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circulatory devices in large buildings and, in

particul ar, concerns a cooling fan having reinforced

bl ades that nay be used to circulate a |arge volune

of air. 10 Description of the Related Art Peopl e who

work in [arge buildings, such as warehouses and

ai rport hangers, are routinel xposed t o _working

condi ti ons that GOMGAG FMW&T%&* SR GEP BHAPE o

hazardous. On a hot day, the inside air tenperature

may reach a point where a person is unable to

mai ntai n a heal t hy bodyatl daf thednveMioreover, many

actiﬁg O?%ehg%%ugccur in 15 these environments, such

as weﬁg+ﬁg—ﬁf—ﬁpef ating internal conbustion engines,

Create dihelpossae ioontianidasits dilahtonpyevives delaegeebuildintgs and, in

to those exposed. The of .ai r.borne .

contEACHlA SRS RO P B AT oY o cireulae

i T tdigrdkeRmeof i@t properly vented. The probl em of

cooling or circulating air in large buildings may not

be solved by conventional air conditioning nethods.

The DALARIoN Rk R Rfcqgif Wi thin the building 20 in
njunctton wth the rarge rate of heat conducted

t hr ough d’eople wos warkdn Veigd lsuldmgs SediLais marghovses fngl anapltt hangers, are

condi t i oni ng dewvices .t 0o be h _dev

ver 0Bl SHhiSeY i EPuiti BipS i Roesh o By BlpE R Gffraote o

Al's mazamdsuse Oniadioadayaihe mm’redir&emp’et dtge ay tdatleh Poinewhere a person is

circulates the. inte air for added co

o (AR R DG, Dogg PR, TEBGeE  fg oecurin

IS NRkse e RtdmAlehy, Wskds ’w@ld‘i'h%mr %@Jahl@g‘mw RHBbLEABE engines, create

serve to rapldly renove ai rborne contam nants, such

as ehais eomiBpEKkBat naqy&erdé}@re&@é% tp Hiose SPOEA rae etiecs of airborne

Wt R b hGbs 3tem dzI LY B Er ?%rgﬁerce‘% Bﬁ?the BR% 15‘;‘%@%&)@1’& vented.
when wel di ng an operatlng | At er na nbust i on

engi nes Wht piohlem sftqooligieresirctlpeng ait mrlau@b baildingsusdy fe be solved

placed houl d,. nhot rcul ated d
bR By R e Patti SR b eI 3 Bl o i i buiteing
genes abnjusdtieh witndle ﬂaagegﬁtdjd)fal{@t edndﬁaéus thﬁmgh keilidgeehd Walls may
provi de sone %ree of %g bj ? L %} and
ventTIue PRHCHIER capHioaiiRg SHies 4P P eHe P! PSS Wi used, the
f eaghpbhing coits W AMIBRE Kibdhntihs i &b, %B@Jehu&ﬂaaﬂ?&&{dﬁoa\l}% th@inely re-
circulate air is that the resulting airflow - ' )
20041r08@sy theparigs2000r eddeto®oligs ghividnewn lenetf@rpee@sz@ftmnal air
:It eg?%§5+§gafp 1109 fy% c'al%rI ﬁSedAl'l %Qnulétﬂﬁ s!yﬁ&gg AR ¢ 1ap1d1y remove

airborne contaminants, such as exhaust or smoke, and replace the contaminated air with

fresh air from an outside source. For example, when welding and operating internal
combustion engines within a structure, the internal air must be replaced and should not
be re-circulated due to an unhealthy accumulation of airtborne contaminants.

In general, small and large diameter fans may be used to provide some degree of
circulation, cooling, and ventilation when conventional air conditioning is not feasible.

A drawback of using small diameter fans to circulate air is that the resulting airflow
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power required by the sinultaneous use of these
devices in great nunbers negates their advantage as
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using large dianmeter fans is that they typically

require 5 specially constructed high-strength

i ght-wei ght blades that may withstand | arge stresses
caused by significant gravitational torques that

| nCr Sas e Wi 'fhp oﬁ‘&rcﬁ%étﬁgm*%@ﬁ%ni NGt e fafeWntfulk of electrical
aspect ratio. fact that the rotational inertia of

t he foamnr mquur@etsfe?he mnmhartehes use gfithess devicesHe seppbirEtbsEs negates their

requires t he us produci ng gear
red uaéltv?lb?‘ige At HS)FPCHSWG C%@lnrﬁgogé'%t %ﬁat ely, conventi onal
dri vet r aiMore®rp anigaviBicleyusing lapsdiepticbfaes is that (hey typically require

mechani cal fail ur ue to the substantially large .. . )

For chreipnteaten e Eeteth KehRo bR AL Y HEp e fage sesses

St ar LuR dBh aificwhtigedvitaRinadeeh&ase ildi@se vith abinbtehsingﬁlade length
| arge dianeter fans. Certain |arge dianeter fans

ave
beertoagjdihpserst vtie nTheofacisihedbe FriioR)i iasrHa ghie |ty @éleﬁ%iﬁwnh the
bl ads‘?]tﬁal\l:v' Jfl"thél%ﬁl%f&%qgﬁrefs afd %Eee f WA tdriiet ARERingdUgddr reduction
Nunber 6, di scl oses a | ow speed cool i ng

f an theohpmigms Uném“g@atghyamwmomhdﬁvqﬂa@mnnozé%ﬁ n3y beawg@ptlble to
f an r

o A HALE B UG QT e Br8RO8E L oo
bI ad@ginp ahee stall’ﬁiplpipmf Md:htnnaaidleémgse &Idgeéiab'tlilq;acbf largg/dlamapr fans.
from defq .or t.i n_and .
cool i ng. 6R§ta139?1 %‘P‘Petgrt ﬁlgs h%er ‘2)685} %%IHP%& %HW SReed mechanisms and
shorfhgaesd WiRs (vah at8@mbng fedheal Bet itdtanknus: rPatent Number 6,244,821
unsupported trailij ng edges during féﬂbrl cat.i on,

r edudiEsdoseshialowpipeidagopl S &g di %rﬂgeqvgfhggogog%onapy large fan
bl acﬁa?def hBEhgf b%rf&meﬁ hensShant:8meeolvh 8kdhiside pRIGE UndSunately, such

adversely i npact the aerodynam c effectiveness of the

| ar g@iﬁfl@d bisideschage mwmp@rssd fralingrrdpesithay may fegs FANS AsfpgiRg s warping
erfi d Fnid QWi B dRrefled due
struc I%Q %{mg{l%% (ﬁf‘l gr%%%{e%gi ﬁ{e%é%égﬁ{g u rla; ee%\ﬁey exi Sts e
a needingerea@d oo Bingtﬁfuflsupp@teﬂ trgiling erget dripg fa’;tevatme, whirhtreduces the
F;?\g/(é%%ﬂi R%géohga?f:e ﬁf}} I glfagiel fglg lb%:ags elflf1rceaeotrelcvr & S ene%gtlaﬂ%o edges
exi sddserdelyR@ActitiRy aeﬁidlg?ﬁhn&c effectiveineds of §ie thegel fEIEblichathel eby potentially
conprises 25 inproved fan bl ades and a nethod of
manufEEiGety g rseapue g oRc e o s

structur qﬂrorﬁ e et ¥in® fthdrd Surlha ¢ exiand noa ﬂ@i @k bkt fRient circulatory
enhanced aerodynam c performance. Summary of the

| nvedwweﬁhafrméome@rod?ﬁ@ﬁ]t vaildon aedi siferdiye seolngtip dage fuildjngs. In
ga?n@ér)élcgﬂgntﬁ/' x‘fsltg Q'ﬁéé&g%)@ atrlch §Q1réu’fbﬁ<2r9 fdg\r/]ice that comprises

|nd n one e
assemplrgw&ﬂgn clodys ralnéea metbofppbmenufadiapigete samabd awtot inerease the

Ingg %}%J?tﬁg\?n%lﬂ ty %f]r tﬁcgbl (%el_an% }2/163615;}1% Egl?%%odfaer%fdyﬁal&qc performance.
PCT/ US2004/ 000125 and a notor coupled to the support,

the notor engaged with gurgr%ta%to?g ?nvsegggnt so as to

The aforementioned needs may be satisfied by a fan assembly for circulating air
in an industrial building. In one embodiment, the fan assembly may comprise a support

adapted to allow the mounting of the fan assembly to the roof of the industrial building
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i nduce rotation of the shaft. The fan assenbly may
further conprise a plurality of fan blades attached
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formed of an extruded netal such that a first curved

wall is joined to a second curved wall to forma

| eading 5 junction and a trailing junction, and

wherein the trailing junction extends to forma third

cur vad anabtor hmplerigo thetsuppdri, thg neadoresngeged hwithl acpéatdbly shiaéso as to

f ?gﬁ%{i%b ngtatg(gl c?fa}qg %‘@%%qﬁg a@e@!&l& ﬁléa[yxltgss nds o%lg{ls ah‘@urahty of fan

angWiafes aflcBRl RABIRMabS shbfiewileken g hfiObhdde fomailof Bigextruded
edge fornms a bent region that reinforces the i;ra il

ng
edgemetﬁlrﬁu@h@a‘%\% fest eurvadael s dpingd) 19 deseedmgirgd aralio form & leading
a| rf.o t £ hird
{0 PE IR Pl SRS, IR hoB gt
dovwnmred muémmg dgrailingedge hehibide furgigy mm@lsmg o flgage that distally
hird, curyvy di aI I f I
rmy EB% H f?o tiaﬂpﬁg E& dchur %Oe dﬁlmﬁ Ilnﬁnchte Ocsrld%}/ qgat"\@lg angular
hol | dn:placemeﬂtloofhe fRggerom Haerafling sdlgedumwseacbemlteglonﬂytt tsinforces the
JOlnedtoa econd curv )
i nt eratige erdggﬁlg, RS aPecy ea?kh@m%iaﬁ? 8?rpgr§;e%?n qzlrg‘él? %l}agcahavmr%aa tapered
be atdidphede kiRt & buabto foPmWwWh Sihge Swiasin eled B4hob (dotvhﬁardly extends
rotatable shaft. In one enbodi ment, the plurality of

fan Bomtedowerayfics aphe Padgivetudll ten fan bl ades. It

shoul d be\ ARRLAK), &k Skt LB %ﬁﬁnﬁjﬂéﬁ@l héd % aQbcohaBurved wall to form
bl ades may conprise two or nore fan bl ades w t hout

depaérlttqﬂng iftedenregien. J&eo ﬁest @ﬂqu%all pRvesdpied ipseiseqng surved wall to

Eacheof , sgl?d eﬁ%?lleg 15’1] oF fa{ﬁ%aﬁ? @ BE 'a@a%h&‘pto a hub,
usi ng an rusi o erein ext ruded
met a\kzluclormbmrs:e‘@d @l thmomnzmle Q@ft ND pammbodlre@é,hhefmwam Qfén blades

I oL 8RB AP A BB s o s

CONHIARS $raft c6MmPHS-tHO O h@f@fanb&ld@dﬂmthdmeﬂmetmg from the scope of the
approxi mately 0.75 3/ 4) i nches 3/.2)

i nches. .
Eac hPrésspt @W@H’@%@?’Fﬁr‘? sthg plypality r?ét Ao Bé‘? y be falbncateg using an

appr é??&hﬂ@ﬁ f@!:liﬁufae feRteipihd elitudb&Rbtal H®rikdsiatiimiang second
curved wal onpri se a thickness between

appr oxi ITM(EP%VCO ek Sfap 1hlads) mpy CRERTiENE GOsETYiopd, wighh between
25 | Jeﬂﬁ{bgﬁnate £ ifchld Aa %%%4&9 FARY ban GRAPEbSHTeSa El%&esre@c@nal height

shap ecreases in thickness across 1ts ?
f r orheaypen epgirorimetkly 005 125) 1(11168and| @) dcheashigach If@ll adp gomprises
jun ct proxi mat e

traid eH%h i?atgg amgogrpgz 5 fgeg r%g 21% ié ]f/"[llGe) ﬁ1stt %nla %%o%td C{“di walls

r-ses a

apprxipied £ liiclthesiSoetwlded JapproginfateB7G0423/ (8)16) mcheasandl 1875 (3/16)
anot her epbodi ment e afo

be S1gfl}e§ fTh@ gmgy;u%(ed ggpmpéﬁsés%gsr?pg%lfl o]gaé)d f Eegl epSER It }/1 tﬁ‘lckc'ness across

asseghlyiiesd n%ﬂﬂoﬁﬂlaﬂe@‘d“@k‘ {1/ indhd tdhe@hilidgPuichbSto approximately
particular odi nent, the fan blade may conpri se

ext ra@f2d (@fl6s snchesceti B eﬁaﬂ]élgo@fdﬁ’ ellfaflitgg @mprisesyp lengthn between
20 0%89&?%3&@1!}’ 6:5/5 H$%Qigé 6%99@?85 inches.

