIDETA FLovoRatRERTT S ChaRATHSI 15 PECtBE Hhtichg to
Gl <l ayi ng BAFBIRENG 0 PE CIa0H6RER’ conehhittan ot end b siqaraing
rech 8 e mesen, U Rueny Qcbels eay e otk i LS

rel ated J 0 poyeL, cONSUTDLIAN £AY.0S 5eE0: 51 L ARSONSLY Wi bR Y Nep LV e
rate-préssure C_ aracteri s I_CS O_ the f_UI nmac |_nery QI’ varired II:')O at1onal
speeds. (2). (b 5l @ 0 SELAY d 5 T Qo oar i 5Bk AWM A% Bhaying

characterisfics 0o he chinery using the net descri
above ( 1 )ipneThBiSpats®! a¥shaterial can be a sales brochure, such as a
catalog. (3) A flu?d machi nery or an apparatus for varying the rotational
speed of the fl U'ﬁcé@ﬁﬁ‘iﬂ?wo €RBPabee dispRlca¥i N4)23 shheff [t present
rat e-pressure characteristics of the fluid machinery varied according to
the rotati opgtefDe6fl, Ofhé hansaie cfuehaggyothat pfabld eagkdnBy edd Plsting
represented by a catalog, using a plurality of curves; and displaying data
rel ated( o the ypoveridlal spe@diwith a?0@Avepheunpireueorcyt hensameesyrdace of
the pronotional material. Wth this construction, the return of investnent
can be easibg ohtortabedapsibestorpentiomnngthie | ddkiustieent ntroduci ng a
fluid machinery or apparatus for varying the rotational speed 5 of the
fluid machi nery, Bach @5 Bheinoars efNd (@3Ch ¢f nehere®PT o tHee por@ient
consunption,of fluid machjnery co i.ses lurality of curves indicatijng
B ey Kb, d

d
the flow ra%%‘-’ﬁ?&%gﬁr%rih%?%% _ & & acf) Y Sac §°i 7 RERH Yrmes
rotational ngggﬁﬁgg%ﬁ'@ﬁ?F%gve?géﬂeéegoorsg}ngat ¢ 23! %@elpinoina t]r%gé%rx?e' 'ty

of curves !ﬁ e-pressire characteristics of 1 ui d
machi nefgy i Qséé&@ Pé %;’@fA%ngﬁ ?Bre@%%r 1HQOSHIDE T QAL diasRla¥ Rl Arbhfot

coordi nate sysStem l'at 1 ng and graphing system conprises a

conputer fogxebhékai BY 4 RonriirRyutbhesi @le@itéd HyToeBee mbigs 1andh el
graph of claim30, by inputting data for the flow rate pressure

charact eri sbpesagfidnl ovteate- power consunption characteristics of fluid
machi nery having a notor driven by a comercial AC power. Further, a
recordi ng nedi um Is axajsabte athimiengheehidrsty objeotpurarodfdimgtoramyther
programs to enable the 20 conputer to inplenent the cal culating and

gr aphi ng sya3seffrterf &heppyesepti bavert Dpamithgs erie proy kded |5 Bekhadafpam
shomﬁng#the,hardm?re configuratiaon. af a d'a?Eoséic system for flujd,
machi ne?dy 259GBELFUIRY CHAMAE TG SIS ntirBhd BEENIRSTY LYRIPH ¥HbWi ng
characteristic curyves far. the fl.ui chinery. to desgribe.the pt ss,.of

t he di agnos't:iagcg;g%%ﬁ? ﬁ‘?‘}s %f,&’dangngg s(;}}ae gr gpﬂ’grs h(fﬁé/\}l‘f ngﬂc Nar gg?%?i :?X c

curves determining representative points for characteristics of fluid

machinery including a representative head and representative
shaft power and by determining the ratios of head and shaft power
25 other than the representative flow rate to the representative
head and representative shaft power based on the port diameter
of the fluid machinery, the number of impeller stages, and the

rated output and rated rotational speed of the motor used to drive



12 30J UL 2002 for the fluid machinery to describe the process of the

di agnostic

system FIGS . 4A and 4B are graphs show ng characteristic

curves for the fluid machinery to describe the process of the di agrfogdli 205

system Fl
fluid mach
a graph sh
describe t

The § qﬁ%é’&%&? o %f%@agfgig%%rﬁﬁésapfaa d
. BE) °aPagH /st
A R RS PaS R the b e HoSn TR Sk s,

characteii tic curves for %h
o)

QIR LR IFE @

e
6is

g

The af agnoctt SRy e Mg pe el PRERSCRE i “ARRFACER OPF 3R o

the fluid

describg t

TALDELY, (839850106 L8 0588500, LAy ol 29RRSt) Gopaiamy

FIG 9 is a‘gra

Wng T

PP0%I% iBna

ar ac I C-curves

POSELE€i sy Hethe

I ner

id-BakhiRey A0 S XY

th j éﬁ
characteristicrcurves o% ?Rg£$?UId nacﬁlnery to ESCFIEE the“process o
the di agnosfdLsSYSh&M data including at least the head and power
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consumption during current operations.

In order to achieve the second object, according to the
first aspect of the present invention, there is provided an
energy-saving pre-diagnostic system for fluid machinery,
comprising: inputting means for inputting flow rate-pressure
(head) and flow rate-power consumption data for fluid machinery
having a motor driven by a commercial AC power, and design
specifications (flow rate-pressure) 1in a facility side;
inputting or estimating means for inputting or estimating
resistance of piping (actual head) when the flow rate is zero;
calculating means for calculating the reduction in power
consumption achieved when reducing the rotational speed of the
fluid machinery with a frequency converter; and processing means
for displaying the calculated results.

According to another aspect of the present invention,
there is provided a recording medium capable of being read by
a computer for storing programs to enable the computer to
implement the functions of: inputting flow rate-pressure (head)
and flow rate-power consumption data for fluid machinery having
a motor driven by a commercial AC power, and design
specifications (flow rate-pressure) in a facility side;

inputting or estimating resistance of piping (actual head) when

10

5
to

ng
f



FIG 11 is a graph show ng characteristic curves for the 20 fluid machinery
to describe the process of the diagnostic system FIG 12 is a grap
showi ng characteristic curves for the fluid machinery to describe t

process of the dlagpostlc sgétenl FIG. 13 is. a flowhart show n

general protRSs e
shown in 25 FIGS. 1.throu

h 12 d h
confi gurati Sﬂnﬁ?matbng%?lﬁ'h%%% r“@lﬁﬂ £Féﬁé§§§p§$§?{f\§/%$%%rgrﬁ \Msn%ﬁ%cﬁ?ﬁg%l
t f t. enbodi 200 [ [
ORI A TEl G bR £ eSu FRRY IR Fen A FAgPARpardt the for

accordi ng
show ng a

154§ oft

fluid machi neié g or,di ng a second enbodi nent; FIGS. 16A and 16B are
eFen 8%rPs

Vi ews show ﬁa

¢ture 5 of the perfornance regul ating

appar at us shown i, I:logd éitén%%giglelQﬁe' Sifidd O&é{jé{:@‘i\’?‘ﬂ tsé}lééa PR LAY

cross-sectional part

a Side view

Cross- Sec“?ﬂ@bn*ﬁ@i@’,ta&?@ pLeBent 18 v¥¥tlion has aspects described in

10

15

20

25

(L)-(5)-

(1) A method for displaying the characteristics of fluid
machinery, comprises displaying the flow rate-pressure
characteristics of the fluid machinery varied according to the
rotational speed on the same surface using a plurality of curves;
and displaying data related to the power consumption on the same
surface.

According to the present invention, it is easy to find the
returnof investment when incorporating an inverter, for example,
because data related to power consumption can be seen
simultaneously with the flow rate-pressure characteristics of
the fluid machinery for varied rotational speeds.

(2) A display material is provided for displaying the
characteristics of the fluid machinery using the method
described in the above (1). This display material can be a sales
brochure, such as a catalog.

(3) A fluid machinery or an apparatus for varying the
rotational speed of the fluid machinery, comprises displaying
the flow rate-pressure characteristics of the fluid machinery
varied according to the rotational speed on the same surface of
a promotional material represented by a catalog, using a

plurality of curves; and displaying data related to the power

11
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XVIl of FIG 16A; 10 FIGS . 18A and 18B are views show ng a detailed
structure of the nounting configuration used with a performance r uj t4.00
apparatus shown in FIG 15, and FIG 18A is a front viewwth a pgﬂt Lﬁlj[]@}
cross-sectional part and FIG 18B is a _plan view, FIG 19 is

cross- sect i BABFUPPERPEaRBNTAFORGME| HBY %2 18T XFhe T ¢ LAt a‘ﬁ?%r.iazbw\ and
20B are views showi ng a pounti fi ti d with f

regul ati ng appar a‘fqunglPl? I‘if?‘lbsn ﬁﬁn#;r%ggﬁﬁig P\gl énY%?ﬁgga r‘g%{;ﬁg%t,
and FIG 20A is.a side yiew and._Fl 20B is a view.as viewed, from an. arrow
20 XX of FIE2S3HR Vireed On 4 2Ades1BTArEUER R WHodiRG HABE iRt RADEGHint

For 1 ui d machEreT Jace " OF| SR ¥ A B ghe st ba oo B R PR g
\élhg\rNagtncejsr ::!sf%c%égr ézggggbggﬁ\éhg%\%f églrlrgh%%gg?ll j?%‘%%s%??bzh?mngr ocess of
Lhe G S0onti S T Fife 2k SELA Feie colotpgich penpliel |
Jill Cpozmachinery comprises a plurality of curves indicating the flow
rate-pressure characteristics of fluid machinery in each of
rotational speeds and displayed in a coordinate system; and a
10 plurality of curves indicating the flow rate-pressure
characteristics of the fluid machinery in each of values of power
consumption and displayed in the coordinate system.
(5) A calculating and graphing system, comprises a
computer for obtaining the display material of claim 28 or the
15 1line graph of claim 30, by inputting data for the flow rate-
pressure characteristics and flow rate-power consumption
characteristics of fluid machinery having a motor driven by a
commercial AC power. Further, a recording medium is capable of

being read by a computer for storing programs to enable the

20 computer to implement the calculating and graphing system.

Brief Description of Drawings
FIG. 1 1is a block diagram showing the hardware
configuration of a diagnostic system for fluid machinery
25 according to the present invention;
FIG. 2 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;

FIGS. 3A and 3B are graphs showing characteristic curves

12



fluid machinery; FIG 24 is a graph show ng di nensi onl ess punp
characteristics ( flowrate-head and fl ow rate-shaft power ) for s%e[}:uf”! %002
speeds; 5 FIG 25 is a graph showi ng a specific speed-punp efficiency
characteristic curve;, FIGS, .26A through 26D are views show ng.the stages of
ot mat | ng HHOURE S BARDIERAY 41 CFFSFF S CHARRACTFSF A T e Sopangary

point (flow rg{ﬂ%&, and correcting the provisional 10 characteristics using
flow rate &S ted fromthe head and power consunption during current

and o o ency of 1e i ipe B e boRefR OISy Sland it SRR L
t fte #6eer; | e i storr i The
operating ponER e DA PE Lhake Ko PRr BN REPEL b St BT S Bl e R s

using fkowy: f£al culated fromthe head and the power consunption during
current “operations and estimated val ues of the efficiency of the fluid

machi nery and the@fd i ghengy of 2Q t;?spglgtcgﬁ@wﬁﬂg dHerfraad a4 karhewer

consunption during shutoff operationfs; 28A" t hrough 28D are vi ews

show ng t hercyt apesr1afi EabcRRhERY 4 Q¥E&FOPalt HUPPo6E8E ¥t €fié Hilaghost ic
identifying the operating point  (flow rate), and correcting the provisional

25 charact eyissddnes using flow rate cal culated fromthe head and the power
consunption during current operations and estimted val ues of the
efficiency of theid.uied isaehgnepy showihg efidradteecistofc curves for the

10 fluid machinery to describe the process of the diagnostic system;
FIG. 7 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;
FIG. 8 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;
15 FIG. 9 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;
FIG. 10 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;
FIG. 11 is a graph showing characteristic curves for the
20 fluid machinery to describe the process of the diagnostic system;
FIG. 12 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;
FIG. 13 is a flowchart showing the general process flow
performed in the diagnostic system for fluid machinery shown in
25 FIGS. 1 through 12;
FIG. 14 is a side view showing a mounting configuration
of a performance regqgulating apparatus for fluid machinery

according to a first embodiment;

13



the notor, and the head and the power consunption during 15 30J UL
2002 operations when the valve is fully open; FIGS. 29A through 295 ?lrEZUUZ
vi ews showi ng the stages of estinmating provisional punp characteri PI(U ,

identifying the operatjng. point, (floqw rate), and correcting the praovisional
5 characteristi cspﬁgrnjgs’f%g\ﬁ P Yar¥upFaP anﬁrﬁrﬁ‘?%t%%og%ﬁq HRker
consunption _during current operat Eons and estimted Va|l% s.%f theh.

of 11 cibncy 8F theb?t LPHMARER! RERY 1aRAnEnEREAIT BnchoRr TR IndRET IS t he
head and the_powet copsunption guri ng,both shutoff operations and

oper ati ons e\ﬁgﬂ%ﬁﬁggv Pv@ PECPH |‘§}“%‘g%+f?e%' FI GS. 30A through 30D are views

showi ng the stages;of estingld gggpgggi&i%a's R RARBELEI LS 1 SRucrre

identifying the operatihg poin oW ra orrecting t He provisional

char act ef | Sk cp WISLEL fhd HE. SRAIALI N P UL LELQWeRALE) +hSpident] fizggh from

t he provisional characteri sti uring current’ operations,

whil e the ppeylsienals ?ah%%%e{}ié&im@raep%%&sqigdcfagglgé idPad rt?tht

current power consunption; FIGS. 3l A through 31D are views show ng 't he

stages of eghhinMtENg1PBOYEShOSRHe PWIBw Char acteristics, identifying the 20
operating point (flowrate), and correcting the provisional

characteristics, mielelD ishe 6pesatsegt ponal «idwwakehealbfgl Hbmé i¥vrd from
t he provisional characteristics and the head during current operations,

whil e the pRuU¥IsobnBIGchasAagteristics are corrected according to the
current power 25 consunption and the head and power consunption when the
valve i¥) fully opBRGSFIIBA 3?4 3§88 graphisrpwhoyicigapadetaibed ctourotmsrd or
the fluid machinery to describe the process of an energy-saving 16 3 0 J
U L 2002 prefditghesntangyeandmaugiation usedetithe? peiéosmanag negulet fesent
invention; FIG 33 is a gra h showi ng characteristi¢ curves for, the fluid
machi nery t BPREZBFPBeSPAER ptRdeke: df° afehelGy- 4801 A§ & HFROWiGfibdtitd
system for fl ui inery. FIG. 34 is a view i ng Lhe_out put indicative
of di agnost%cp?ggggggyf?lé#%ns%%%rodﬁﬁ s &A™y Trdz?glwagggét 8 Syt¥er i | uid
machi nery; FIG. 19 is a cross-sectional view taken along line XIX~
15 XIX of FIG. 18A;

FIGS. 20A and 20B are views showing a mounting
configuration used with a performance regulating apparatus for
fluid machinery according to a third embodiment, and FIG. 20A
is a side view and FIG. 20B is a view as viewed from an arrow

20 XX of FIG. 20A;

FIGS. 21A and 21B are views showing another embodiment of
the mounting configuration used with a performance regulating
apparatus for fluid machinery shown in FIGS. 14 through 20, and
FIG. 21A is a front view and FIG. 21B is a side view;

25 FIG. 22 is a graph showing characteristic curves for the
fluid machinery to describe the process of the diagnostic system;

FIG. 23 is a schematic view showing an example of the

diagnostic system that can be brought to the work site of the

14



FIG 35 is a table showwng the area A of FIG 34; 10 FIG 36 is a schematic
vi ew show ng an exanpl e of the energy-saving pre-diagnostic system for
fluid machinery enploying a personal conputer; FIG 37 is a graph ﬁpﬁﬁﬂﬂﬁz
the characteristics of the fluid machinery in a method and materi al

di spl ayi ng fheidsmaphiBe¥Riistics according to a first embodi ment of the
present invention, FIG 38 is a graph sgomgn exanpl e of trial

an

cal cul ation of thBIfeturh ofS nvest FBAPYI n %&%n&fi RIHREHS Sh | RVt er ;
FIG 39 is a_graph show.n e characteristics_of the fluid.20 machipery in
et hod andhAERETPERSESPE ol Emeyare TRAC AR bl o e TattoPANEG )t Fok
second enbodinen%' FILG ﬁo_is a graph show ng the characteristics of the
f1ui d machi ABFSLEACaSREEABH and material for displaying the characteristics

di t t hj di t;,. 25 Fl 41 is.a.fl hart showt ng.
qenr ol brocess. {150 gorfoPmgr P SRobAf i SpPRAERRARIIER D SY LTS o
42 | i : f displ f f
According { BUPRACHEFarCArc FORNET17 3D UL 2002 FI S 43A and 43H arc

graphs show ng anp{her %ﬁmhé%%'}\}gg%@' A Oy NP RIS SULYES of

according to the prior art. Best e for Carrying Qut the Invention 5 A

di agnostic gystifpAtiag pruvdsiBaALNBhMpacRar 8eb8ri ot PEE] eiaeft erpofly mepés of
the present invention will be described with reference to the acconpanyi ng
draw ngs. AogeagBesali pointt qlicw rdud)d rahi ceryecoiny isies prévisional
identifying nmeans for identifying the characteristics of the 10 fluid

machi nety repaeaentedshycEl awingt é1bwadatbacattelaseédcsrboy theuhéadgand
specified data on the fluid machinery to be di agnosed; a second identifying
means for i gewerfoansnptsl @pduringgurirentreper atiopeaadiart igredssivaleést he
fluid machinery according to the relationshi p between the identified 15
char act er i sPifcsharef fiabeney «f dher ALnad prekinery aindgdfdciegcy oW Ehee of
the fluid nachinery by operating the fluid nachinery to be diagnosed and

i nputting t R@tREasured results of the operating pressure (head), operating
flow rate, power u Lon, or. operatin l.ectri rrent, of the flupd 20
machi nery in opergggghmz dtglrﬁlpgg'e?gi%ngﬂ%egﬁse“fsors Oonﬁntﬂ ié\%e VarT arT oﬁg in
the opefati f, -rat ratLAg S co } t he
otat ol Sasa bl e P Rn, Bl g B R e o
di spl ayi ng bheraeipyt ¢bintsUlfiow 2atd )G dndheyerddeihareénar sreensignaat i on
of the diagnostic systemfor fluid machinery according to the present

enbodi ment . charbkeepietint eshog ifTent rate palR ulaltledofr sie 2tiel hesld amdathe

exanpl e of the fluid machinery.
power consumption during current operations and estimated values
of the efficiency of the fluid machinery and the efficiency of
20 the motor, and the head and the power consumption during shutoff
operations;

FIGS. 28A through 28D are views showing the stages of
estimating provisional pump characteristics, identifying the
operating point (flow rate), and correcting the provisional

25 characteristics using flow rate calculated from the head and the
power consumption during current operations and estimated values

of the efficiency of the fluid machinery and the efficiency of

the motor, and the head and the power consumption during

15



18 3 0J UL 2002 The diagnostic systemfor fluid nmachinery conprises a
main controller 1 for controlling the overall system and a nain storage
unit 2 connected to the main controller 1. The main controller 1 qqugﬂﬁm?
a control unit 3 and an arithnmetic unit 5 4. The main controller 1 1s als
connect ed tePeRatHPUE Wesn cEN® Yakvedifighwl keyarstid, nouse, or the Like and
an output device 6 including a printer, display, or the like. In FIG 1,
bol d arrows shOM/E%%SfI%%FoghﬁaFﬁhaﬁaDpPSSr ﬁﬁwswﬁﬁp¥lpﬁetpﬁ iF @IS WL Show

the flow of contro The main control]er.1 has,an intern

| i | s..10 |
menDry ( not SShUUAS LPEr BEOBLs HEPRbRYEE DR O Gk et s e A he

mhchi nery, "ORALS GUEP T BhLba: 4L BHaTehade By S mPaame (P idignal
| dent T ng. geans: cEoe, pecand Jdegtl 0. 1RaS.a09 405 IRCHAGERRNG.

means. e hain StOrage un ri'ses a oppy

di sk, or t ov{v%ié%o%%%nﬁ;&%ﬁlsdl?%rﬁ%%Er)éﬂ’&io ‘é%:a@%%'ssaxf@ eE'ﬂ%ﬁt‘éHrJaeﬂ}ésy

appeari ng O mar ke IS oes not necessarl ave to be accurate

for each pugp.+jdedatsy ke auerAgeds dRicdh He Q%!de@g@@frfvi’éif 7 dor

identifying the 20 punp characteristics wth a cértain degree of accuracy
by inputtingha Retdr (i A@tefe HeHlaRd +theCHBWEL NS0k SuhPEL P ehBind MY | on,
by the first identifying neans incorporated in the main controller |, it is
possi bl e t oshdestt fopedayi@@apbeopéhet Chas agiesy tEeivesl wd ikhew by reyient; punp
to be diagnosed. Mre specifically, the foll ow ng exanple val ues on the
punp rald ng pl at eF{6% . nadkRptaArehghr 80Deherevded sasthomimat ttdek isttagesheofi nput
device 5. Port dianeter of punp 19 3 0J UL 2002 Rated output of notor
(or noni nal estipating puopjsicuabepunp Podescérmitiors, Goignttifywirng adency
of motor Nunber of inpeller stages 5 The first identifying nmeans .
identifies PRErRF&NAr RPéNheddlOWarddari SNd SOITEHiNG rtdree-pRMErsional
consunption characteristics o on the basis of the above data.

