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FABRI CATI NG THE SAME, AND Al R CONDI TI ONI NG APPARATUS EQUI PPED W TH THE

~ CENTRI FUGAL BLOWER 5 Technical Field The present invention relates to a
centrifugal blower featuring a waned structure and a nmethod of fabricating
the sane, and to an air conditioning apparatus 10 i ncl udi 1§ Mareh2803 ri f ugal
bl ower. Background Art Cenerally, a centrifugal blower includes an inpeller
consisting of a hub rotatably nounted around a 15 rotary shaft of a notor,

a shroud di sposed at a given distance fromand in opposed r “ “mmmmmmhe
hub, and a plurality of vanes extendi ng between the outer pm mﬂl t he
hub and the outer periphery of the shrdud and arranged around angdisgeneral |y
radially fromthe axis of 20 the hub. According to such arrangenent, air

currents flowng fromthe front edge side of the vanes to e
side thereof are produced by rotation of the inpeller. SUJmM“mmmﬂmgal
bl ower has a suction port provide ;on form ng the axggeaf the
i mpeller so 25 that the air sucke?ﬁ?%agﬁiéﬁe suction port is blown 13

March 2003 2¢ENTRIFUGAL BLOWER AND METHOD OF FABRICATING THE SAME,
AND ATR CONDITIONING APPARATUS EQUIPPED
WITH THE CENTRIFUGAL BLOWER

Technical Field

The present invention relates to a centrifugal
blower featuring a vaned structure and a method of
fabricating the same, and to an air conditioning apparatus

10 including the centrifugal blower.

Background Art
Generally, a centrifugal blower includes an
impeller consisting of a hub rotatably mounted around a
15 rotary shaft of a motor, a shroud disposed at a given
distance from and in opposed relation to the hub, and a
plurality of vanes extending between the outer periphery
of the hub and the outer periphery of the shroud and
arranged around and generally radially from the axis of
20 the hub. According to such arrangement, air currents
flowing from the front edge side of the vanes to the rear
edge side thereof are produced by rotation of the impeller.
Such a centrifugal blower has a suction port
provided at a portion forming the axis of the impeller so

25 that the air sucked through the suction port is blown



-around the inpeller froma blowoff port provided on the outer periphery of
the inpeller. Such a nobde of air suction and blow off will nmatch the node
~of air circulation required of a roomair conditioner and, nore 5
particularly, a ceiling enbedded type or hanger type air conditioner (that
is, an air circulation node such that after room air suckedd Maromn280&ent er
portion of a roomis conditioned, the conditioned air is blown out over the
whol e room area). Therefore, a centrifugal blower is often 10 enpl oyed as a
bl ower for roomair conditioners. In centrifugal blowers, the pressure

di fference between a pressure surface and a negative pressure surface in a
vane which perforns air supply work is Barger as conpared to the pressure
differences in the case of other 15 types of blowers, such as axi al

bl owers. Therefore, as the inpeller rotates, the pressure gradient at the
rear edge portion is |arge enough to cause so much velocity loss in the air
current fl i.0 S : a i gh S e . alty C | awi | ong
t he pressurg\gotg?}rdfl(;lEg{g‘:3 g@ég%é?htgr%ghv%ngﬁ?go%ﬁfhﬂ%tonll#éegg%eéf gﬁen&\'/%ne

toward theopeakr egdaeiphergof o#ndefel OMBEEIEW, e BLENCULT &Rbad! QW NGy Al ong
t he negative pressure surface side of the vane fromthe front edge of the

vane towar guicheohearargiigeploar eff meefiwi t hmageh oty adbasenbift hexiear
edge of the vane, so that the 25 joined air currents are equilibrated to a

speci fi ed ci¥gduVartdlon?08qdipe@solr e Foomherinoreondit psner and,cawdne f ugal
bl owers, the rear edge configuration of a vane is generally such that the
rear @dge pertticuliimearly ertiidndy verbdnded tiypehewadnasgéhetgber egisuch
velocity losses will 5 sinmultaneously occur all over the whole area of the
rear edge pondigdodern héthake isas anr ési tcirautation madar suchartdeat
turbulence in the air flowin the rear edge portion of the vane, which is a
source of 2IEGkpHOAM 1Y PHLKE TRAM 3 S8R LEKe RGTION WPWEsR FoCFe 15

duction has heen 10 hi ghl jred of centrif bl d_vari
reans. | ni chBBAIEGoREEy | PRE (Tt EREREnauE bién toOBSRE | AVERe TR r ont

state of RO rdiavenely N olebhe PLORRRRLS L DhAY, J0ae et O

have been found satis e requfl rénen uch™nolr'se reduction is

15 p@bticugﬁg!lwéidg Mgl fblro;wegf%for ﬁﬁgmaé:sngw%hleszeer incl uding a

centrifugal air conditionin ower Ichis to be set I1n a room

Di scl osure O I nventign <éhthere§aleblidwdrs,antod peksshrehiif @sedtice
invention to provide a centrifugal blower of sinple construction and | ow

cost whi chbertodetes foeddasd st fEce edhdt hOoheghttive dIRIFHITeOectacd t he
invention to provide 25 a noise reduced type air conditioning apparatus
equi pped in3 dhmeEme20@Bich performs air supply work is larger as
compared to the pressure differences in the case of other
15 types of blowers, such as axial blowers. Therefore, as the
impeller rotates, the pressure gradient at the rear edge
portion is large enough to cause so much velocity loss in
the air current flow in such a case that a high pressure
air current flowing along the pressure surface side of the
20 vane from the front edge of the vane toward the rear edge
thereof and a low pressure air current flowing along the
negative pressure surface side of the vane from the front
edge of the vane toward the rear edge thereof meet with

each other adjacent the rear edge of ther vane, so that the

25 joined air currents are equilibrated to a specified



-4 with the centrifugal blower, It is another object of the invention to
provide a suitable nethod of fabricating the centrifugal blower. The
~centrifugal blower in accordance with the present invention includes an

i npel l er having a hub rotatably nounted around a rotary shaft of a notor,
,.a shroud disposed at a specified distance fromthe hub d8dMaroh 3ppdsed
relation thereto, the shroud being formed with a suction port at a portion
defining the axis of the hub, and a plurality of vanes extendi ng between
t he outer -periphery of the hub and the outer periphery of the shroud and
arranged generally radially around the axis of the hub, so that "air
currents flowing fromthe front edge sidle of the vanes toward the rear edge
side of the vanes are produced by rotation of the inpeller, the centrifugal
bl ower characterised in that rear edges of the vanes have a saw teeth
configuration zigzagged in the longitudinal direction of the vane and