In another embodiment, the aforementioned needs may also be satisfied by a
metal fan blade for a fan assembly used in an industrial building. In this particular

embodiment, the fan blade may comprise an extruded cross-sectional profile having a
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plurality of curved walls, wherein a first curved wall

is | oined to a second curved wall to forman airfoil
wehep®deksavi ng a trailing edge that includes a PCamge04/000125

extending outward fromthe direction of the trailing

edge, wherein the flanged portion of the trailing edge

downwardly extends fromthe | ower surface of the

trailing edge such that the angular 5 displacenent of

the IFllu%ﬂg/% c %cf LR $AQ8h L RG: LOVE] wall foakR 19h séddBd curved wall to

traifing-edge forns'a reinforced region that

i ncrpases airfiel Sbhpaltdvigad trailigg edgeythasfindlidss pritings ergjerslipeoutward

so that th | a d trailjng.edge.resi

arer 87 deiGreptaary o S ebdyRIT e TR SR R Fllg ctoc
"1 esuddvR@rdly extderd@p eleabwarnudhcetdféhd wdiliisaeistioh that the angular
having the fan blade. In still an [

] i ot her enbogg#rre.t , tdhef
5 af or &pmenemented teelanggdseoriin & fherlp R SBYac of fif Tefie edge forms 2
ass lf?{'cédotregi%{? Qo RkrdaBAURE ERburYididiyneShe biilihBiege so that the
particular embodinent, the fan assenbl ﬁ may conpri se
a noflenged gailing edesl s dimrgeaandoviareb e Huge ipagases the volume of

att aches el | gy D9irfhd 8 blade.
v i Bt 38 ST dr e e i A8 bace
conpri se Ia sill anahdrteynbodimfeanthb lafidesentionedineay dlgp hengatisfied by a fan

r ot at abl ub, erein.each.of the lural bty

10 p| agrssemly &Pf cRuUE %d?sé%a?qﬂ“&}ﬁlagsaﬁ& P psflay %r@goé%%t’ the fan
ext r ydasbiieadlcompristsa fmbuntibg Aeembl Havingk rafatabfediub that attaches the
section and a tapered trail.ing ,edgqej, ,vvh%{jei nafl ange o
i s i fnagerblyto the eeitipe af therrdugal Bildinge The, fagy asgembly Thay further
trailing ' € td e b@Rslkafin! wAdrkihNgch of the
edgeédn%ﬁgg%ﬁgéﬁ g§ 5%%%%%%?@?%5& downwar d t hrust
dur i plgratiytodifindnades istah teastdrfedslepgand is| famedeot ap §panded mefgkso as to

fan bl ades are.f.orned usi . ' i ' .
1% orociyg @ feta ol SeRion ¢ f%&%he?%#%gdgg’n‘?%gg{l &szér“g%% integrally
t r ai fokg £ dgendor i gpbhed treiling sddesn af @beintatd tontapiretesdlng edge

so 20 that the _ tapered . trailipng edge resists. tearjin

o L L
af or £pEat thORRLINRE U MRMed il &ftiueitn Bbridationglrbuesk, @fherein the
formng a fan blade. In this particular enb :

i) odi pent,
t he Haghadiniaeps @@ﬁﬁer@etralgng ﬁidH@ngathﬁgfigqm ggcb'apel? Piggoess so
ap the i -Af i R Sl olhb@teqa cool ed
20 met awt?éatﬁbﬁ%@déﬂ?gge&ggﬁaﬁgg o%t of U%e ext r usi on mol d
so as t o Ihaveaiqthes repbodissat, ithsnafarementigmed ppeds gnayolq satisfied by a
sectio nd. a taper t rai.l.ing. i nt. .
L B o By ER b DS 68 A Yot may o
a I eigfeRing b AGtd bahpeciidas ment mads axutision gokirsoch thitea cooled metal
direction of the ta ef[tid trailin e%gelso as to . first ai
r ei nfgblade isfeip at {of S¥YSRY 8 SRIP RGP BRTgstisTehin @ first air
25 1O 1 RfiBiiton 2h&@hipeBbd AaillBRdiARRERUyY hfthbd BEnRAGST theMTirst air foil
one aspect, softening the netal ma%/ conprise: .
sof t eaeHonand| arRingupine Weegedhai exigRdse Wegd TR th%flgcu%g;f the tapered
furt Q‘eﬁfi gC Q%réosﬁ t%olfeﬁl?&bygle accgpe?’eg t?a{lfn%y &%e aﬁuﬂﬁé %Hﬂs%nt 8 inhibit
at | 64st® & of “copper, nanganese, Sil1lcon, nagnhesi um .
and ®hmg of thd B2 00U1NQGIET In PET WSSOSO Hikometal may comprise

softening aluminum, wherein softening the metal may further comprise softening an

30 alloyed aluminum with at least one of copper, manganese, silicon, magnesium, and zinc.



Additionally, the method may still further conprise
formng an extrusion die to produce the fan blade with

wea 2bmloesdm i nt eri or, wherein forcing the netal Parwskde/000125
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extrusion die conprises applying pressure to the

softened netal using an extrusion press $So as to

force the softened netal through the extrusion die.

Al so, the joined fan blades 5 maybe separated to form

a plurall hé{m&ﬁan&'}ﬁé }ﬂeﬁllld@}m P%ﬁll B R 9ESm e ?d?ﬁﬁﬂéea!'n extrusion die to
aspect, orC|n e metal fnto e extru3|on nol ¥

pr ogeRcAthel easmadeomh faaholmlmadﬂemr,t Whaemnfotcmmgrthe metal into the

cross-sectjon. Moreover, forci

ot e A ars et et PR iheal Pmsion pres
havighgs & foldeShe EARAGRt@NBr0Beh theeaRGioalUlid. Ad®, theadined fan blades
conbine to formthe airfoil section 1?gl\r(\:rhlch enhances

t he nesylbaseRarataiio frmserplky ofmdiviualip %ﬁ/produced by

the at | 6ast@n&ni@TFolind e mérihbd e BRESsiof MERINLY frétRice at least
metal into the extru3|on nmol d may produce the at | east

one charfatbblde wift  vaifosx ceavereestion. Ylgwowtr fosdes fliggmetal mto the
conprj ses at Ieas n

and SERSTonsowd o ﬁro uc%l )8 a{ PGt oﬂ@%l{sgla&{ tﬂ%\ln;lé]ng 7498 rface and 2
I mprseaead sadfack ‘ﬂiak c@iﬁlsm@ﬁb foﬂih elﬁaealﬁmdi sa@tibug rwhidiy axhtug:eath@ columnar
advanta%es of th pre]ggé |nve

apparEnties pHhs ?1 P %the eﬁg%\ﬁdﬁ%‘iﬂﬁ‘g S ‘[:“13 5 é’rrl’]lOIG f01c1ng the

CONj g tihiQ My 5xﬂu§1&?m@@%imﬁ6&ic8 Chetht B0kAS farBladfwith an extended
Description of the EXamnﬁ% ure 1 jllustrates

enbditrarfecediat gompiiscaaise s weered rilinee g@;?n%%effalﬁfo’fcmg
b aq?a% \&ﬂcf?&nltgl?ﬁ” ggin‘%ld'\l@& N @sic @951551" th'eéenQnde gg@r ob ects and
t hat ti1one Jacent to th 20 ceiling

a l adgamtageam’éﬂm @bseiguinvelitiog . wili byeonee morq amtepbfre@ %\ﬁ efollowing

of th £ by the f
sy e glonptquRfy PR S AERPLRLER Y, 0 T

el evation view of the fan assenbly of Figure 1. Figure

4 jllustrates an axi al ¥ ew as s an observer
| ooki ng up towards tﬁHL_ES££8215§§5H§£$E§§ Figure 1.
Fi gure 5pidldistifudtRs oie GHBSEMSR GF b GRBAssdh@WhOingdR plurality of fan
i ndi vidual fan blade in Figure 1, wherein the f
ﬁe?iead@cent to the

bl addadenwish pashdaving aroiepedErilinedes that e Pogitg
|IIQ%ﬁ&% P&E&H&58§%H§ﬁ&& onal view of the individua

fan I gure I ncfudi ng the aérodynamic

for ces g@ipareal dthsintestdne efdndimsstenfitheyaiglowmagiern; gepergted by the fan
WO 2004/ (3%71 PCT/ US2004/ 000125 Figure 7A

i 11 st kmbodi ment of a plurality of extrusion
based mamyfuact Unduags § sidpaaeritisvitw of thelfan gssamblexf Figsiedn

[ h formthe
die that F?gu}/e E ﬁluls'lt?a%eds atnoa}aa v1ewtas Seen by an observer looking up towards the

fan assembly of Figure 1.

Figure 5 illustrates a cross-sectional view of an individual fan blade in Figure 1,

wherein the fan blade comprises a reinforced trailing edge.

Figure 6 illustrates the cross-sectionalview of the individual fan blade of Figure 5

including the aerodynamic forces generated by the fan assembly of Figure 1.



extruded fan bl ade having the reinforced trailing
edge. Figure 7B illustrates one enbodi nent of an

wexbwuwsson di e that conprises an 5 openi ng W POTAIS2004/000125
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pattern simlar in shape to the cross-sectiona
profile of the fan blade having the reinforced
trailing edge. Detailed Description of the Preferred
Enbodi nent Reference will now be nade to the draw ngs
wher ei n | fik@e NuATElIattSitek EHRI ehbodithdi® of1@ plaratisy of extrus1on based
t hroughout. Figure 1 illustrates one enbodi nent
fan SeEMNTSI0DPRRRISHEClAdng PRy Erstp B tehmay) ‘%?dlé%ed §<1 gorm the
Wit hgﬁaa& ﬂl@?]h&gﬂaemggfe%l%ﬁ%jﬁ&lﬁ dabag edge 514 that

posi t1 oned acent e ling 110 of a
I ar ge corﬁtgrrelw 1lhlstcb/ta3ronermhu1@ﬂmeat Obalrl lewicusipn die ghat |camgrises an
manner_as be d e r i
pol ogerith Uit ? a8fsnSaaL B Gub o dhFBEL Rl rolt Tl on biade
fan hdva@ehe%ﬁfomddlﬁaﬂlhgedgej nf or ced trailing edge 514.
In one 15 . aspect, the occurrence of trailing edge
tearing to the fan blade 3 16 during extrusion nmay be
reduced due to th&aisdPRe:tingof tBaPidfedsd Binbbdifent
reinforced trailTng edge 514 in a manner that wil]| be
descr i becRafererpeaitl 8pw Qe marls torfhe dipmge MBsein ke nfugﬁ‘fals refer to like
asse sythrlag 10%3’171 ﬁe qtﬂlﬁjs@xlaﬁgoﬁeoen"i’d%ﬁlnﬁm §8P1E assembly 100 having a
pre- X|st|n structure or to any suitable
ext episiatity Q:fdambiecteedl@ wah ebah lianing r@vferch@ tejling edge 514 that may be
conf | rati o {
the Faoatt Sty Hon Fabdios s 38, Sydnebal O dthg) uiaine
di r ecod. Ilﬂamhﬁnesdisomlldte kiescalpqdnmgﬂea:bleiétaﬁllhaltelmmmw an extrusion process
structu onent

t
i ncl Hay a useldH:g %rgb?:?é l?c[%%clplv%}ﬂl Heg;ﬁjg%/: cil He&hng edge 514. In one
rei nfpEgak bdcairdcher @eﬁhﬂ% chigdtetvirlg to BR flesledd PEsAutifl extrusion may

greater detail herein belowwith reference to Figures

3- 6. bq duspd desstp de suppardngrfeairgsefhPpiored taaipe ¢ f+dppa manner
alo L Vie@SherdRbdGsCri bed in the
App|¥{%§’ﬁ?%gd%sgl2?fg§§%%1 Patent Nunber 6, 244,821, which

is herebyﬂwﬁW@@ﬁQQHMU@ﬂnbv1ﬁsﬁ@ﬂ@ﬁ@em%h$¥®@e@H%@¢%m$Smﬂmﬁmg
Fi gur furtherll

ot £ el Al R b ah A PR AASE R Koot Wb igurston such
at t ashinable 4x0s & romtiontdf Kig fhroasmlﬂy] 104 alogpssubstartiety vartitahdirection.