Thi s identi‘FPE&?FBﬁr&%l%'nﬁgégggnggggcf’?ﬁﬁaéiépﬁ BP3PEd (EhFh& Ahgn 18
storage uniEdén£9%£egv%£oﬁlQﬁglgrégfgnggf éﬁgEéégégfécfgécggéLthe head
15 during current operations, while the provisional
characteristics are corrected according to the current power
consumption;

FIGS. 31A through 31D are views showing the stages of
estimating provisional pump characteristics, identifying the
20 operating point (flow rate), and correcting the provisional
characteristics, wherein the operating point (flow rate) is
identified from the provisional characteristics and the head
during current operations, while the provisional
characteristics are corrected according to the current power
25 consumption and the head and power consumption when the valve

is fully open;
FIG. 32 is a graph showing characteristic curves for the

fluid machinery to describe the process of an energy-saving

16



10 In addition to the above data, the rating plate specifications, nodel
nanme, the nunber of inpeller stages, outer dianeter of the inpell et J@'ﬁ'?ﬁb
test data, and the like are included in data inputted into the inpu{J e ge
5. Identified characteri,stics are is%%\{eg with.one salid 15 line Qﬁoken
lines and dPR§oRaPIPPRELCaSYSNETh TH FHE LS. MpFRINSIYL ARSI o the

rat e-head characteri.stics.and flow rate-power consunption characteristics
of the purrp,prﬁﬁgp f‘ﬁgeﬁirlf)%nt al axis represents flowrate ( Q) and the

i cal i head i .
G 3 he FIRE T B0 qeabr shbs R SRS Erb ke, 108 P08 head
nFIG. 2, 3t 20 GERPTS : Fite _
Chafect o1 63 UL PR SO O G G| ShLES, oLab iR Pu
di agonals || BecharbbaRat iks sLdeanl theds1dhe. REoKeReky nes represent the upper

and lower IFmts o i agona I ne portion _ (/\,hilethesolidlineis
a centerline of thecares showy by;dihesdoaqasal thd NBuPRLEI Ohdicali®e of
identified results by the first identifying neans are displayed on the
out put devi @Qa?no%li@hréél@iﬂéjeﬁscﬁn bhoeh & §F YSd i ndlipTel-av aghokha cl s¥etedhe
diagonal line 20 3 0 J UL 2002 portion a is retfined on the basis of
i nput data #&ng Headdemapdinewsr in area. For exanple, the characteristics
can be identified with higher accuracy if the manufacturer and nodel nane
of the punp are kif@d@Gn, 3&ndshentebléhshawingothé harea agomal FEG! i 3v; portion a
can be mnimzed, as shown in the progression fromFIG 3Ato FIG 3B. The
resul t s1®f identi FilGat 36n ilsy & Ischfemadtld deieW fshiovingeaars example t d€rthe
refined by inputting the power consunption of the fluid nmachinery at the
actual oper &PEXGYpSPNLNIThREe-d 12gRESIBCpofFteBnshfRPpt | HAUSH t RBChHNBEY
during actual qperations is neasured and the result is inputted into the
i nput devi cE™PLOY INGr Pn&@SrRENRIeAPPPIES 7 on. Here, the region of the
di agonal |ine portian i.s revised.to..include.the val ue qf ac I wer
consunption for ttﬁggﬁo of’ aagrgﬁgvﬁ?qwr‘?‘q%éhlﬁrc(;’gj—’\’ré?‘scstled:ﬁsftrlgﬁ\ %%é%elgf‘ﬁ%\dto
FIG 4B. The_r I of i dgnt £ [ y d.mSt f.dengk £ b 0g;pean re
further ref ?‘ﬁg%ig’f f npl’}'?ti ng#%}%ﬁ%e%cilonéé%%gslé&yefggd %%\%\é!rlgg(l)ggung??on
during ggt uah kil seResahiessdiR§ 1d laUst Fat eshbdy fheh PIFIEBESHPLEsEROM
FIG 5Ato FIG 5B. 20 Specifically, the diagonal line portion ais
corrected t dnveaitudea;t he val ues of the operating pressure and power
consunption during actual shutoff operations. The results of identification
by the first idenfifsyi3®)irzagsaphyshowingrarekespilerdafherthial aplictlagioest
data (flow 25 rate-head and flow rate-power consunption) for the punp
obt ai ned i nofhgheaeeeryn 9fi pvestBaRhridhCasropf el AICINg @R N¥asEerit is
possible to identify the characteristics of the pu with a very high,
degree of accuracf,léas LASVh IFAP Iﬁo"ﬁl.n%EI’GéfrhV%c’Zn%rlstlcs of the fluid

20 machinery in a method and material for displaying the

characteristics according to a second embodiment;

FIG. 40 is a graph showing the characteristics of the fluid
machinery in a method and material for displaying the
characteristics according to a third embodiment;

25 FIG. 41 is a flowchart showing the general process flow
performed in a calculating and graphing system;

FIG. 42 is a graph showing an example of display of a pump

performance curve according to the prior art; and

17



30J UL 2002 an identification near the accuracy of that shown in FIG 6
may be possible by inputting only sone of the above data w thout requiring
input of test data for the punp. In this case, it is possible to obj &ij g

identification simlar to tha FIG 6 5 by selecting the centerline
t hrough the area SFG?he‘laﬁa@Bi%aﬁ}Pi?’i‘ée pﬂ)ﬁﬁtﬁ]’% SROHALSy ageﬁhem ﬂﬁalf‘ﬂie of

refi nenent sho in EIG 5B. By using the second identifying neans on, the
punp charac?éﬁ%@?ycggiQEWRiH?Qﬁ%ﬁﬂFQé%BCPFV§F PaenRt %99H§¥ﬁ%%hgflpf fEL-
possible to identify the operating point of the punp in this 10 facility or
equi pnent. ldentification by the second identifying neans is perforned by

operating the punp toBl%%tdm@o%g; Cg@gg%hng Ehghgcﬂé%n P§{lati ng pressure
rp C npfll o] p

(head), operating flowTrate, 0O ower ns n; and rnputting this

measurenent into the.i t Vi 1 1 C fd L £
operati % pr essuré %115238%65}&%' n Sptrseenésg?é %Eélluggl Zﬁ%gﬁgff%%n%éa%ll'{r}% tt-'%e

suction pr e?%’érf%r?@gi %ﬁﬁ&@ﬁﬁ&ﬁtﬁﬁ?s@ﬁ’é gﬁggeh?eiﬂgﬁ’cioe‘ywiﬂﬂﬂet {i@&:fs@ﬁed

operating pressure, I's possible to ntity the operating flow rate and
power consugBthoRerd¥ep@WRol Rkl GccdmpdByRYgf hREAEgaN i ntersecting poi nt
between the fl ow rate-head characteristic curfve and (tghe fl ow rate- power
consunpti on char agt @i aghdst Tellwestef?¥ of NE10AiSE mathii ARt ddigpt ieHREE 8 B0
flowrate The operating flowrate is neasured with a flow neter. By 25

i nputting thidenpdrfgtingg melow fatre idehtifypogsitheecheradearisyitheodbpehat i ng
pressure (head) and power consunption, as shown in FIG 8, by finding an

i ntersetdi nglpdidnmapbinery raprébfentedthy Haw chdeabeedi sharactevesthdst he
flow rate-power 22 3 0 J |J | 2002 consunption characteristic curve. (3)
In case of bP¥putRPWHt derresAsdept idntarhenpdher EbntdnparBANEEYt H® nbEor
during operations is neasured with a wattnmeter. By inputting the power
consunpt i on3189PesEd ipsFEFENHo AR IRA NG MeReT affPig Jﬁfég:skfrye”{%eéa? and
operating flow rat.e, shown in FIG_9, by findin i nt.er.secti oi nt
bt ween ¢ he PG A6t FRA AitaP BARST G BEFGROERS T hEP (T YoTac BB0erY
consunpti on s ristic ve. . in nt th . Can

al so be rreasa%?gﬁ%g?\% 1(53&% npg#%ed rie-r%ggllggghg% t%eeq;lé{)erve\g’r C%}E\esurr%?lgg{ﬁ?gé‘tgg.
Actual | ys hewRvelct éPIRRNTSY BnAEANEdsE RUBLBIRRE nk or &l F £t SpBRAEYURE
flow rate and power consunption, and such work is tine-consum ng. The
operating prfassurgte @ the fQdier midiine byt ing €nkciilvdiedashipkyy by
attaching a conpound 15 pressure gauge to the suction side of the punp and
a pressure gaudeetdiabrodedclradgeimide iofg t tiee pmepsuredi sesaltsnicht the
find the actual head and input this value before utilizing the processing
means. Thi s opengddagse pressyssitad k.o cepeXdting t helewst et deadPeveyve on

the facility 20 side (piping side) with the actual head. The foll ow ng
expr essi ons CRNEYMR IOt | BR (OPEFEing. elegiricycurygey of the fluid

20 machinery in operation; and a processing means for computing
variations in the operating flow rate, operating pressure, or
power consumption when the rotational speed of the f£fluid
machinery to be diagnosed is changed and for displaying the
computed results.

25 FIG. 1 shows the hardware configuration of the diagnostic
system for fluid machinery according to the present embodiment.
In the present embodiment, a pump will be described as an example

of the fluid machinery.

18



Therefore, KL = (H1L - Ho) / QZ, where Hl is the total head, Ho is the
actual head, and QL is the flowrate. 25 Hence, by |dent|fy|ng q,

Ho, it is possible to find K1. Therefore, the resistance F on the3ﬂhéUU?w&
side (piping S|d$% can be found for a %!ow rate C% as foll aws: . 301J
U1l 2002 F = GFagnAgtEC(SYgtem (8T luigepcht e’ﬂﬁ&"&t&f&ﬂesh%&@l@an be
accurately detern1ned th a controi ggscrlbed hater s difficult
to find theS¥etERtL %%aﬁ IPF Fenppel bP% i ABGE3p 0§V§t8ﬂala9§|6b§m%¥ﬁ

t 51th t f t ds t b ls 1,. 2,
and 3 in FIEo aagekiﬁfty?ﬁéor?%%&% Forinaiat bRy Ttk wne pei

described. LnE G142 USLOULLe GTeaoup s B ar 2t ReAI it

characteri sTT o8 9t~ % pu Neif red T st ylng neans.

curve cre 'EClﬁﬁ% n%l%!gﬁ §%5X18% ?thgﬁﬁ%@FQQnQE%eﬂo£od@ﬁ“ﬂl1Eh%ev1%?

coor di nat es” of ese are [flow rateé an as

peed ratio L f%“rd”t?egeks PATEIP TR Pa, ERPona ehea e S*e‘é"tlb%’f“a' for
6 including a printer, display, or the like. 1In FIG. 1, bold
arrows show the flow of data and programs, while the thin arrows
show the flow of control signals.

10 The main controller 1 has an internal memory (not shown)
for storing control programs such as an operating system, a
program prescribing the diagnostic procedure for the fluid
machinery, and required data, and these programs implement the
first identifying means, the second identifying means and the

15 processingmeans. Themain storage unit 2 comprises a hard disk,
floppy disk, optical disk, or the like and stores data for various
models of pumps currently appearing on the market. This data
does not necessarily have to be accurate for each pump. The data
may be averaged data or modeled element data for identifying the

20 pump characteristics with a certain degree of accuracy by
inputting a port diameter or output.

According to the present invention, by the first
identifying means incorporated in the main controller 1, it is
possible to identify, for example, the characteristics of the

25 motor pump to be diagnosed. More specifically, the following
example values on the pump rating plate (or nameplate) are

referenced and inputted into the input device 5.

* Port diameter of pump
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exanple, then gl is shifted to gl x 0.95 and hl is shifted to hl x 0 . 952.

This generates the points ( O . 9591, 0. 95h1 ) , ( O . 9592, O . ﬁSﬁEégﬂ)z ,
. . . . The curve cr, is the line connecting these points . This Zb J S
repeated for rotational speed ratios of 0.90, 20 0.85, 0.80, ... to form
curves ab-al. The datasd COtREY R SPdodm (Rda@oBdngd GHTPHE PACPUMPY side (
pi ping side ) cal cul ated by the above-descri bed nmethod shown in FIG 10 .
The point denot ed Bambeg YL palies @faliot®si s the actual operating point,
while points ( 7 )-( 1) ,are the operating points 25 obtai ned by

cal cul ations in Cas¥PeFELIAG dd FBERGYo iR ds. The curve ye indicates
the fl ow rate-power_c nsugpsfti,on aracteristics of the punp identified by
the first identifyiltPafFary. Fkhe E53995cl udes a plurality of points

R
ot an BTSSRI, SHA L85y oLk oaplesnecc gy hese
e, el A et bl Pl s ol he g, XS
not change, ; guen Mele 10E Ja9f BEI RAR P8R eehaNgesata stored in the main
storage unit 2 that most closely resembles the referenced data.

10 In addition to the above data, the rating plate specifications,
model name, the number of impeller stages, outer diameter of the
impeller, pump test data, and the like are included in data
inputted into the input device 5.

Identified characteristics are displayed with one solid
15 line, broken lines and diagonal lines as shown in FIG. 2. FIG.
2 shows the flow rate-head characteristics and flow rate-power
consumption characteristics of the pump, where the horizontal
axis represents flow rate (Q) and the vertical axis represents
head (H) or power consumption (W). As shown in FIG. 2, the first

20 identifying means identifies the flow rate-head characteristics
and flow rate-power consumption characteristics of the pump with
a prescribed width based on the input results. Hence, the region
of a diagonal line portion a is identified. The broken lines
represent the upper and lower limits of the diagonal line portion

25 a, while the solid line is a centerline of the area shown by the
diagonal line portion a. The identified results by the first

identifying means are displayed on the output device 6, which

includes a liquid crystal display or the like. The diagonal line
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Nor does the exanple consider heat |oss due to frequency 10 conversi on when
using an inverter. The power consunption may be nore accurately 3®|ﬂHJEmed
by considering these factors. As described above, this process generates
the points ( 0. 9591, 0. 953w ) , ( O. 9592, 0. 953w2 ) , . . . . The
curve y ~ iponthieon imelsonetinéhgonhebe barhssof TANBUpr detss apd besemesd f or
15 rotational speed ratios of 0.90, 0.85, 0.80, . .. to formcurves ye- vyl
The power coNSIAWRY okn cereespol@irnExadnlifo dﬁe&a¢hﬁ1@a®b¢m%tb¢5(8yn(¥7ﬁ are
i ndi cated by points on the curves ye yl The triangle with diagonal lines in
FIG 12 i ndidentest ek wighyddigerpecauraryt hé EyeifaRthiac iifie anth&edelf | ow
rate of 3500 1/mn is required, then the piping resistance that .includes
actual headda®e &dt EPRi PEAP (X HENIW IS ABHRNGR MG RGP EdaL4EIoRe
However, the point (8) is the actuyal,L operatin oi n 25 The di screpancy
et ween 5t hol HES PG tioPrA CAMoE AL ragiasR b EaCM AL b ohe DTRSEERRTah d1oB t he
factors descrj be bove (refer to the prior art section) . In this exanple,
the flowr d;duf}?{r?goafﬁéralgl%)'perations exceeds the flow rate at the design

[2)r50pe? ?of g{_i ggglzl“ %Lrgetcﬁub.l.ytsd'oopeirc?e%ngifi-lgl'ﬁ:i%rno%%rsscih%g A i%ie%miaf%rsir{[ €
means are further refined by inputting the power consumption of
the fluid machinery at the actual operating point. That is, the

10 power consumption of the motor during actual operations is
measured and the result is inputted into the input device 5 to
refine the identification. Here, the regionof the diagonal line
portion a is revised to include the value of actual power
consumption for the motor, as shown in the progression from FIG.

15 4A to FIG. 4B.

The results of identification by the first identifying
means are further refined by inputting the operating pressure
and power consumption during actual shutoff operations, as
illustrated in the progression from FIG. 5A to FIG. 5B.

20 Specifically, thediagonal line portion a is corrected to include
the values of the operating pressure and power consumption during
actual shutoff operations.

The results of identification by the first identifying
means may be corrected further by inputting test data (flow

25 rate-head and flow rate-power consumption) for the pump obtained
in the factory prior to shipment, for example. 1In this case,

it is possible to identify the characteristics of the pump with

a very high degree of accuracy, as shown in FIG. 6. Actually,
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of the punp for the flowrate at the design point and the power consunption
at that rotational speed (operating point). In this 5 exanple, point 4 )
is the proper operating point. A conparison of the proper operatﬁde 2062 (
4 ) and the actual operating point (8) is shown in Table 1 below Table 1
Oper ati ng péhniderehtEabionpeal ithg pOFrRracy)® dpert 6pevat ithd Poi ftmay
(4)Flow rate4900 |1/ m n3500 |/ m nHead27.5 n21 nRot ati onal speed )
rati ol. 00. 8P6WEPSESRIBNPYI ABILENRT RMLYOSABEeseENtNR RheveaBpka without
percent reduction in power consunption can be obtained. In the exanple
descri bed ab6UBIriRg 1PBWE @ &oft dREJEST gMHEUAP i sI1BctE HeFaset A& pF oper
operating point. wever, this 15 is nat. always true. It ignact allﬁ re
conmon to sBPSERB FIBR/?E?%l%IaQfﬁ§QQ§ﬁ%i?aﬁ&PﬁtS%WFSHFIVOI Yerrl Ak -t he
required.flow rate in orger t o pr.ovi de, sone rgin. _In Eis case, jt.is
bossi bl € 1 oBF TEHEF 1HAEN e Fe b B LT (7 CUgRAH SARCR TS FlP o bt Lhbif
consunpti on, nce, .b erfaorm.ng.ope i . "True” quirenents,
an energy-sganéggaﬁ ééggéhgggéﬁglggtéﬁ%ig%?ﬁggﬁ%ggi598ﬁé|Egafégs %%F t he
actual head, as By using the second identifying means on the pump

characteristics identified by the first identifying means, it

is possible to identify the operating point of the pump in this

10 facility or equipment. Identification by the second
identifying means is performed by operating the pump to be
diagnosed; measuring the actual operating pressure (head),
operating flow rate, or power consumption; and inputting this
measurement into the input device 5.

15 (1) In case of inputting the operating pressure

The operating pressure is calculated by measuring the
suction pressure and discharge pressure of the pump. By
inputting the operating pressure, it is possible to identify the
operating flow rate and power consumption, as shown in FIG. 7,

20 by finding an intersecting point between the flow rate-head
characteristic curve and the flow rate-power consumption
characteristic curve.

(2) In case of inputting the operating flow rate

The operating flow rate is measured with a flow meter. By

25 inputting the operating flow rate, it is possible to identify
the operating pressure (head) and power consumption, as shown

in FIG. 8, by finding an intersecting point between the flow

rate-head characteristic curve and the flow rate-power
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26 3 0 JU 2002 shown in FIG 11, would generate three curves R shown in
FIG 12. In this case, it is possible to either identify one curve ,Q by
further narrowi ng the conditions and output one diagnhostic result By
conparing this curve to the design point of the 5 equipnent, or oa pﬂﬁ-%m?
di agnost i ¢ ¢@8sNRRT bek cgh a2 ebPPLTt 1y FHEHE curve ,Q to the design point of
the equipnent. FIG 13 is a flow chart showi ng an outline of the process
fl ow perforfdd TR @28 a@hosRPEL SR PRYDF FINFUWIRIH) nery shown in FIGS. 1
t hrough 12 and descri bed above in detail. 10 In step 1, data (the port

di aneter of the pii PWRN FPIEIMRILSY QﬁhéhﬁDF%F?ragwr%mﬁeQP tyQgps 1s
identifying the characteristics of the fluid nachinery which is to be

di agnosed aREPFITEL N ¢ YREOPRESE i 0FYi $PPRB A R2FhEPOYERE TP &N ce 5.

15 I'n step 2, dat d val h as the ; ti ,
operat i 1 bt f abes DLE eS| TRENETEN | Herth ey 1 PR | 501 A
the fluid nachj ich is actually_i tiQn isyinputted intg t

i nput | devi cOvStarhiEr dicl | BaPE (e, shBuR WEadT6, the ko] TPOMR G

| dent | fyi ngsLhe,Lest ohanGes fhabacLeLh SLAE S AL, L LRI topldle s dnput ted

into the input device n'step 4, the transition he operating pol nt
for the fluid-gBEHERY FM%@t@?@w@?aﬂﬂ%dn‘bﬁiﬁﬁm EHB%E&@BEEs%P@%Ne the

fluid machinery is calculated by the arithnmetic unit and 25 di splayed on

the output dp¥i 6pebatlifigt BugrBRENEE, tAECAtoRd cla® NS dPRS efadubeRNtd D,
t he amount of wasteful énergy consunmed in the punp or its peripheral

devi cesianihput ovddini phave dhetheegsober dsnsigipigicom daterter 27 ~ a ~u-~
Zooz or the li1ke to the work site. Accordingly, it is possible to clarify
the return of investuoeblypr hoostvesf,f eexpepsese Wearsunitnmgodegingmenti meert er
or the like, and therefore to help popul arize energy saving systens on the
mar ket . required to measure flow rate and power consumption, and such
work is time-consuming. The operating pressure, on the other
hand, can be easily calculated simply by attaching a compound
15 pressure gauge to the suction side of the pump and a pressure
gauge to the discharge side of the pump.
It is convenient to find the actual head and input this
value before utilizing the processing means. This is because
it is possible to calculate the system head curve on the facility
20 side (piping side) with the actual head. The following
expressions are in relation to FIG. 10.
H, - H, = K,Q,°
Therefore, X, = (H, - H;) / Q,%, where H, is the total head,
H, is the actual head, and Q, is the flow rate.
25 Hence, by identifying Q,, H,, and H,, it is possible to find
K,.
Therefore, the resistance F on the facility side (piping

side) can be found for any flow rate Q, as follows:
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5 As a neans for elimnating wasteful energy found in the nethod descri bed

above, the present invention proposes a controller having a frequency

converter as its main conponent. The applicant of the present invqupgpzwz

proposes a performance regulpling fpﬁgratus for/éhq fluid machinery for "uSe
i

in 10 conbinatiorf W th t#hB:1%r &sént erit ifoh 42780 optinmal controlier. A

i tabl f | ati t f fluid hi f '
conbi nat | orTRF 45 i BEESeREN o GG TR oF 1Y d5 SABHE Lo AR R C BRIt o
th f f iy, in der. .t . Specifically, th
per 1 or mance Q5T HU AT appdr AtUSSeHABELE I het Bet 159 el & D1t hd D (o
be adj usted. si npl ..addi ' d tial it §. '
the exi ot it pibp areEbn Fo Shanel S ke P ERaT Aok it uf gy ™
apparat us [ QL4 W hdPel) BREY M hlalE APEEEIDEM By hiGachd 0048 2ng
mounti ng confl guration of a perfornmante regul ating apparatus for'flu
machi nery aggopfibngy{o a first embodi ment of the present invention. A punp

unit 101 conprises a punp 103 and a notor 104 nmounted on a comobn base 102.

Fluid introduced gdyoughna staidofbpi be %p?§§§§skiﬂﬁ8‘1%a§hsz5will be
suction-side gate valve 106 and a short pipe 107 and IS sucked into the
punp 103 Vi @egcsisdd on port 103a. After the pressure of the fluid is
increased in the punp 103, the fluid is discharged froma di scharge port
103b. The di scharpedFfilcui dld s ither cducesl 28, sBo@sJ thd 206 irdte+{Hend

di scharge pipe 110 through a check valve 108 and a di scharge-si de gate

val ve 109. ¢harad¢oenbsicics eglilatpuny ddeatdtfuedlby fbe fixsd ideohtifgring
hereinafter referred to as regulating apparatus_) is mounted on 5 the short
pi pe 107 t HReaRH- a e CUryd & H@Cﬁﬁé‘%ﬁ 21P1UTRLLRE P rRRIRES righ Ftamsr el 12
is conposed of an alum num all gy having good thermal conductivity. In the
present enb®eF WD ¢ hghﬁe‘é‘?o%?‘éﬁ?%ﬁ?ﬁg’fng&%elli‘?l’i”és fasEedefdPeALY dgifivat i ng
apparatus 111 by bglts é not shown ) f fixed to the short pipe

h , |
107 vi a U—bB?F% iﬁ_(%%? s hdtn}” tﬁ%cg¥?2ng%&ejg§0pprfed froma contro
panel 113 is supp#ﬁg% QT30 o RRLE s Gahlg1414,.85, %Ea’%&%&a’fe?ﬁéegfrat &
atus P11 y N ting

regul ating appar S to a’frequency converter "houseé € regula

appar at 1 Loh SOMves ts fiehenkr ; 5 | edectdd
power . #ﬁe %%gdﬁﬁ%%gpomer mhoggf?g%uggggeﬁégg%eggggénﬁi??ﬁdifg)?ﬁ%bﬁ?gg

froman outgxamens| erHdd Asianswitped veasx af . dhandegylial ishd raepacat Bs 111
to the electric notor 104. Although heat |oss occurs in the regulating
appar at us 1410 do%’.t oThhe §ereuabey Coevprimitom,(d.95%dhe PreSEnY , epbodbapnt ,
the 20 generated heat is transferred to the fluid handl ed bx the punp via
the heat rafi2Pithyrreans The aweve e shdhe piipe crgipecting these points.