extendi ng W L.Se and _t t f t
configuratﬁ%%ggﬁggéagﬁlégg?éﬁggefoqﬁ% r%&%o%&?tf%%§%¢9%@%€§ glﬂﬂﬁr§’0.015
and a condifk0 0 < i d | af i 0 ;an i "D
of the i rrpgil;lltae:l:égv%e?e&"‘el ic"%lﬁs%]&)%l%rgig taatanggg%" li%s ?%%? agjf?g%b%{hn t he
centrifugathbtowde re€aF QUQR éﬁo@@f&hV@mﬁeH@iya S@WrRet figbRpesy Ut teeth
zigzagged in the longitudinal direction of the vane and extendi ng w dt hwi se
of the vanehe 1¥aMay;ch 20 Sfdher ef osechi N v8Botedy edgespest i owidl onger
vane portion and a shorter vane portion exist in alternate relation, so

t hat & conbimedtaneouslyerndcéhowailéswvtemgtiie onhbhe reeta ngf othai reawr r ent
flowi ng along the pressure surface side with air current flow ng along the
negative peeégsuberduornacet stile vengradgalad yesarltor nellese ephil eooerr tehe
entire length of the rear edge. Thus, for exanple, as conpared to the prior

art in whi $ArORe tirhulenae phrt £BA Pdrcddorgdiedhe BR2ENGITR ROMLIOH

borti on of OEnd e Baner CERH oLhd PerTOURE VBEoR (GOTRRERBLVELY  darden: due
rosurt thoptaeE nfbEe encihdtetfEer e FIonBEsE CReMUErLSE! Ao Mah oir

o pab0 oL RIS AR RS DBE Wt r (a1 b1 Befs® JR| PuBPLGLES nBHRETS U0

teeth shapentbnidedPassi Rbet! THGAGELNuAELLENE BhJR! HE&&%ESEHSEHQPI‘H th
respect to the centrifugal blower. The teeth of the saw teeth configuration

are desi gneHet octieglenthe se@rd ticd @hel. G%,< HoWevel:,01noand tdfe aemrdition
of 0.01 < SID<0.02inrelation to the outer diameter "D' of the inpeller,
where "H' psopostfisheifpt dnchdtS" neiseot hegutthonByhawet ubeeh t Hficsind
arrangenent it is possible to reduce air blast noise nore efficiently and
to facilitaetisdesdoan.eriihe i badnirenentwifion raxpecnoiset Keduekdenf ddgal
blower. In the preferred enbodiment, where the plurality of teeth which
const Pt ut ePRRELCUd ard WAKEFh 20d 5 hs FpIRAGTH EONR gIRARt | BT arcesHdHoner
configured,to.be . of a practically.tri,angqul ay, shape, the. construction of the
moul ding t SBELRGIETR | FEREF SEugEInAted TG | IOMANER MhePodth ar e
configuredt 0, have a.cogylexlgolygonal shape, for exanple, and this

provi des a ayguﬁggléné é3°®uch that cost reduction can be achi eved so
much in the fabrication of the centrifugal blower. In the preferred

enbodi ment, where tip portions of the plurality of teeth of triangular
shape are pagh ety dwad@vs, a pl anar or arcuate shape, the tip
portions are less |iable to damage due to cracking or the |ike as conpared
to the case in whichmfHeadfidyrd0rtiensigr eafihappjedaedoff ortXafHeserdnd
this provides for so nuch irnprovenent in the durability of the centrifuga
bl ower. Thénpeatdon | nentpoywideéo arogedesidugrlhobloewerabidfcatdimgple
aforesaid centrifugal blower. In this nethod, an integrally noul ded
conponent congrtirsiatg.ca hathd addwy armest ashiohspriovdmespafos bflaah invpisdd er
which are integrated together is first fabricated, and then a shroud

moul ded sepedacslipnf.romthe integrally noul ded conponent is fixedly joined

to ends of the vanes, the inpeller being thus obtained. .
It is another object of the invention to provide

25 a noise reduced type air conditioning apparatus equipped



- The integrally nmoul ded conponent is fabricated by carrying out the steps of
preparing a first noulding die for noulding one of two side surfaces of the
~hub to which the vanes are to be 13 MARCH 2003 7 attached thereal ong and
the two side surfaces of which are opposite fromeach other in thickness
direction of the hub, a second nolding die for nolding thel3dfarch 20Dde
surface of the hub which is adapted to nove toward and away fromthe 5
first nolding die, and a plurality of third nolding dies placed in gaps

bet ween adj acent vanes so as to be backgand forth novable in the

| ongi tudi nal direction of the vanes, for form ng a saw teeth configuration
to be provided at | east at the rear edge portion of each vane 10 setting
the fi rstwﬁblt]éﬁ%%fusalhlh@e"second nol ding die, and the third nolding dies
at predet ermi neg ;g R g S Rk g e
into a cavity forne armn herm die rmvm i7'stonol ng
di e and tthe centrifieghl blowas! di ng die apart from each ot her to carry out die

rel easi ng and ive third | diin es _in.the | ongituydi nal
Girecti on of t nitt SREEET Blover i péardipe Bt Mg Prosne REensBRb il 2n
fabri cati igpdiRt Madin E/ru &b Z0taedhy eGun®sd Mrothd i fiﬁa@l SRftoéf andewdr,. 4 shiopdsed
relation to each ot her _and, designed tq nove toward and away from each ot her