cell 0 usin nventi onal fastener uch . .
mut ot Sl bt SABY SR oqr R oY Fodyy 140 inluding
cont f,0kc RO ¥ndliRiBRNnDE kaBREdedatife td2e 1l aRilAsSRERIY] in greater
30 100 through a standard power transm ssion |line so

as t@%t@,hkmﬂlryb@vewlr TeEAnCOWEIES-4 he fan assenbly 100

v 1 Dot Uk e ABRC AR b o by
f ur t deseribiedl liny s;her Apelaitts 1§sugqu &S 1Pat@a&}wrrfoam6 Biheid, 3«111;@ is hereby
Y e D PR e ORI PR Ry A 10
t he #t@abhed to an extension p1ece 101, which may be attached to a mounting location 104

positioned on the ceiling 110 using conventional fasteners, such as nuts, bolts, and/or
welds, as is known in the art. A control box 102 may be connected to the fan assembly
100 through a standard power transmission line so as to supply electrical power to the fan

assembly 100in a manner that will be described in greater detail herein below.
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bl ades 316 may be fabricated using a forced al um num
extrusi on nethod of production in a manner as

wdeswrockigd i n greater detail herein bel ow w t hPCT/US2004/000125
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reference to Figures 7A, 7B. 5 Advantageously, this

allows Iightweight fan bl ades 316 with considerabl e
structural integrity to be produced in an inexpensive
manner. |t also enables the fan bl ades 316 to be

I nexpens v @lrhef ilbytiaed treFigwic t1heaak fandjada 3il 6 mhy tike tles‘prm of a long

such as flanged trailing ges and rf0|l con r ed
shapaEow PiscaeidlyigHn V%MO%&W “HF%%Iné 8 PAGHIfeem odimen, the fan

f ab rblaﬁ@st 391‘3 iy B fbridhd &ﬁlg‘a 6l QPS8 Gl eRBustinGABhddt oF production in
| engt However, i1t shou be appreci at ed that

al t errmclvas d_t:@:néﬁdamogrwéﬁtdgtaﬂdaylemrhﬁbﬁpmtbﬁelémert@ digyres 7A, TB.

alu Aot fegﬁ]slyblﬂ%g aﬁom 4 t@e@fﬁn i pﬂl{ % 16 rVQiﬁIS corﬁﬁl‘éfabl@ Nstructural

Wi t % rting Trom cope 0 resent

i NV éntegrionto bwproduncé fin artlh@(paﬁsn/@dyummm It alqm aiables s fapfbladpred 160 be

fan bl ad d ;
L A R d SRR PRt s T o RS cdzes and

r es@lrtoilicBnt8ur®dtepes R iafl@ifioh, adch fdn®Mdk BoembBe fabiicated with a uniform
assenbly 100 as I s discussed in grea eL det ai | %1 .
r ef €Fasseastiaqs ajogg F‘FSg gty g—lowgvel,AptS E}iou ?]gapgliealﬁ'@grt t alternative

fast Sﬁlgf:nt@ %ﬁhc%}ﬁ 2R xR B GhiRn ERS 1S vah a8RASM®Sm cross-
t he ade 316 so as to cover the end openi ngs and

pr owéatien withah dépatine Somthescinsof the prepeat Bventisnone

enbodi ne 0 (=3

o ey e AR S5 BRI o8 e b
t he f(ﬁﬂiﬁng&i agdaed fkﬁhngzectgerﬁél 2nithd fasthteglt 83 6,0mectembyp diswte mt a more

of the airflo attern 20 erated by .the . 2

ass ST %@ng%‘o%ﬁtﬁ‘ﬁ g’lné'ssfmglxg%ﬂ ISR éadn Pe %ﬁarl 1eW1§1 reference
wher, Bightees, 6PARE,aSInk BendaddYast@REeN®b Ynad B0 nionhted aithe dlstal ends of
oper at | onal node by entering an appropriate_input

nto

t he fiEcHe PBe 56,0 2940 Coret fiecan a%mgfgsaa}nﬁf%wezwmmuous “exterior

n‘g{tﬂfa%% NG:onk @mg&ﬁmglﬂbtﬁg baeRby ¢ sk @ rAREMaP truckRé el Esentially
airflow patterns may b generat t hr oughout the
bui Inditohes the ¢rntseritional 186 of thefanblade i¥bodi nent, t he
circul at
ot RGBSR B o A0 0 o
thr @ajgzh;semlﬂy 10pefi F@paac A diliesttagedi it Figvaw ewhampuser pbifes the fan
oS B Y90 PR HE 48 P BRER PR PP PPt o (R bontol

Appbbcamb, cﬁr&%lh‘t%ﬁ/ brflov 25@%6&})1‘15!&%"?& ron@, edAtébdfeend,. ehﬂe and/or
I a

one aspect he airflow 202 init y flows _downwa

in amé@nmifﬂw pedirsrman negngsted thiopgioubihe dugiding’s d@ﬁ&l@dl% In
ben%ﬁé n:ﬁ&b%ﬁl eﬂp ésc%mla%r}%gleoﬁs%e 3 r sfeL Oawla%g,z slo%@y moving

appr oac oor ar ed ['ow 20
subdegueantl IayﬂdW\QQB thed isable toetrdfvkbbrough erast 2pen &I@C@S dlle to its large

outwardly .e d in a radial. ner_as
por FoBrat TRt 38 bR it Rt G 1308 asiegblyy 100 i o
PCTild22Q Q4 48083:35n the Replienes istied Uzith@ht Ninibef bowd, 2014

is directed by the walls 214 of t% rehouae into an
In one dspect, the airflow 202 initially ow ownward in a columnar manner

towards a floor area 212 located beneath the fan assembly 100. As the airflow 202
approaches the floor area 212, the airflow 202 is subsequently diverted by the floor arca

212 to outwardly expand in a radial manner as a lower horizontal airflow 204. Following,

-



upward airflow 206, which is further directed by the
war ehouse ceiling 110 into an upper inwardly noving

waani4nest7al ai rfl ow 210. Upon reachi ng a regi oRCRA82004/000125
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above the fan assenbly 100, the returning air in

airflow 210 is directed dowmward again by the action

of 5 the fan assenbly 100, thus repeating the cycle.

Advant ageously, the circulating airflow 200 created

by ttheldwanhaisetbdiyfldn 004is chiredwkbyathp vals Akt ofbe Kiarggouse into an

\ilg\r/ é}%’g’g@%}ﬂﬁf %P? dyhl%%hﬁﬁfrg%?é@% ﬁﬂ?tz%}te %sgcelpﬁg 110 into an upper

det %J}Jﬁﬂlysthg\ﬁngﬁ he¥RhiaD Rirflive B100fUpbh eedching asegivh| 316 14B0ve the fan
in Figures . The fan assenbly 100 receives

me.c oA 1@@%&1@% P aitQup b1 Vel vaangggain py fpe acton of
sup the Qfthuking airfl

pl altOE gé %Bfgéﬁﬁt}ﬁ I's’ agﬁﬁ%ﬁﬁ% e Cyﬂp%d‘?%%bgﬂfttabl ng airflow
hor |2z>@mr@a|tedsler>p Ber fan satssem@tma@ pigyidesenploagrng VOERg ﬁ@vnonment for
such t ns support

st rut W;%galgﬁc k%lcgfmguzetthé;ﬁr ?%cglgé g%gl& %déel ate 322 to

t her eby @liduean illizeattan daisdeindideyeld@Bon meWeoﬁ’ﬂb@l fane gksembly 100 in
adj acent e ceiling. .In e enbodinent., the plate )
325 el ot g A Spport arrr bl Pl Spgor fame
f anl RS @H@iu%ﬁﬁoﬁﬂﬁnmmeﬂﬁv@p&rs&d hbBizdni) PlatelBe2 that is adapted to
ceilin

ebU|Id|n9|nthe manner sim | t11
shovattas¢Htom glma‘@le horizpgia! suppoTLHRSHR a)glj tG %F%such that contact is
¢ omﬁécﬁé%e%el? h@% 1%50& sRLQe al?tp;f"ﬁrst-r ﬁ?fa@é BB blatd MDA thereby allow
304 may be adapted to receive an AC power source with
a vathqfangaswmlpuhﬁ@dquomﬁed @hﬂcgﬁéhetqﬁfémél & o1 @nbedigspt, the plate
304 tat I I

03?,? ljfg\%(gteg %% 3& el agegu 01“c cgurrcrlglt %r ﬁag g% fard Qs% %1.6% gﬂglrc]ls downward
| NV effdn@the deitiyg @ltlediuildiog mnhmammuhmmthadhm in@igsed dor
Mot or of rica. SO, t e electri .
conpri se The f‘teff}bﬁ'l laaé'aﬁurt o SYTRESF gﬁe a%glgloté)}: gﬁe ?ﬁgelectrlc motor
manuoaGhii B adiptel 8N 2R 08 aSATTBGWer tsB@te RiB\G @BEng h‘equency which

necessary nechani cal advantage to drive the | ar

ass gy eatotic mosh 0 i melucepralle el REcd IIﬂgone mbodiment,
"HX' hgecticembior franufactured b

T SRl I OB KORF b RhERlE St b
rmt <ﬂal®®4\/[¢>ta1y0ﬂoélnn1mantfé1@b, ttlee Qlﬁél‘losmpﬁ%ﬁf)"f MEAREMBOE 4 huilirin gear

that the axis t t
Toq el fve, O et fiaf e Blald ) {80 8 deifallb provides the
f an as&edp Inyechfitabvatiinageltd diiveg thie Olugya efan Bheemiriyt wo It should be
shaft 306 transfers torque fromthe el.ectylc or ,
304 BPBieAIRY 0 15 TRLDR ST g6 RO B RO AL TRES T 304 i
hub %Xﬁgaye eOPkse a single cast al um nunpi ece of
rraterlal %adlskllke shape that is adapted to 30

secure a TFBP elne%rrw gtop? 04ragy bé%%d 91l suppqst igag Uy ypamner such
bl adg,.$ :B(% &%o%&gi eelrﬁgtof 5% %1051& g‘vel%@gltd'lrgcfhoﬁ Hs $RDviding the
as to ex end ra out ward romt axl s O

r ot afbn esseidelfyi 108 avithya Chivmgrmtlm TheSnad @@@@D@@@@f@ls torque from the