This process is repeated for rotational speed ratios of 0.90,

20 0.85, 0.80, ... to form curves a.-Q,.
The curve § is the system head curve on the facility side
(piping side) calculated by the above-described method shown in
FIG. 10. The point denoted by (8) in the drawing is the actual
operating point, while points (7)-(1) are the operating points
25 obtained by calculations in case of varied rotational speeds.
The curvey, indicates the flow rate-power consumption
characteristics of the pump identified by the first identifying

means. The curve ¥, includes a plurality of points which are
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FIG 15 shows a nounting configuration of a regulating apparatus accordi ng

to a second enbodi nent of the present invention. A punp unit 101 Q?H%rl es
a punp 103 and a notor 104 25 nounted on a conmon base 102. Fluid UL 2007

i ntroduced through a suction pipe 105 passes through a suctjon-side gate
val ve 106 @t &homart Bhee oo hrat a5 odubhese inftid therpudet 102 hva 40w
suction port 103a. After the pressure of the fluid is increased in the punp
103, 29 Fake apd pHEr (IRFYNptd oy @Ssdfar@ed Yrlam(&:di ¥ohar-ge -port

103b. The di scharged fluid iis i ntroduced, into the dischargi kye 110.
through a check VEI&/Bre68S8ARINGANSTREFGRI4FRES FatOtoLLGR O%’ 44 LetiPc

power supplied froma control panel 113 is 5 supplied froman input cable
114 as an i#ﬂﬁutqﬁﬁﬁnPQﬁnqﬁu?sr@&ﬁFﬁﬂ#ﬁg agﬁg?at f%f e} QtﬂPQGEeﬁgﬁeg
converter housed . n. t regul ati ng, apparatus 111,. whi ch_ convesrts .t.h
frequengy g2t lssuﬁpp?’éd%gFe‘a‘?lf‘ 1ooviete? fhel®i% Vﬁﬁecé]p?@\/\gf* “Wio te?f (rggauency
has been cqnvert N uppl ied, f :an output cable 115 as an out put 10
means of tﬁg ﬁggg éF?ﬁg g%pgﬁa?uig%%I to the electric notor 104 . In the

enmbodi ment shown 'lll'ﬁf%%rtné?e % hgfls El?éié gﬁg%ﬁé?flé}gné SRPOsSpdL8l a

wat er - cool ed j acket o I nl ess steel, Isfixed to the regul ating

appar at us Iddr 3y 4 8o (R cBBRYB) RRd Wi thbae tiQHa 108pEE8 chRAGEsRI Pe
107 via an L-shaped ‘nounting 15 bracket 116. The fluid discharged fromthe

punp is int§pdugedsi "k t BRafpaE cRdisaldeRd HEANS1448 \dur atsMEreqRiepeyll7,
and subsequently bypassed into the suction side of the punp via a sna
pi pe 118. |dbriher Piesetiererdodigrant inkegtegenerisd ambwliyr iceg shimpauencnaz0
conversion is radiated through the heat radiating neans 112, the
be more accurately calculated by considering these factors.
As described above, this process generates the points
(0.95q,, 0.95> w,), (0.95q,, 0.95°w,), .... The curve ¥, is the
line connecting these points. This process is repeated for
15 rotational speed ratios of 0.90, 0.85, 0.80, ... to form curves
Y¢~7,- The power consumption corresponding to the operating
points of (8)-(1) are indicated by points on the curves 7 ,-
Y.
The triangle with diagonal lines in FIG. 12 indicates the
20 design point of the equipment. Hence, when a flow rate of 3500
1/min is required, then the piping resistance that includes
actual head is determined to be 38.5 meters according to
calculations. However, the point (8) is the actual operating
point.
25 The discrepancy between the design point and the actual
operating point is generated by the factors described above

(refer to the prior art section). 1In this example, the flow rate

during actual operations exceeds the flow rate at the design
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smal | pipe 117, and the small pipe 118 into the fluid handled by the punp.
In the present enbodi nent, as shown in FIG 15, a thermal insulation is
provided in the area indicated by a dotted line 25 119. This theh??b
insulation prevents heat frombeing transferred fromthe surface o vh &0

pi pes to tpeiatmb¥phHEr pedgentg cooling water circulation and the Like. In
this case, it is difficult to enploy_the nounting configuration_of th

first 30 3 0 ~The-Proresehdiesest dxfihays fhe %IOR@E I&Hattlﬁé‘aﬂnﬁﬂ??gg
configuration of the present is effective. 6A and 16B are

Ebodinent FIGS.Cﬁ

vi ews showPrigthedeiap |far §:th|eu% GMer 3F€ 13e thegdraLPRP AR PEnBRKEF n
FIG 14, d FIG 16A i I Vi i th tialll, - ti ! t
bnd FIG 16BIPURREEORA G tBAE B0 RO P BEPAY GRRHAS SPEPOLTFF ot bRERG.
short pLpe 107 hy U_b0|$f %20. gﬁe i nput_ cable 114 and tpe ougﬁug cable 115
ensur e din SXAIBYR RSN th et PE AR GPER AL RARC T b GONB LB

iml I ' f : . A
o1 ng 121 %te BF GO PBeRrby e L e A Sy poruRY Ter s CRATRED,

t he appar at thr augh. t he eapyact sWwrbaces of the heat radiating nmeans 112
and the reé@ﬁaﬁing apgaratus 111. 15 Next, the peripheral construction of

the reqgul ati ng apparatus 111 will be described with reference to FIG 17
which is a cross-sectional viewtaken along line XVII1-XVIl of FIG 16A A
frequency aemaertier 48 is housed in a case conprising a base 46 and a cover
47. The bq 46 and the cover 47 are fixed together 20 through a 3seal
member 58 H&%\%t U At REbSdMtingEsIhtal Mbpdr PBERRE poRPaAl NSt

ext er nal ?tnnsphere. e frequency converter 48 |s fixed cloSely tlo the

base 46 i grder to tran ner at ed @pat to the base ¢. In thé sane

manner, t#h radi-ati-hg—reanst-1i2—and-—26—the-heat
radi ati ng |[means 112 and the short pipe 107 are osely fixed to each other,

, c .
respectively. As §MS@Rt  heat| genef8PBHMM the| frequd®RBYMbnvertier is
transferred efficiently to the fluid handl ed by the punp, thereby

21m

elimnating the nedteagf a 27.5m
Rotational speed ratio 1.0 0.8
Power consumption 38 kW 19 kW

10
As seen in the table, a 50 percent reduction in power
consumption can be obtained.
In the example described above, the flow rate at the design
point is defined as the proper operating point. However, this
15 is not always true. It is actually more common to set the flow
rate at the design point slightly larger than the required flow
rate in order to provide some margin. In this case, it is
possible to further lower the rotational speed and further reduce
power consumption. Hence, by performing operations at the
20 “true” requirements, an energy-saving can be achieved.

Establishing provisional values for the actual head, as
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31 30J UL 2002 cooling fan or the |ike used in general -purpose
inverters . Hence, there is no fear of poor cooling caused by a fg

failure. The heat radiating neans 112 is fastened to the base 46 @Jﬂblzﬂﬂﬁ
55. Further, since the inside of the case is cut off frgmexternal 5

at nospher e Show@ finedd6ncylecovoetdegeneraiet Yhues yuryesu ehomod REGH ati on
deterioration caused by weat her or dew condensation. FIGS . 18A and 18B are
vi ews showil?g aldethif e@rse r ukt urSe Pessihd er Egue BE g R SNEhEWEVEN

FIG 15, ag% FIG 18A is a front vieM/mjth.garti%¥%§ Cross-s ctional.gart
and FI G 188 BY furtdsy BATyPERNIA MR EPPAZERIRE mPHREREUE 121G §188RBE5EH of a
wat er - cool ed jacket of stainless steel and is ovided with a fluipd

i nl et/ out | €51 HheCPRBAr 1Bdbit& 1St ' O{R pte Eéﬁl &es3gl (RS r‘?%gt]ffl
have the sane structure as those.in the.exanpl.e of _Fl 16. 15 Next he

per i phegal BRI Bh oélftpt%eigéﬁﬂlngtgi%r’rﬁ %%‘Hrtast Egsi%fr\/\f?mp%re”&l%géfﬁbed
with reference tosFl G Lch is r -.sect | i ew taken along |ine
XI X- XI X of FCEE I%AJ.CO At %e%@uéeﬁ@ %%%Qligré)éfﬂi% %i@%esn\eqd in a case
conprising a bas d:a ¢ h . fixed
t oget her 20 thro%&#ﬁaﬁgeé Eﬁgﬁgé?éégrgyg%o sg?ﬁb?gg%%ag)g?ﬁﬁ%%é%gg%gﬁeep

an ai rti ghtfess g%%iﬁ@tedeﬁ%{ Ba'agggmeh%&eﬁ e of ELHYENEICIEAHAS BbwAB 1S

fixed closely t0 the base 46 in er to transfer generated heat” to the

base 46. | nif her&ame eRigh the Hasadlrdived agRive finxaéthalt.he heat
radi ating 25 neans 112. As a result, heat generated in the frequency

convertigr is transf eygegd 16f fdadientdne tpprthelifdnétérhatdicee Pymphe rating
thereby elimnating the need of a cooling fan or the like used in

gener al - purqaosgat nedr t ehe. Bor 3 @nd Wkhe 200X el bfot23idmviel fishirer rthlees.
The first role is to enhance the strength and rigidity of the heat

radi ati ng rraqieristigdef thatfivid nacdinesyl eigadieetoike ddagneredmed
by the pressure of the_fluid. The second role is to gui de the flow of fluid
within 5 t 9 dekectivgldydép Peehieker Vis ilnputdedi ARtei the tidrd Aevere
third role is to inprove the radiating effect by increasing the area of
contact with the fluid. Accordi ng to the present enbodi nent, the apparatus

can be gasi ly an nefgte(%;t i2vel al}cﬁ(ilg{(“?edasél?/efe#r‘}'c?fleu%'z)%?]rcr{plasi r%%lg 3 ie%tii%tg

provi dél around t'he pi pi nd. ment” of the*presen

i nvention g@éﬁ%@?%&r&%n\# ?Eo%erfﬂén%? tRe HIiGS) 284 f&%@%ﬂ{%h@asi c

structure e apparatus | e third enbodi nent is the same as that in
the first S£EDNY DO FENtEe IouBMEmachhgekgoWhathngsappanatay ihl of

the third enbodinent is an air-cool ed
operation is inputted into the input device 5.
In step 3, data (the actual head or the 1like) for
20 identifying the resistance characteristics on the facility side
is inputted into the input device 5.

In step 4, the transition of the operating point for the
fluid machinery caused by a change in the rotational speed of
the fluid machinery is calculated by the arithmetic unit 4 and

25 displayed on the output device 6.
In this manner, according to the present invention, the

amount of wasteful energy consumed in the pump or its peripheral

devices can be found without the need for bringing an inverter

27



15 type that includes a coupling 126 joining the punp 103 and the notor 104
and utilizes the air flow generated by the rotation of the coupling 126. As
shown in FIG 20B (view as viewed froman arrow XX of FIG 20A) , ) jy, 2007
coupling guard is disposed around the coupling 126 20 for preventing
acci dents. Pa the pikSche EmdIRHemita-herE60pHiRGLYuatt SerRess Bzl Feat
radi ati ng means 112. Here, the coupling guard (heat radiating neans) 112 is
conposed of CAAT AFHNTREMEEUSY Qfd Ve thidth SPH1REISIH AP RS0IYREP ri bs
( fins ) 128 for .inproving the cooling effect. of the 25 air_ fl ow described
above. The éPFEE?HEEDSf aphd WALE 8Ys GthetRamblke, ¢ ARE therROLEr O P
second enbodi nents, and the case,can_w { hstand %gnd and rain. Next, the

3

enbodi ment BRABWHAFAZE| BRET IY ASAKEPS 18Y SiF F1S 1P 387 MARKet y | 2002

described. FIGS. 21A and 21B shoy. mbodi fth t
hown i 10 FI GS. 1458 i QU2 0LOBR ‘B TR Pa%k Rone oF &Y Saaiel & ST i s

mhodt mont aneRie R i DL EBEVE ot 1 BEPeeh? oviiian nE2RkBROEG o i

enbodi nents n e outp cable I'S "provi

ConStrUCti0805%r8¥§@r5ﬁ§915 a R8¢ H%ﬂcgggéﬁvéft Eﬂ?ﬁQsFﬂagEqﬂﬁﬂ%nﬁﬁQHIpUt

cable 115 on the heat radiating ans Further, it is VI O at this

constructi ofneagpPei@RREI &8 Bl iy drfte 1YJeati680bedpbaekel faPfoamshdde
air-cooled type. " 1U In FIGS. 16A, 16B, 18A, 21A, and 21B, a screw cap 124

is provi decjréﬁﬁlﬁﬂi_ﬁbi Ngppdr &t dd | gbrnesige aganst SxERINSty atfBIsphgee wha an
O ring (not shown) interposed therebetween. An adjusting neans for
adj usti 1y oubpbinkteguencth theprasdedrdinventitol e s¢bpwiaap ddcrdDier.
exanpl e, the adjusting neans 15 conprises a rotary step switch for
appropri ately adj assungabhe perdoironakespegidlat inge affpsixtecicer§luid i s
intentionally not shown in the drawi ngs, in the

machinery for use in combination with the present invention will

be able to adjust or regulate the performance of a pump easily

in order to save energy. Specifically, the performance

15 regulating apparatus enables the performance of the pump to be
adjusted simply by adding an inverter and essentially without
changing the existing pump and control panel.

Next, the performance regulating apparatus for fluid
machinery will be described.

20 FIG. 14 shows a mounting configuration of a performance
regulating apparatus for fluid machinery according to a first
embodiment of the present invention. A pump unit 101 comprises
a pump 103 and a motor 104 mounted on a common base 102. Fluid
introduced through a suction pipe 105 passes through a

25 suction-side gate valve 106 and a short pipe 107 and is sucked
into the pump 103 via a suction port 103a. After the pressure

of the fluid is increased in the pump 103, the fluid is discharged

from a discharge port 103b. The discharged fluid is introduced
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present invention, there is no conponent corresponding to a switch for
turning output fromthe frequency converter on and 20 off. Thus, the
frequency converter is constructed to provide output autonmatical | §0wikdnli?
el ectric power is supplied thereto. Accordingly, there is no restriction on
a positi oniffer éhehdigsparauPine atihcheruah theChepe. vEbYe ek@bpred fhe
apparatus can be nounted at a position out of reach fromchildren or in 25
a smal | sp&d&chs&ggasddengatieuiv@livgechifery starts and stops sinply by

turning the power on and off. By incorporating the performnce regul ating
appar atus (her ei ARFEOTFS §89Péa§%n8@rﬁﬁadqqgcéﬁ 1%§rf01r| ﬁ‘ﬂl%éﬁhg%{}ym

30J UL 2002 sh in FLGS. 14 th h 21B. in th t f th t
et on, e e EE D et ds Brot et Sk Tk S
fluid hi ith . _Thi | ] th
A AR e etz e LR e PR S
steps corre ee i 0 essin neanﬁ

FOBAY A 808 Ll gB0ed ek o G 6, BE 25795110, TERD

descri bed above, SSsi eri

whi | e oper atidighne.SYAIAM. 10y  herpr opesslng Jeansyfieacidhied aboveeapeat

| oss by the i nverter was i1 gnored. wever, an accurate valu€ for 10 power

consunpt i 0B 56ARtheCALEHE 2L £5 jas riReaUE A HataghY afehyad ha Hdud NG 1t B
apparatus with theinverter. This controller sérves aS not only a neans for

esti mati ngpohe sapmstn s hetnvyasdraf 8l s e rreEned ﬂbﬁ:h@@ﬂbr&ﬂp@%& nemelya eLhettive
means for elimnating the estimated wasteful energy. This is 15 because the

controlder (gart wholst)and use in the outdoors, which is a comon
installation s ite for punps . The controller is not required to be housed
in a control pan&leciamdchegmemnyupptiedl falomerat contool cgasiedlucktidnis
expenses are not required. The controller can be taken to the site,

i nstal | ed, sapdltiest ebraw 20 doputnicadlsheterast aps input- efdagst i vf. thhen,

if it is cost-effective, the controller nay be left install ed. )
regulating apparatus 111 to a frequency converter housed in the

regulating apparatus 111, which converts the frequency of the

15 supplied electric power. The electric power whose frequency has

been converted is supplied from an output cable 115 as an output

means of the regulating apparatus 111 to the electric motor 104.

Although heat loss occurs in the regqulating apparatus 111 due

to the frequency conversion, in the present embodiment, the

20 generated heat is transferred to the fluid handled by the pump
via the heat radiating means 112 and the short pipe 107.

FIG. 15 shows a mounting configqguration of a regulating

apparatus according to a second embodiment of the present

invention. A pump unit 101 comprises a pump 103 and a motor 104

25 mounted on a common base 102. Fluid introduced through a suction

pipe 105 passes through a suction-side gate valve 106 and a short

pipe 107 and is sucked into the pump 103 via a suction port 103a.

After the pressure of the fluid is increased in the pump 103,
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By using this controller, the actual head can be found wth great accuracy.
As shown in FIG 22, the operating pressure (head) when the valve (gate
valve) is open is conpared to the 25 operating pressure when the g vigl 9087
cl osed, while varying the rotational speed of the punp, and the actual head
is found atth®elpBift ifhef &SEhaFeed s T56™Mdid f diepbar Bt WO&H th&Shwo The
operating pressures. As_shown in Table 2, the actual head in this exanple
35 3 0 J Yachmed sT1oldedsr ¢ntygeged into the discharge pipe 110

No. (8)(7)(6).(5 3)(2) (1) Rot atj onal eed .

i 1 oL, ob, GHE G g5 8habl, Y56v8 1406 AR VA senarge-side gate valve 109.

cl osed41. 537. 533. 53026232119( m Val ve,open3229. 527. 525. 523. 5222019, Act.ual
head: 19 m Accordii%ne@ G h%o‘g‘%}uﬁluf’ﬁééggc P BaserP rPiur’Pc?nlféi nglfhé'SS
control l.er of the pr nt _i.nv.enti.on ven, | he _cas. er tyal, head
is di ffiscul urt’%f eecpf gﬁ(ﬁlﬁ Cﬁf olrnpélicarrcpalbe,evx}jtﬂ éscc?rrpllefvl\%l pr?%égﬁgygfe#?e. By
i nputting thi i i t Vi i r i ng
nmeans, the %% J%g%§ﬁ%f&%%g%§§§tgﬁyﬂgggutfﬁ%?eﬁﬁgf%%@%&%f%QQ%gg??fgf%%%
identifyin : ﬁgg;gg]' ti Wi [ ans
descri bed g%%%gféatileﬁ?% enent eédqgg'p%ﬁéregrrgg?gérgggglg% fh%;&% co?;s)t?t&grt“%nd
stored on asgt0f A8E eTReEYI Jdiier St @hRAL] dRGH HTHERBY R JsRCPF B EA@F niaBL 0 a
not ebook type personal conputer or the like, which can be easily carried to

15 the sit ep&én tdtmviRted Netaigptican £ rbhGn 23 tPheVsable EXIREarDbueguitpmrent
that can be carried to the operating site of the fluid machinery to be

di agnosi®d. nldass edfutpeardgd e indeappapetssridll tonphe el eB€rdompoticat 1g4a nai n
controller 1 ( having a control unit 3 and an arithnetic unit 4 ) , 20 a
mei n storage uni tIr thenemhpdimeleyisbows, inaddGnlZcR herfi rad bt inoleans
output  devi fle2 6j.’s 2%1%1pg;ec\émolfcg v?atteers-hcogglleldnjgc%etléf %tgliggggs steel, and
is fixed to the regulating apparatus 111 by bolts (not shown)
and to a flange bolt on the short pipe 107 via an L-shaped mounting
15 bracket 116. The fluid discharged from the pump is introduced
into the heat radiating means 112 via a small pipe 117, and
subsequently bypassed into the suction side of the pump via a
small pipe 118.
In the present embodiment, heat generated during frequency
20 conversion is radiated through the heat radiating means 112, the
small pipe 117, and the small pipe 118 into the fluid handled
by the pump.
In the present embodiment, as shown in FIG. 15, a thermal
insulation is provided in the area indicated by a dotted line
25 119. This thermal insulation prevents heat from being
transferred from the surface of the pipes to the atmosphere

during cooling water circulation and the like. 1In this case,

it is difficult to employ the mounting configuration of the first
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disk (FD) or CD-ROM serving as the storage nediumfor storing the above
prograns; and a printer PR form ng another part of the 36 3 0 JUu 200T
out put device 6. The equi pment further includes a conpound pressung gauym
Cps attached to the suction side of the fluid machinery such as a punp, a
pressure gatiRePment s id FRE- dl ciitfydhsi meunhiBgacepiveduhetken @ f or
measuri ng power 5 consunption of the notor for driving the fluid machinery.
As descri bed'aiRRS EMheMRRAEMEEE e iR e £i nd the anobunt of wast ef ul
energy consunptiqn in the flaggﬁnachiner and its peripheral devices.

P
Specifically, thd HbunttPoflalbBiare &Gy sbeninged detaheed INRPGFES nery

and its peri ral_devices 10 can bhe estimated wi thout installin n .,
i nverter onofh esil:teeq.u\ﬁ@ctcf'd?%iaﬁ)@a&{attuﬁes S8 Ao 1Pnvdt n%?u‘g %G %’t&bd@m ng

an inverter_qr _the.ljike,can he faund to hel opul ari ze ene co rving
equi preRt on ptl‘ﬁ"%1 ﬁﬁ?[{e‘f%tﬁﬁeargﬂ-,ﬁ I Fgf’sfﬁﬁg?g?grﬁﬁ@ep?%blﬁ’ﬁ{ %Saﬂﬁﬁa& us)
of the 15 presgi (jyugntion makes it possible to identify and elimnate
wast ef ul energy. Si'nce the controller of the present invention has the

ef fect of decr easi fackeahoLehgnala 0990 96 Ehecd Il dymghioery, ol b ean be

expected to extend the eari ngs, nechanical sea

like. 20 The, prassents iTnent rge ¢aBuReEhBIE 118 SASTAYe SEM AR & i
wi t hout shgﬁiing of f the punp, chgﬁging t he openi ng J%greéng% fﬁgﬁggﬁég, or

causi ng sorengiferatididrante e st ke thsehe $c§AVARIRGlappir StHer Morgls 4 t he
di agnosi s can be executed during equi pnment operations, on a workday rat her
t han alfol imayho@5imheapresenderwaeat cablies i Bubalelrg edest ANpengs gy
savi ng di agnosis of greater accuracy is required. This procedure, however,
requires ther texampdid.pndnt O+sisdut2 1d denpoov tided tics pgavket eex t er ok e iof
changi ng the opening degree of the 37 valve . 3 0 JU 2Q02 The present

i nvention deiPersiuH iy eAuaaed curtositheatd s ato1spdrfrsyaaha freo pandtas t
nmeasures as reguired ﬁ% t he_circunstances, such as_adding a controller or
converting % F%8 PhathfnBEytsredLatiRel MepPEi d1dnéhen F&GHG td "éhe
rank smal |l er_c City.,Further, since the loss in the piping side (
facility si%ﬁﬁéggﬁF%x}%%ﬂnuL it is possible to performa sinple trial

cal cul gki on of e c er, N hi ' eas n h ]

Cal oul 31 on of SR, PRSI AN EURC D LOGE °93 NGNS A ng
fluid machigggaraaepndiingile sddacaserla WIvantd aarMdd therdgscyy %th@lased
on the exanple of a centrifugal punp. The foll ow ng nethod enpl oys the

first and secangrdsisdddtyionaimeass nfkdhalengadinert s1skenn Jir it C36al
through 13-A frequency converter 48 is housed in a case comprising a base
46 and a cover 47. The base 46 and the cover 47 are fixed together
20 through a seal member 58 by bolts (not shown) to thereby keep
an airtightness against external atmosphere.
The frequency converter 48 is fixed closely to the base
46 in order to transfer generated heat to the base 46. 1In the
same manner, the base 46 and the heat radiating means 112, and
25 the heat radiating means 112 and the short pipe 107 are closely
fixed to each other, respectively. As a result, heat generated

in the frequency converter is transferred efficiently to the

fluid handled by the pump, thereby eliminating the need of a
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15 Cenerally, nodels of centrifugal punps are designed so as to cope with
port dianeters, notor output and rotational speed. The range of f3|[PWULr?ﬂﬂ
is approximtely determ ned by the port dianmeter and the rated rotationa
speed of the tor, and the head isapproxi mately determ ned by the notor
out put. TheF@Pb1RI 12 PhELSHSF 1S pBAFTIS V- HHEPOSEMRYS S pulsTEEn be

estimated fryomits port_ dianeter, the punber of jnpeller stages, and_.the
not or out pu#h%ﬁﬁ 908 TG0 °LpBRAT FRPeLlY Heh i & gBBe{%Ja ¥&- defised

b he fol | ow pr.essi d d h i ) ~~ ~
07,1 [ LRNSSAPLE 80,809 5% PckcToEl RhBRE oD ha e,
head at i i |1 t " i sti f.th | ncludi th
head et o SAIOLEGHIRELLAL 095, PEARCLEE LSO P NG R

pover charaglgpl }fﬁéfé, e f?&&ﬁ%@égggg&eﬁﬁg E%%oscpffﬁelghc% QH?ge?f i ency

al so varies according’to spect above punp tharacteristics

(the flow r%?ﬁ??@f‘oﬁ@tﬁé?i%rfastt'io Sc&R8ed !b&i""tgég{:ﬁéfhﬁf Eeﬁ%{dens tion.