(for exan$saosediaf aspegified Aistance nntl@éwbrwdﬁmoapwgddﬂesw@ﬁm%e@e shroudnapl e

di I
the di r ocouin FRARNE o sUBicroRA atiberfn uBrifing (EEL) B URSUACRA ShERIGY
13 March afomes eandmgg)ebﬁeeafthe eu@'r geriphery efthe hubranid dbe auﬂeopenphew of theent

con i gur SEOS He argaas Buertr SRl woRaL bt RGE T e AR SCBb i gopmes

respect t ﬂo*Mﬁgf flomcthé ififoat digssife of thefvanes togvapd tikanaai afgermwaf thewraﬁés @ to
r exq

the longitu directio f .the_vanes. Theref

conpar ed P@gwﬂ by getatign g the, impeller, eermﬁl @W&ﬁé arapféng@pm Q%F?ﬁf

nol ded, t Bpel QF MRS vaids hhviea baw t&dih ééxfﬁ %Eza"g@ed[ ﬁf t!!ib%hgﬁhﬁﬂI diréotiono! ded
conponent, the present 10 invention es it posSible to easily fabricate

af or esai dommelan@mOWm w@ﬁhmne tofr ther vagiel andathss teethrofc thei saw dpeth
af or esai dg it @3%achUGRlghl lto HBKSP obAdiRGR D G05 & ATV o3 LEPS
0 es an

expenS|ve ce Fugal A Ower urth he present 1 nvention provi
air 15 comndmmﬁQOhmﬂDa{ 0928 reig:mﬁe aneowuteridiamgeter 1ID’bothedampalterawhere

condi t i onjgRg. Ll . Qf Qgh vention, According to the invention, the
characteri tf%°§%&@t8'£&tﬁe&égn¢ﬁp@ﬁg bl ower, that is, high noise
attenuation perhpthewesteifigal biiwes deadedys dfbadhwdna haf e sop esethi slinpe mathf testhence
of the air, 20 condi.ti oni.n aratus, it being thu . bl.e t rovi de an
o1t cond FIEGHRER Bh S APRE LI OHaLo d5the e and xetaB Pantrevist o |
Such noi se attenuation effect is especially remarkable in case where the

air conditioning apparatus is a roomair conditioner to be set 25 in a
room
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13 March 2003 8a In accordance to the first aspect of the invention, there
is provided a centrifugal blower which includes an inpeller having a hub
‘rotatably nounted around a rotary shaft of a notor, a shroud di sposed at a
specified distance fromthe hub and in opposed relation thereto, the shroud
being formed with a suction port at a portion defining an 1@®Narch2008e hub,
and a plurality of vanes extending betmgen an outer periphery of the hub
and an outer periphery of the shroud and arranged generally radially around
the axis of the hub , so that air currents flowing fromfront edges of the
vanes to Theeforelgashofeat bdge/portien arlcmgar wehecpuitibty and b shorter \mhepbmdnrqmttl er,
characterjz in that: th rear s.of th vanes  hav aw

cont | qur alt Bferiat sl 5 e & CORGIEE] it FAea MUC Apoptios Epmah Hietia ot air

ext endi ngci&hit Mok ﬂBn%ﬂi% @d@@re%ﬂﬁ'aéé‘ﬁdé%h%%n%ﬂﬁﬂ&@ﬂi taT&{élhe n%atlve
configuration are each designed to neet a condition of O. 005 015
and a conpessuse surface, gide is smmallyopew@nnﬁd stepaiseoRver cshmntmtlength@frth@ gear' D'

of the i, r [

accor dance&go ewgogc%n (lfé a%@%’&gwgﬁ‘g%éentl on %%r%ggéﬂpe?g%%gﬂcﬁ i

met hod of cérdfigurehto exyernl memhmaf dashionisoothet ambuménts nektsinmltancdusiyedll ever

havi ng a a shroud disposed at a specified,di t.anefromthehbandln
opposed e e aTAT oL A §aie Brespu Sropient S0 eloo i oon oF A HBEHGP Bn

outer perjjebfig offaift BErétd 2B KL Adar RUEE poRdn RiteFedusdd, tvb‘iﬁl%i% eeklt t'hﬁﬁhledges
of the vanes havi n%% saw teeth configuration zi zagged in a |ongitudinal

di r ect i ontusbulenge aj eamig@m lﬁgeamameﬁméelrcbﬂa# Reisq igreducedaaceerdingly.ed by
t he steps e

sur f aces St i e Rgdat ehd Sloiilbthgdininl flon i hofbaf BRlr hiDad 7

the two scenfighmed tadaye afsawiteath shape ibispossible té readily achievs blast riaisetrhdudtions s
direction u | ding die for nolding the other side
surface ow?tilﬁggb%ﬁtg 3%?%‘??%‘@33@’&%% to nmove toward and away fromthe first
nol di ng di e, anWhe tedthuofklid savoteetthtordigibdtidnge designed wcmeet mesmnambﬁto@een

it oct 1 ond RS o5 8DGh aLdher sad st esiion ol 38D & e ar st ‘oo outer

provi ded aiamleRRSD e e [rgﬁsneﬁcb%ref‘ﬂembo t%ﬁ& t“sn% t‘ohm ;hltdhs By Pirkend
die, the second noldin ie, and the third di es_ at predeterm ned

assenbl y 96%1!% mmsemeatpé@tnwbba tg éede\lgembbas&amr%mowme@ﬂmnd it fasilifateayi t y
formed anpéie i fidhof Wi wtaalé&ﬁﬁm%atbw%d' ng die and the second

nol ding die apart fromeach other to carr di e rel easi ng and novi ng
respective thi rBlﬂmIpmfngediembOdunenhwhbmtge pludalityof thethewhichiconstitute tle Mar ch
2003 8b the vanes to carry out die releasing, so that an integrally nol ded
conponent into which a hub and vanes are integrated is fabricated; and
fixedly joining the shroud nol ded separately fromthe integrally nol ded
conponent to ends of the vanes in the integrally nol ded conponent, so that
the inpeller is obtained.



13 March 2003 9 Brief Description O Drawings Fig. 1 is a perspective view
of a centrifugal blower in accordance with the present invention; 5 Fig. 2
_is a sectional view of an air conditioning apparatus equi pped with the
centrifugal blower shown in Fig. 1; Fig. 3 is an enlarged view of a rear
edge portion of a vane of the centrifugal blower shown in Fig. 10 1; Fig. 4
is a section taken along lines IV-1Vin Fig. 3; Fig. 53i¥ABaHeZPPAnat ory
view for explaining the method of falfticating an inpeller by die nolding;
and 15 Fig. 6 is a section taken along lines VI-VI in Fig. 5. Best Mde for

Car ryi ngwQsktht é&ﬁ'@{iifaﬁ%i #8 eddEcdiffipufddl 1605 ofh PtitticOMly tiidhgRlag SRIYe, khwent i on