PCT/ lIJ %r?cotérllét(c))p 9(]2? ?o a hub 312 that is mounted on the shaft 306. The hub 312 may

comprisea single cast aluminum piece of material with a disk-like shape that is adapted to
secure a plurailty of fan blades 316. A plurality of blade supports 314 extend from a rim

section 346 so as to extend radially outward fromthe axis of rotation defined by the motor
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shaft 306 by an approxi mate di stance of 15 inches. The
support bl ades 314 have a paddle- |ike shape and are

wadeptoess7io slip into the ends of a plurality ®s€Tfuazo4/000125
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bl ades 316 to provide a neans for nounting the fan

bl ades 316 to the hub 312. A nore thorough discussion

of the nechanical features of the fan assenbly 100

i ncluding the nmounting procedure of the fan 5 bl ades

316 shaft ibyrah bpstoximateklistabpyifil6 aehess Theswpert blads 3 Phent paddle-

Nunmber 244, 821 u v

et oA e b SRl s g poveo
r el ghl Q08 RnBulRL RS Klit%s bido aib?qub B ITE §ﬁbrdlﬁorbd1@diﬁscuss1on of the
supports 314 extendlng i-omthe 312, and the

of frasthasticabifegrums 6f B LadraeHy T 10D ey B BRSETES ot the fn
314., Fac 6f195ksaji‘t%?ﬁ1 tR@Afplﬁ%ﬂt%Qééﬁecp(rJ tShP)cgéi‘R Rubbed 4 241, gzlm e

rotational axis o an assenbly as defined
10 the nbigure slyafievaoBhe ﬁnassmhlyelrootamwn Fregypretosy gng ﬂénsnates the
uni f

b
o SR B B S
ass GBIQJ d 1R e yarigadef alH dxeatiag fivamtike tHaddisappetted14. Each fan blade

rangi ng fr to 40 fe . This.resu

e poti b pfora b Fin AR THRSRB! S0l PAAgETBe e Lined by
8. LhdtRobPsiAA 30din W@ RertierehaR is eefih WistB0tion of the plurality of fan
op eratlngﬂunder normal conditions, the pmaxj num b} a

tip Wasen e yinrhy ora%u@gw@oélms% ths EEPTEHQIRE iy 335 pget00 may be
per e@g? 2R wiR tcﬁa ﬁgﬁrgsﬁd?ljl ¥ fge"f’ ]}3@@&0 Ret. PIEe ﬁa@ﬁits in Ithe aspect

dependi ng on the an assenbly
ad d i I'amoomf ea¢hhfen blade b] tetel wg@h@m;ﬁ be gl éﬁhqﬂéhﬁt ﬁ@ assembly 100

t an,a MNL.OV
ef f |1ls: %eﬁ% gﬁlydﬁrﬁg}%aé concfl ,[S e Qche AXIIIIL% ‘tﬁ?c{ tg[{ Ueﬁ&;‘ft? n‘rf)a.?drange from
fl OVupﬁﬂoSﬁlﬁalthijlseﬁél)éeﬁ sb@nﬂ&pto@ﬁﬁﬁiﬁia}&lﬂﬂ(feﬂpm sagnd dependmg on the

oper ati on. ure 5.il1us t.es Cro |on Vi ew

of tdangteef Bwe %@Yaio%# AFer. a%ﬁ‘{? %13665%3% moumed to the
al ongj, bl Satlaf BPINSAS tSRPRoVe YerbitmPkte eV EficibR9kl lﬁ@reasmg the volume
towards the distal end of the fan blade 316 wiith

r ef erfeplemnrairfogidisarivnicd by defypstribliel 09 deng ARG atighpr i se

a first sl iRrdtes @ 2bss- ﬁc’&&ﬁpﬂgv Qﬂ”‘cl‘{eefﬁn"kﬁ’ddle H8Gt an arbitrary
and a hollfow interior region 522 fornmed therefi-om

The lo¢asion sleng iss 15840 mﬂdelﬂ%am@oyerb@ lqosingdetvardybe Histal end of the fan

R

contyone, kddomd Rt lwau C.SQS 9215 amanm Iint&rﬁ)l fdgifdim 522 tftwinted thesdfilom. The
530, wherein the th 530 ﬁontln es.unti

B AlRGA B APO PERA 9B Y Sl PR A DR ATy aling

b e 2} BELEBS AR tfaﬁmg ﬁ&&@&%@z 1R dadiviakE ?@ﬁS%Jo%ﬁlehﬂ Scontinuous
Additionally,” a first surface 506 may

f o r rmajmatto fovm agthirg W[au) 530 whepsin) thesthizd 3@l SBQWHWQ é%tﬂ ityeaghes the
n
f :Iaﬁ]elglﬁoé g%%uﬂné ?cfg%) 5 t1 b %8%1& ﬁ‘%& h@ {a{}é}g é’é@s lto ??e%%aéérAﬁti JChIleIlélg across its

€ reac Seco
sur flagh. SAfditiayllpe ﬁrstrsﬁabeémmg bexvmwrel et tl@feXten@r qﬁmaill 524 and

30 526.and. cont ' ni
ot SRRSO GEFTSSDaHE F) S RECPE, oo cotd

edge:d5d sHmayR réRB&NBGeconsurface 510 may be formed at the extenor of the wall

526 and continues in a seamless manner to the exterior of wall 530 until the reinforced

U—.

e relnforced trailing
raI

trailing edge 514may be reached.



WO 2004/ 063571 PCT/ US2004/ 000125 1In addition, the two
surfaces 506, 510 neet at a | eading edge 512. The

waabd4masiTnt eri or regi on 522, which may al so bePcefuseredooi2s
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to as a cavity region, nmay conprise a

rect angul arl y- shapedbroad central section 500. A

pl anar third surface 5 16 may be fornmed at the

interior of wall 524 in the region of section 500, and

a pl aner ¢f ?&!ﬁtﬁdﬁ i ft&vél%@rfa'é@sosdmm(ﬁm@& of Qnemehoakied BEL. The hollow
interior o in the region of section 500. In

one mfsmratglon 22, mhaqhanay alfml@erlie red iy fSad 68103 T6ZI0T5 PGy FQ{pPrise 2
be su ar.al iy keh208e formed
appritt et et PRe i SR T PhR it A hab e fome
sol iadthk nit@tor of wallegi amthwegimn of sed‘eqnaﬁ()f),l ang a plangfourtheurface 520 may

scope of the present tion houl l.so_be |
approgdoraed & theyigteripnpl W@ﬁgg mn t%ee@%l?rb?léle&(?fl 38@51'?‘8 A asgget the planar
t he fi@Robiades 346, FTchugivagubiigtinry piraliet adl ehcflabihbm gt should be
edge 5 14 will 10 be described in greater det a

her epprepiatediheiihe finblafe? Kiiny o PHsgyad 7‘@3“%%/‘@?1”“‘5 departing

the g&i oé'cg})?(edoft %@#eﬁ&? Ao kALTRY afs@rﬁﬁrdpgﬁcﬁted that the cross-
downwar | ange 538 support ed

r egi secnoﬁa@hmemslons ¢fuls¢ fanblade B 0 iFFlydipeths reipfagce gﬂlhﬁgﬁf%géé 14 will
trallln unction

532 | gﬂﬁann r séﬁggﬁggﬁ#equahﬁﬁgmh%ﬁég F%ﬂ% of the '
first cumvkeebvemihk rénddrcedhtreglingiedgead 1 daumgt co]ﬁlpmm anfownwedly extending

P BRSSPI OB, 8 e

e Xt angi: %%dgé 5 angend3Bem THeer aﬁlin@ﬁl@ﬁﬁ&ﬁ&?ﬁiﬂ sitradoinyr @ en figlow the
-omthe reinforced tralllng ed q % 4 via the
yflan

r eg i cyrvatmefaredirst srryed walf P24 T e g{fGeWoEq?dlnﬁ]émg ec[?ge 514bends
rei rHo%GvﬁQl ih Egr}ahﬁé? Jo 8GRl the belPRREAHIBUAN® theldd®nwardly extending

particul ar application and operation of the fan bl ade

316, flanpe53e g flange 53§ distalfsl @qtﬁgés 58 thereinforred 4Aiog adge 514 via the
di spl.acenent <of Al ae MdHrdodd railing edge 514.
rmgﬁbeflt ggmnﬁ}% an{dhoJ{LJ' %?ﬁ% 4?| ‘?lom tehe scgpe 0 m% he

pr esespendiny@nthé particul applsmtgmhm@ﬁpdmwnbf tha dan 3B iﬂé,yﬂle 1€Hgth of

((: g?gtglé ﬁ égéagjgﬁ%euaglglélg echs\éfﬂ%g{xpgna %ég? g‘é %é etaﬁlg fay ﬁ/'égry%l magnitude

fi 1 spiaRiedeBarfiByf-60 TR kdpe ofkhe Fra@Y ihvigohet ween 80 and
100 degrees. In a preferred enbodinent, the flang § ggﬁ
1 /8) and

may conpme &aeth of 6wgctangeoir38a@phcewplﬁf&taémﬁnr§u@ CEEPY
i ncrtfar ?ﬂ?? fuﬁl%s fadnfiShe ?ﬁﬁllla? dRfcdRht &P AROMRY itk A3 ¥ < comprise a

angu acément o proxi mately 90 degrees.
addi magnmldetltiepezvefﬂaHO lbihda desre% I ;pefepdebdsemens;th Bange 38 may

tra|I|n t

Lo oG5ty SOTRELRE, A A BTROL, ek 510
C O NPiokrpeisevAarangils: digplaeeradnlt yf dpprowimagstyt $0udtertes. fraadditionl the fan blade
w t hout de artin e of ;the

i nvehiol 11}g{hq)1ﬁ%1f0é%eﬁgr?{htng {%{:%%?g COlE}P}ﬁ? reginﬁlﬁg %lamglrumt ‘%ut it should

bentyer %fe@ﬁteﬁ 3t HRCHEBRES 3 1R LaRREE Radfus p3&rdl&mown extruded
distal 'end of the reinforced trailing edge 5 14 in a

nman naterakewithorbdeptieg Sep e §eopp oHBRICSPHPYSHUIYs rigidity
by provi g ng acsgﬁ? Qﬁiet én'ﬁgtufa%éﬁﬁ%f bR bbQe Hbd BIShQBRes the strength of

relatively par
the distal end of the 1emf01ced trailing edge 5 14 in a manner such that the structuralbend

improves rigidity by providing supporting forces in two dimensions relatively parallel and
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-10 WD 2004/ 063571 PCT/ US2004/ 000125 perpendicular to
its length. The Applicant has observed that, during

wextrsson of the fan blade 316, the traili ngred®s2004/000125

10

15

20

25

30

wi t hout the bent region 536 or the flange 538 may

warp, tear, or deformin a manner so as to adversely
affect the structural integrity of the trailing edge.
For exanpl e, tearing of the unsupported trailing edge

rﬁﬁﬁﬁ&cﬂé{f th 9 1e8%th! Disd Applidsnt Basdobs@sed thatOduritgleetinsin of the fan
bei forced through an extrusion die such that

pr eéémé 16,¢hectesglingesdee Wihout e pent Frgips F8P Pl flajgesis may warp, tear,
Duri ng .o rflgalt 111’18191{31' B%s {ohfdvgi)s(%? %fe%@h%ﬁﬁﬁﬂ kntd g%%/\’cﬁfthettﬁﬁmg edge.