characteristics) can be epicte or specl speeds as dl nmensil onl ess

characteristics ofrgde PHHRNSIBWNaIE Jildas Showihd€aPidPa £Idd Ge8t 3N be
arranged as specific speed-punp efficiency characteristics, shown in FIG

25. In FlI G o24théheed\oT 4 ZDN adppidacdLRMRS@NES S@TAENSS pnagssrid owgmaties (Q
while 10 the vertical axis represents both di mensionless head (H and

di nensi onl easfsbat tvipewneritfik\Bart iBNd ychapasteecstibnal opatbeapdirgIGY € 8B

i ndi cated for specific speeds (NS) of 560, 400, 280, ..., 50. In FIG 25,

t he horizonfial aarilsnrepeesem shegteciddintsipapdngamdS )12 ishidompdsed/ erft iacal
axis represents punp eff iciency r~ ( ~) . 15 Hence, by setting

repr esent at vebeporapted jaoket ke strdad esensteedf angoherprewided diEngd ons)
in FIG 24, it is possible to estimate the overall punp characteristics as
provi si onal f&éRaA a1 QUtcket dhde tHRE grdMtsFaRAr e utentseakke ofandhe
punp have been 20 estinated, thﬁ characteristics of }lhe fluid machi nery can
be identifi EBELY EHRY 'E&Vtené Br oS TrHCIoH 26t EPPEEI L8 Y (amRlifey
mat ch the pyppeopergating point ( flow rate) and neasured data (head and
power consunption) dufing punp operations. Data for FIGS. 24 and 25 is
preparegsin a datgbase. tfe '\{%fipﬂ&eaft 2888 t2hcesbhma4 nﬂhgr%gﬁidl‘%ﬂa:ﬂngounp
characteristics, identifying the operating point (flow rate), an
correcting &ppapaeys Sl DNalilahpe addairiHdL widherdeseendedowth. red ergnrge to
FI GS. 26A through 26D. Here, the provisional 39 3 0J UL 2002

charact eri siscs catos se@racediont lusiey tfdken radbagchinelxaeK Iy om ¥ he. Héad and
power consunption during current operations and estimted val ues of the
ef ficiency 3ffréguéency dcondrtey y8amnd howsed firizenegeotonprisbngra asen t he
step shown in FIG 26A, data is inputted into the input device 5 shown in

FIG 1 . Thit8 ang a Savqmudiés tThe bapp 4oyprd dRELOYRY ddidie fhieddragadingket er
~ th nb f 1G,) . th t dat a_i ncl uydi ted

(10,2 LVEnRUTEE" s oLt 30Em & SECpl b IS TRLE" sf3hR, 0l gy

i ncl udi ng tQﬁegﬁg‘qéﬁf&%ésya‘gﬁfﬁﬂ%ﬁ%nglé'ko e) during current

oper ati ons. marn c wn i n 1 perforns the
followi ng five st i gigonal | Sty own
n FG g6H in sih Ao S A B T A A bl

port diamet g {n-oddeéNttd e amaFeer generated heat to the base 46. In the
same manner, the base 46 is closely fixed to the heat radiating

25 means 112. As a result, heat generated in the frequency
converter is transferred efficiently to the fluid handled by the

pump, thereby eliminating the need of a cooling fan or the like

used in general-purpose inverters.
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15 of stages ( STG) , the rated output ( Po ) of the notor and the rated
rotational speed (N) of the notor. In step 2, the flow rate at Et[?gup g
efficiency point (QBEP) is identified by the punp port dianeter ?U% nd

t he nunber of stages (STG) the rated rotational speed ( N) of the notor,
and the specific BgeedZ3 RaVE thFl@?erol{f-EP b $igefi ﬁ@éleaésfn‘b\ﬁﬁ%f\é:eat
the best efficiency point, In step the punp_ef f iciency IS

i dentified Wﬁﬁéeﬁﬂﬁﬁ WFlEFQﬁ’él’é’rf the head %W%‘E#H)%F‘eéf‘sslt]e\?g% O(rgﬁ?:) and
the specific speed : 4, the head at _the best effl ci enc p0| nt
(HeEp) is c@?%’glt&{%ﬁaéééoFHPisdtba‘?tlh"ét PpPetsfeto HRep b she Rr%? 3 ~y

s TS EA UHAPREATY ST
e B AR B, OB R 1
FI G 24 basgg; py xt{ﬁ%ége%'fxﬂ%ez%lv%o%%‘nﬁf%&df&’@fﬁgféﬁ%éc@%?sfﬁ%%éé’fn@dﬂg [

(QBEP, HHEP) and oW ra _ _
char act er i s{}&, CHEV SRS AR NenkO 1§ asPedddr SHRPUL 6 Nehel detddiied i

step 1 5 is selecte 4. Then, "a provi si ona ow T at
char act er | sbiiodiiehdr | £1es 88bedaPils doni ste' 84k ms; 3¢l eeted:iboyy rc%oe.t diead

characteristic curve such that the poi nt 24" overl aps the

poi nt ( QHEpevéBPf i f ThérmaZ6Bindurdtivsn J?sfﬂw#ic%cﬁ as&zﬁfdd iping
characteristic curve corresponding to 10 the specific speed (N§) |dent|f| ed

in sted0l is sel anxsed, far bhiFd @mibd inleremn p fat pe Qe eortali nfrleawibat vi shafd
power characteristic curve is created by depicting the selected flow
rate-shaft @oserikedrudthrirstfiierengey et UERGS hal OBheargbi A@B( 1The0,balsi®) in
FIG 24 overlaps the point (QHEP~ Po) in FIG 26B. Data 15 for steps 1-3 is
prepared i nSEOHEMERRASKE texepraKataFoln rEte thddit pmpedimentshovithe rfameG
26C is perforned acc;ordl ng to the followng two steps. In step 1, the notor

efficiency 35r tRpti 40 ddR i $He’f ngnd heergp deB‘G’PE&P‘ePFS) of1OMISY €t drhe | n
t hi th t ab d t hat t.h t.0

ef 1 ci oncy {o9e Ty CRhAPBE AR T ) 88 O THOEe & adﬁhs%xa%se%‘naﬁrﬁﬁ%“w@ of
th t4 t I t
the expressiBREQTR T el Bl A00hunt 28 PAE Silnack ST BLAb o SEAR D o ©
and the notgst&f ficd ey dr iz @ Hed@nti ki8¢ L8nstspsa 1b§m@he2 2 dig 25
current head (H) is known, the identified operating point” can be

il lustratedof ntlaegdf@npdsai):igfim rate-head shown in FIG 26C. Further, the
identified operating point can be illustrated in a graph of flow rat e- shaf t
power by cal cul atAsglRiwa-Nn ZIG. 30B (view 2002 eMext fromeahodtoow K tofo
steps are perforned to identify punp characteristics by correcting

provi si onal Fpan? @har acEerPiing Juadsl dRodSPRSEl @r | thgecept b0ig1i2fe in

FI G
20 for preventing accidents. In the present embodiment, the

coupling gquard serves as a heat radiating means 112.

Here, the coupling guard (heat radiating means) 112 is
composed of an aluminum alloy and provided with a plurality of
cooling ribs (fins) 128 for improving the cooling effect of the

25 air flow described above. The structure of the case is the same
as that in the first and second embodiments, and the case can
withstand wind and rain.

Next, the embodiment shown in FIGS. 21A and 21B will be
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26D denotes the provisional punp characteristics, while the solid |Iine

I ndi cates the corrected punp characteristics. In step |, the provisional
head characteristics are corrected by the ratio HAVH3. In step 230tHg 2002
provi sional _shaft power characteristics are corrected by the rati o PA/ PB.
Here, HA andePArdpedt hd Head Erfd ae SHAafThPoverotdier mabesemanth@hdit 10
specified in FIG 26C. HB and PB are the head and the _shaff_ paower on the
provis TonatPPRRhPLERSF St 40k G ¢4 ThTQUD (v 1 FfIGI'o%\;}?étsea dF°ntNext ,

the stages of estimating p np characteristjc entif

operating pbtaY @P@mﬁ?éhe??gaégggglEgaﬁeﬁFﬁﬁg tH@‘pPB%?géo%gF Prggégkthe
Core the prBorafieaf Trat BEr et drol S Erbau et iR A Do P e
cperat i ons SARTEGE FrarsqpEar aaes B8y The SPE ey of the t i ui ' machi nery
and 20 the effi ci,ﬁqf .C%fnsttt}tacq?hgris gggntﬁw%%q%%}:ﬂgat r; £RBSH i on

during shutoff operations.” I'n sho al1s inputted

into the i ”PHtmcS’mﬁxY{E Cthe ogﬁgs"éi"c b E?i}é--orghﬂ'tr%e%%ta% kQSh?@S;ﬁgtx@&&é’rﬁHiype

data including the port dianeter an nunber o ges 25 ( STG)

, the not or pdat Ret NGltUGE RV iRSRM REE R s(c&Ws 4 rddi drpb8d BOhphh 98alhseed (
N ) ; and nmeasured data including the head ( H) and power consunption (Pi)

during curresttnpewatepnsoodnd {hackeeatyhe Hd el Poefosanswypd.on ( Pis
) during shutof f operations . 42
10 In FIGS. 16A, 16B, 18A, 21A, and 21B, a screw cap 124 is
provided for ensuring an airtightness against external
atmosphere via an O-ring (not shown) interposed therebetween.
An adjusting means for adjusting output frequency is provided
inside the screw cap 124. For example, the adjusting means
15 comprises a rotary step switch for appropriately adjusting the
rotational speed of the fluid machinery.
As is intentionally not shown in the drawings, in the
present invention, there is no component corresponding to a
switch for turning output from the frequency converter on and
20 off. Thus, the frequency converter is constructed to provide
output automatically when electric power is supplied thereto.
Accordingly, there is no restriction on a position where the
apparatus is attached to the pipe. For example, the apparatus
can be mounted at a position out of reach from children or in
25 a small space, because the fluid machinery starts and stops
simply by turning the power on and off.

By incorporating the performance regulating apparatus

(hereinafter referred to as controller) for fluid machinery
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30J UI 2002 Next, the main controller 1 shown in FIG 1 perfornms the
followng three steps to create the provisional punp characteri s%i C rs}@&wn
in FIG 27B. In step 1, the specific speed ( NS) is identif ied lgyfucl-
punp port dianmeter ( ~ ) and the nunber 5 of stages ( STG) , the rated
out put ( PoshowR iReFABBor l4ndheaabatelP r bt athenéystpeedf( M eofprafeniot or .
In step 2, the flowrate at the best efficiency point (QHEp) is identified
by the punpiP6eRtEPRmeiteds(PapSibhgda fdNdukpe RMTINd Q%e‘iaff &g yenexgye
rated rotational speed ( of the mptor, and the specific speed (NS). In
step 10 3, b‘l‘d’\}}%ifgﬁéfi RPLY ity PP AU aRown ThASFFeRtphler €an
created by setthag %EE as_the repre entat'hve R%I nt in the X direction and
head (HS) ahatpbWer SBbRYENHEFERST Ys)ﬁodﬁrlﬂ § ShdESFPPEpEFALLBAS 3¢ fhe
representative point,in the Y direction. Here, the provisional np

Char act e | SUPESSRY o tiint €758 RYCEhes LBPRI NEhEr BRTRL S M S oAt of

h SIS , ! . : ISR
tzﬁi f Ffﬁuéhgf%%@ ”ngff?’f gf B2, EHEF D dolle S eéég#fgﬁé P e Ltndn
the foIO\INO\rM'a%gS% %ﬂl"slttgpg@.E LR ﬁg%fh?lt%@%%%’lt%ﬁ"%ﬁ f ?’L‘ng%:%%%%%ﬂ?g ’
i dentified byetdia et .ed AU HRDs O dt H@aﬂytﬁscﬂi%@%l?ogﬁie%%én@gg%@a Is

stored in a database in order that the notor efficiency

identified by tRoUihvostéhewdat egnotdPUt HRRved, tHhe dTtudatd Ra3tRD By the
current flowrate (Q is calculated according to the expression 25 Q = ~7M
~ ~p ~ 1B/ PowdbTonspumptilon Shmte takcelatedtasf hoxsunte datQ by aret 418 yot or
efficiency ( ~7M are identified in steps 1 and 2 and the current head (H)
i's known, téeivieatitli¢czpppeats ngitdoitthe canverstdrd ustrated in a graph of
flow rate-head shown in FIG 27C. 43 3 0 J Ul 2002 Further, the
identified operatThhf gentrodderbecrvesisrs acsdonty @ geaph HPr fdsdimadtiddshaf t
power by calculating Pi~~7M Next, the follow ng two steps arefperfo_rmad to
i dentify pubhpeciBewet &f sasteiny) eserart PHY 90| an cidirgnady sifective

characteristics s shown, in FIG 27D. The datted line in FIG 27D denotes
the provi si BR&PS pﬁ‘?ﬁ) AN S hEs eSkRMPE efnBas eyl | $RRT Ndi CRYiSs ifhe

i sti i Sj |, £l .
co e, BUTBL LR By Ot AR oS O B A e

characteristrcs are cor

curve is coigeactedmb {RsRPIAXISRIE R EBEVSuhby OURPOLALSof Per A S 7iodM
and (Q Pi~ ~M ' Next, the stages of estinmating provisional punp

characteri stégsirédend beyhogsédeimpecaht gl peandl ( ahawheate)an@iihecial
correcting the provisional characteristics are described 15 with reference

to FIGS. 28Altéraugbn 28D. chdaseruchiéopr expsEnses are not required. The

controller can be taken to the site, installed, and tested to

20 determine whether it is cost-effective. Then, if it is

cost-effective, the controller may be left installed.

By using this controller, the actual head can be found with

great accuracy. As shown in FIG. 22, the operating pressure

(head) when the valve (gate valve) is open is compared to the

25 operating pressure when the valve is closed, while varying the

rotational speed of the pump, and the actual head is found at

the point where there is no difference between the two operating

pressures. As shown in Table 2, the actual head in this example
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characteristics are corrected using flow rate calculated fromthe head and
t he power consunption during current operations and estinated val ues of the
efficiency of the fluid machinery and the efficiency of the rro';()q'/,ugaz[ﬂ t he
head and the power 20 consunption during operations when the val é i ?ully
open. In th é@pmé@%zl\g.i n FIG 28A, data is inputted into the input device
5 shown in 1. I's data includes the punp type data including the
port di ametgly{o ) and the nunber of stages ( STG) ; the notor data

i ncl udi ng ratedoutput—<—Po )y and—rated 25rrotwttomat—speeg ( N) ; and
measured data ingl.udi ng tlheghead, ( ) di t he| pgwer,,Co nption (Pi)
during cur@n@@ét%@mﬂnd—&ﬂe_@a E@ .m) gg)d f(?‘)e git.nr consunption (
Piv ) durijng operations when the vialvel is fully ogan. 43 3 0 JUL 2002
Next, the n%‘?tﬁm@@ﬁ?@etglr@t@r -GS HARP i B0 685 10t Pé¢ nB 71 hE67 ot | owi ng i ve
steps to create|the provi|sional punp charagteristi¢s shown{in FIG 28B. In
step 1, theHspkgiVkive clogried4!.5 NS7)5 |i 3.5 dedt | f26i ed3by 21the 1Bunps houd hatidanes er
( ~ ~ and {the nynber 5 off stages (| STG ) ,|[the[rated outpuf|{( Po ) of the
motor and [t heVr ategdpeat|i opal| Bpeed { N5 of 234he ot on. |11y sfep 2, the flow
rate at thebest—efftectency—pornt—(CHEP—+s—tdentit+ted—by—the punp port
dianeter ( ~ ) and the nunber of stages ( STG) , the rated rotational
speed (N) of the notor, and the specific speed (NS). In step 10 3, the punp
efficiency ( r~P)pd éjﬁ“—?? i b di Q0EL % oliT

nunber of stages ‘D(éSC'T"OGf) an i{'hgggp%%?‘?ﬁmsléggecg%qﬁse)# In}gtfggnﬁi,@%]ﬁ%éﬁglaed at
the bests efdd ot LiCYePAUMNheHeERIch® Gl WrEdeaesofdithe EQsERe &PFESSI ONn
HHEP P~Pp/0. 163 ~y' QHEP. In step 5, provisional punp characteristics 15 as
shown by thectwdl edadd pestiiff ilduGt 28Beafeund gaicadebasele pwitthea icdeamilieik ed
specific speed and representative point [(QHEp, HHEp ) and ( QHEp, Po ) |
Here, the priwing gnisteminp ESainputtingithismmaloecaned tsé nghpite device

di nensi onl ess characteristics of the punp showmn in FIG 24, as described in
t he enbodi NeRNASABRAUEANE| S PEFOC2EALNEITRRANF 260 TRAW FOF ot &ps sysFams
prepared in a database, Next, the flow rate identification shown in FIG
28C i s perfbt med Heehr PECYedthe fol l owing two steps. In step 1, the notor
efficiency ( r~H)..i s .dentified by the rated,output (P f.the notor. In
This cabe tne adie FATsPodat g Renite Sk SR pdeRtebaet e Mshs.
eriiciency dnd M gRBcREsHAGThLhEdabechaRUL! BB,LNS LALGH ARk 2Y) O
the notor. ITn step 2, the current flowrate (Q 1is calculated according to
t he expressjedg s TBM‘O%éng’iﬁ@aJ@&nﬁ@/fé’f apHNE@ Ao W §€8Fadd adiahe (Q
and the 45 30 JIJL 2002 notor efficiency (~7M are identified in steps 1
and 2 and thei€wtenidgdeandd () ¢sn KEwwWncdiraent iifnted aopertatbiodd RGipe can
be illustrated in a graph of flow rate-head shown in FIG 28C. Further, the
identified ppesenahgcpuputex or bdid NLikst,r ahédhi nas ke @aphl ofcadmiwd to
rate-shaft power by calculating Pi~r~M Next, the followng five steps are
perforned tehe dehte f9f pbinp RHEP aERTF3 L3Oy correcting provisional punp

characteristics, as shown in FIG 28D.. The dotted line in FIG 28D denotes
the provisional pulpr ATaPReVEr R SXEIPUTHP ee‘ﬂlFFeP"i?PTsﬁﬁia& FRREPS FELALEs the

ted haracteristics. | t.h i si anal. head
char act or i ST CE AP T i1 5y hE Pt T FeEh ey i bs ' fipgnosed.
i si onal pshaf ' ISt .ati 0 PA/ Pe.
Fer e, Ha an P o i B TREPEAEE bLERoRRE CRARMEEL R Bbnbdd il # HEER 1
specified i Qoftfa128C1 MRagRdghe Bt Ybheuhead and émﬁrﬁgﬁﬁEtQQVﬁi@Q)},Ee

provisional punp characteristic curve at the current flowrate (Q .

step 3,20t hea la0W E@beaGein TINI, Ngn GRRYAL HeRSc¥hENahAe Y abyerbsming urapen
is identified fromthe head (H-) during operations when the valve is fully
open. In step «h otiBpush@évice 6, all of which are shown in FIG. 1; a floppy

disk (FD) or CD-ROM serving as the storage medium for storing

the above programs; and a printer PR forming another part of the
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20 power (Piv~ ~M during Q- is identified. In step 5 the shaft power
curve is corrected to approximate a curve through points (Q Pi~ ~") and
(Q', Piv~ ~7M . Next, the stages of estimating provisional pump 30 JUL 2007
characteristics, identifying the operating point (flowrate), 25 and
correcting PH&pPptodiesiigralé -c hdhge tagriipmess s tdescrinsdaidast 2 rePmpenre t o
FIGS. 29A through 29D. Here, the provisional characteristics are corrected
usi ng fl ow PiEESvaEcdrELEd Cbs htAThafed® &tk thee Pdlers i ifpthont Hukd ng
current operations and 46 3 0 JUL 2002 estimated val ues of the efficiency
of the flui B3FAEARKEr Sughdashe RYRPLi 2 RELTTURHIFHAOE: akhbaEhedneadthd

t he power consunption during baoth shutoff operations and operati ons when
the val ve | §1FGPRyI6pehides | ANEhe sPEPeEhdftaIn i EoboReaFad % PABEE t ed
into the_input device 5 shown in FIG_ 1. .This data includes the punp type
data i nc? udFRESURBTAEP: Odi ZhEt BPTRL) I9RqIF hRIRGNDRE BV <§j ARENT - the
not or data including,rated Oﬁt giét %Po% and_rat e,(C:I r ot at;conal SIFeﬁd %l\% and
nmeasured data inc ﬁdfiﬁﬁcfﬁge e OY Beaﬂﬁefﬁ% pb%?n b%%u% i oh"¢ P l?e
during curr e j e hh h . (PLg)
during shut %ﬂ' %uggeégﬁa%%%,fualn(gn?ﬁgﬁé}g{ghfn&[agoén%\ {E ﬁ\éefplol\?/\%?ﬁ%gﬁltslb%y i éc?}\é
(Piv) durin p : | val sSe sf 4y, O . i

control |l er %tghg&n%&kjﬁag?%hggv%g%br r?éj%tdhlzflldélf%l'l g&mgnamgﬁbgeggaﬁ&%ﬂ
create the phRYLY HEumHTRNGNAY ATE 84 MSchGReTYOMY iBs 'ﬂe@iév_%%l%all depi&Ps 1,
the specific spééd ( NS ) is identified by thé punp port diameter ( ~ ) and
the nunpgr ehnstagestimdted) withbatr @hsdaduingt af Bevereértbe vRéosiead the
rated rotational speed (N) of the notor. In step 2, the flowrate at 20 the
best effici aeeyrdingly( Q) eitarndehtinfestmbyt tdfeipurpdpoihg dinahetertér ~ )
and the nunber of stages ( STG , the rated rotational speed (N) of the

mot or, and ohetbpediikeccapeee {NB)d Ho hetlgpppuprpbizei enargpudpnserving
characteristics as shown in FIG 29H are created by setting QHEF as the
repr esent at g8 1psieat °R the Xagkef§irection and the head (HS) and the power

consunption (Pis during shutoff operations as fhe. representative _pojnt in
Che Y i recti on. HEFECORTES bHoh i (GIEGHA MaNG ERAR S b9 AHRRT 2548 )o pEat ot

. g : orl i 1Ot Pr .
5°0"3 UIE oetenetcernent iR Rk ottt Y THeBREY oha e finfincden |
Data for st %%t%f%’idexﬁefﬁg %gﬁ'fc‘:edthg @orﬂ%ﬁ?ae}gggmgrteg%nttl %%ﬂfon

identification shown In 9C is perforne ding to the I om ng
two steps. hasstBR dffébe MPcrefisiitlge8hY fofationd B Jpiaid bifi eHeby1bie

rated output (Po) of
machinery, it can be expected to extend the 1ife of the bearings,
mechanical seals, and the like.

20 The present invention can perform its energy saving
diagnosis without shutting off the pump, changing the opening
degree of the valve, or causing some other hindrance to theuser's
equipment. In other words, the diagnosis can be executed during
equipment operations, on a workday rather than a holiday.