20 and nethod of fabricating the sane, and air conditioning apparatus

equi ppewdngiradtiontnd theempnidingtapl isissnplifieg; as\compareddo dheptase iewhich thetesth on the
bas : . ! . . : o
on | ot SOERERERI TR, FORME DURL AP AN Aol WM plojes’n 5O

i nvent i fanourkblg .effecshiehdhat costlizdidtionhcad23achizved eonnaich iachel fbricaton af

i ncl udi the.ceptrifugal blower X. As Figs. 1 and 2 show, the centrifugal
bl ower tﬁg%&gﬁaagglgpvea motor 19 and an inpeller 10 to be driven to rotate

by the notor phO%heTp1efdrfERCéhBddihent] N&HeﬁdﬁP porfibty &4 tR PARSNEGLoNEe@ of CeNter
portion 1la of generally conical shape, flat plate-like flange 11b, and a
nount i rigiapgHes shapa aie each senfigugedoaved plagaroraseunte shanpi the dig peftiansarerpt or

rlgi afi zlﬁésfﬁ%rleéf%&géﬁ%‘éﬁg ttt;iI gﬁcgﬁﬁ H'thd RRC S ARared (oMb bB% MUPhil dletipProsed

portions are sharp-edged, for example, and this provides for so much improvement in the
durability of the centrifugal blower.

The present invention also provides a method of fabricating aforesaid centrifugal
blower. In this method, an integrally moulded component comprising a hub and vanes as
constituent parts of an impeller which are integrated together is first fabricated, and then a
shroud moulded separately from the integrally moulded component is fixedly joined to
ends of the vanes, the impeller being thus obtained.

The integrally moulded component is fabricated by carrying out the steps of:

preparing a first moulding die for moulding one of two side surfaces of the hub

to which the vanes are to be



- 10 formed with an air suction port 16, and a plurality of vanes 13
extendi ng on the outer periphery of the hub 11, nore specifically, between
the outer periphery of the flange 11b and the outer periphery of the shroud
" 12, and radially arranged at circunferentially equal intervals. In 15 the

i npel l er 10, an air supply opening 17 is defined between the hub 11 and the
outer periphery of the shroud 12, and an air flow path 18 is defined by a
passage extending fromthe air suction port 16 to the air supply opening
17. 20 The hub 11 is a structure formed froma disc plate QfyrpPRRES i ed

di aneter by conpression nolding the disc plate thicknessw se thereof in the

vicinity of the center of the disc platg and, as will be descri bed
herei nafter, the hub 11, together with vanes 13, is 25 integrally formed by
conpression nolding of resin material. 13 March 2003 11 The shroud 12 is

an annul ar structure having an arcuate sectional configuration and is
formed by coqpression nnldinggof resin materi,al separately fromthe hub 11

and the |i1a-taghed theragleBenand §88, Hive sdniofirtares o Wiy 31 ned
t i nt | 1y, mol ded st t 15, i,Sti f,.the _hub 1 d 13
020 LSSl 0 Py LAl FOBBL RS B A0 B L YOS
. o ' i ol Ly ity .

oresont eniod ey nétEudE BIEIGo oTdhe bl Widles ol R0 4F° e

hub 11 and gifie o0 e Pehi RReTaa e ddecshmovd L8wabd ahaciabeyr&ientid |y

equal intervals. The vanes 13 are integrally nolded wth thé hub 11 by

conpr essi org i li RE18EnkeHik,MBhkd | @l plliigMane d8 BR$ra mRIWinEPUiant
characteristic 15 feature in the construction of its rear edge 1I3b. In the
present enfpididedtin agapfovativeehi @dljatenltr aagie st sd e eabedgeld Andf
vane 13 is configured, instead of being linear as in the past, to have a
saw t eet h stapeh 2@ogabhet iat the leagitddindBbdiseaktionnatfeltheberdnese.
zigzagged 20 in the longitudinal direction of the vane and extendi ng

wi dt hwi se ofox héovmabg \&hi Bewi rtadidh peeséagusatéanmdint béepsawidedt Rishape
20 consists of teeth 21 disposed in succession along the rear edge 13b, as
Figs. 3 andRshAt the kRapcedfet BETRLPE Pfafésdi JaPeiith its front end

Var o8003 12 di mensi SREEORST 0P 208 scro LePffer BiRe ogmin 11 BHFBI 0. 005
Sl 5 SRl Heotd ! R O o ARG B8 5B T mads, |
20Ut STl Y PoResty SERm et B 1cie edsndh 2
into a cavity formed among the molding dies; and
moving the first molding die and the second
15 molding die apart from each other to carry out die
releasing and moving respective third molding dies in the
longitudinal direction of the vanes to carry out die
releasing.
Unlike conventional fabricating method which
20 employs only molding dies arranged in opposed relation to
each other and designed to move toward and away from each
other (for example, first molding die and second molding
die) and does not enable die releasing (because the teeth

extend in a direction perpendicular to- the direction of

25 die releasing) and which, therefore, does not enable



pl anar. Next, the nethod of fabricating the inpeller 10 (that is, method of
fabricating centrifugal blower X) wll 10 be explained. To nake the

i npeller 10, as already nmentioned, the hub 11 and vanes 13 are integrally

" nolded (into an integrally nolded nenber 15) from anbng conponent nenbers
of the inpeller 10, nanmely, the hub 11, the shroud 12, and3MarghgfQF ality
of vanes 13. Wiilst, the shroud 12 is nolded separately fromthe integrally
nol ded nenber 15. After these nmenbers havi ng been nol ded, the shroud 10 is
joined to the integrally nolded nenber 15 (by deposition joining or
adhesive jointing) into an integral structure. Such a 20 fabricating
procedure is already known in the art. glowever, in a conventional
centrifugal blower, a rear edge of a vane is of a straight |ine shape.
Therefore, fabrication of an integrally nol ded nenber by conpression
nol di ng can be easily carried out by using a pair of 25 nolding dies (for

craml <. S il 4P Q00 SO DoanrlVAREERZ00%00 Chabiset i
[0S, PSS AR VRNGISL IR £S°aS055, B0l pHOEOLARS, Lhes |
o o 0 kol SEACSILUELILR. et 1By e il et el ¥
G L11eu1 Ly din Ui inase gackal eyl Neqsai el yohabe bt gn off