extrus 1 on pressure erential 1s créated at
t he ot &mmpﬂg tg:anmgtof o mpm@rt@ﬂmgeedgamg@ ocdyg [diring extrusion as a

mat er i of the two. ex rlo sur.face

| P PR BeL b R FrinSE] et iSRRG e o
mat egdrans@hortdd@edidndl Dirbhg faﬂgiﬁon $é the extithled materid X¢aved the extrusion
surfaces 506, 510 10 support ggch ot her .at

t r ai cﬁlp,r?gpl]EﬁW@tq@qqe@glzls cfqted 3k F}Blg}ng él&lel?l’éﬁ#*WB@f&&l’& larger bulk

rﬁ}ﬂﬁt& ial %Pﬁlg %95 é)@érﬁn L0k 8061 02 FeatecD 8 1dr @'tgitﬂihgcﬁes%lhé towards to
tra| Ing ed I's made | onger. Unfortunately

shor the smaltey %pljkﬁgat@gb af tha digdiag eflgf:e Smes %Wg ﬁ:id@nor surfaces 506, 510
per f ?upﬁ'&ggﬁp%fth& BEmE atﬁll?lgﬁlgghgn 8 £OMG %ﬁ)?ﬂe& traﬂlﬁg edge is more

bene orm ng the 'ade” 316 with a rei nforced
trai siuls@gtlble@gearﬁgds e lemg@ opthe sraiting bdpe Sirt Isornde éangert Ynfpyiumately,

i mproved struct racteri stl h. that t
rei nt SPEEAnge ﬁllj ehaiuge& & &Y. i pr?isfo aglFe %tgl f?:ln%gc}? 32?
SO as to ddmp&ere ﬂteh@naﬁradylm the @&t bladanditceittoh rtlhlﬁemed trailing
fan bl ade 316. In one aspect, the reinforc traj g b that
edgecdzs 514 pithp Bresen Rivaniion ssalop @@QF?C\%NP‘H teB&tLC puch tha

duri ' Y c@fid Demficabd #adss agiOn th
536,&2 g%ﬁg&tﬁh{gﬁ%@s?a gfr%t%?eo he tlﬁatl I ﬁ? ea e 5t prove e

For sxalypineic perframpisa of thp Sinthilaga 3G én efe aspret, F@.W@%C@%Haﬂmg edge
t t X 1 il 1)
rai L, l]gs@ggSn;gje%mﬁ/grgfgﬁnﬁzgota& f&aemoadrﬁag extrtio eagy §ddd@dhe bent

mat er inas tion nore readil
dur i fighgbdrepiah i5d6.538/br modstal eltdhCé tipetratilingcades St P@8example, the bent

PLOY}%%?% ﬁgﬁg% Sﬁetg{ffenﬁg({ 121%/gae@ 4%&3%5& ﬁcﬁ ﬁﬁenp tge eﬂfuﬁgdsmatenal

per panditenilial pbatidn BolcaBgilh daﬂngaﬁmmonemfeawr,zme bée portion 238
adverse effects of pressure forces act.i

trai ]p1pﬁéesea§é@1 yenginby prapidme sERposing foragsdn ?v?cbﬁ%g’ensmns that relatively
ben e% drdif ﬁﬁ%@fﬂeﬁ&l&ﬂﬂ% Hbler&tﬁ %o Q@Wﬂié@tfﬂl&é’ theX b eidicffacts of pressure
n

flange 514 describ greater detail bel ow

25 Aforqels haiog pathe dailing Fiag0f 616 gan l“tlﬁhlé 31w dditiony! peppefits associated with
surf s 506 r

of a \%artl’ily g]te?nd )ﬁ'ch? 5‘;1?( g\}’?ﬁ lfeddegcqlﬁeect fglg?éfatepﬁet&ﬁdaow

may be baASseﬂiuﬂlratetllmemgmép ﬁled:f;vo ax@gomarfagadio, ﬁﬂ&n@y\me adepted to

havi ng refere cen r FX 62- K- as t
e Biln i ARG AP st Fere g 7RG BESised on the
appr gxhdeft £10kmiarf ﬁﬂtplﬁl@%%% hatif€h réfeRfccaitchbeBYXR2-K-131. In one
formed of an extrud metal so as to have a first air

f oi | aspestttho fndinds G26 mey camprgser leeeth PaiFermpreyyeatsly 4 fect and 13
wher %Eﬂoﬂg End ﬁ%foﬁﬁecﬁof@ex@ﬁdéd%&ﬁrs@|aE Yo hRREH 3 foil section

502 and a tapered trailing edge 514, wherein the flange 538 may be integrally formed at
the end of the tapered trailing edge 514 so as to reinforce the tapered trailing edge 514
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the end of the tapered trailing edge 514 so as to

reinforce the tapered trailing edge 514 -11 WO
waQoui/es3571 PCT/ US2004/ 000125 and so as to pPOViUS2004/000125

i ncreased downward thrust during rotation of the fan

bl ades 316. Wen the fan assenbly 100 is in an

operating node, the cross-sectional inage of the fan

bl ade 316, as illustrated in Figures 1, 2, tilted by a

COr I @SP4t rvitil ifcrodselidvabiard nat dehpakiutise oNme ﬂ‘ﬁf blades 316.

woul d appear to travel with the | eading edge 5 12

fi - oNthen BieAaraspeminy 19Qs renoIpswyEmods, i grasgsegfional i image of the fan

' ndl Wagé@k B@ﬁlu%a@%n rest 1h9 Hﬁ’éd' Ba Qélletsﬁﬁldmfgaaﬂgﬂ@lo@Q&ack ina

16may caude air currents 600,602 al ong t surfaces
5 06, cleckisconannérevoulirpbiaatddrave Wit theleadingerpadRyn figpie
airfoil s e.of each fan.bl
5 t he vel oc;nctc&dn}%to - ogserveg f?xeg?? g% glgislé(ﬂl?y%é gfa%lcp §L6 GRY5Sion of the
gr eatamnlddbans hiecavsel aﬁ&uﬂmm‘fOOtG@é aloagwhe sudices 390y ¥ i the fan blade

cur ALS sy B¢ R cEPe PRAR FHBRAr P RS NE sapss g voosiy

10 uBPEE uspef fifcBe364 toRrARPAREIHE vESIHTBEthe Gredbit Elrenss536. As
produced by the rotation of the fan blades 316

r esuktesulh feapreasenre 4t fhe levsy swfaee 5 {nayde giggist hamthe afsyressure at the
10 €ach 0153% fsut a@éjﬁmgél% gﬁa ﬁnt asﬁﬁnénlkeélﬁfo% ﬁroﬂﬁ?&ld'b? Qheh@taﬁ&?of the fan

surr air reactive downwaird force

F ., bLaddsBad gesBlisla. upl\mrdeldv éxrce Huheo &¢ exnsiipnos s gachofn blage 316. A
fan bl ade 316 uce
Lo R DA e B AR o e EGEoF
r eduslegt 3@t Il\mmvat thk airfoll shabb ofthb Emibiadn 8 &b mh)yeredg:e a honzontal drag
applied to the surro

Ther &Sile, g oF e %W%l?ﬁg 3?49 E%Olg frat Féﬁ?ﬁaagflg i 011%6’831 force

15 rmy ?}P,,fgm%ingﬁf)ﬁleé SRk WiRAhdihg Q%yqifacl@faﬁ bRUONTE. t'mh@l effd, fhe airflow
tion fan assenbly 100. As further

| | | ugested kyghg fin Ffrsgal?lé 180 mpsrRpPERsRRARRE Colymek Hlew af Aigplong the axis of

flan 133 8r RORARGESHy 16§ performance of the fan bl ade
gﬁbgr?%g rotatlo% of the fan blade 3 16, the

f | ange 538 fuiger rrﬂiwmpv:cbm@@nq Gushecdsummerdly extenting dlange 538 enhances
t 650
vor 1;]1% S%réo ?cg ? : ng e %gggéﬁug%{%%aﬁn £ hE I‘a H&ﬁg%%ﬁ the ﬂange 538

rein er vor
20 be pmadpeRidcd yvd h@mmpefamsg K/ﬁﬂmsO(fSO &b faﬂ]aWnﬁ@Olownsixeam of the

B T T

f 1 ovgipghwrtdeloRataBotdife haBlal ﬁ@%@k@ewér%o@@c%ﬂ%@%ﬁ produced by
the upper vortex 650 generates a pseudo

act i &a laweastresal ofiiles 682 flowiag wﬁﬂ@é@@ﬁb fhe f2’5€18@?03/1é e aspect, the
f an % r?é;c 6650}__&3!1@21‘5@3;{ B&lhy ghﬁ{pﬂ?é 9%?1' thgt Iﬂé:ff?thﬁlé QNBer pressure

orce ,.e C Mor eover t he counter
25 r ot aabong theoit blads 385 hus &mcumebmn@duk:gng esddidon! tlorenash Guee Foeea

514 . I % T
o o P BB R USRS AP Lb B v i
ver t ¢dpals14 BV e mabo y@ih thQiehdfan ibkae 8 86 pdtags hatidalddwhiward force
sllghtly i ncreased, the advan} %es of )
F,.c... Even though the horizontal drag forc€ E~  1s slightly increased, the advantages of
increasing the downward force F oy are substantial.
30 Advantageously, the technical difficulties involved in designing the fan assembly

100 have been overcome by incorporating innovative design features. In particular, the
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i ncreasing the dowmmward force F vertical are
substantial. 30 Advantageously, the technical

wdi2bd4i0688711 es i nvol ved i n designing the fan assemuisyo04/000125

10

15

20

25

30

100 have been overcone by incorporating innovative

design features. In particular, the -12 WO

2004/ 063571 PCT/ US2004/ 000125 |arge fan bl ades 316

maybe manufactured using an extruded al um num

t echiog e blalibi $16 Bt feataniestute Ssing af anridbdalesinBheedhite. This

IR e Wt L6 Bt Hrrion iy BRI Frpthsiveto
fan Rl asesed The ckituskB rhedtddirgdtBd enydid e &h WAdeE 816 to be fabricated

shape, which enables a columar airflow to be

genevit aadiral siangviichyenables 4 cofperaitfigdo bygagRient of a
plural i ty, of extius] (R LY 40 G RRE R sFon ABhufacturin
includinémgﬁzggpﬁﬁg%gﬂn ie %%%kthg?g%gybe used tg for% s
an exmpuctet 7DAmcludingde eB1Bioh digi 10§ that masi ef use iodform an extruded fan

trailin e 514.. The [ t ' .
B e
t he (R¥dekdiaiyOdtRiprkesn KBRAsiomhilldd02 wissin de extrusmnibiigt 702 may be a

piece of material that n e cylindrical. in shape. 1n

bre U 66 PolomR ORI N Y & PSSy D elsPect, e
al | oy edsisd Bt MeMad can@@R endiel Yuknewin b @emaralsuabwa sormasuch as
cast product, wought product, or powder co

act
pr oduesst prguct rpugie pEqucy th?"_éfier CYRRASH P‘loéﬁﬁtrgl?i’t gfay be cut from a
mat qgﬁ%}r lenh_ﬁBl oF Nl REneRRHE GhiRleikd BatisldiaxRsials may comprise
material s y conprise  one or nore netallic elements
Wi t hmet ordepeer tietafict elomenth avitiewpéepofting higorprthe spgpe of the present

Iaml gg ¢ einﬁ,g ' Fglg %ﬁ?}enl)faieggllgﬁﬁaquﬁl bé%d&%@égﬁﬁg)fy? érr%{, gﬁ‘@%e small amounts

el enggninstalidC Ble@snts OppIEras cappganes@aness, | sita@m, magnesium, or zinc.

magnesi um or. zi nc. _ Advant ageousl| t hese . al l qyin .

ol oS BRHARCLOF O HAE GFHIETS FBRYS [PEARgrel Er e AT Auminum
and jnafidHRAGEhd B@ua¥l fid&ds@n process. The extrusion

billet 702 may vary in | ength depending on_ a nunber

of
pre- det dhpicnaeipabieteiRraay way drlilsgth Fracrieg prpg number of pre-
len arhit i hdsBod 1K8N 67¢h& HEkIANA predfe, the extrusi
r at i%)e?e ?gw%%g%tﬁljsg%ﬁ%ﬁgﬂr?%%-so%t ,@ﬁd the r quil T eemanetesX on
of tihto,ek¢ tangihoof the egsout| mdothe reggpperaents phie| eFytien piess. In one
the extrusion billet 702 ) | ~
L e e e
out sibder 40 indes. ah adfitidd) eheexitsidesliontetddiof the exT@Rurlet 7ahyey range
from appr oxi mat elé/liéj i nches to abo[ut 8, j.nches,

[ . .
shouffem 5@1’%@@@5" ghes #9,3bout §inches gf,hd)gld ba iagwgi,l%ﬁea glflt the outside
the @xhidSiraR Rirhdistvill200BYy BEasAtigh & DEnéss IAhbura@bRsting from
W t hout departing from 25 the scope of the present
i nvethe soone oftheprpert ingsatipysi on manuf act uri ng component
Ry conpyy heak R ohbhentRA tcofBHsdihemti@imace 704
to pr eheglthgﬁﬁzgeext r Eg}ggﬂﬂ{)@?ggg gooém nlilju]a%"rci(ﬂrflg t hee%l% e
ext rtisimdy Jer@ed ssprelidaethe extrusion billet 702. During the extrusion process, the

billet 702 is softened and/or softened in the heating furnace 704 so as to be more pliable.