25 The present invention is also suitable when an energy
saving diagnosis of greater accuracy 1is required. This

procedure, however, requires that the equipment is shut down or

data is gathered in case of changing the opening degree of the
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the motor. In this case, the data is stored in a database in order that the
notor efficiency ( ~7,~) can be identified by inputting the rated output
(Po) of the nmotor. In step 2, the current flowrate (Q is calculated
according to the expression 10 Q=r~-M~r~p ~ Pi/ 0 .163 ~ Y ~3 gi SZP

the currentvdl v rate ( Q) and the notor efficiency ( r~M are identified
in steps 1 and 2 and the current head ékb is known, the identified
operating point cHe PEEPEPGSHIYRIEHLGTHC nd?%aﬁpéﬁefiudwwaﬁe%e%&%m*ﬁ n

FIG 29C Further, the identjfied ogeratlng oi nt can k’)]e illustrated in 15
a graph of 9 BRILRED ARRHIPTIAKE MEF Eﬁ?%@lsa’fg%‘b“ﬁ?ipﬁﬁ el\%&’fcu’[‘%‘éa?%?ﬁ'ow ng

two steps ar rfor dto |dent|f charac%erl sfics ﬁ orr

provi si onal T}Epa A SERELolL sﬁ WHOPKEEF &R 06RF & % ‘g e in
FIG 29R d t t h t t 20..solid
N e e R %acff |
DT na 1 oW FIALRCL P SEECen BB 0N S P pxng%aeamcggggug% Sep

2, the shaft power curve' |s correcte e a curve oints

(0, Pis=~")..§Re Péuﬁ ﬁleéaéssEbWe K erf3§m§gntl ié‘%rifa &1 Af1ation

estimating provisi on punp aracteristics y| ng t e operating

point {flovw,fat dc6AEEEEEE ROt RIS Bpal s fhalAchRy | $hiC thg
descri bed thﬁ%ré;ﬁ;ngeﬁt %EF I GS. n30A t hr ough gODl Her e, Iﬁ;{"le opers%%g ng 48

30J UL 2002meetptptfbpy rahr) Is identified fromthe provisional
characteristics and the head during current operations, while the

provi sixmnal char agéet | sd imet iy foar idehed fgdnar dhagatoet bet fos rent £ pnvwer
consunption. 5 In the step shown in FIG 30A, data is inputted into the

i nput devi ceaGhshemn accdtdind to Thespdeseant nigivetgsiarhwigdnpe tdgme lidiend

i ncluding the port diameter ( ~ ) , the nunber of stages STG) , a first
el ement (Qlbasgdyn taﬁ@wr@é@%ﬁaeq:%mmfte@l pmp) b £ tl@Wlﬂat“aEthOd

i ncl udi ng rat ed out put (Po) and rated, rotational s % 10 and rreasured
dat a i ncl udfRBLPKE tH’é’aéllJ( a&ﬁos?qfénfbéﬁéfltééﬁéaﬁﬁt epit N%’eo‘ﬂ’i”? RaRrent

t trol 1 sh FIG 1 f th
?gﬂgvm! ggsf Fgle QWi éBSEFgEEPé;‘?g ‘t["ﬁ‘éll’ {%m :i g\r,:n;l ! Burrp char gg[ e?irgfi cseshown
FI G.,30B. | t
b pokt i art Z?gé?e}a}iih&%%%%ﬁbe&ﬁe’? SPudL Byl 4 e Bl be 1P
output. { Poc Sipd HE PRk Afthiidice sl ﬁl@tegt@&tg@@lanﬁoﬁséaé%ngi dihgedt or .

In step 2, the s ut off head (HS') is assunmed based on the equation HS -
(HL + 2 x H2)1é3ra1h@esdﬁrf13>w aalaeaﬁjscausp/ﬁoxﬁna:trew ek termAs ddobpaske tguigh
the points 20 (0, HS') and (@@, H2), as indicated by the dotted line, and a
shaft powerdiametersandethedrastredsrdtmtpassal wpeegh otfthehpomotoft, @rid, the Po) ,
as indicated by the dotted line, based on the identified specific speed
(NS) . Hereheﬁﬁelsp@99¥@¥bfh%ﬂieh‘ﬂﬁ‘ﬁtéﬁéﬁ-aéﬂéﬂl She gotarowiridt edTHSFREOL Re

di nrensi gnl ess characteristics of the 25 shown in FIG 24. In, step. 4,

the poitft (tpe R§ciiiceiperd theOhot ‘Eﬁn‘b"rlifdig?l NG ﬁénh’%%oe%"t&'%t d
indicatedb solid line s creat rrec head at a_r o OH
Cr T ) Ot et Ginbeidin TRaEPRBG Vit (MR ShIee #1-HOR
chain line ﬁgtor output and rotational speed. Here, the specific speed N,

is defined by the following expression and used at the design

stage.

25 Ns = NQ1/2 / H3/4
Here, N denotes the rotational speed, Q the flow rate, and H the
head at a single impeller stage.

Characteristics of the pump including the flow rate-head
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30J UI 2002 is created by applying the corrected value fox the head
curve having its originat ( 0, 0) to the shaft power curve. Data for step
1 is prepared in a database. Next, the flow rate identification sh®anUilr00?
FIG 30Cis 5 performed according to the followng two steps. In step 1,
the notor etharaereyiftiog angd fdentTdtecnit powedt e bacpenigPbys olarivhe
motor. In step 2, the current operating flow rate j%81) Is identified by the
head (H) duRFRereimrd cft sHRGIRiOmPeacsh adlftPwrp ¢heltirnwhta SR Edker
(Pi~r~M is identified by 10 calculating Pi~ ~7M Data for step 1 is
prepared | ”AECUREE BBASEC $RRELIL1RSPRd onihE RBOYS PWIE IhaFRFHET istemS fy
punp characteristicsby correctin provisionalpung characteristics, as shown
in FIG 30D(the t}pw dtErhaate chRarpCtSowst 166r 9Rd) IR At F P AL SHAERY i ne

is created by correcting the shaf ower . 15 rve at the_ratio (P~ nM/PA
Noxt | o STUBERCHAL bRt oMt | eTor B! SHOREFC oI OfhaFRECSF 161 | LRSeds @

char act or 1 ¢ PUe ST Eh IRe PrgaetioPipsRintne Blfter S AT i O
st & ar & feseriBed nce® ¢8R o
char hotor | SPTRE. oo TRe R G 1 G COFFaRE=tnatat| e (i | G- Dt 01

provi si onal e’EP%E?ﬁ%@%;&aﬁfﬁdﬁxﬁeﬁéﬁc%%@wﬂ%ﬁrldi'@g\a?q t 'iﬁeﬁt'ér e, RQwer

consunpti on an ower consunption en t valve is fully

open. 25 | NhbPez&HhERL SOV ﬂébﬂ%&nt?s_l/a,im%rsaomeisapyié@dré@éo(tgsb,_evém@
device 5 shown in FIG 1. Thi's data includes the punp type data including

the porio di gRet@érftical axideroprdesntd SégediMersiGnless fidad @)ermd (
QL, HL ) , and a second elenent ( 2, H2 ) ; the notor 50 30J UL 2002
dat a i ncl uddigensaienl est phia ftF9weand kWat edriotatiranabripedds(dY) thamphmp
measured data including the head ( H) and power consunption (Pi) during
current opetzei pndicapedtfer mperL {9 spredshd Npbvef Tohsfifti ABAPi-w). ,
during operations when the valve is fully open. 5 Next, the nain controller
1 shown in FPe I° fdGofhs the BAOTIRRTRY PHVE SERpSSEDBtErEReltife speed
provi si onal @Lﬁﬁp ﬁh;’ilract eristi,cs.shown in Fl 3 1, the ecific
(Hs )} q¥R

G_.31B. | :

speed (NS) FiE}beB’frttﬁga[}uﬁﬁlﬁo?‘?pliﬁsaﬁ%sepuwpgegéchghe’f% "nd%ge'r of

t < STG) , d P f .t f t

TS e T Soheis A TGO R ok lnas B BOLE, T EE 21 SO,
db o HS 1 , HOYA 3. ,

Curve I's or aileqnabe S IS dimersibod il SRS AT )

as indi cat efobgsthfadet tad Uv@%alingu@hps Rdfalr SR sEYEKE aisS fHRAlLGFA as

to pass through the point ( Q,"x, Po) . 1~ as indicated by the dotted
| i ne, basedcbarabeertlienicéi ed specific

Once the provisional characteristics of the pump have been
20 estimated, the characteristics of the fluid machinery can be
identified by correcting the provisional characteristics so that
they match the pump operating point (flow rate) and measured data
(head and power consumption) during pump operations. Data for

FIGS. 24 and 25 is prepared in a database.
25 Next, the stages of estimating provisional pump
characteristics, identifying the operating point (flow rate),

and correcting the provisional characteristics are described

with reference to FIGS. 26A through 26D. Here, the provisional
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speed (NS). Here, the provisional punp characteristics are created using

t he di nensi onl ess characteristics of the punp showmn in FIG. 2 4 . | n step
4 , the point ( @, H2 ) is set as the point of origin, and the ?Eajﬁ %bbgve
indicated by a solid line 20 is created by correcting the head at ét

DH (Hl - MKharacteristtdgsssareheoshaftegoneinguf v i rafie atedd Whatede fred- dot
chain line is created by applying the corrected value for the head curve
havi ng its t&d dierdatand EOWRY) qonsmmetsiear dusewer CaFreat DRExatdenst @pdl is
prepared in a database. 25 Next, the flow rate identification shown in FIG
31C i s per festimptacd yedives & the eAELGHPRGYtoH e deluich Machineryt R8Snot or
efficiency (r@[f" is identified by the rated output (Po) of the notor. In
step 2, thé& rert)efﬂ-[‘”@ﬁ’@r}’atqfnd:hfq JRCHte (Q is 51 3 0J!J ! 2002
identified by the head gH) duri ng current opergtions. In additi.on, the
current”shaft powér t?Pi Lep7Ahgwi &L ddt-i £08d Bt alTIRRY P PIILTO feDat a
for step 1.is prepared jin.a database.. Next,. the foll qw ree steps are
per f or ned tjdlﬁ‘%eﬁgf’ﬁ%g SOMNCHAF d&et t st B?tédrr}cglé‘}cr%g%g?(ﬁ}?@ gg{&’ﬁ punp
characterisij.cs,. hown i | 1 S t t I rve is
corrected lf{/att%é n;%gtul%c} @Pitbgr ER/?'C/ %}Agm?%&ét égezén? htgﬁ? ﬁ{ﬁgealgg)\@g&t%%ﬁ%en
the val ve i RY LS| il ' af tn, po Biv=r ~M
when t he va(lssvr'[fedﬁi 's E%Pﬁgo%%énglggglgh?ggﬁtxpﬁ gg.%gﬁn%??gg%,(Pt°p:e\é§k%1afr?t\égmer
curve is apRgtiiBAd sheed ¢ YeaRaSddihidy Qg §£H81PQk AL StRQndAa lgaég/»
and (Q-, Piv ~M ' As described above, one of the nethods shown in Fl .
26A t hnoughynal B dvfe ! sh SunpASitd nTaItES. )P g 1510 by rRAAD oplediadGlaisi.Sti cs, 15
identify the operating point (flowrate), and correct the provisional
characteristics iNexa,dehet Raifdesdntyol her pughoshai ACFEGL ST i foAGOtHiengl v,
the characteristic curves showmn in FIG 6 can be identified even when punp
experi ment dioldaivaigannbivée ebepsnedo Tharedtor e, thdée dragnesbnalsysumm of
the 20 present invention can function at a relatively high precision. The
di agnost i ¢ FEtaghIHERIHsShPEs in HI6hZdfgh 32EHRE 1 ot aPer dfho Sipsedy

measuring power, consunption and the like at the work site while the punp is
per f or ni ng @bt udf %ﬂﬁ%%y Hgﬁcg?mﬁlﬁ%&ﬁaf“ﬁéeai 68noRd Eh5 BEFEEEN may

be hi t ' d 5,08 tines- i ng. ., Spegificall t.he di ti

yst emiZhonit PreREas e p thghe T3 Rl a8 b Borhe mTReAPA S a6Reets | n
which th A d.s, 1 t I L ES | 52
3 :)CJUL go%é%aﬁ}rdaﬁlo%?%%%(ﬁéfgfe% g%:on\?e\r,:?%r{té %t'ﬁgﬂgrfeg%‘?]{}a?{r%/éﬁti on

have studi ethé gEithed rfiek eneg’ pbiftt g, [etis Raehth RYeat BFPEh® pump port
cost-effectiveness when introducing an inverter, wherein a sinplé

t heoreti caldiimgunasi s J anéandustelepbifostdgepesirany Mg batbe rdriat idnagnosi s
at the work site. Here, the return of investnent or cost-effectiveness is
defi ned as speedf(Bcoiofheaterting gpuvthecepsanpicospdyd i (M) odutensg, aig:
inverter in relation to the cost of introduci ng the inverter. By performng
this silRpl eipraefdingshasi §lowt rateps i besy 6EEasienay|Ipodmtt In step
3, the pump efficiency (7,) is identified by the pump port
diameter (¢) and the number of stages (STG) and the specific
speed (N;). In step 4, the head at the best efficiency point
(Hgp) 1is calculated according to the expression Hg, = 7
25 ;'P,/0.163:y Q. Here, Hg, is defined as pump heat at the best
efficiency point, and y is the specific weight of the fluid. 1In
step 5, provisional pump characteristics as shown by the dotted

lines 1in FIG. 26B are created using the dimensionless
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10 the main diagnosis and reduce the cost of the diagnoses. Next, an

ener gy-savi ng pre-diagnostic systemfor saving energy in fluid machinery
according to a first enbodi ment of the present invention wll bgpggcyyped
with reference to the draw ngs. The mechani cal construction of the

ener gy- savitp B el i dghost | Ehey Puam o ule FaChi Rdr ypagrdrefngheo t he
present enbodinment is simlar to the construction shown in FIG 1. In the
present enbetferiied KPeaifil¢ ARERANRRY IEDYCIAN RIS Pednysi Als:t h&esanpl e
of a punp. As_shown in FIG 1, the energy-saving pre-diagnostic 20 system
for fluid rAdtthi(fery Bonpri é"ééfal%ai%féemF%F?elflea_dfcc}‘ral@&%terroll%ﬁlﬁgCPH\ée
overall system and @ nain storage yni.t 2 connected (o the i.n controller
1 CThe. ol ARSNGB SDes Idd FBESan B 5 LRt L AASEER dni |
4. The in controlle is_also.connected to an_ . nput .device 5 in¢luding
35 & Kedboatt PERISED drrath &k 2 andlie ot o IR 1o B GAERG 5o
printer, di .t.he ljke The i ntrall.er . i nt.er nory
( not shomcsrféﬁa%crt%{%%‘&ncg cé%ﬁ’terép %%?%%ysggﬁlgéléﬁhgﬁ%ra]ierr}l:tgteg;gil 8?7518 a
53 301 escri hi t i i re faorsthe
Flui d mmchi Ty e AR SR BRa e e PRSI TR 026 A e o
di sk, floppy, ¢k, 20PbLERN afkSkhe Yoitdte (bike mNd $hoFes. dadm, f ek ryakious
nodel s of punps currently appearing on the mar'ket. However, the punp data
can al so bey sl et £ i Esawie@t éhhhgctapuét devd ety & cddrespbhdih @ty ew
showi ng the flow rate-head characteristics and the flow rate-power

consunuui ontlehasped f iStdpseDf (N heipempifiad Hibst3h I he kelezaridalfram s 10
represents flowrate (1/mn), while the vertical axis represents total head
(m or the poswer ZénsunpThem, (k¥ . pFheislionatat €1hwad rane-thewtr apeweower
consunption data for notor punps driven by a commercial AC power supply is
prepar ed i rekaKagieer istihcuryemisf cregfesdryl depdctiagothe grelected flow
representative 15 characteristic curve. By inputti nq: approximately 5 points
from the resttesshiaft povssi pbar aRbeRi DY LGNS ViEnS el ther Fhe peints(dodsi bl e

to draw th | $ gnd hown in FI.G 32 usi j at

Funct ron, ThiOt i1 &0 2Ar BECET P OUGH PN takger ard Anahct ChOWP T 38 Phe

y et ! DY A . prn 22 »
s b Th PRl oy ToR R, T B, Ol PTe the square of
the flowrate, ityd:s PSR Hiewt adeafuentygiem NsRG KUY 8in &1d.h0aeahst he

desi gn specifications of the equipnent by inputting the actual head (that
i's, the 25 pesfsimédaaddbrididiptpethdEcall ZANY tlevet&iL) . In step 1, the
motor efficiency (7,) is identified by the rated output (P,) of
the motor. 1In this case, the data is stored in a database in
20 order that the motor efficiency (7,) can be identified by
inputting the rated output (P,) of the motor. 1In step 2, the
current flow rate (Q) is calculated according to the expression
Q=7n,"7m,"Pi/0.163-y-H. Since the current flow rate (Q) and the
motor efficiency (7,) are identified in steps 1 and 2 and the
25 current head (H) is known, the identified operating point can
be illustrated in a graph of flow rate-head shown in FIG. 26C.

Further, the identified operating point can be illustrated in

a graph of flow rate-shaft power by calculating Pi- 7n,.
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| f the actual head is not known, the value, for exanple, 50% of the head in
the design specifications can be estimated. The present invention conprises
a calcul ating nmeans for 54 3 0J UL 2002 calculating the redugﬁf @Pﬂﬂ?t
of power consunption when using a frequency converter to decreas H
rotational speed Ngxthd&hd fiod Leadmignswy. SNERS  ardePeFRineh 6 idantify
calculating neans is described with reference to FIG 33. 5 The curve a a
of FIG 33 Byl udehar gqtardistifsof pui nt SORRFehiRAge MEO%HDIMNaThe PUmp
coordi nates of these pojnts are defined by f lowrate and head, as in ( ql
, hl ) , ( ¢paractgristics, as ?Heww%tﬂlﬁvﬁ A§Dreahe datimd 4488 in FIG.
rotational speed ratio for these points. If the rotational speed.ratio is
0.95, for I4¥x3RPPESSt hBR &FOV%SEHPPEeBuf“B Ghakagtes 15hd R~ iwgllslﬁi & to
hl1 0 . 95 . Thi enerates the points 0..,95g91, 0 ., 95" h1).. (.0.95gs, O
05 oY) solid PERG EhEEeesa he St i el iR i RA T HRE S BT Rt o T Thi s
process is repeated,for rot.at.ional speed,ratios of,.0.90, 0. 85, 0. ..
to form curVe‘gp g]%’- cr1€ pf@"‘llﬁem&?avgeégi gh?ﬁacg?lgf’eH%%a%r%u?%reo%t???}y
facility si (pipi:ng side) c u d py -fescry b t The
poi nt denot{eilﬁe bgfla?l% )ﬁ‘i/ri%ﬁf heaid‘?a\%\nﬁ%g iis)’ trﬁgga%\éﬁ%per a]ti %gaggi thq%e%i l e

poi nts (7)-4ddr2k€et S OPETAd NG R Bt fhoerh Y, GalsUl atiqrs Wi thha

varied rotational speeds. However, the true 20 operating point oftén has a

larger flovpraie tHiRd AEEASHAKY tHd) SHAR Howat | oW $ABE JPRGItAngN gd¥nt
estimations of design specifications for piping |loss. The curve’y, includes

a pluralo tys;gécpﬂi@a Sk ch o, n@l anldoPNaréheh« herdi amed aheofhh hegowat nt s
are defined by flowrate 25 and power consunption, as in ( gql, w ) , ( 9l
w, ) . The scnlthd piondshenad maippbhasheseanisviatounva aspdedcnarentfiirow hese
poi nts as descri bed above. If the rotational speed ratio is 0.95, for
exanpl e, theatgl (25.shifted to gl x 0.95 and 55 3 0 J UL 2002 W is
shifted to w x 0.953. This exanpl e assunes that the punp efficiency and

the notor ef f icHeRey dbhfiot SEAERGe, O&veRSHHER HRE r FEAISHAN G peRITP

changes . NohaHREReLUS, IO, consl el et ) gas e b oL PRHEIOLE)
cocur sty GAACHLPL B0 B CPRS) APLLIBISAEES APkt acs i psind RO by
grSg\(,:\/és)s | s.véggaﬁee%l%or?%g%r %%%%?o%@?tg %gggﬁ%}{?gtsh%? eBhggg %%8‘;5%%001{8'-0' S.

to form cgn¥esc¥Er¥btics are corrected using flow rate calculated from

the head and the power consumption during current operations and

estimated values of the efficiency of the fluid machinery and

20 the efficiency of the motor, and the head and the power

consumption during shutoff operations.

In the step shown in FIG. 27A, data is inputted into the
input device 5 shown in FIG. 1. This data includes the pump type
data including the port diameter (@) and the number of stages

25 (STG); the motor data including rated output (P,) and rated
rotational speed (N); and measured data including the head (H)

and power consumption (Pi) during current operations, and the

head (H,) and power consumption (Pis) during shutoff operations.
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The power consunption corresponding to the operating points of (8)-(1) is

i ndi cated by points on the curves ye-y 1° 15 FIG 34 shows an exanpl (;t[ff L2002
actual output (printout) fromthe output device 6 for the characteri c!g
described in FIG 33. That is, FIG 34 is a view show ng a di agnostic
result 10 out put tBexby the MeumpGengeeldere! shmwn e Fr&phd per s Fheshow
the flow rate-head characteristic curves and the flow rate-power, 20
consunpt i onfehbPutneri §hreecustesst ofd IC¥eRte  Ihe ARLMIIS ignalhe R om
of FIG 34 is represented by the letter A This portion Ais enlarged and
shown in FI @afég‘.’t?ﬁ?%tbﬁtﬁXWnAlemlsl'@']%Zl ild SLeRPI S RpERPAGLLSITRASH ed
val ues of power .consunption . reductions. The ifens in the first. calu of

F G35 i ndf et do5IPRELEROR) Fhi D BITRGPAEE (A O e at Fon & For ¥ TP e:

machi nery driven b nmer ci al__power. source; C s when usi an_i.nverter
to neet heolﬁésgi %?8@%’& l?earﬁ&egiagggpg\ﬁe(%oleqﬁgﬁgdn?;‘%rapé]\gpg rraécoel?ﬁe
the flow rate, below the desi fl.owrate. 56 3 ~ +,Z20 | t i.n the
top row of FRES é%?%ii?r% %%e(%ﬂhgfr %tnluﬁ%oaﬁ. s&ge?jg?%t?’ot Zel.%BWmﬁger‘?F dag:l ven
by a conmergj al o) : con I Qn,e .t t r
consunpt i ongtlga?%%ﬁ%fe%lﬁ%%g e 1\'%1%‘;"36??&?%’%@25 ls??;e)g?g? g?yp ﬁ%%%\p%v\er
consunpt i ong) ame L% (3 $ENIL ROBuLERE ¥ §§:§Qeé'3('sﬂ@)‘% epeihirehet diidi At ed
in the diagramfor the amount of power consunption), reduction of power
consunpti ongpeedUERY BOVWEheCASEST [ Cah& UL1Rd ashatsi it tdiaaddi v, Pri Cih bkep

yen/ kW), and reduction ratio (electric energy~C02~el'ectric power cost). 10
I n thislexaBpl proaliistosallypsnpi oparattdBistirs bes asiviy eth SETQ] 21/ are
matching the flowrate to the design value, amounting to a reduction in
ener gy costsreat2g86pyOcetyemgy€ar,. akf thiee répsiegentthavveatpe inttsdlnf thees Xeen
estimated with some margin, it nmay be possible to reduce the flow rate by

10~, for ex8ipbeticheraldy Nemdchigvi apoearr gpnsumphgonof(P46, duwriing
anounting to a reduction in energy costs of 639,600 yen/year. In this

manner, it FBUpBESiARET Atd St 3 F&DE HIRX 9SENGAIT 1y RO HEL ABhe Bd k8t éeByer
an investnmept for_.installing an inverter. The,cal cul ati ng neans for