i nvents on ifpPYed | Sal Ordddth t kanitAgagadion NMPbdathst nbalgditaidindly
using three kinds of dies (that is, a |lower die 31 and an upper die 32, and
a pluralityideatiiidn NG £li e8hd@3) vahRsshowhdreffdgs, Sfand Exahptel, owars die
31 is a 15 nolding die including a hub interior nolding surface 3la for
form ng t heswdrse ttn the deasdeivawksci3 aftéhethrt bgbakng wenegesd are
structure 15 are arranged, a vane nolding surface 31b for form ng the front
edge 13a ofsersratsey 18olded, atbet fiorgedi @nd ttheglpbEeronrslcomningy
providing a space for insertion of a cutting die 33 to be described

her ei naf t ert® THF® vt dirteqrably espohdedt oCORPPRENSY| dithg diRresgnt

ot 50 " SRR P R £, e Rl e 2 s e
whi ch vane%fIOSreo aitci1e n{or}.tcfeq{ alc!o)fnpnc}}{eqzetd, sthicéhur q.n15 turn facilitates
fabrication of aforesaid impeller and, in effect, makes it

possible to provide a less expensive centrifugal blower.

Further, the present invention provides an air
15 conditioning apparatus using the centrifugal blower as an
air conditioning blower of the invention. According to the
invention, the characteristic effect of the centrifugal
blower, that is, high noise attenuation performance is
reflected as it is in the operating performance of the air
20 conditioning apparatus, it being thus possible to provide
an air conditioning apparatus having high noise
attenuation characteristic. Such noise attenuation effect
is especially remarkable in <case where the air
conditioning apparatus is a room air conditioner to be set

25 in a room.



"13 March 2003 14 are not disposed. This upper die 32 corresponds to "second
nol ding die" as defined in the acconpanying clains. The cutting die 33 is a
-.nol di ng di e di sposed between adj acent vanes 13 in the integrally nolded 5
structure 15 and includes a saw teeth form ng surface 33a%§q% fo%n%QQ t he
saw teeth configuration 20, and a vane form ng surface 330 f Tl % t he
rear edge 13b side portion of the vane 13. This cutting die 33 corresponds
to "third nolding die" as defined in th& acconpanying clains. 10 The upper
die 32 is disposed above the hub interior nolding surface 31la of the | ower
die 31, with its hub exterior nolding surface 32a oriented toward the | ower
di e 31, the upper IrdaceoBinbe tathedirsilaspert obthevmentionvdhereasproxiged af r om t he

- oo outad ol o MIBTRPL AR A FBIIE R e NIk Lobapl Pahill A B e .
32 fr onshkaftibfracmbionra greopddidpeasdat atspecified distance from the hubiaodhin mosed\mlatmne
31 and . . L an.
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Mar ch 29905,6"%5 Cﬁgr\él @ﬁ%ﬁﬁﬁﬁ%‘. the resin material injection and conpletion of

mol di n peration, ng dies 31, 32 33 are released. In this case,
t he upper die 32 the r8ar edgeasé the vanas tiaves sawrtedth canfigtination Zigragoadid aaway

f th ' f
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rear edtpotipbeightandl'Shis tebthepitch. he integrally nolded structure 15 haV| ng been
formed, the shroud 12 is fixedly joined to the end 22 of each vane 13 to

obtain the 15 inpeller 10.
In accordance to the second aspect of the invention, there is provided a

method of fabricating a centrifugal blower which includes an impeller having a hub, a shroud
disposed at a specified distance from the hub and in opposed relation thereto, and a plurality of
vanes extending between an outer periphery of the hub and an outer periphery of the shroud,
rear edges of the vanes having a saw teeth configuration zigzagged in a longitudinal direction of
the vane and extending widthwise of the vane, characterized by the steps of:

preparing a first molding die for molding one of two side surfaces of the hub to
which the vanes are to be attached therealong and the two side surfaces of which are opposite
from each other in thickness direction of the hub, a second molding die for molding the other
side surface of the hub which is adapted to move toward and away from the first moiding die,
and a plurality of third molding dies placed in gaps between adjacent vanes so as to be back
and forth movable in a longitudinal direction of the vanes, for forming a saw teeth configuration
to be provided at least at a rear edge of each vane;

setting the first molding die, the second molding die, and the third molding dies at
predetermined assembly positions respectively so as to pour molten material into a cavity
formed among the molding dies;

moving the first molding die and the second molding die apart from each other to
carry out die releasing and moving respective third molding dies in the longitudinal direction of



“In the centrifugal blower X fabricated in such a manner as descri bed above,
the rear edge 13b of each vane 13 of the inpeller 10 is configured to have
.a saw teeth shape 20. Therefore, when air blowing is carried out by 20
driving the notor 19 to rotate the inpeller 10, the noise level of the air
blowing is Low as conpared to that in the case of the prior art ( i a . ,
the rear edge 13b of the vane 13 having a |linear confi gur]aiib@ﬁ?hké%% noi se
attenuation effect being thus obtai ned.8®25 The rear edge 13b of each vane
13 has a saw 13 March 2003 16 teeth configuration 20 such that a | onger
vane portion and a shorter vane portion alternately exist in the rear edge
13b. ThBesepeeto carydh diedgleasing cs thatan lnte@m"wemm@/ SRINPANSRT iIRtewhialy adwubt he
rear edggy Jatesre RitégratdtiieRbritdtoavdpg al ong 5 the pressure surface side of
the vane 13 with air current flow ng along the negative pressure surface

si de gradual |y taledpipiing the spraud ecidad sepqeatelfiofethp dnegmihomolded rear edge
13b. AS odmpOUHPRIETISRS 1R RS irPhgTiehrall mida Bhehéit, 10mat B ifbdich iy T ent
are reduced due to the neeting of aif 10 currents at the rear edge 13b, and
air cur@@ainedur bul ence at the rear edge 13b is restrained so much, with the
result that air blast noise is reduced accordingly. Further, as in the
present enbodi nent, by setting di nensions of each tooth 21 in the saw teeth
15 configuration 20 to neet the condition of "0.005 < H D < 0.015" and the
condition of "0.01 < S/D< 0.02" inrelation to the outer diameter "D' of
the inpeller 10, where tooth height is designated by "H' and tooth pitch is
designated by "S", it is possible to reduce the noise of 20 air bl ow ng
nore effectively, thereby further enhancing the attenuation of air bl ow ng
noi se fromthe centrifugal