The softening point of aluminum varies with the purity of the metal, but is

approximately 1,220' Fahrenheit (660° Centigrade). In one embodiment, the extrusion
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billet 702 is softened and/or softened in the heating

furnace 704 so as to be nore pliable. The softening
wQabeto6ss71al um num varies with the purity of tReTS2@U/000125

but is 30 approximately 1,220" Fahrenheit (660

Centigrade). In one enbodi nent, the extrusion -13 WO

2004/ 063571 PCT/ US2004/ 000125 process may require the

billet 702 to be heated to tenperatures in excess of

700F roéé)sz Sey e e BERETOW B Readltddctoakmpdtataek 1@ excess of 700°F

extruded as high as 930F (500C). The follow .

manuf3dé %Q)ranﬁgiemﬁmﬂ thereNpybsing exisuled,ss bigh ag %ﬁbﬁ (500°C).

press 706r,N@ybwigle AAnEXd ks Shpidt AP corlfthiihara eKEf’usmn press 706

illustrates one enbodlnent of an extrusion die 08

t hat hoorga sesisian giet 108r Figeie 7Bl iHlpstinies ghragrebodinank éf ?ﬂawtmsm die

blad haV|n the rei.nfor

5 The 29(8( tih%} ‘%0811?11%,53 Pyiggn ﬁlﬁvar 1 sﬁapeéccge ﬁlgl SI{ ng(ilee dlgﬁﬁglv\? “ckﬁz reinforced

an opgilh@igt Bad. Therestrusien 316279@ napdosppadtdebdisk with an opening that
substanti al | mat ch the .i nt ended c¢ross-s i on of

1 nalnay 5 sreied %?Hfflltﬁ’ éutlﬁfan?:ﬂg( il BF H’&%l%%‘i %IOSSTWSUOH 5t the finel
openktighded piRfilef dfGRe fal BSade QN |"I@1E Q)!pb’mﬁgl&%iﬁfée 11tuﬁfbompletely through
extrusion die 708 so as to al he softened bi

702 @aseétﬁgeéoq Fie GORype By @rﬁ“f’}‘{éhe.t @f?eP%‘?ﬂl%tn@ZtPaS%Fethb%R from the

102 e ” d ciﬂ'HQMbk aeﬂd tz{kels ﬁﬁéwn HiteSarlBks %y qe %Hﬁﬁé’d a'%ssohd 1 (or flat)
produce solid shapes,

hoI | dms,cwle@h pmﬁu@tﬁopd @bms mémloawv d¥ess which m@dup@\noﬂow 01 semi-

shap ch as .t e raged in

Ei gu Slg)WSSlII 1apes, S&ol sethe t?xﬂ Bl%éeayﬁ a§ il gtaﬁgd ﬁ‘l Fi é‘ﬁaés 5a$

and/ or hom&ﬂMmahapﬁSoh&ymhehﬂh&ompbnamEMWsh@mnmwﬂm1mmqmmmd

single die, wherein a

or 1 P intesuHe dScy e sERiinhy TorB Sl ctote ROtiss Pt Biefres through

15 al | oyhich tfeabta@d GRs & detest) (exnﬁmeﬂ)l Au ﬁIuE@dtﬁﬂmlH?lgtEt TBIrtRe extrusion
7B, the extrusion die 708 die F u%ed to o?ugf ,
ol 1 6% 198 015 e b yserea modype BoIERRatiss b sty gt xed or floating

mandpgh ardi200. AINAMBUEL WS e of hE ektfBioAHict 108 weik i dhfidrfAfel 720 for
die 708 with the mandrel 720 for extruding the fan

bl adext@ding tisr forbledss3 & piestubesve hoHewp shapey Witk d@{@ﬁmgtfmgthe Scope
from it 91% tp%%&gcemv&lfnoﬁ *lfv‘ F@uﬁ?@@ 5@%&‘@5& lB}p Bne El&hecth pULE Behat the

appr eci a e art
20 ext r egiusion dlee708 Ry ﬂm;ﬁorbed fvathore thewnankd el VZQ s’@eas man@dmrle an extruded

720 so roduce.an.extruded fan blade 3 16 with
a sofain&g]%ﬁ% g@‘ﬁﬁl}afog‘gil%?ﬁor&glqns known in the art, ¥Mhe

ext r usi ONAPIseSsSwhRY thie Wit therexGodiRl pree ady fxhéruShphise an extrusion
press container that houses the billet 702 and

ra
t hat pwog@m@g@@; b(ogseglg& tg,llelg /&% angh aramthat gy tfeoqse(gtot a@g}y pressure
the Biddigbred Q)Zthwall@ﬂ ﬂ)zt\k?ﬁnﬁ‘ %tc%htﬁﬁ& VYR usHy 8raiN A Eatkios presses

extrusi on presses may be capabl e of exerting
25 anywhey be ¢apaiie gwett@a gnxvdle@es&cw@ &0G tawssto dP.0BP kg pf wessure, wherein

wher gi, ”mséufﬂg BRI fie R d%esgfdetg{?ﬁngs)ﬁo foggruagggeﬁ»ﬁon it may

det ernmrnes ge an ex st on

V\henpmﬂlﬁﬁSWhEn IpSesﬁmqD id qrﬂ)hed hie billkd &2 ﬁGﬁrce& agaomst ¢iek die 708 and

agal stptan(}s until restnctec? by contact with the walls of the container. Then, as the pressure
increases, the soft (but still solid) metal forced to squeeze out through the shaped orifice

30 of the extrusion die 708 in a manner so as to emerge on the other side of the extrusion

die 708 as a formed profile of the fan blade 316. Subsequently, the extruded fan blade
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expands until restricted by contact with the walls of

the container. Then, as the pressure increases, the
weoeabd4/06kTt still solid) nmetal forced to squeezeComis2004/000125

through the shaped orifice 30 of the extrusion die 708

in a manner so as to energe on the other side of the

extrusion die 708 as a forned profile of the fan

bl ade 316. Subsequently, the extruded fan blade -14

WO 26Q44@6 B emoRed 49204108162 TheZxfiidTbdie DES. memmedxtmded fan
fromthe back end of the extrusion die 708. Aft

ext r bhéel 3 Gis rempyadaon thejestrpsiorie dOg. Misnitinkot éi'i“f‘{?g |ﬁi51nblade 316
di e éﬁg e Ligchdd hbeliftafHehiddedd fea. bl ade 316 maybe

guen mechanical |y treated, and aged. In one
errbodl menin, one kabodioes; e eroisovetiondlidissionrrsdianprogie of the extruded

profi e extruded I
R
and Aeighthegiden b@plmmte@ppmm@/@amﬂey afid 7150((32% jnchesc hes preferred

and 1.50 (3/2 nches nent
cros$t %q}é“le § éra?sr%ﬂ?%lﬂg 10’%%?25’1? gaﬁl bg)ﬁ%n‘g ?8'%1 6 Y ot of
CONPhLpsiBxithatdlydt ciek ancapmlgm loﬂaﬁmm&ely nahds Aogdha thickness of the

hei ght of appr oxi mat el t hi ckness

e Trstristont Sag A CURA I 26 VOAAF P S poPgsguately 00625

10930 1BYe) %11%‘&’@%@7@?%6 Ylcha ety da &%ﬁe&&nﬁoﬁlrﬁﬁ) the thlckness of
i nches and 0. 1875 6 inches thick. In a prefe

enbodierveatis 524, 36,1589 By B appeFimatelE O:ha2f £/59 4nchssszlck sﬁﬁmaﬁvelya
may he R&) mﬁ'% ycoﬁ‘xpﬁ?@%va @ﬂs%r@é Siabe kHGHES ddchlabkin thickness from

Altern Ivel O may conprise a
t aperapiﬁoshmely @sib87és(3t16) drebrsedsthe itmiling jukhes $32 popss its length to

FUncantie s gl B bEPE bl edkdl). | "]

15 0625 ( 1/ 18)ditiweatiesdepéndidgenrtid sifecifciecbillat 02 hmbthe dxge of the die 708

514. 15 Additionall dependi ng si ze of

o1 11 ePerp e SHRTERE SpSObE i g, 100 FIRIHE S g oeed wit each
cont ikRYUQUS tBXELtHSioR Preds 708) ke aswi OBrmhededx trl @i BdO816 may be
produced with each 'stroke of the extrusion

706.
The senpioyted of AEHI-eXt U fafhe Wﬁ%dé%bhﬁwg%leaves the extrusion
S u P pg{egse 206? FhE ekitdli &Lﬁlayc@l@ly BY QhndSreli NG a%%ﬁr%ﬁgle 2848 cooled after

eaves the extrusion press
20 ext r esemafeyn thadie 798 threugh gfeawe efchinas wates awsinbleg. t abl e

and cool efhe%e&? {nam%gchﬁﬁﬁrcgllnﬁcgﬁféég@#gﬁ)ﬁgi :t§ st?a%?htéﬂgf PO a saw

the use of air or wat
nanuﬁ&@hﬂnxﬁgﬂ&onnmmmﬂm1ﬁﬂymmph@n$@ba®ﬁgh¢ak@hhémaﬂﬂehasbﬁm
saw in the stral htene&_?lo

12, wh
be u§% ed’iéﬁ F%?lg]ftﬂé ﬂ?xl’rr%%} e}PdoFBreet A0H RESHise et B }s%e occurred

to skiRbgRhEs tHehﬁu@sﬁ@i(}hb&ssaA&elCMafgﬁfémn@J’tybn‘&dybﬁtnha@@e used to feed
that may have occurre subsequent toFQZe extrusio