Gal cul at i ng RBEY TIBEBYEF 0oL GHEBEABAC ERH HiT baACetr SHerp 7 hg the
freque cQqt e t o) i j nery
and ¢ hetpr o dBEPE bR S FAEPSA LI LR R AL BRRE Bl Iy Fab 2Pl
described agaxer;iBEq idPhEMERYRM hPERSTATS FREs OPBAAIHMhdh SOHPUlR It ANd
stored on a storage nedium This storage nedium 25 can be i'ncorporated into
a personal geppwtepson khe bike.prefared is & ssthwvadé e vi ew show ng an
exanpl e of an energy-saving pre-diagnostic systemfor fluid machinery

i npl ement ed by a Pextonthechhputmate Thientiyfdcamionckhdes An5SFIG. 27C is

performed according to the following two steps. In step 1, the
20 motor efficiency (7,) is identified by the rated output (P,) of
the motor. 1In this case, the data is stored in a database in
order that the motor efficiency (7,) can be identified by
inputting the rated output (P,) of the motor. 1In step 2, the
current flow rate (Q) is calculated according to the expression
25 Q=m,7n,"Pi/0.163:y-H. Since the current flow rate (Q) and the
motor efficiency (7,) are identified in steps 1 and 2 and the
current head (H) is known, the identified operating point can

be illustrated in a graph of flow rate-head shown in FIG. 27C.
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3 0J Ul 2002 personal conputer PC conprising a main controller 1 (having
a control unit 3 and an arithnetic unit 4), a nmain storage unit 2, _an i nput
device 5, and an LCD form ng part of an output device 6, all of V\hi@h»’l&x@m
shown in FIG 1; a floppy disk (FD) or CD-ROM S5 serving as the storage

medi um f or Busthew, tiee dstard ifrieg @per adddJappinht @R ARe fiokH ST st Hex
part of the output device 6. As described above, the present invention can
find in advangeapheohinblon oAt emshadtul PEHRE G CSIHRGIeY B the fluid
machi nery and its peripheral devices. Wth the systemof the 10 present
invention, it is &Yy tthediddioniag rwoafbaRE Nee?l%ﬁ?%%/r%%ﬁ/i%sl‘%d’s‘e‘ifbﬂ e
using an inverter aor the like to adjust the rotational speed IQ’\‘)_i\v)\f'rthout

per f or ni ng R¥PRal JRFAAGHINS WGh t BY f1 GPETREERPAer PERVITEORDY k HUAWP
Accordingly, the return, of investnent cost-effectiveness.of int cing
an i nvegt erCRRraAGt e RS HKRr &S QWPoh%gs,rIGangsphi sﬁ%ﬁioﬁgﬁeéfﬂﬁﬁﬁl Jal?iFg[fe&u‘
energy cons i egui ppent _on_the market. Ne . nd teri.gl f or
di spl ayi ng gmragfl%ﬁ?itggg BFOtVFrglPPaFLdpﬁﬁlghicﬁtea;r?%g?ég'ggﬁﬁg’t (‘)’Jr%gLnlee the
enbodi nent he S ] t] ] I b ' ce

ravi ngs. 20 HHG L EHECRAMLIRELLLRE, dbbtetbe ity MMl B ALEER R (o
a notor-dri ceNnty ; g 1855 £§48s 30PasEs #Aducd 4

ot or . _The %ﬁ%{%rf'r e{:}%‘ga#gﬁje\fl%o{%&lﬁﬁggsE'?ﬁggg_erghl) g%é/lso?Pg ﬁ%t sur(# ;Hc&e 11
conprising gndispl 8y gmieri gh,sSsh AT nBGA ftNpdwEat éhPge f3Ild@Srbteq
showi ng the Q H 25 characteristics, and data 14, 15, and the like relating
t 0 POWEN) COPSUsPHT ORiRd e recanded thirculyd puihaee(d]. pIbenguraws (Q Qi -
characteristic curves ) 12 indicate the QH characteristics plotted
according te,ybe di scharge anmount 58 3 0 JUL ?(10? represented by the
hori zontal axis and the total head represented by the vertical axis . One
curve 12 is recordextfortbhachstaggaeney s@splimeding t lpravdtsgronatherping e
nine frequencies in this exanple. An operating frequency 13 for the punp
notor is 5 ADAERAFEEFi§ticeor kf Yehit g opggARtdnpveoIDt (ThiQe hSles 12

can either all be the peasured data or can be the cal cul ated val ues, based
on the func?PSnc?HeﬁFBWdEBebB?%Ws’t?‘lail ¢haragt i §tiCs age Cﬂ%sc‘(ﬁl)bq—%re

Qis Lhe di sebirgecanmynl « felhe Laholabogdy dhiheotatLondl, apsetly f the

ower —consunpti on. roxi mat € "‘power- consunption 14

and an appreﬁhgaéee}%seﬂegaér@w&ye&é@d 98 ihy #18WNHEREL! &1 fy1 45T s

adj acent to the curves 12 as data related to power consunption. The power
consunpt i ontHenfs Y aB AN 1 oWk @sn AGHY M 8ulr&ng B BRaiabpegapebik, addat

is, the discharge flow rate, even at the sanme frequency. In this exanple,
however, thespometedonslnpsioh ttie efficiency of the fluid machinery and
the efficiency of the motor, and the head and the power
20 consumption during operations when the valve is fully open.

In the step shown in FIG. 283, data is inputted into the
input device 5 shown in FIG. 1. This data includes the pump type
data including the port diameter (¢) and the number of stages
(8TG); the motor data including rated output (P,) and rated

25 rotational speed (N); and measured data including the head (H)
and the power consumption (Pi) during current operations, and

the head (H,) and the power consumption (Piv) during operations

when the valve is fully open.
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20 the discharge flowrate in maximum | oad (within the range of punp

sel ecti ons when driven by a commercial power supply) is set as the
representative point and recorded adjacent to the Q H characteri sti%0 duk vesg
12. Specifically, an approxi mate power consunption 14a and an 25

appr oxi mat e annudiexthertdye mhangeonszoiter rbcdraded iadFaGent pey fdianscibees 12
for a frequency of 50 Hz when a commercial power source of a frequency of
50 Hz supplicklopoimg dfieet | gtePst hamote¥eae appfoxpPravéspenet pump
consunption 14b including heat loss 59 3 0 J Ul 200Z fromthe inverter
and an apprah@ragieeniiiukds shergyin Fafge8Bh Anstardr dée sEpatéht sPeecthe
curves 12 for all other, frequencies when using an inverter. The approxi mate

power consuftbti 68 1ABNBhEled K IHCoRIRR ROENh AUAMELRET §F )cRBF dee BHIOREW t he

reductiqQqn 5 in power consumption fromthe value at 50 Hz. For., exampl e,. the
appr oxi Hat @ H Ao hSERDY I OHE FOiei QEHER A Tl GV EABANOROR RBOEAS Adivetoad

i is 10.50 kw ' i ith Lal 50-Hz
Sour ce. ~Baskat BTTHIS RAATL. W hBZappt R ite Shritse ?ﬂggﬁ%ctﬂ%ﬁgfea% afower
| cul ated f ti. ti .0f 00, h . 13
venrkun i s T 1 BTG AEP U BY 08 Amah (ot L34 PR MPREAE the
i mat i 1 (N f f
appr oxi Tl &y DAYBEC EQUSHTRL N WORRCPEE B 5500 8981 LIANS, LT JRIUENGY O

45 Hz is re omthat at a’frequency resulting in

a reductiongJoe@f (HP% P00 ¢ afbddl | %@W&@ﬁ%i%i%”%%‘edewggy beﬁrsg;%p The
price 16 of the inverter 1s also displayed on the surface (display

materi alg) 14, end pimphieFraxamples, (the) pLs Ceddht 9fisaepynyaet phmps pd3&, 000
yen. Thus, as described above, it is found that in case of operating the

punp at a fdismetey 20 )otnd5Sthz hompeacefoftédes cBME®Y dml tHe Hpapdddic
source, the investnment (or cost) of the inverter can be recovered by 1.85
year (489, 090¢469(1000) . Ihlestepi #,i shackhesdazy the doessti defif itdh@ndyhgoint
operating time and energy charge (cost/ kW) vary according to the work site
and 25 regi Ofezandifhaabemla tﬁé‘ﬁprids}nﬂeqmrééef OPXPERIBIAN nHesbheE 77
inverter. However, calculati ng the return of investnent or

I

cost - ef f ecti FehBs$67 §¥ r%rmr kABI §TERSP er PTRYHE 19RA b rR¥EEh CHARASHSTI tirsn
\(JVi f hZE) COQYEL tcim%]agy rrtlal"fehocfjotq']cecfjilsl%leasyii?lgFegr.rpZ 99 arghcarreaacéeeé ibsatsieC 'on3 0J

the identified specific speed and representative point [ (Qugss

Hygp) and (Qper P,)]1. Here, the provisional pump characteristics

are created using the dimensionless characteristics of the pump

shown in FIG. 24, as described in the embodiment shown in FIGS.

20 26A through 26D. Data for steps 1-3 is prepared in a database.

Next, the flow rate identification shown in FIG. 28C is

performed according to the following two steps. In step 1, the

motor efficiency (7,) is identified by the rated output (P,) of

the motor. In this case, the data is stored in a database in

25 order that the motor efficiency (7,) can be identified by

inputting the rated output (P,) of the motor. In step 2, the

current flow rate (Q) is calculated according to the expression

Q=n,7n,"Pi/0.163:y-H. Since the current flow rate (Q) and the
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A selection range 17 for punps driven by the commercial power is the area
encl osed by a dotted line on the surface (display material) 11. The
selection range 17 facilitates studying the 5 feasibility of replaéﬂthﬂjmy
current punp with a punp having one c|ass spaller capacity. The sane

di spl ay desBprBEdehbogacran bh&xhchF VitEnhiad an Ft§pSay 30ff acRPdsthr® as
a space in a catalog for one class snaller capacity punp. Although not
shown in th@uérﬁﬁFagﬁaéié%Da&?rﬁPQWﬂy(ﬁﬁﬁ ¥Sﬁnﬁﬁélﬁén§§e5ﬂtﬂﬁg E%E?Ec%aﬁl
woul d 10 facilitate conparing the returg of 1nvest msén or costeffecé' yeness
of repl aci nget helBaFFRRed pli? WERIoRE L1 AU T RHRIRAD SHPNE £ Plfip 8¢t hat
of addi ng an in%erte Furt her Icmzﬂiiﬁbconditions 18,

. C r _gat .
regar di ng p&WEL 86nsghﬁtF%ﬁnﬁfgl?%d?ﬁﬁﬁﬁf @ﬁﬂjgﬁF?gbgelii?Fﬁgfﬁﬁgd1%n
exanpl e,.the cal cul ati condi ti 8. i u ' i of 8400
h/ year aSnd ?mggﬁgﬁg?fc%gpgegg?:eigﬂ%%l Ebﬂ&ﬁ?sggéﬁgf%ﬁ%ggp he"user to
performsinple multipli i | W:Si 0 C i i €. .

di fferent operatiﬁ%kpfﬁggééﬁgjgﬁgjﬂiEé?eh§§§§£éﬁhgigﬁg?gh%¥ngl%%%%%%%% a
sinmple retu f 201 . o - ef ' S LAkE i ng

i nverter mjppmge dggéggggégﬁgﬁﬁg%efg%%ncé%%gk%¥%£ﬁﬁ37Bgﬁggg%egé?Gi %gﬂghoms
an exanpl e Q}qa%a@é@&i%%‘i'é%r,e&?rgho]vﬁm qnl ¥1oeedas. | Bhengsgeas ) iSid Yatkpes and
an exanple of a normal operation punp requirenent 20 indicated by a double
circle and 2spi FERES Al FrSPARCIINME Yourdd Ofetderseidwoicss 1 kef1dl €he37.
In this exanple, one class smaller capacity punp is sufficient when
consi detd ngsaadd Qperatingg cated thensoftreqtiede pamps chaltattarpanpcss In
selected with consideration for requirenments in energency situations. 61
30J UI| 2682pA3,anhexpnpVisional shemd ohed adistr iishd. cspereat cayrechedf by
normal operation requirenents is 6000 h/year, with an energy charge of 20
yen/ kWh. | nthi§i stase, Buhd:-opefat iSkEH r équeitsy BaAVHBEigRAl{ & tHZPOWAH
hence as shown in FIGS. 37 and 38, thq%gomer 5 consungéjon of 4.86 kW can
be reduced EHFFRACEELIS HLRSt ARRFOERET MR e thies TRELCUSEE: - AT % Al §79¢t he
annual ener?y char§$§§ n be ca Cﬁkateg g¥ 4.86_kW.x 6000 h/year x 20, N
yen/ kW, whifeh2E§udi of SB35 286"FEn AtsiHi%e R T oY oPOXR

verteq i 498,090 ehe i 1hod0 GON5) %) 9L R Hod 8n808L UhaiiShahLL N0

the inverter, the 1nvestrent can b€ recovered I n approXi nate one year. In

this nmanner orf PRe YrRSANY driMEPhnS R HRIARNRT ilshe US@Fvé Atf tRE e et H1 By Of
i nvestment or cost-effectiveness for introducing an inverter in an

extremely sherte tligne. 1h MNeg 3,athetfivsl ardamqbey idalr iiny ogegpkapnBgwhen
characteristics of the fluid machi nery according to a second enbodi nent of
t he present tiheveafivenisifuillye ofescisbident i fiiedffaroantbet be&d GH,39dufhrg
di splay according to the second enbodi nent includes nore detail ed data on
power consumErations whent tha valeatis ifng lyhepen. In step 4, the shaft

20 power (Piv-7,) during Q, is identified. In step 5, the shaft
power curve is corrected to approximate a curve through points

(Q, Pi-n,) and (Q,, Piv-7n,).
Next, the stages of estimating provisional pump
characteristics, identifying the operating point (flow rate),
25 and correcting the provisional characteristics are described
with reference to FIGS. 29A through 29D. Here, the provisional
characteristics are corrected using flow rate calculated from

the head and the power consumption during current operations and
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20 approxi mate annual energy charge 15 adjacent to the curves 12, the
surface 11 also includes a separate graph with a plurality of povxﬁr
consunption curves 21 showing the rel ationshi p between power cons rﬂot’%lﬂﬂ?
and di scharge flow rate for each frequency supplied to the notor, and a
reduction re$tmabed 2va RS thke U5 igdienale Opotlbe ESRsANPRSTIHHNGYY and
described in the first enbodi ment adjacent to the power consunption curves
21. By readiig ©fdiSeRACYcoRE U ORCERF vefDS1 the n§eeRe Qﬂ%pggﬁ RAYFd and
material according to the present enbodinent, 62 3 0J UL 2002 it is
possi bl e t cC@RFEIPhE@N YN R SRThaERUEQEY ABRF 3tk 28 PROEREHRRE Hien
cost-effectiveness and the_absol ute val ue of energy savi ngs when

i ncor por at i by ahe 1 iget £ ef“.llibéx‘E’Pe%' met hod and material for displaying

h i sti f,_.the fl ui hi dj . hird.enbodi f
The pregent | nventh i 1R 8 NABEC PGk {1 1 SrBrhetBe PBOFFES HOCO 174 hi o
erbodi Ment. b SVER. 1% s, a2l val o el entaBoust. ARBUI o

curves 23 for-each power consumption approxi ma erm ne

rotati onal speed({£eaupncy)and A Ciaehahee [0Wahal enar fuflbsp! 8y 4t ed he

sanme coordi nate system The edui val ent power consunption curves 23 are

depi cted by 80§t edtheNgeoBUdAE i RN AHAl r N8 B GheE 9Ep 34 dryy dsfdpyed
nunerically adjacent to the equival ent power consunption curves 23. 15 The

di spl ay nethedaengnaBisséad @eCoAdNgehoutbe P4€SaHc 1M REBt hdas (the
effect of conbining the graphs in FIGS. 37 and 39. Next, a calculating and
gr aphi @ sysh@émherpebéaidvmaunipeiat SEiay duatiay aehreenpovper SoNSHEPLE o

| ine graphs shown in FIGS. 20 37 through 40 will be described. The

di spl ayed rbksatlt SiHnNe ad athed pyweénpgonspgpthenl ofP rat edpréesgurshutoff
characteristics and flow rate-power consunption data for fluid machinery
havi ng a no®berdtioafA, bgnd themead alHACapewehe moeen sz @Ot i (RiFak i on
for the calculating and 25 graphing systemis the sane as that shown in
FIG 1. The9BiLegl SPFH@téﬁasgwgﬁﬂi \gﬁesY/élc‘é‘?n Ot e <CREMai n control ler 1

f trolli th |1 syst i t it 2 dt

the main cont ro | BExS ik e coBrpoies, Tkt Y Tet ) pdefST dttes a
trol i i i it 4. i t . i

connect it 5oXaBMHRa! SRERRIEBRE iy THRbod Y igh e i and

an out put deyhegcbelNSt YAENGRPLh HIRS. 268 SPIBYst &b 1t’h€\,1hqé isk@cikRcHfaed.

the bold arrows show 5 the flow of data and prograns, ile the thin arrows
i ndi cate thenf) dg alientnftield 5y dted pumphpodidi a0 l(l®y ahdheBe atunpy:er nal

menory ( not shown ) for storing control progranms such as an operating
system a of stages (STG), the rated output (P,) of the motor and the rated
rotational speed (N) of the motor. 1In step 2, the flow rate at

20 the best efficiency point (Q.,) is identified by the pump port
diameter (¢ ) and the number of stages (STG), the rated rotational

speed (N) of the motor, and the specific speed (N;). In step

3, provisional pump characteristics as shown in FIG. 29B are

created by setting Q. as the representative point in the X

25 direction and the head (H;) and the power consumption (Pis) during
shutoff operations as the representative point in they direction.

Here, the provisional pump characteristics are created using the

dimensionless characteristics of the pump shown in FIG. 24, as
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program prescribing the diagnostic procedure for the fluid 10 nmachinery,
and required data. These prograns inplenent a calculating process and a
graphi ng process for creating the display material. The nain storag?gﬂﬂfﬂf
i ncludes a hard disk, floppy disk, optical disk, or the like. FIG 41 g
flow chart §ﬁ§@irﬁ§eénubﬁbﬁméoqﬁlw\st phovadd HEGS | dRApEMFOITRRdSPn thata

cal cul ating and graphing systemof FIG 1, In step 1, data regarding the
flow rate-héQd ER&PECEePPSt RcdSaRASPAECE] bl R afRLPBHAER- consunpt i on
characteristics for t he rotatlonal speed of _fluid machi nery 20 hayving, a

motor driven by al€¥kmeFBfaflae hRridadtifiaatd®n Sgvpnén; Fpfir 4RGit2 5.
Thi s data may par ed nd st or he, mai n st e unit 2 n step 2,
caIculation?eiggrﬁgsf%?ﬁ% f%gﬁ?haﬁﬁhgo}i%WQQ%ﬂamhég ghar%%ﬁ%fﬂ%hrcgh%nd

t he fIOMLrate consu on 25 ¢ | for, a.plurall
otationhl USERAsChT 11 BrEn 4%>mlﬁhé ?8?&% Shary ShecdarRgtribine A*Je%f
The cal cul akhanyjscper fof neh aceardi ng,d o ihe ;exarasalon, (1) dessribed,
above. In thi's case, is’also poss e to inpuf neasured d 64

09 U L 200345 st %ﬁé'ﬂ&@brsg%ﬂéi%cg)' acg P cRAT b Nidhd M8 eq by

inputting the rated output (P,) of the motor. In step 2, the

3

current flow rate (Q) is calculated according to the expression
10 Q=mn,7n,"Pi/0.163-y-H. Since the current flow rate (Q) and the

motor efficiency (7,) are identified in steps 1 and 2 and the

current head (H) is known, the identified operating point can

be illustrated in a graph of flow rate-head shown in FIG. 29C.

Further, the identified operating point can be illustrated in
15 a graph of flow rate-shaft power by calculating Pi:-7#,.

Next, the following two steps are performed to identify
pump characteristics by correcting provisional pump
characteristics, as shown in FIG. 29D. The dotted line in FIG.
29D denotes the provisional pump characteristics, while the

20 solid line indicates the corrected pump characteristics. 1In
step 1, the provisional flow characteristics are corrected by
the ratio Q/Q,. In step 2, the shaft power curve is corrected
to approximate a curve through points (0, Pis-7,), (Q, Pi-7n
w)sr and (Qy, Piv-7,).

25 Next, the stages of estimating provisional pump
characteristics, identifying the operating point (flow rate),
and correcting the provisional characteristics are described

with reference to FIGS. 30A through 30D. Here, the operating
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calculation. In step 3, data regarding the operating time of the fluid
machi nery and the energy charge per unit of power consunption 5 i%[ﬁUBH?@?d
into the input device 5. In step 4, a plurality of flow rate-head
characteristic curves for various rotational speeds are displayed on th
out put devir®l®; al BHeWwi tAt8At aifel aAfeAtidiponwedreBns FhSt | T OVAS
above, the output device 6 conprises a printer, or a 10 di sp]ay such as
LCD. The powaradiiikioh and dthed hgatdadnpénddesr ¥ert 2R RISt a

FI GS. 37 through 40. The calculating and graphi ng system i npl enented . b
g Lached FRCRE g

personal compRitECOHELANd ShAEasteq

HiEs AL IFQY glngeto Eh

systemincl udes a personal conputer PC conprising a 15 main controller

havi ng a cdMYotRuRIVer AP R hmetic unit 4 ) , a main storage unit 2,
[ t. devi d LCD, f ] t,aof t.h t put_devi ce, 1 of

Whi ch ae shown 110 AHe B TR bR EE gk, SeBaneh bapdFYES ut, 3he ©

t di t ' . : d. I P )

another par iy SV b hdiBINE BT OPEAR gaRR s Ao g B B8 ¥

embodi nent ,
machi nery is

détgg(; i%%ﬁﬁﬁg%gfsﬁge §B§Q'ﬁyér4égcég‘?ﬁ§\?g§/}2§%&b%&i & s‘BBatra?e( dicyi d

Scri be [at sur , a curved s

possi bl e, pg eulrdieng dilen© 401351 | S a6AM LaUBHa: eTaHidriet o2} 25 28ne il

surface is

not limted to the surface o

but may al s@a$& idd1ivelding ehysidutP Pl 8Y) and rated rotational speed (N);

10

15

20

25

and measured data including the head (H) and the power
consumption (Pi) during current operations.

Next, the main controller 1 shown in FIG. 1 performs the
following five steps to <create the provisional pump
characteristics shown in FIG. 30B. Instepl, the specific speed
(Ng) is identified by the pump port diameter (@) and the number
of stages (STG), the rated output (P,) of the motor and the rated
rotational speed (N) of the motor. 1In step 2, the shutoff head
(Hs') is assumed based on the equation H,' = (H1 + 2 x H2)/3.
In step 3, a head curve is created so as to pass through the points
(0, Hy') and (Q2, H2), as indicated by the dotted line, and a
shaft power curve is created so as to pass through the point (Quux,
P,), as indicated by the dotted line, based on the identified
specific speed (Ny;). Here, the provisional pump characteristics
are created using the dimensionless characteristics of the pump
shown in FIG. 24. 1In step 4, the point (Q2, H2) is set as the
point of origin, and the head curve indicated by a solid line
is created by correcting the head at a ratio AR/(H1l - H2). 1In

step 5, the shaft power curve indicated by the two-dot chain line
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or the like. Wth the present invention described above, the user can 65
30J UIl 2002 easily find expected energy savings and the tine rge@ui L%’ﬂgto
recover an initial investrment by recording fluid machi nery charac PS¢
curves on a punp or inverter catalog or the like, w thout performng

conpl ex cal t&l a¥¢ored I aRmdinigly theheosrgresanvalngeh®t cihidseathe Witeect

of creating a demand for inverters used in fluid machinery, and the

i nvert er - nORAY &89 piinp STk idh akr €0y L0l $hBeF YL e HANWST, CukEeebyPHER fidy
popul ari ze energy conservi ng_equi pnent on the market. 10 I ndustri al

Appl i cabi | i ByeFhe Hf cBEAPAT R bR | dnd3ERRATR: to a system for finding

wast eful energy consunption in a fluid machi.nery and can be applied to
equi prent usi ng cBHBXF ngth@tiowinadf ddeRg LdrpE 1oPe8ROWAL &7 ‘f)ﬁ?rps%ocarﬁf t he

| i ke. 66 i.. AFMS.3 0 J Ul 2002 1. di ti t flujd
eni nod) cBREEPERE] Aqeqrding FaernitA PRI B tRs o LI hG t BPas ari s
dat 5 the,fl uj i t.o.he. dj id i i h
Charactori cfsbb ot JEEMAPT Y L0 B SLRAOTPRES BN pelEl LA i o ), o

har act er i StTES 1t d ! At &8°by° b
o Te oEhEomoB6EON i (A ) RAEAPThE obERLINY! Py MR OO 9 |

relationshi pg ﬁ%ggr@gﬁ r'gag ngé;ts hbhgd (@)ardet g Stuffefit berhkioflsTachimery
addition, the current shaft power (Pi-7,) 1s identified by
10 calculating Pi-7,. Data for step 1 is prepared in a database.

Next, the following step is performed to identify pump
characteristics by correcting provisional pump characteristics,
as shown in FIG. 30D. In this step, the shaft power curve
indicated by a solid line is created by correcting the shaft power

15 curve at the ratio (Pi‘n,)/P,.

Next, the stages of estimating provisional pump
characteristics, identifying the operating point (flow rate),
and correcting the provisional characteristics are described
with reference to FIGS. 31A through 31D. Here, the operating

20 point (flow rate) is identified from the provisional
characteristics and the head during current operations, while
the provisional characteristics are corrected according to the
current power consumption and the head and the power consumption
when the valve is fully open.