bl ower. Whilst, as Fig. 2 illustrates, in the aforesaid roomair
conditioner Z including the centrifugal blower X 25 of above descri bed
construction, the characteristic effect 13 March 2003 17 of the
“centrifugal blower X, that is, aforesaid noise attenuation performance, is
reflected as it is in the operating perfornmance of the rodfmMdrch 200di ti oner
Z. Thus, in effect, by using the centrifugal blower X it is 5 possible to
provide a roomair conditioner Z having high noise attenuation perfornmance.
The construction of the roomair conditioner Z is briefly explained as
follows. The roomair conditioner Z includes the centrifugal blower X

di sposed centrally in 10 an air passage94 in a casing 1, and heat exchanger
5 arranged around the centrifugal blower X In Fig. 2, nunmeral 2 designates
a suction port corresponding to an air blowing port 16 of the centrifugal
blower X. A bell nouth 8 is disposed in the suction port 2, and beneath the
15 bell nmouth 8 there is nmounted a suction grill 6 having a filter 7. On
the outer periphery of the suction grill 6 there is formed an air bl ow ng

port 3 conf id : t i f the heat exchanger 5. In the room
ai r condi tiBE)ILr?lLerL}f Eﬁéaéﬁ;ﬂgl”% é:%?\?%%%g% air conditioner Xis driven to
operate, indoor air spicked it hrough Jhemualian pobly of Sabl QM fi@gAn air
bl owi ng port 17 of the Tentrifugal "bl ower X tomaré t he hgat exé%én er b.

The air soHilowdy exthanassddead with enéeprégenaningbheibali ng through the
heat 'exchanger 5 while 25 the air passes through the heat exchanger 5, and

is then 13 March 20835.18 bl owhs fram t Becaibnbilowivigeywor iof3 i &h0 aiwomto
heat or cool the room Industrial Applicability 5 The centrifugal bl ower of
t he presentcardidnitoraimg anappanatiiszedousippda oweith or ther cwmrdinifgailg
appar at us
blower shown in Fig. 1;
Fig. 3 1is an enlarged view of a rear edge
portion of a vane of the centrifugal blower shown in Fig.
10 1;
Fig. 4 is a section taken along lines IV-IV in
Fig. 3;
Fig. 5 is an explanatory view for explaining the
method of fabricating an impeller by die molding; and

15 Fig. 6 is a section taken along lines VI-VI in

Fig. 5.

Best Mode for Carrying Out the Invention
The centrifugal blower of the present invention
20 and method of fabricating the same, and air conditioning
apparatus equipped with the centrifugal blower will now be
explained in detail on the basis of the embodiments shown
in the accompanying drawings.
Fig. 1 shows an impeller 10 rof a centrifugal

25 blower X embodying the present invention. Fig. 2 shows a



“and can al so be used in various application areas for fluid transportation.
The air conditioning apparatus of the invention which is equipped with the
centrifugal 10 blower can be utilized as a built-in ceiling fixture type or
cei l i ng-nount ed hanger type air conditioner for use in various types of
bui | di ngs. 19 13 March 2003 The cl ai ns defining the invetd Marche2083as
follows: 1. A centrifugal blower which includes an inpeller having a hub
rotatably nmounted around a rotary shaft of a notor, a shroud di sposed at a
specified distance fromthe hub and in opposed relation thereto, the shroud
being formed with a suction port at a portion defining an axis of the hub,
and a plurality of vanes extendi ng betwgen an outer periphery of the hub
and an outer periphery of the shroud and arranged generally radially around
the axis of the hub, so that air currents flowng fromfront edges of
t he-vanes to rear edges of the vanes are produced by rotation of the
i npel | er, i jp.that: the rear_edges of the vanes have a saw
t eet h confﬁgﬁﬁgﬁ%gé é@%%%gbé%g¥nza;?ﬁLﬁgfﬁﬁiﬂﬁ? aenEEt fegadi bipweFaXe and
ext endi ng w dt hwi se t an e th_of the saw teet
configuration are ea%S dgggéheg t%%%rretzgts}}aoq'@on%t?? i Bﬁn‘éﬁlg‘%@eg Elﬂl"@r< %H. 015
and a condidor¥i s 1< <1Q. i | At | n_out er di.aneter "D
of the inpeller, vvhg?g gngchQrt égt %gﬁel%tflng#dﬂ"r% Oll(g 1f%o f ‘&irtlc‘,’r‘f'.n (}.0 A
centri f ugalrdaikerbystiet mbebih1on @@l Mibe MY € ) ﬁné’iu&kgé’é' Ly %}; tgeth
[ ch con 8 o]b

whi ch constitute the saw teeth configuration are ea Igure e of a

pract ifcal | yonsiaigigar o§hapecefteA eRtiidnIge] a bo@Weferfsr $Ety f okl di ¢l ai m
2, wherein tip portions of the teeth are each configured to %ave a planar

or arcuateSiiaRse. 4 Aledt hodadle-flitkd calliangren aawy,ri bugal abl QWRMtWhiECh

i ncl udes an inpeller having a hub, a shroud di sposed at a specified

di stance fPORYHE nukF aketehabbpomsetntedatioor tvdroat cshafitd B9l FaltHey Of
vanes extendin tween an outer periphery of the hub and an outer

peri phery BP e shr uFPEWE beigdksresedea vaheen hdis hanae sapattetfiron

extending G nifBo of tHE VRS Ehar ARk Crd BAPTER seBds Genbrepdst ng a
firsgomoul ¢brged {08 U 9] PIQRE:Q tz\)/\é)rtSi(.jL%,sua{IIcflcgs p(%lfugahleipybof
vanes 13 extending on the outer periphery of the hub 11,
more specifically, between the outer periphery of the
flange 11b and the outer periphery of the shroud 12, and
radially arranged at circumferentially equal intervals. In

15 the impeller 10, an air supply opening 17 is defined
between the hub 11 and the outer periphery of the shroud
12, and an air flow path 18 is defined by a passage
extending from the air suction port 16 to the air supply
opening 17.