25 proc §§§Xt%@-etdé°?n Qladesi 1§ Bi5isAY /Lo JhE 83707 & M (RSt d ?’Piéh cut saw
feed t&?nﬁn)gge a¥dary Q§tdthé @ﬁrl}a!s ﬂ%ﬂf%]té ald@sitBR 1852 Td ne M diment,

saw 7 y conprise a finish cut saw that may be
used thedintghtcut Himensions o thg ep\mﬁed ifan lagle 3 g awy campiese a length between

l engtaf;bm)llglat%@% f@éf‘&ﬁ@ llgrl%gtt In a preferred embodiment, the finish cut dimensions of

the fan blade 3 16 may comprise a length of approximately 112 inches. Also, circular saws
30 and/or a radial arm saw may be used to cut across the profile at an angle that is

substantially perpendicular to the length of the extruded profile. In various other
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the finish cut dinensions of the extruded fan bl ade 3
16 may conprise a length between approximtely 4 feet

wanw4hs3F7eet. In a preferred enbodi nent, the fParAiS2@un00125

10

15

20

25

30

di mensions of the fan blade 3 16 nay conprise a

| ength of approximately 112 inches. Al so, circular
saws 30 and/or a radial arm saw may be used to cut
across the profile at an angle that is substantially

per pengdl § 0 { Y @bhd Eown onto t
P PERRLEHLAL 0 2 RS RS EHASOLBL A o
enmbogiofinbs a tibike ssawitll B2ciralpr bladpthhisdsea tpowethe reixtreded profile. A
saw, th dro down .ont e rof.ile, or a.abl.e

ot hORLSE] o e e 20 e o Pl AR be Y
profile. e fhi@liganahimdteingtdnpsint MBY chifpris ah@gid@ oven 714. As
inches in dianmeter with carbide-tippedteeth. The

f ol | Bviimegnnarils 46t weniFiaep shetredrhyhidb AP estrghgth through the
agl NGr,Pevf Z%Hg, wWitkeh miayi B2 rKIROWtol ) abdlBar@éiling. NQAEAI aging may occur
extrusion alToys reach their optimal strength through .

t he atgp@néggpe@ﬁturg,gqnﬁg}hfml agingragy prmpLEse EpptEcdled beagigg in the aging
age- pAl dAR! Nen %ﬁ%ﬂg ?éfferf’eg' fs %@éﬁ 2ot heatMeatiROM one aspect, when
tenpéerature, an rtificial a |n8 may conprise

cont the|dxgadddemofiln gmierges Fremath myrusipugmesy 746, thhegtndedyrofile may
be referred ta a reci pitati 1 t- ti
aspettiih g rae Baertubiah b Sl e o-B R Py Brg Mnouia e
ext r ysremt@r g luhbitym biesesatll sciacseonbiitieg maygahe or magnesium,
conprise a sem-solid state, but rapidly solidifies. a

't COBME BT SEogLAEMSR R ISHG ) gold AT AR, oter
t hat , @b HHDUDY R LQY S thGH CBmBSsid @pBerCARD LS hﬁgnesium with silicon,
manganese or fragnesi um derive their strength through

nat umay badimker sienashsned wohadangd thapyedr GeatpNesl thermgl freainents that

al um I . e i.si .
S o ALY LBy B G ORI OTR S0 Bl s may

st r eagtikeebdantiel hwrifhen edecititedenglf ftnsmertisles diovdhcherietal, yielding
t reat nent ha 5.affect .t rGH . r ure

of ¢ oA s athichitoRi, Bt el Ot b A ERRR G

ensur e sulisteantdiad grycessn b desenibpd @tth piférade omFigfiref7iAnmay be utilized

articles through t nmetal, yieldin i ncreased. .
D Chtane e fagate 18 iAo heofinmps: Pors-stHEn SR Sk the extusion
ext r yigiboTn2ahlof¥h thd BEEIIn S TOBNWRICH ¢6SiFrised s pEFRE bpeaRg of the fan
with reference to Figure 7A may be utilized to ggape,
the Plafe’piPdBeT@1Eedal iand et Figle 78 Joe-ReeH ghdgping the
for CE}Rﬁld&Ch%}l gﬁg% gﬁi %?}ngﬁl% Rinkdr&l th0g eBECHAMENSoceed as follows.

ext rusi on conprises a profile opening
of t ke éxamsibh did B0&mAN G wereted agdattackad tatheiekirusiomprase d06 Next, the

Figure 7B.. Th r e r .

o SoBal LN B PRE oA A RSO By Rt
pr oc egdisias pfesd doatasier and ipechentetdrin ghiedwattiggurZ@8 7fhyIhb liable billet 702
prepare nd attached to .th rusi on. press 706. .. .
Rext oy e i Aoty Horet s 45 o dopBPerer Gp Ky il 702 sig
CONMPiHe $REusi pM st MOAAN @hidnYso SBY fR@ the a6 Sthde B 18wtk fe reinforced
extrusi on press container and preheagﬁgf&ybhge heatin

f ur ngeiling gdze FHb GroedBe exiider gyrofip ot § 31635 codled and

straightened in the straightener, the extruded profile may be cut using the saw 712 at pre-
determined intervals o as to form a plurality of fan blades 316 with the desired length of

the fan blade 316 from the extruded profile. Additional processing may comprise aging
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may be forced through the extrusion die 708 by
applying pressure to the billet 702 using the
WwWexbwuwsson press 706 in a mainmer so as to fornPChoaSt@m000125
blade 3 16 with the reinforced trailing edge 514.
Once the extruded profile of the fan blade 316 is
cooled and straightened in the straightener, the
extruded profile may be cut using the saw 712 at pre
30 dgtern ' | Wt (Rbcessing the
Fan B Qa0 il (e 63 B S0a 0P pLP T SRMte Wt fRlcesine
bl adext3dléi o biadet B &6, éxprasete df forroing the fanAbedlﬁSt 3 kﬁnfmompleted

e RSB SEP B 08 N AT e o

mannelsase Bek \QSVe%lﬁrLe)by d@ﬁiﬁfcin@ eeh. traffni @dge(fid oéxd stierbgnttrépgon 536 and
extruded fan bl ades

f f
Sfan Be éigg{gwa\;dlygxqe%dlmgeeﬁgdgm%r @%ﬁ%g &%&L@? { §T6 ag ttormed using an

t echphiabd divhinl@Ubdnhigse, iRVBInAa6h poedRs exilisusl hrﬂﬁioi’reld&‘alf idlides 316
bl ade 316 have been overcone by reinforcing

trai mahgor@gpg@ elg@nceqﬁsﬁwtqrhlé:hg@ﬁ@uqu@@ yh a531@plgﬁqfl I‘l%dl{}h gturdiness,
down ng%%engf t”l‘fl? dingi B LRRGE 1P Siso HlaBeShd t{éh@blla@ers 386 AR fabricated
bl ades orne usi ng an extruded al um num

t echmwitl @d}amddaerb éyrmamq perforprenrsebagteristies whirlnenahlss ipegr columnar
ofan bl 316 e | bove-
C har &t 6@ Iostfe %ene < ucﬁr?n%r%gﬂaﬁ& %H%@i%fe ﬁixa %19116%&1&6@1@1 of the above
St ur diehisisd fanamsdmbESlIOD with myproﬁ'ddé‘alebladea 8 il@havmetﬂmddmfms@d trailing
al so en hl ades 16 t. fabricat

cnnaftEd 4er BagHETE AP Br i oE Grrar el S pEg e b
whi ch enaRligsgRtht plefiatd aABddImAL of Hhb pad:selﬁtllmmﬁdm hbseshown described,
generated durin t he i pprove

t f
dec g DPnEH @ bBis, BToAEHEL BRIED TPaFeRegs Ty S ed o i

151 mpr Bé/rﬁgﬂffraéﬂlb‘ghlﬂﬁﬁﬁ it H@&\hﬂ&@o&d@mf dridho bﬁlﬁﬁioﬁsr @isiititons and
edge 5 14, as descri bed herein, nEr ses

si gnicianeesrin the i dheelsieil g4 devies 1%?5 pipd mpy ¢ be pdery ige sidlled in
t he e
Shoute S35 ERRRRL e B O e b 5the scope

novebf the atvetms sifuld e bé Himisedt th dhe farseeippidsaiptipn bahihguld g defined

partk @]arqug ﬂuﬁgnt it wll be understood that

vari USRS 8 HE ™ subst i t uti ons and changes in the
20formof the detail of the device illustrated nay be

made by those skilled in the art w thout departing

fromthe spirit of the present invention.

Consequently, the scope of the invention should not

be limted to the foregoing description, but should be

defined by the appending clainms. 20 -17 WO

2004/ 063571 PCT/ US2004/ 000125 WHAT IS CLAIMED I S: 1.

A fan assenbly for circulating air in an industri al

bui | di ng, the fan
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assenbly conprising: a support adapted to allow the
mounting of the fan assenbly to the roof 5 of the

wonougesi7al buil ding; a notor coupled to the sBOP@ISEG04/000125

10

15
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25

the notor engaged with a rotatable shaft so as to

i nduce rotation of the shaft; and a plurality of fan
bl ades attached to the rotatable shaft, wherein each
fan blade is forned of an extruded netal such that a

firstyrear redr weNiEDI$:; j oined to a 10 second curved
wal | =To Torma T eadi ng 1] unction and a trailin
B

! ¢ . g 1
juncti on, 1.and Avfay assemplhiefor FEsUtRG Fiuivc i GHlusiiplbiding, the fan
for ' Mwed wal | having a trailing edge, each
b a[;}ésé?&lu%%g}lﬁ%% rising a flange that distally
extends from atshpportraiptediy aldgehd mowntingiof iheubussserablsiéy the roof
such that the angular. di spl acenment of the flange from
the trai Ic?fﬁlbelg(ﬁﬁgm#%}‘lw&lga bent region that reinforces
the trailing alhotedgeple®to thitreupban thsmewbbngagdd Wiittaa mtatgble shaft
wherein the each fan bl a (i c %Pri es an airfoil shape
havi ng a S0&p&r8eece Ffpan t’@&g ffat is bent to form

the flange. 3;plhgith anf.AaSERABPINACIRN tEXhRiIrdlkhble WRET, @ihbrein each fan
the fl ange downward extends fromthe |ower surface

of the t Hilads ig frmedo gxirudeg metal-pheh thafp @g‘rsvélﬁ@fiwagfls joined to a
daimi, s\é@cﬁfgec%;\.lgﬁ/e}dr\t@%f %or ?&mcér'rlé‘aﬁﬁlg\ﬁﬁwtioﬁ Sinki0 R8HnE udtion, and

second curve orma hollow interior region. .
5. The f awheasis éinblryiliog jubctdmmetiendshter foim a thizdf quiepg wall having a

curved [1..is join t second. . [ 5 f .
CUCorra T TR G FSERELL Eh y o
1, wher eithe gaiGihg E@R ibhadetinoopnises suwh cliad - angblar displacement of
sectional w_.dth between _approximtely 5 in s .and 8

i nches. 7he fpngedion fgggé’ﬁlﬁg ﬁagff)(floﬁlsaar @%&fegwqéﬁag irﬂntg)gzg fhe trailing
fan bl adege@npri ses a cross- sectional hei ght between

approxi matély 0.75 (3/4) inches and 1.50(3/2) inches.
8. The fah asJbaifinesesmbdy af Gl Iwivhsen sheezeh Tadtads capgrises an

14 TRLpT e bR Do SRS BRRPOL ML R he s e

fan asserfbl y dhe @radssenihly whEtagnnl, therefn the flangeddoyamaridy extends
curved [ls conpri 1 hickne bet ween
apprﬁ'ﬁ%l?’\ﬁ%lgwg Sﬁ%fgﬁf%}lfgﬂu&eﬁc“égs and 0.1875 (3/16)

inches. 4, The fan assembly of Claim 1, wherein the first curved wall isjoined to a

second curved wall to form a hollow interior region.

5. The fan assembly of Claim 1, wherein the first curved wall isjoined to a

second curved wall to form a solid interior region.

6. The fan assembly of Claim 1, wherein each fan blade comprises a cross-

sectional width between approximately 5 inches and § inches.

7. The fan assembly of Claim 1, wherein each fan blade comprises a cross-

sectional height between approximately 0.75 (3/4) inches and 1.50(3/2) inches.