25 In the step shown in FIG. 31A, data is inputted into the
input device 5 shown in FIG. 1. This data includes the pump type

data including the port diameter (@), the number of stages (STG),

a first element (Ql, H1), and a second element (Q2, H2); the motor
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operating flowrate of the fluid machinery by operating the fluid machi nery
to be diagnosed and inputting the neasured results of the operating
pressure (head), operating flow rate, power 15 consunption, or opendt 92002
electric current of the fluid machinery in operation; and processing

meansf or coigha iingludingt rared oitphe oher adtmptfddwotatépnapespgethdN) ;
pressure, or power consunption while the rotational speed of the fluid

machi nery tand@edisagegsddtasivatuding 2hamgadol Hi 3pd S3aWRF CRASESPFIOE
results. 2. A diagnostic systemfor fluid machinery as clainmed in claim]l,
wher ei n sai(@¥) G lingefbr £¢nhPRPRIEHEL Iifhc BNch$hByh 3P uthv) R i ® POMETe of
the followng data ( 1-11 ) regarding the 25 fluid machinery; 1. D aneter
(or numeri GANDHHEIOHL Pivigdudd NP peva t pngrivhepn YR VALNBriTEPL bY &R -of

di scharge port 3. Rated output of notor driving the fluid nachiner 7 3
0J U ngqoz 4. Nfiber t8f PolBsCoRthot bR dr iSHOYE t’-HeFﬁsuinl??arc,frﬁWg}?’@.

et ot 19, LLSPHREY, Of BLOr LYl " Lne.fL S TBELY LY 1 ERMANO R ©

characteristics shown in FIG. 31B. Instep l, the specific speed
(N.) is identified by the pump port diameter ( ¢) and the number
of stages (STG), the rated output (P,) of the motor and the rated

10 rotational speed (N) of the motor. 1In step 2, the shutoff head
(Hy') is assumed based on the equation H,' = (H1 + 2 x H2)/3.
In step 3, a head curve is created so as to pass through the points
(0, H,') and (Q,, H,), as indicated by the dotted line, and a shaft
power curve is created so as to pass through the point (Quy, Py),

15 as indicated by the dotted 1line, based on the identified specific
speed (N;). Here, the provisional pump characteristics are
created using the dimensionless characteristics of the pump
shown in FIG. 24. In step 4, the point (Q2, H2) is set as the
point of origin, and the head curve indicated by a solid line

20 is created by correcting the head at a ratio AH/(Hl - H2). 1In
step 5, the shaft power curve indicated by the two-dot chain line
is created by applying the corrected value for the head curve
having its origin at (0, 0) to the shaft power curve. Data for
step 1 1s prepared in a database.

25 Next, the flow rate identification shown in FIG. 31C is
performed according to the following two steps. In step 1, the

motor efficiency (7,) is identified by the rated output (P,) of

the motor. 1In step 2, the current operating flow rate (Q) is
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5 fluid machinery 7. Mddel nane of the fluid machinery 8. Manufacturer's
name of the fluid nmachinery 9. Nunber of inpeller stages of the fluid
machi nery 10. Quter dianeter of inpeller of the fluid machinery 10 30.JUTeX8?
data regarding the flow rate-head and flow rate-power consunption of the
fluid machi hdeptigied divaghoet headystiom dwrifg urdriashi rgreyr adsiagisai nebin
claim1, wherein said characteristics of the fluid machinery 15 identified
by said firagdiféanif ey aattarshald PR byli Aput tisngident ¥oved by
consunption at the actual operating point. 4. A diagnostic systemfor fluid
machi nery aSa&FuilatdnpnPél divm Natehdod ALERI 8l thAtARadEdstincg dataheset uid
machinery 20 identified by said first identifying means are refined b
i nputting the opeN8¥Fndgti? £9ddre inqdrired ShapPscahs rftigmed tenkdmt by f
operati nqg poi nt seggr ate fromthe actual operati.ng point.

o

di agnosti ¢ BY¥Pem ?F?FE?Hlﬁ’ébﬁ? nerkY as Or&iSTEd o cPEPW%?Oaﬂéf\e! RUERi d
val es of achakRcResastess o BhgvRI T BE3, T80 A afRBatt Ehe ek PO | i g
machi nery C@B?QEeichorrected by the ratio (Pi-n,)/P,. In step 2, the flow
rate (Q,) when the valve is fully open is identified by H,, and
the shaft power (Piv- 7 ,) when the valve is fully open is
10 identified. 1In step 3, the shaft power curve is approximated
to a curve passing through the points (Q, Pi-#,) and (Q,, Piv-
) -
As described above, one of the methods shown in FIGS. 26A
through 31D is used to estimate provisional pump characteristics,
15 identify the operating point (flow rate), and correct the
provisional characteristics in order to identify the pump
characteristics. Accordingly, the characteristic curves shown
in FIG. 6 can be identified even when pump experimental data
cannot be obtained. Therefore, the diagnostic system of the
20 present invention can function at a relatively high precision.
The diagnostic system shown in FIGS. 1 through 31D performs
a diagnosis by measuring power consumption and the like at the
work site while the pump is performing actual operations. Hence,
although the diagnostic precision may be high, gathering data
25 is time-consuming.
Specifically, the diagnostic system shown in FIGS. 1
through 31D requires a so-called main diagnosis in which the

system is tested at the work site while the pump is in actual
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finding with high accuracy wasteful energy consunption in the fluid

machi nery and its peripheral devices, conprising: a controller having a
frequency converter as a prinmary 5 conponentfor reducing the estigf¢§ﬂ
wast ef ul energy consunption, said controller being used in conbindtT L&mzh
sai d di agnc¥eABimiem Fheckdiored The sy IHOLs of| BhfsPregents inyengion

di agnostic systemfor fluid nmachinery as clainmed in 10 claim®6, wherein the
rotati onal lweedterdisse af nat HOARENT Aeaar N1Ng, dhieede by Hahginite HeTt &Fuency
generated by said frequency converter with said controller, and the actual
head or hed&P3loaliQRGSIENREDI PRAY AotredHEIBY SO pRVSIgFehe BPBEGEPNG
pressure for, each rotational  speed when the valve i s open to that when 15

the val ve iSUBPRddIeH StAGadc GRAIIRG SHE-EnTeaPaBt e HT WA i PEAd OB 129
Funct i offs. oS 26+ BORSRBAPAAS: iR CHAF aBPER; SUtEs ofiSuife (FEF A RRLAPnEHYy
ont he 11 ui HGEHIHET 73 e o DO STkt FATTE € SopdEaBing o o rat e
oL SR AT Bl EaSLURS 1B LOE RSB0 18, Lo elal Lot P,
o oronty MO SRl it L R by onatet non gttt
operating pfiessWigndikeadhb-a9Rehakiby it oM KRkBiblees &casionally omit
10 the main diagnosis and reduce the cost of the diagnoses.
Next, an energy-saving pre-diagnostic system for saving
energy in fluid machinery according to a first embodiment of the
present invention will be described with reference to the
drawings. The mechanical construction of the energy-saving
15 pre-diagnostic system for fluid machinery according to the
present embodiment is similar to the construction shown in FIG.
1. 1In the present embodiment, the fluid machinery will be
described using the example of a pump.
As shown in FIG. 1, the energy-saving pre-diagnostic
20 system for fluid machinery comprises a main controller 1 for
controlling the overall system, and a main storage unit 2
connected to the main controller 1. The main controller 1
includes a control unit 3 and an arithmetic unit 4. The main
controller 1 is also connected to an input device 5 including
25 a keyboard, mouse, or the like and an output device 6 including
a printer, display, or the 1like.

The main controller 1 has an internal memory (not shown)

for storing control programs such as an operating system, a
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3 0J UL 2002 consunption, or operating electric current of the fluid
machi nery in operation; and conputing variations in the operating flow
rate, operating pressure, or power consunption when the rot ationa:;lI Sﬂﬁeﬁﬂff
the 5 fluid machinery to be diagnosed is varied, and displaying t @
conput ed r esudgsam Oprasdi agnogt itdres yditagndrid | piracedithé néoy Edheprfilsiing:
first identifying nmeans for identifying the 10 characteristics of the fluid
machi nery reackieered and tequirgdedioad e meirrd®iage vhith? frnqjiudies
machi nery to be diagnosed; second identifying neans for identifying the
actual operathard pbisk, éfloppy fLeKkd apthfakbrdisk 9 dhaghbked@ndfd-orss
processi ng neans for conputing variations in the operating paint when the
rotational $peedfe¥ VAELIPNEi BOHRLR Rer PUNESHEFLEG dYe@PPERFANTe®n 4l f or
di spl aying the conmputed results. 10. A nethod for diagnosing fluid |

oh nersy CBREKT ol nICRy S FRRG GALS (YR Zeer DSt LOBAbFEA RATH fiige
machi nery represented b tge flow rate-head characteristics of the fluid
machi nery td%H2 B?%gh%@‘iﬁ; ‘Fﬂéﬁ?}l\{?yi ng the actual operating point of the

poi nt. when e’ SUET1 ondf spged bf YHEVFI EPAT N RBFy T3 Be diHOHaA | <
characteristics and the flow rate-power consumption
characteristics of the pump. In FIG. 32, the horizontél axis
10 represents flow rate (1/min), while the vertical axis represents
total head (m) or the power consumption (kW). .
The flow rate-head and flow rate-power consumption data
for motor pumps driven by a commercial AC power supply is prepared
in advance in the form of a general test report or a representative
15 characteristic curve. By inputting approximately 5 points from
the results (five points shown by dots in FIG. 32), it is possible
to draw the curves a, and y, shown in FIG. 32 using an appropriate
function.
The filled-in area of roughly triangular shape shown in
20 the diagram indicates the design specifications of the equipment
side. Since it is known that the energy loss in piping is
proportional to the square of the flow rate, it is possible to
draw a system head curve f through the design specifications
of the equipment by inputting the actual head (that is, the
25 resistance in the pipeline at zero flow rate).
If the actual head is not known, the value, for example,
50% of the head in the design specifications can be estimated.

The present invention comprises a calculating means for
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vari ed; and displaying the conputed results. 70 30J UL 2002 11. A

nmet hod for identifying characteristics of fluid machinery conrrising:

cal cul ating the head and shaft power for flow rates by 5 determini JUL 2002
representative_points for characteristics of fluid nachiner é‘{r]%l udi ng a
represent at i Y81GB4AT ARG Fhe LESYGEL FURURR A% ROMREr CARTURET Thi'id"Ehe
rati os of head_and shaft power other .than the representative flowr to
the representafF¢EUERGH %Hfb"‘?’é’iﬁregé’nfiﬁir\?é%hﬁ@ 5%9\%?1%&%?%\/951 %ﬁ?t
dianeter 10 of the fluid machi nere/, bhe nunber of ir}pell r stages, and the
rated out put TARddrBeehinery: i QN s bo&qEenpcERen of Jlig Sad NFe MERRS
fluid machinery; estimating provisional characterjstics of the fluid

machi nery baééddSﬁCFhEeéa‘l"EEﬁa{%ﬁeﬁ%%&F & &Y t°3power ;. and 15 i denti fyi ng

¢ EZ” ;F;re;. o' T Sfm;ffz%fcéfré'? Qo PRANT S e F Eﬁ%ﬁéﬁ%ﬁ%ﬁ%@?ﬁ'ﬁ#@éﬂgg
233 pover CORE R Gt ﬁgh?if?é%?fﬁ%’%i%?‘?%ﬁ?@%ﬁgﬁﬁ*‘-?%ﬁe %?J#%? By°
and pover R At ~0pe 2R M 5 T6F
wnor i n” o eV aR, Sech: 2 Reddy 118" th TRER WLV B8 PRl T "ot oauct ng

maxi mum ef fi ci encympg ctatl‘éuflla!&ﬁﬂgm}isnééfab?%%@%%&@é@i‘&rﬁﬁe d&d Bdtio

estimated val ues 25 of efficienCy for the f I nery, and the rated

out put of theopDiREselF0ikt P had ther rbjﬂﬁ'&tibf'x)ﬂngﬁ SR AN &Y 135 !o%%sqf fokui d

71 3 0 JUL 2002 machinery as clainmed in claim21l, wherein sai

represenit i ¥Raiplal StRES feisashiheed twvg, at @ @%dahaal, dal ehlisted tsing at
| east two points of standard specifications including the flowrate an
head of the %l 0ifg5tmcirthisr genanatébethatpotinots puk. 96, § he. "¥Phoy, (0.95q,,
0.95h,), -... Thecurve a, is the line connecting these points.
This process is repeated for rotational speed ratios 0£0.90, 0.85,
0.80, ... to form curves a,~Q,.
15 The curve £ is the system head curve on the facility side
(piping side) calculated by the above-described method. The
point denoted by (8) in the drawing is the actual operating point,
while points (7)-(1) are the operating points obtained by
calculations with varied rotational speeds. Bowever, the true
20 operating point often has a larger flow rate than necessary, in
order to allow some margin in the estimations of design
specifications for piping loss.
The curve 7, includes a plurality of points which are not
shown. The coordinates of these points are defined by flow rate
25 and power consumption, as in (q,, W), (93, Wi), e-s.
The calculating means establishes a rotational speed ratio

for these points as described above. If the rotational speed

ratio is 0.95, for example, then g, is shifted to g, x 0.95 and
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5 14. A nethod for identifying characteristics of fluid machinery as
claimed in claim 12, wherein said provisional characteristics of the fluid
machi nery are corrected by the flow rate cal cul ated using head and ppgwy| 2007
consunption during current 10 operations and the estimated val ues of

ef ficiencywoist Beiftaddtomwhihe?yd%nd notor. 15. A nmethod for identifying
characteristics of fluid machinery as clainmed in claim12, wherein said
provi si onal 15 cHrisceranpl e essymeshehdt fhe pehedéigianey end ehe agthy t he
flow rate cal cul ated using head and power consunption during current

oper at i ons sfifdaifpncasde mateehdnggesven BReR therkst Foondes PEad ¢ haadkisner y
and notor, and the head and power consunption during shutoff operations. 20
16. A met hd®% ofoede s yeRamehar SONSACSY cheat LPS§Sd dhehFAeryresyedCyi ned
in claim112, wherein said praovisional characteristics of the fluid

machi nefy SV ddBY USHESF POWINYEE LTI c T AT RPYRY FPIHIP AR F6Rer

consunption during current 25 operations . and the estimted val ues of
of f1ci ency RoMAio FAGHIR rhadhi TS Yo1CO TR GTH oh St St 5 GREF -

consunption duri%%(ﬁggégiﬁggsg%%%%}hghyglg%oggsLUQEXegg%gs z%e points
(0.95q,, 0.95%,), (0.95q,, 0.95°w,), .... The curve ¥, is the
line connecting these points. This process is repeated for
10 rotational speed ratios of 0.90, 0.85, 0.80, ... to form curves

Y=V
The power consumption corresponding to the operating
points of (8)-(1) is indicated by points on the curves 7y ,-7%

1.

15 FIG. 34 shows an example of actual output (printout) from
the output device 6 for the characteristics described in FIG.
33. That is, FIG. 34 is a view showing a diagnostic result 10
outputted by the output device 6. The two graphs in FIG. 34 show
the flow rate-head characteristic curves and the flow rate-power
20 consumption characteristic curves found in FIG. 33. A table at
the bottom of FIG. 34 is represented by the letter A. This
portion A is enlarged and shown in FIG. 35. This portion A of
FIG. 34 is a table showing calculated values of power consumption
reductions. The items in the first column of FIG. 35 indicate
25 the flowrate during actual operations for fluid machinery driven
by a commercial power source; cases when using an inverter to
meet the design flow rate; and cases when using an inverter to

reduce the flow rate below the design flow rate.
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30J UI 2002 17. A nmethod for identifying characteristics of fluid
machinery as clainmed in claim 12, wherein said provisional characteristics
of the fluid machinery are corrected by the flowrate calculated u qu Pg@P
and power consunption during current 5 operations and the estinateg véﬂu
of efficiency forItdms finutdentoni Hev wlandendablie anglide theadodad ipoRer
consunption during shutoff operations and during operations when the val ve
is fully opdpeedgatdo Al n@thes dBFVeribyta ﬁ9mgr@haﬁm@n SPVES® of PPMET
machi nery as clainmed in claim 13, wherein the operating point (flow rate)
is identifieensymehieon pridie Smavdt SFapa¥es: FeRFeEPBHIOR NS FIGH R bRLL AXR8Y v
and the head during current operations, and said provisional |,

char act eri sERR "ok @G dRPEELEY PRRAABLRLY (M POWSE EBREBMBELIGH) 19°2 A

nmet hod for identif%/i n? characteristi.cs of flujd, machci nery. as c%ai. magz in
claim13, }Aﬂ&?r‘]%?ho e (6peFY Pﬁﬁd]t)blisﬁpglg }‘51 o?j\?‘? 1Y iﬂ’é‘xf‘?ﬁ% b9 &y
teristi 20 t ' i he _h '
E[ﬁmﬁl  ones STIEAR o Bhe FineonF soven SeRePBRPLPELY AR rIta PR Bebes b
t rrent ' h ' e i
fur1 o opon. cORESRoERNRTREAE0ATL0E BBARL T0OINIRLLEN WaTHo! MR gt 1o

?ﬁggg;‘ery’ SPIRLI Sipg: 100NV RGRY, Mealisy f orp d R LAY AN J at §lRTIUE
energy-CO,-electric power cost).

10 In this example, an energy savings of 18% can be achieved
simply by matching the flow rate to the design value, amounting
to a reduction in energy costs of 286,000 yen/year. If thedesign
flow rate itself has been estimated with some margin, it may be
possible to reduce the flow rate by 10%, for example, thereby

15 achieving an energy savings of 40%, and amounting to a reduction
in energy costs of 639,600 yen/year. In this manner, it is
possible to estimate the length of time reguired to recover an
investment for installing an inverter.

The calculating means for calculating how much power

20 consumption can be reduced when using a frequency converter to
decrease the rotational speed of the fluid machinery and the
processing means for displaying the calculated results, as
described above, are implemented as programs for operating a
computer and stored on a storage medium. This storage medium

25 can be incorporated into a personal computer or the like.

FIG. 36 is a schematic view showing an example of an
energy-saving pre-diagnostic system for fluid machinery

implemented by a personal computer. This system includes a
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and fl ow rate-power consunption data for fluid machinery having 73 a

not or driven by a commercial AC power, and des gn~L 2002 specifications
(flow rate-pressure) in a facility side; inputting or estimating E%a‘pﬁ Z‘OW
i nputting or estimating resistance of piping (actual head) when the ow
rate i s zerper$oral CIARRUYRE RAPOMSTisdalc @ Beilngcontreddect 1 ohhavipdvier
consunption achi eved when reducing the rotational speed of the fluid
machi nery v#@HtEC} riltiule it A Neb e REathnghd CpBddssé) nga nbahkl FEPraFS it ng
the calculated results. 10 21. A recordi ng nedi um capabl e of being read by
a conputer 4o@NsELBPPAFAYFIS dnsakd BhEEPLAHRLRD PPdteP  t3® PREPBREFRVIGR
functions of: inputting flow rate-pressure_(head) and_flow rate-powe

consunpt i on® d&ld PEVRICHR @LFRERPKEIP Iﬁ'&\‘ﬁi'nbg & %%’BPYO‘H%r{W ?5 %P'RrOM
commercial AC power, and design specj.fications (flow rate pressure) in a
Faci |ity si GREVIRGUAT (TP GreutIS e g™ SSF ST BREENET T BF T RGN T detHR “Hoad)
achi eved 20 hch TR ng T HETOTE FBRaT 2p82a top tt Pt Po PR Tt AP ¢h

As described above, the present invention can find in
advance the amount of wasteful energy consumption in the fluid
machinery and its peripheral devices. With the system of the

10 present invention, it is easy to calculate the amount of energy
savings possible using an inverter or the like to adjust the
rotational speed, without performing actual operations with the
fluid machinery at the work site. Accordingly, the return of
investment or cost-effectiveness of introducing an inverter or

15 the like can be found, and this can help popularize energy
conserving equipment on the market.

Next, amethod and material for displaying characteristics
of the fluid machinery according to an embodiment of the present
invention will be described with reference to drawings.

20 FIG. 37 shows an example of applying the present invention
to a motor-driven centrifugal pump. Here, the motor is a 3-
phase induction motor. The outer rectangle 10 describes the
periphery of a flat surface 11 comprising a display material,
such as space in a catalog. Curves 12 showing the Q-H

25 characteristics, and data 14, 15, and the like relating to power
consumption are recorded on the surface 11.

The curves (Q-H characteristic curves) 12 indicate the Q-H

characteristics plotted according to the discharge amount
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a frequency converter; and displaying the calculated results. 22. A nethod
for displaying the characteristics of fluid 25 nmachinery, conprising:

di splaying the flow rate-pressure characteristics of the fluid madigi ngrym
vari ed according to the rotational speed on the sane surface using a
plurality ofemursmstedhy thde hoB8igodtil laxd60ndlt bpltptialghead aepekaeatieto t he
power consunption on the sanme surface. 23. A nethod for displaying the
char act er i sty theoferfifiad &xiachidrs guave dl2al sredcpndefidion @2ch fyeghency
conprising nunerically displaying data related to the power consunption
adj acent tocupphiedirve tbhpr oodeili-ng Theatd Gwe aniner Exeanenehas atheithdsi cs.
24. A nmethod for displaying the characteristics of fluid 10 machi nery as
clai med i n SFAPAD2 oPN2YPEr@tiRSr TTRWBISINgl i pFayiiey RHHIR HBO&RFe 1S
surface a reference selection range under a ffixed rotational speed of the

fluid michi MERSE1omLI TRAAFALS GIIGCEHaFPng2EReCBRER akt er ILESEs COF VFFUI d
15 machi nerfIZ acsandealitg%g ziafl al?él t%rt]eemg];sﬁlrgidrgagaz otroc%ﬁ’bé utrr}eh%glculated
values based on the function (1) provided below.
Q ¢ N
H oc N
10 N o F
W oc N (1)
Here, Q is the discharge amount, H the total head, N the
rotational speed, F the frequency, and W the power consumption.
An approximate power consumption 14 and an approximate
15 annual energy charge 15 are numerically recorded adjacent to the
curves 12 as data related to power consumption. The power
consumption (energy charge) varies according to the operating
point, that is, the discharge flow rate, even at the same
frequency. In this example, however, the power consumption at
20 the discharge flow rate in maximum load (within the range of pump
selections when driven by a commercial power supply) is set as
the representative point and recorded adjacent to the Q-H
characteristic curves 12.
Specifically, an approximate power consumption 14a and an
25 approximate annual energy charge 15a are recorded adjacent to
the curves 12 for a frequency of 50 Hz when a commercial power
source of a frequency of 50 Hz supplies power directly to the

motor. An approximate power consumption 14b including heat loss
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conprising displaying on the same surface data related to the power
consunption, including at | east one of the energy charge or the anount of
reduction in the energy charge. 20 26. A method for displaying thé0 JUL 200
characteristics of fluid machinery as clainmed in any one of clains 22 to
25, furtherfxawmpliesiimy editspl apidngnoapphiex sparee sapfeak enel®@asthagge ddkt he
cost of the fluid machinery or the cost of the apparatus required to vary
t he rotati o3 regegded2ad pcent et hibel 3L Vidiss bR aiqh g 1i het keva facgmenstiiess
of ~fluid machinery as clained in any one of clains 22 to 26, further
conpri si ng hepluginggasninversere e appresalrtropewehrcomssumpt e 14h
2002 calculating data related to the power consunption. 28. A display

mat eri al fcﬁncaifguﬂ apPREXinat & IRl PPSTRYCRAT 901 51 BPEWNERGILREVF tidinng
the method as claimed in any, one 5 of clainms 22 to 27. 29. Afluid

machi nery ofP #PSPFpFRIEBGON A h e & FloEadord “peed of the fluid

hi , I.sing: _di splayi the fl te- h teristi f
the 10 f1uid mmcH Her *FAFTEA atlr ABRF LGS r BPHEForiit S POREAGh o7 same