20 The hub 11 is a structure formed from a disc
plate of a specified diameter by compression molding the
disc plate thicknesswise thereof in the vicinity of the
center of the disc plate and, as will be described
hereinafter, the hub 11, together with wvanes 13, is

25 integrally formed by compression molding of resin material.



to which the vanes are to be attached thereal ong and the two side surfaces
of which are opposite fromeach other in thickness direction of the hub, a
. second noul ding die for noulding the other side surface of the hub. which
is adapted to nove toward and away fromthe first noulding die, and a
plurality of third noulding dies placed in gaps between adpddargh 20@hes so
as to be back and forth novable in a longitudinal direction of the vanes,
for formng a saw teeth configuration to be provided at | east at a rear
edge of each vane; setting the first nmoulding die, the second noul ding die,
and the third nmoul ding dies at predeterm ned assenbly positions
respectively so as to pour nolten matedilal into a cavity formed anong the
nmoul di ng di es; 13 March 2003 20 noving the first noul ding die and the
second nmoul ding die apart fromeach other to carry out die releasing and
nmovi ng respective third noulding dies in the [ongitudinal direction of the
vanes to carry out digerghegainde S ! affulBkeaiallorr Hieds sgmaanent
into which a hub and vanes are integrated is fabricated; an I xedly
joining therglytad madideshasepaicdndivndraamdhe iaHegrald y rorueded by
conponent to ends of the vanes in the integrally noul ded conponent, so that
the i npel |esmpse sdicn nedldbngAw fairesiondnatepes 1 CcRapaatatid 1aedf bymt bRe
centrifugal blower according to any one of clains 1 to 3 and a heat
exchanger hub chl asepddibpodddkd .n Afiter rhpusnggbeeor mxlded,a Clasi agroud, y. A
h. A AA . A ,.A AYhyy. A3y. A AU21. A3e. Ay. A. AUy. A. A . A

y. A?.3y. AL A i GhxedtkMiodned to an integrally molded structure 15
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0, 0 ! |
/&O/fg O&fgatlgrsé in the construction of its rear edge 13b. In the

present embodiment, as shown in Figs. 1 through 4, the
rear edge 13b of vane 13 is configured, instead of being
linear as in the past, to have a saw teeth shape 20 such
that the rear edge 13b is alternately bent i.e. zigzagged
20 in the longitudinal direction of the vane and extending
widthwise of the vane. While in the present embodiment the
saw teeth shape 20 consists of teeth 21 disposed in
succession along the rear edge 13b, as Figs. 3 and 4 show,
the shape of tooth is trapezoidal with its front end made

25 to have a linear shape instead of a triangular shape, and
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dimensions of tooth 21 are set to meet the condition of
0.005 < H/D < 0.015 and the condition of 0.01 < S/D < 0.02
in relation to the outer diameter "D" of the impeller 10,
where "H" is tooth height and "S" is tooth pitch. In the

5 present embodiment, the tip portion 21la of tooth 21 is
arcuate as shown in Fig. 4; but alternately, it may be
planar.

Next, the method of fabricating the impeller 10
(that is, method of fabricating centrifugal blower X) will

10 be explained.

To make the impeller 10, as already mentioned,
the hub 11 and vanes 13 are integrally molded (into an
integrally molded member 15) from among component members
of the impeller 10, namely, the hub 11, the shroud 12, and

15 a plurality of vanes 13. Whilst, the shroud 12 is molded
separately from the integrally molded member 15. After
these members having been molded, the shroud 10 is joined
to the integrally molded member 15 (by deposition joining
or adhesive jointing) into an integral structure. Such a

20 fabricating procedure is already known in the art.

However, in a conventional centrifugal blower, a
rear edge of a vane is of a straight line shape. Therefore,
fabrication of an integrally molded member by compression
molding can be easily carried out by rusing a pair of

25 molding dies (for example, an upper die and a lower die)
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disposed in opposed relation and adapted to be movable
toward and away from each other. In the present embodiment,
however, the rear edge 13b of the vane 13 has the saw
teeth configuration 20; therefore, it is impossible to
5 form such an integrally molded structure 15 having vanes
13 and hub 11 integrally combined together by using the
above mentioned molding dies, due to difficulty in die
release operation of the saw teeth shape portion 20.
Therefore, in the present embodiment, the
10 fabricating method of the invention is employed in forming
the integrally molded structure 15 by using three kinds of
dies (that is, a lower die 31 and an upper die 32, and a
plurality of cutting dies 33).
As shown in Figs. 5 and 6, the lower die 31 is a
15 molding die including a hub interior molding surface 3la
for forming the surface on which the wvanes 13 of the
integrally molded structure 15 are arranged, a vanhe
molding surface 31lb for forming the front edge 13a of the
vane 13, and a cutting die fitting portion 3lc for
20 providing a space for insertion of a cutting die 33 to be
described hereinafter. This lower die 31 corresponds to
"first molding die" as defined in the accompanying claims.
The upper die 32 is a molding die including a
hub, exterior molding surface 32a for forming the surface

25 on which vanes 13 of the integrally molded structure 15
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are not disposed. This upper die 32 corresponds to "second
molding die" as defined in the accompanying claims.

The cutting die 33 is a molding die disposed

between adjacent vanes 13 1in the integrally molded

5 structure 15 and includes a saw teeth forming surface 33a

for forming the saw teeth configuration 20, and a vane

forning surface 33b for forming the rear edge 13b side

portion of the vane 13. This cutting die 33 corresponds to

"third molding die" as defined in the accompanying claims.

10 The upper die 32 is disposed above the hub

interior molding surface 3la of the lower die 31, with its

hub exterior molding surface 32a oriented toward the lower

die 31, the upper die 32 being enabled to move toward and

away from the lower die 31 and in opposite directions.

15 Whilst, the cutting dies 33 are arranged so as to be

positioned between the lower die 31 and the upper die 32

from a direction perpendicular to the direction in which

the lower die 31 and the upper die 32 are positioned in

opposed relation, and between adjacent wvanes 13 in the

20 integrally molded structure 15 to be molded by each

respective cutting die 33. By arranging molding dies 31,

32, 33 in this way a cavity for forming aforesaid

integrally molded structure 15 is formed between these

dies. Therefore, the aforesaid integrally molded structure

25 15 is formed by injecting molten resin material into the
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cavity.
After the resin material injection and
completion of molding operation, the molding dies 31, 32
33 are released. In this case, the upper die 32 is
5 released in a direction in which it is moved away from the
lower die 31. Release of the cutting dies 33 is carried
out by moving them laterally in the longitudinal direction
of the vane 13. By carrying out such a molding method it
is possible to readily obtain the integrally molded
10 structure 15 through compression molding despite the fact
that each vane 13 is configured to have a saw teeth shape
20 at its rear edge portion 13b. After the integrally
molded structure 15 having been formed, the shroud 12 is
fixedly joined to the end 22 of each vane 13 to obtain the
15 impeller 10.
In the centrifugal blower X fabricated in such a
manner as described above, the rear edge 13b of each vane
13 of the impeller 10 is configured to have a saw teeth
shape 20. Therefore, when air blowing is carried out by
20 driving the motor 19 to rotate the impeller 10, the noise
level of the air blowing is low as compared to that in
the case of the prior art (i.e., the rear edge 13b of the
vane 13 having a linear configuration), high noise
attenuation effect being thus obtained.

25 The rear edge 13b of each vane 13 has a saw
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teeth configuration 20 such that a longer vane portion and
a shorter vane portion alternately exist in the rear edge
13b. Therefore, a combined air current flow resulting from
meeting at the rear edge 13b of air current flowing along
the pressure surface side of the vane 13 with air current
flowing along the negative pressure surface side gradually
takes place stepwise over the entire length of the rear
edge 13b. As a consequence, pressure gradient and velocity
loss of air current are reduced due to the meeting of air
currents at the rear edge 13b, and air current turbulence
at the rear edge 13b 1is restrained so much, with the
result that air blast noise is reduced accordingly.

Further, as in the present embodiment, by
setting dimensions of each tooth 21 in the saw teeth
configuration 20 to meet the condition of "0.005 < H/D <
0.015" and the condition of "0.01 < S8/D < 0.02" in
relation to the outer diameter "D" of the impeller 10,
where tooth height is designated by "H" and tooth pitch is
designated by "S", it is possible to reduce the noise of
alr blowing more effectively, thereby further enhancing
the attenuation of air blowing noise from the centrifugal
blower.

Whilst, as Fig. 2 illustrates, in the aforesaid
room air conditioner Z including the centrifugal blower X

of above described construction, the characteristic effect
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of the centrifugal blower X, that is, aforesaid noise
attenuation performance, 1is reflected as it is in the
operating performance of the room air conditioner Z. Thus,
in effect, by using the centrifugal blower X it 1is
possible to provide a room air conditioner Z having high
noise attenuation performance.

The construction of the room air conditioner Z
is briefly explained as follows. The room air conditioner
Z includes the centrifugal blower X disposed centrally in
an air passage 4 in a casing 1, and heat exchanger 5
arranged around the centrifugal blower X. In Fig. 2,
numeral 2 designates a suction port corresponding to an
air blowing port 16 of the centrifugal blower X. A bell
mouth 8 is disposed in the suction port 2, and beneath the
bell mouth 8 there is mounted a suction grill 6 having a
filter 7. On the outer periphery of the suction grill 6
there is formed an air blowing port 3 confronting the
downstream side of the heat exchanger 5.

In the room air conditioner Z, as the
centrifugal air conditioner X is driven to operate, indoor
air sucked through the suction port 2 is blown from an air
blowing port 17 of the centrifugal blower X toward the
heat exchanger 5. The air so blown exchanges heat with a
refrigerant circulating through the heat -exchanger 5 while

the air passes through the heat exchanger 5, and is then

I1s! L1 10%<<& () - s98IMarc@03 ) - s
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blown from the air blowing port 3 into a room to heat or

cool the room.

Industrial Applicability

5 The centrifugal blower of the present invention
can be utilized as a blower for air conditioning apparatus
and can also be used in various application areas for
fluid transportation. The air conditioning apparatus of
the invention which 1is equipped with the centrifugal

10 blower can be utilized as a built-in ceiling fixture type
or ceiling-mounted hanger type air conditioner for use in

various types of buildings.
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The claims defining the invention are as follows:

1. A centrifugal blower which includes an impeller having a hub rotatably
mounted around a rotary shaft of a motor, a shroud disposed at a specified distance from
the hub and in opposed relation thereto, the shroud being formed with a suction port at a
portion defining an axis of the hub, and a plurality of vanes extending between an outer
periphery of the hub and an outer periphery of the shroud and atranged generally radially
‘around the axis of the hub, so that air currents flowing from front edges of the-vanes to
rear edges of the vanes are produced by rotation of the impeller, characterized in that:

the rear edges of the vanes have a saw teeth configuration zigzagged in a
longitudinal direction of the vane and extending widthwise of the vane and the teeth of
the saw teeth configuration are each designed to meet a condition of 0.005 <H/D <0.015
and a condition of 0.01 < S/D < 0.02 in relation to an outer diameter “D” of the impeller,
where “H” is tooth height and “S” is tooth pitch.

2. A centrifugal blower as set forth in claim 1, wherein a plurality of teeth
which constitute the saw teeth configuration are each configured to be of a practically
triangular shape.

3. A centrifugal blower as set forth in claim 2, wherein tip portions of the
teeth are each configured to have a planar or arcuate shape.

4. A method of fabricating a centrifugal blower which includes an impeller
having a hub, a shroud disposed at a specified distance from the hub and in opposed
relation thereto, and a plurality of vanes extending between an outer periphery of the hub
and an outer periphery of the shroud, rear edges of the vanes having a saw teeth
configuration zigzagged in a longitudinal direction of the vane and extending widthwise
of the vane, characterized by the steps of: ]

preparing a first mouldihg die for moulding one of two side surfaces of the hub
to which the vanes are to be attached therealong and the two side surfaces of which are
opposite from each other in thickness direction of the hub, a second moulding die for
moulding the other side surface of the hub- which is adapted to move toward and away
from the first moulding die, and a plurality of third moulding dies placed in gaps between
adjacent vanes so as to be back and forth movable in a longitudinal direction of the vanes,
for forming a saw teeth configuration to be provided at least at a rear edge of each vane;

setting the first moulding die, the second moulding die, and the third moulding
dies at predetermined assembly positions respectively so as to pour molten material into a
cavity formed among the moulding dies;
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moving the first moulding die and the second moulding die apart from each other
to carry out die releasing and moving respective third moulding dies in the longitudinal
direction of the vanes to carry out die releasing, so that an integrally moulded component
into which a hub and vanes are integrated is fabricated; and

fixedly joining the shroud moulded separately from the integrally -moulded
component to ends of the vanes in the integrally moulded component, so that the impeller
is obtained.

5. An air conditioner characterized by the centrifugal blower according to
any one of claims 1 to 3 and a heat exchanger which are disposed in an air passage

formed in a casing.