surface of g pronpiiqnal, mterialfENLSERLEEY o2 BotRkL0% 0.50 ki when

performing operations with a commercial 50-Hz power source.
Based on this value, the approximate annual energy charge
10 calculated for an operating time of 8400 h/year at an energy
charge of 13 yen/kwh is 1,150,000 yen. When using an inverter,
on the other hand, the approximate power consumption when
performing operations at a frequency of 45 Hz is reduced by 2.46
kw from that at a frequency of 50 Hz, resulting in a reduction
15 of 269,000 yen in the approximate annual energy charge.
The price 16 of the inverter is also displayed on the
surface (display material) 11, and in this example, the price
16 of the inverter is 498,000 yen. Thus, as described above,
it is found that in case of operating the pump at a frequency
20 of 45 Hz in place of the commercial 50-Hz power source, the
investment (or cost) of the inverter can be recovered by 1.85
year (489,000/269,000).
Here, it is necessary to consider that the operating time
and energy charge (cost/kWh) vary according to the work site and
25 region and that an investment is required for installing the
inverter. However, calculating the return of investment or
cost-effectiveness is remarkably easier with the present

invention than with the conventional method of displaying pump
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using a plurality of curves; and displaying data related to the power
consunption on the sane surface of said pronotional material. 1~ 30. A line
graph for the power consunption of fluid machinery conpri sing: lurality
of curves indicating the flow rate-pressure characteristics of fIﬁUdUlﬂmz
machi nery idhag@aterfigtot® i onal speeds 20 and displayed in a coordinate
system and a plurality of curves indicating the flow rate-pressure
characteristics df SSHETIIAN igadsi Adr for nPeERH Giiven Jus the Fomeercial
consunption and di splayed in said coordinate system 25 31. A calculatlng

and gr aphi rf@%%fsﬂ-&ﬁh%%ﬁﬁ?le@icﬁ@s& claihmqa:r Wl%pmﬂf&h@uﬁéca. §geRpy-ay
material of claim28 or the |line graph claim30,. b utti dat for
the flow r A&FFFEsurld - chgpéﬁ"é}?&}@é e S Ilavvf?%&% %%‘6\%$ sctd"rfg’%'rﬂﬂ
3 0 JUL_2002 char clerl t|cs of ., flui.d machi ner a_not driven by a
conmer cPal AEBGIT ’AeP%%%Jr%ﬁJ b BB efRp Hakiig ghe
oD 460 TR AT PGl gL B L
energy- Sav'Maghigogatér?asﬁlﬂtegisplay surface, such as a space in a catalog
for one class smaller capacity pump. Although not shown in the
diagram, displaying the cost of the pumps on the surface 11 would
10 facilitate comparing the return of investment or cost-
effectiveness of replacing the current pump with one class
smaller capacity pump to that of adding an inverter.
Further, calculating conditions 18 for data regarding
power consumption are included on the surface 11. 1In this
15 example, the calculating conditions 18 include an operating time
of 8400 h/year and an energy charge of 13 yen/kWh. This data
allows the user to perform simple multiplication and division
calculations in case of different operating times and the like.
Next, an example of calculating a simple return of
20 investment or cost-effectiveness of introducing an inverter will
be described with reference to FIGS. 37 and 38. FIG. 38 shows
an example of a pump requirement 19 only needed in emergency
situations and an example of a normal operation pump requirement
20 indicated by adoublecircle and a singlecircle, respectively,
25 on the surface 11 of FIG. 37. 1In this example, one class smaller
capacity pump is sufficient when considering most operating
conditions (requirements), but a pump is selected with

consideration for requirements in emergency situations.
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for fluid machinery, conprising: 5 a controller for identifying the
characteristics of the fluid machinery represented by the flow rate-head
characteristics of the fluid machinery frominputted data on the f3@ijdL 2007
machi nery to be diagnosed, and cal culating the reduction in power
consunpti on achi AedmeEampdeucihgls s awabtdatorhf perat bid tthidng |fgrd
machi nery, based on the identified characteristics of the fluid nachinery;
and a st or aREITAL topeFation i FREEHERRRTS iy ARG RAYSHT + e thalduISRE®Y
reduction in power consunption. 15 34, A nethod for selecting a device for
ener gy savi @aree Qiu? @ ¥atkWer y InCohT F8Pfg: theopeiafiing fhgquency can
characteristics of the fluid nmachinery £]e§re,sent(6=,;td5 bg t he gho r at e- head
char act er | sP® &8tof0r HR H3 uPBAnREM H &Sy S PP B I hpdCPed® 4A% 3R ¢ WS AT 20

hi be di X | cul ati h d i i i
i eved viSans WHRERT Chet -2k S Bhhi e i e ERre A R R f R B O

the identifi h i Sfi f th i i : I i
o devi ce ol EREFS SL0Ph g+ aBrSoriRfalhl e BERh AT e R Poe aar S 3 | o
i tjQn., J I A2 ) - i i i
D Pover CORSUIBIG e cdl By 4. o R Woho RS~ 9 yAchaN ot ag dhanost
characteri sg! féd‘q%t%ﬁﬁ (HE uggi—j ’r@@@i)ﬂ@ﬂy represented by the flow rate-head

e e

characteristics o urd machi'nery fromdata on the 5 fluid machinery,
to be diagnosed, spputtefel Mes@ HgerarS inpettdeviige,4dnthedl guhat it he
reduction in power consunption achi eved when reducing the rotational speed
of the {J ui dofBEhEAgE YonbaEsed the tdwsst dent ihsedl Thag acher iisivieaz eaf, titee
fluid machinery; and 1o a storage unit for storing the data for outputting
t he cal cul afipdesenentican be peeeveredsimpppooximatelyams yeatrput Ineviice.
36. A nmethod for selecting a device for 15 energy saving in fluid

machi nery, ®Banpersitite presant fiyivieptiies emehlies dheusestoffinkthpyigturn
machi nery represented by the flow rate-head characteristics of the fluid
machi nery fPEMRMESERANG RE F9IF P IeRIT WENES St §0Be TS 2P YT nt o

a user's ingut devi ce; Zﬁ caﬁcul at | n%:) t he reduction in power consunption
achi eved whéR PBJGEFRhG™EHE PBPALI bHEF: speed of the fluid machinery, based

on the jdentifiedycharacteristies ofc dhe f b 4R 8Yen &M teristics

of the fluid machinery according to a second embodiment of the

present invention will be described with reference to FIG. 39.

The display according to the second embodiment includes more

detailed data on power consumption. In addition to entering the

20 approximate annual energy charge 15 adjacent to the curves 12,

the surface 11 also includes a separate graph with a plurality

of power consumption curves 21 showing the relationship between

power consumption and discharge flow rate for each frequency

supplied to the motor, and a reduction ratio (%) 22 and the

25 approximate power consumption 14 described in the first
embodiment adjacent to the power consumption curves 21.

By reading the power consumption curves 21 using the

display method and material according to the present embodiment,
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selecting a device for energy saving suitable for 25 achieving the

cal cul ated reduction in power consunption. 37. A nmethod for reducing power
consunption and pronoting energy saving in the fluid _78_ 3 0 J B0 J0? B2
machi nery by incorporating a device for energy saving into the existin

flui d machiHeris RIRS HBkhdP CEhilsiteyWitdeatehi AGCEhaC ¥ hBR @ ctayh iO@‘(sJ of
the fluid nachinery represented by the flow rate-head characteristics 5 of
the fluid nmRHEHERGNE 0OBe CH tivaneseatandy the prkaadvFenved Usodr
consunpti on achi eved when reducing the rofational] speed of the fluid

machi nery, BREEAY oFAY HeI§ dWRen f RGO EPRF eInG |3 i TWtare f1uid machi nery;
and 10 providing the cal cul at ed reductLqu%g%pomer cQnsunption to a .user.

38. A method for Y@HucPitf PR et ﬁ&sﬁﬂéﬁﬁpﬁ BRGTRF ShiGTy i n
et sti Gt 19F dORBCh i IS HR, G Carg Song. thuEh FRoTaers O the 11
h teristi the fluid hi t.ed by t fl - d
cror ot s cacgl L0 MREPLRCEL PO SH ST 0 DU L o £t
identified flt?alﬂf‘nﬁé R i nd! tcpg dd & @CQhP% l@éa‘l’ﬂﬁtyf J f RAuET
consunption at the actual opérating point; calcufating tRe reduction In

pouer consugiien asil ot dhen- el ng | eyt oLath ongbyBPeeh e di i <

25 machi ne sed on the refined characteristics of the fluid machinery;

and provi di 8gp162ikat e Aletd rifdeath PRhier RSO RANSHERY I(Freli@efcYFind _79_
30J UL 20@2 39. A nethod for reducing pvWer consunption and pronoting

ener gy 1avi dgstRathe flloy dafaciiaaiyphyeacnr pheatdneg caodt@ihaeef s aner gy
saving into 5 the existing fluid machinery, the nmethod conpri sing:
i denti f yi ngThaeqliaradengr peter sonsumipe ibhuwuwec BB mereydepipees@byetbttted he
fl ow rate-head characteristics of the fluid machinery to be di agnosed,
lines. Further, an annual energy charge 24 is displayed
numerically adjacent to the equivalent power consumption curves
23.
15 The display method and material according to the present
embodiment has the effect of combining the graphs in FIGS. 37
and 389.
Next, a calculating and graphing system for obtaining the
display material or power consumption line graphs shown in FIGS.
20 37 through 40 will be described. The displayed results are
obtained by inputting the flow rate-pressure characteristics and
flow rate-power consumption data for fluid machinery having a
motor driven by a commercial AC power.
The hardware configuration for the calculating and
25 graphing system is the same as that shown in FIG. 1. The
calculating and graphing system comprises a main controller 1

for controlling the overall system, and a main storage unit 2

connected to the main controller 1. The main controller 1
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cal culating the reduction in power consunption |0 achi eved when reducing
the rotational speed of the fluid machi nery, based on the identified
characteristics of the fluid machinery; and providing a device for3§nﬁ@g¥m
saving to achieve the cal cul ated reduction in power consunption to

15 40. A mémieddidiesr ar edDErAY poder 3 comd Laptd ket jor gmdtti kg eflee gjadavi ng
in the fluid machinery by incorporating a device for energy saving into the
exi sting flconFreddisindr 5 BhE0 ne@hRRC e AgnPae REBAFET §i hecinéing
characteristics_of the fluid machinery represented the fl ow rate head
char act eri $t KB¥PBRrdpaneysR d %EHPn%%%et%ldoéndP‘abm%@&VW fnipgleaing
identified characteristics of the f#ul d machinery b utt| ng t he power
consunpt i ot BE1RheT plisRidd, opdhia ﬁﬁepoﬂrﬂ FI@al bu%ﬁ?l & HPEFuRTPYNn i n
power consunptiqQn ac ved when reduci ng t at i onal s eed of the fluid
machi nety, tl?;fsé ¥h° EhgaF@f‘?ﬁ op%%a&%%rw L"S‘ft h8 F‘F PYS- apd1icaty 5 gL
7.07 machl and R ow% a.device for ener gy savi ng to achi eve the

cal cul at ed Yot i E&HQB tion to a user.

B LR 958 é;gn%gswr 53,27 290 A SR AL A A

fAy'f A A Ay; "9

& A, % Aya9. Y(V A
AF9. A, Azﬁs fé@ft%%gr@ ;ﬁ S ,ﬁlﬁfﬁ%sﬁ Ay%%ﬁﬂg A48 i, AN
- AYT. AYS. Ap Ao sé{ﬁaﬁxg“\ Pre V81 An8s ¥ Acho8edGEEWEDY® the fluid

~ytoj e [ V] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] c:aUc:a]c:alc:aJca]ca]ca
] ca] caliga] erjctalmeatycal £8d cabhoalealUdalaa! @KREE=programs implement a
glviliri"C'"}xsnid_Z] ca]ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca:]aja:]xﬂa]tma)]gca]nm:]m] cajd o cautapst] ted gart S ¢ kS afiht SEHSSHHHGILBRR B ~

“(()*,..".v. 3/|wnhc”Y] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ch]sc;d]atyaml]ata]:ca]ca]ﬁm] valioa wajagd valital ¢akc3indella 22wi4d48E, 6

}xsnid_Z] c]qlémRYa]dclﬂkoa]an]l@é]lcél]léé]rcQFc&P@a}lé&Fca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] c ]Hca] cal;

<WWb? GAAABA DGGGH\ |_ RV BTSSR AR E]%é]fcé]héa]’ﬁ%f‘éﬁf ca] ca

Al 2Lf%ﬁ%%&ﬁ§rﬁkﬁ%]§%%b%%“s§§ T BT AR SRR S0 B B G
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ajcalcalcajcajcal~_A z g Q: eeeehijekkkkkl annopi goqugwgyq| g~q} xsnhc] X]
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) zupkf a\ W |aded ] o] i) ice] i dfeen] el ol e k a§ pedd ad £ af tal d ahsahinekya) cau
] ca] ca]zca] calcaU calcalcalcalcalcalcal) R

9x372r) ﬂlSZ\a}%%éV‘W‘P]—‘PE R aafééqw%nakaFca?%a{ cneq éé}P@é]t@é] éateal caj

|
Al wr Mhon v T AP EFCAF e %’%aaciLreL L k] B AT e AP Sk aF B ca) o
a] ca] ca] ca] a cca]zca] cal ca! A% %3~>x flyj~"}xsnid_Z]]]]ca]ca]ca]c(
a] ca] ca] ca] a’J] % & & Jca] Cal] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]c

npsts bl ) renidyehbkashealeal galsataahcebogl fal ealcalgal calc

a] ca] ca] ca] ca] calcalc caj ca ca] Usw *) +.
4C~}xsni d Zﬂéﬂd%é@k@ﬁh@@t@h%@hﬁé] EﬁJiG@ﬂéaﬂlQﬁi Cr%]t%abe%(faJ:SﬁJsGﬁ cabgal cal
calc(a]ca] calca]ca]ca]calca]lca]ca]ca]cal 9 y"aOH aX17F<{}xsnid_Z]]|]]ca]ca]ca

] ca] cabsa] ¢ Had cadciadtGdsC #bead GahGal1Gahc 8 kc%@aadfa]ﬂak @l eﬂfﬁé]:éﬁl:ca] ca

] ca] ca] ca] ca] ca! {?! 6xP% 107N9} xsni d_Z]]]] ca] ca] ca] ca] caJca] ca]ca] ca]ca]ca]c

a] ca] ca] Ca]ﬁédmat]r&a}:aa]acabﬁalcq]}@@d cialpiadtea] aa) seésal cajree] 6aleal 9Ridbxuz, 2d

r 28>DKzupke” ZU] cal] ca] cal] ca] cal ca] cal] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] caV]c

a] ca] ca] ca] i) feadnea] aeloaidapcad crle ad:qate¥E Aol Pu)ohrseirdbal] abboel ca] ca
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}zupkfa\ W] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]caV]ca]cal]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!”, 3-! #SRMX%eYB&N&P(())) *+, , } mQ "Q&/}‘
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storing the above programs; and a printer PR forming another part
20 of the output device 6.

In the example of the present embodiment, the surface for
displaying the characteristics of the fluid machinery is
described as a flat surface. However, a curved surface is also
possible, providing the surface is continuous. Further, this

25 display surface is not limited to the surface of a paper such
as part of a catalog, but may also be a ligquid crystal display

or the like.

With the present invention described above, the user can
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5 present invention has the effect of creating a demand for

inverters used in fluid machinery, and the inverter-mounted
pumps which are recently being common, thereby helping

popularize energy conserving equipment on the market.

10 Industrial Applicability
The present invention relates to a system for finding
wasteful energy consumption in a fluid machinery and can be
applied to equipment using cooling-water circulating pumps, feed

water pumps, and the like.
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operating flow rate of the fluid machinery by operating the fluid

machinery to be diagnosed and inputting the measured results of

the operating pressure (head), operating flow rate, power

15 consumption, or operating electric current of the f£fluid
machinery in operation; and

processing means for computing variations in the operating

flow rate, operating pressure, or power consumption while the

rotational speed of the fluidmachinery to be diagnosed is varied,

20 and for displaying the computed results.

2. A diagnostic system for fluid machinery as claimed in
claim 1, wherein said first identifying means functions by
inputting one or more of the following data (1-11) regarding the

25 fluid machinery:
1. Diameter (or numerical order) of suction port
2. Diameter (or numerical order) of discharge port

3. Rated output of motor driving the fluid machinery
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10MNN' Ot ObOOOJEmMY. Rating plate specifications (flow rate-head) of the
5 fluid machinery
7. Model name of the fluid machinery
8. Manufacturer'’'s name of the fluid machinery
9. Number of impeller stages of the fluid machinery
10. Outer diameter of impeller of the fluid machinery
10 11. Test data regarding the flow rate-head and flow

rate-power consumption of the fluid machinery.

3. A diagnostic system for fluid machinery as claimed in
claim 1, wherein said characteristics of the fluid machinery
15 identified by said first identifying means are refined by

inputting the power consumption at the actual operating point.

4. A diagnostic system for fluid machinery as claimed in

claim 3, wherein said characteristics of the fluid machinery

20 identified by said first identifying means are refined by
inputting the operating pressure and/or power consumption at the
shutoff operating point separate from the actual operating

point.
25 5. A diagnostic system for fluid machinery as claimed in

claim 1, wherein said computed results obtained by said

processing means are refined by inputting values of actual head.
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said controller being used in combination with said diagnostic

system as claimed in any one of claims 1 to 5.

7. A diagnostic system for fluid machinery as claimed in

10 claim 6, wherein the rotational speed of the fluid machinery is
varied by changing the frequency generated by said freguency
converter with said controller, and the actual head or head loss
caused by piping is found by comparing the operating pressure

for each rotational speed when the valve is open to that when

15 the valve is closed.

8. A recording medium capable of being read by a computer
for storing programs to enable the computer to implement the
functions of:

20 identifying the characteristics of the fluid machinery
represented by flow rate-head characteristics by inputting
prescribed data on the fluid machinery to be diag_nosed;

identifying the operating flow rate or operat.:'Lng pressure
of the fluid machinery according to the relationship between the

25 identified characteristics and a measured operating pressure or
operating flow rate of the fluid machinery by operating the fluid

machinery to be diagnosed and inputting the measured results of

the operating pressure (head), operating flow rate, power
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9. A diagnostic system for fluid machinery comprising:
first identifying means for identifying the
10 characteristics of the fluid machinery represented by flow
rate-head characteristics of the fluid machinery to be
diagnosed;
second identifying means for identifying the actual
operating point of the fluid machinery to be diagnosed; and
15 processing means for computing variations in the operating
point when the rotational speed of the fluid machinery to be

diagnosed is varied, and for displaying the computed results.

10. A method for diagnosing fluid machinery comprising:
20 identifying the characteristics of the fluid machinery
represented by the flow rate~head characteristics of the fluid
machinery to be diagnosed;
identifying the actual operating point of the fluid
machinery to be diagnosed;
25 computing variations in the operating point when the
rotational speed of the fluid machinery to be diagnosed is
varied; and

displaying the computed results.
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10 of the fluid machinery, the number of impeller stages, and the

rated output and rated rotational speed of the motor used todrive
the fluid machinery;
estimating provisional characteristics of the f£fluid
machinery based on the calculated head and shaft power; and
15 identifying characteristics of the fluid machinery and the
operating point including the operating flow rate by correcting
said provisional characteristics of the fluid machinery based
on measurement data including at least the head and power
consumption during current operations.
20
12. A method for identifying characteristics of fluid
machinery as claimed in claim 11, wherein said representative
points are set as the flow rate producing maximum efficiency in
the fluid machinery, the head calculated using estimated values
25 of efficiency for the fluid machinery, and the rated output of

the motor.

13. A method for identifying characteristics of fluid
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characteristics of the fluid machinery are corrected by the flow
rate calculated using head and power consumption during current

10 operations and the estimated values of efficiency for the fluid

machinery and motor.

15. A method for identifying characteristics of fluid
machinery as claimed in claim 12, wherein said provisional
15 characteristics of the fluid machinery are corrected by the flow
rate calculated using head and power consumption during current
operations and the estimated values of efficiency for the fluid
machinery and motor, and the head and power consumption during
shutoff operations.
20
16. A method for identifying characteristics of fluid
machinery as claimed in claim 12, wherein said provisional
characteristics of the fluid machinery are corrected by the flow
rate calculated using head and power consumption during current
25 operations and the estimated values of efficiency for the fluid
machinery and motor, and the head and power consumption during

operations when the valve is fully open.
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rate calculated using head and power consumption during current
5 operations and the estimated values of efficiency for the fluid
machinery and motor, and the head and power consumption during
shutoff operations and during operations when the valve is fully

open.

10 18. A method for identifying characteristics of fluid
machinery as claimed in claim 13, wherein the operating point
(flow rate) is identified by said provisional characteristics
of the fluid machinery and the head during current operations,
and said provisional characteristics are corrected by the

current power consumption.

19. A method for identifying characteristics of fluid
machinery as claimed in claim 13, wherein the operating point
(flow rate) is identified by said provisional characteristics

20 of the fluid machinery and the head during current operations,
and said provisional characteristics are corrected by the
current power consumption and the power consumption when the

valve is fully open.

25 20. An energy-saving pre-diagnostic system for fluid
machinery, comprising:
inputting means for inputting flow rate-pressure (head)

and flow rate-power consumption data for fluid machinery having
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calculating the reduction in power consumption achieved
20 when reducing the rotational speed of the fluid machinery with
a frequency converter; and

displaying the calculated results.

22. A method for displaying the characteristics of fluid

25 machinery, comprising:
displaying the flow rate-pressure characteristics of the
fluid machinery varied according to the rotational speed on the

same surface using a plurality of curves; and
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power consumption, including at least one of the energy charge

or the amount of reduction in the energy charge.

20 26. A method for displaying the characteristics of fluid
machinery as claimed in any one of claims 22 to 25, further
comprising displaying on the same surface at least one of the
cost of the fluid machinery or the cost of the apparatus required
to vary the rotational speed.

25

27. A method of displaying the characteristics of fluid
machinery as claimed in any one of claims 22 to 26, further

comprising displaying on the same surface conditions for
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y9,; machinery comprising:
a plurality of curves indicating the flow rate-pressure
characteristics of fluid machinery in each of rotational speeds
20 and displayed in a coordinate system; and
a plurality of curves indicating the flow rate-pressure
characteristics of the fluid machinery in each of values of power

consumption and displayed in said coordinate system.

25 31. A calculating and graphing system, comprising a
computer for obtaining the display material of claim 28 or the
line graph of claim 30, by inputting data for the flow rate-

pressure characteristics and flow rate-power consumption
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outputting the calculated reduction in power consumption.

18 34. A method for selecting a device for
energy saving in fluid machinery, comprising:
identifying the characteristics of the fluid
machinery represented by the flow rate-head characteristics
of the fluid machinery from inputted data on the fluid
20 machinery to be diagnosed;
calculating the reduction in power consumption
achieved when reducing the rotational speed of the fluid
machinery, based on the identified characteristics of the
fluid machinery; and
25 selecting a device for energy saving suitable for

achieving the calculated reduction in power consumption.
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be diagnosed, inputted into a user's input device;

20 calculating the reduction in power consumption
achieved when reducing the rotational speed of the fluid
machinery, based on the identified characteristics of the
fluid machinery; and

selecting a device for energy saving suitable for

25 achieving the calculated reduction in power consumption.

37. A method for reducing power

consumption and promoting energy saving in the fluid
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the existing fluid machinery, the method comprising:

identifying the characteristics of the fluid
machinery represented by the flow rate-head characteristics
of the fluid machinery to be diagnosed;

20 refining the identified characteristics of the
fluid machinery by inputting the power consumption at the
actnal operating point;

calculating the reduction in power consumption
achieved when reducing the rotational speed of the fluid

25 machinery, based on the refined characteristics of the fluid
machinery; and

providing the calculated reduction in power

consumption to a user.
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consumption and promoting energy saving in +the fluid
machinery by incorporating a device for energy saving into
the existing fluid machinery, the method comprising:

20 identifying the characteristics of +the fluid
machinery represented by the flow rate-head characteristics
of the fluid machinery to be diagnosed;

refining the identified characteristics of the
fluid machinery by inputting the power consumption at the

25 actual operating point;

calculating the reduction in power consumption
achieved when reducing the rotational speed of the fluid

machinery, based on the refined characteristics of the fluid
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machinery; and

providing a device for energy saving to achieve

the calculated reduction in power consumption to a user,
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