8. The fan assembly of Claim 1, wherein each fan blade comprises a length

between approximately 4 feet and 14 feet.
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10. The fan assenbly of Caim1l, wherein the third
curved wall conprises a 5 tapered shape that

wdeor@ases i n thi ckness across its |ength fronPCT/US2004/000125
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approximately 0.1875 (3/16) inches at the trailing
junction to approximately 0.0625 (1/16) inches at the
trailing edge. 11. The fan assenbly of Cdaim1l,

wherein the flange conprises a |l ength between

appr oxi Nt el y The BdsdetibB) ofallginD 1 3vHerdiBth8 )firdt Asd &ondldirved walls

12. The fan assenbly of Claim]l ej he pl urali

of femIEEBAdEOHIE bR RBARTEElY %@5 shepl BEIES ane)
connggied to the rotatable shaft. 13. The fan assenbly

of daim1l, wherein the plurality of fan bl ades ,

i ncl udes 10at Thagn assemblyad Maiedbsvherein tha fardicgryed wall comprises a
assenpl f ' - [ ; |

Fan B Ber gk Refsck IPRRSE RO KRG, Pt SpniamAly 01675
t ech@ilguinchet 3t th hreilifiginn@®s éndgpyoxohately 8063514/ 1 6)nineles phthe trailing
t he E%{druded metal conprises alum num 16. A netal ‘
fan ¥¥&de for a fan assenbly used in an industrial

bui | di ng,11t heThd @ Bty 6D CRIMmSI, Rherin et flandedomprises a length

cross-sectional profjle. havi urality of curved
20 vRAtYEen appfaxiE?, lyeP'PiS?ylg) %’S:B%gg(%l 1}1&@% jyoi ned to a

second cupvedTi@kdy {sQnitdy BT eRidi If kAkleinSiAaRpRirhlay ioh ardblades are
trailing edge that includes a flange extendi ng outward

f r onattapleedd # by, Whish isponpeasisd £ the It leWgE, wherein the
flanged porti fyoRE Ll SO PAVAEAbYean blades includ
ext ends fplfr%bm ?ﬁ%ﬁflg%/\sle@l‘rﬁbggr aacle of the tpgli Ilﬁg g%lgg o8 Teees
suc hattidastttert faebladggul ar di spl acenent of the fl anged

portion fromthe. |l ower.surface of.t el I

forms a rléli' nf EF%%‘ a%sgrgnlblglr? fflqgﬁﬁhla%'h%lér}gf lécglgd éféﬂeﬁ%uélgﬂg%f fan blades
st r ugt Bibatated gindiah yxtafsidhleehdiq@. | | ng edge so that the

flanged trailing edge resjsts mage,. and wherein the .
1 ange. i TS ea B SRR REC i Ay Pt SR T FG b yimprise
the gpamatd on of the fan assenbly having the fan

bl ade. 17. The fan blade of Caim 16, wherein the o
first curkfed Wanetalifan plagdefonaden spserably bisd e g (st ibpilding, the
tof | B 8lu@bd &G RBondBrddle nINE: bhPMrhliAde curved
of Ctlg g@rﬁ%%%&ﬁ%@eﬁg{ ﬁle firrst cbornvg)é WZ\II IS §Joilnegl1 Cu.we.
t o awalsewberdinguiitvieriried walltipjoinse e a ssesinf ¢uived well ¢ form an airfoil
region. -19 ) 2004/, 0 71. P . et
129 B e QAR LR PRSP o s
Cr os&t theatilogaddgpr ohdrtie the dlapgedgestiam of the trailing edge downwardly

cross-sectional w dt h of r oxi [ o
extends from the lower surface 0? {I)lg trgi)l(llngg&g% lsXch7the{t I:c]l‘f:elr]a%gular displacement of

the flanged portion from the lower surface of the trailing edge forms a reinforced region
that increases the structural rigidity of the trailing edge so that the flanged trailing edge
resists damage, and wherein the flange increases the volume of airflow resulting from

the operation of the fan assembly having the fan blade.

17.  The fan blade of Claim 16, wherein the first curved wall is joined to a

second curved wall to form a hollow interior region.

18.  The fan blade of Claim 16, wherein the first curved wall is joined to a

second curved wall to form a solid interior region.
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20. The fan bl ade of Caim 16, wherein the extruded
cross-sectional profile conprises a cross-sectional

waebghw3oi approximately 1 inch. 5 21. The fanrbiradeooafoo12s
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Cl aim 16, wherein the fan bl ade conprises a | ength of

at least 4 feet. 22. The fan blade of Caim16,

wherein the fan bl ade conprises a length of at | east

| ess than 15 feet. 23. The fan bl ade of C aim 16,

wher ei n tioe f Thesfan dde 9€Chirdl 16uwheeeln Wel dxgrudetiressispatiogd profile
a thickness of ap pr o t 0. 15 /32) I nches.

24. CPHWTIfCIA CEIPSRFEN Qflflf("f’,‘llﬂg ﬁ?f}ll) Xl%@?éﬂ% The trailing

edge conppi Sephdrah INRE R ClaRapewhilaih ke eftrds®aossibectional profile
t hi ckness across its | ength. 25. The fan bl ade of

a a|wmpﬁsesM@ﬁseWﬁﬁctnﬁ@e?glh%ﬁf@Epl8’8%?‘4@(%%‘3% | engt h

bet ween appr b {d ABireRANHL fn BiA8e dodipBikes a length of at
i nches. ?g ﬁ% 84‘& be(?ig%e leal m 1% wher ep?n theg

fan Ibdsgéléeei. s fabri cated using an extrusion die to
formthe gxtrude ¢ fé’s‘&l th of at
bl ade. 272 ol AR OBREECRR! L AR il (AR st ofa
bl adeast BssftmnBdestisi ng an  al umi num ext r usi on

t echni que, A f for. ¢oo
i ndustri gﬁ bu?ﬁedfalrfdgadae ‘ﬁaélﬁlggqgfs‘@l@ﬁ%? IR émt %F i SSCOHS Curved walls
mDU%hi@as@a%ﬁi@méhsvofaﬁpfbma@lqutsambm) lhms t hat at t aches
t he fan asserrblgtothe ceil Vg@of the industri
p

bui | di ng,24a p’ﬂ}ﬁ ,b{ayge of Chipy 16| Eein the frailing edeg C?IHBHSGS a tapered
rot a:h?}géé tﬁé@easé@l?&ﬁkﬁbs?&?&s fdlengd® the plurality of
e

fan s 1s at |east feet long and is forned of an

ext r uded 25nmet &he & blgdg @f fkavim A6.fWhestin 4he flapgy cupiispopp length
andata ere r flange is

i nt ege%?eﬁ apl?lgm%n }Jadt ﬁ%ﬁ?@ﬂ ngqjgr(ﬁgeﬂ?gnﬁér ed trailing
edge so as. t 0Thé Rnbfade 0€Clare libapenad ther fai bﬁachglse?dg@afaﬁdsmg an

so as tqo provide increased down

r ot a?"it%ﬁo%@lef“rfgn?‘g‘r‘?eﬁ?'é §r°s‘°5’??c§€na?pfﬂélef)g 165% %1 y of

A ai m 28 y7wherrgd mnabldder tCleiT Y& Ovhwedin thesfan dladeds foomed using an
second curved wall to formthe first air foil section

havi HEnERUAGKIEPT 8IS r regi on. -20 WD 2004/ 063571

PCT/ US2004/ 000125 30. The fan assenbly of C aim 29,
wherein the first curved wall is extended to formthe
tapered ©8ai | AnGnedgemblanir wheling mdpyealt bipldingg the fan assembly

trailing edge is bent at a distal
COnY ISII‘lg

a mounting assembly having a rotatable hub that attaches the fan
assembly to the ceiling of the industrial building;

a plurality of fan blades mounted to the rotatable hub, wherein each of
the plurality of fan blades is at least 4 feet long and is formed of an extruded
metal so as to have a first air foil section and a tapered trailing edge, wherein a
flange is integrally formed at the end of the tapered trailing edge so as to
reinforce the tapered trailing edge and so as to provide increased downward

thrust during rotation of the fan blades.

29.  The fan assembly of Claim 28, wherein a first curved wall is joined to a

second curved wall to form the first air foil section having a hollow interior region.
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end to formthe flange. 31. The fan assenbly of Caim
28, wherein the plurality of fan blades are 5 forned

waawesaT1 ext rusi on fabrication process. 32. TReTMUa2004/000125

assenbly of aim3 1, wherein the flange reinforces

the tapered trailing edge during the extrusion

fabrication process so that the tapered trailing edge
resists tearing while being forned. 33. The fan

assenbly 8d. C ”Hierfhn?&semliﬂ? bﬁC]mne@Q‘,lwhafeiﬁ ﬂhe ﬁpslt gukd tvyll sfextended
fan | ades conprises

f or nitth gma tfeafPPe‘B?dafffélmé&ﬁ%% p ‘i%mm b ibaset gt e ﬁgﬁedf bent ata distal
f or cich@totfben R tidhgel Nt 0 an extrusion nold such that a

cooled nmetal fan 15 blade is extruded out of

th
ext rusi on31'ml dlhe fam gssergbliiof £13im 28 Fheewcbe Phiplly of fagtblades are
salr g e 8 ¢ L0006 AvkiaRBt Gddst al [ Tng. edge

|nteg tached to an end of the first air foi
section aﬁh a Theifaf sseitiygof Claimgydl, mhateinethe Epels roinforess the tapered

ffomtrgﬁsg% ge (ﬁgﬁl o Qg d@& fgbﬁpﬁfoﬁgmgés@'sk 9 tedeselg»@traﬁng edge

rein e tapered tra
extruskanmﬁmgmmhebnngkmmﬂing of the tapered tralllng

edge. 20 f’zcorrgﬁ\ ﬁtassglalpgleﬁ%%méPg,n%xfh%mﬁ]?lre%l%ln of A SRR of fan

10 et heRd@fcodpaiiuBhinuter ei n sof teni ng the net al

conprises softening an alloyed alum numw th at | east

one of copper, manganese, silicon, magnesium and

zinc. 25 3. WgemBl bodmdihe ga%'b@dg’@omﬂﬁlﬁﬁf ein the

met hod further conprises fonning an extru5|on nmold to
produce the fapftiitghengiplf h a holl ow i nterior region.

38. The met ho‘%m% ngqleafn@%af‘é}rto nggtﬁfs tnliqu gﬁthhtﬂﬂ eI U%otééﬁ%etal fan

conprises formn an extrusion no to produce t

15f an bl adebludetih ezetmslexl owt oif titeemhmonnn@,d omas BRavelecropeséndidn a first

20
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of C a|n134 wher ei n .forci t

ext r usi onP Lol SegEpnd 1ﬁﬁﬁﬂ§@%ﬂgﬂﬁﬁf%§ Hﬁ%%@@d?%ngt?ﬁ%endOfﬂw
sof tened fifef gik fbis kd@ioRAn® Xt EiuSireify ﬂa@SthstOex&mdt @umrcc @om the

t he softened netal thrqg h. t he extrusi on_ nol

2004/ 0635%EcEE e BpATbFREsdea i asth éelﬂfé?f‘?ﬁé‘ae ‘i*}lf’e’-‘?ﬂ E?lh?g edge
39, wher ejypint BerdsRhiefnfbarahh ﬁe@%l SeSEPMaIded to

forma plura ity of individua ades.
35. The method of Claim 34, wherein softening the metal comprises
softening aluminum.

36. The method of Claim 34, wherein softening the metal comprises
softening an alloyed aluminum with at least one of copper, manganese, silicon,
magnesium, and zinc. t

37.  The method of Claim 34, wherein the method further comprises forming
an extrusion mold to produce the fan blade with a hollow interior region.

38.  The method of Claim 34, wherein the method further comprises forming
an extrusion mold to produce the fan blade with a solid interior region. |

39.  The method of Claim 34, wherein forcing the metal into an extrusion die

comprises applying pressure to the softened metal using an extrusion press so as to force

the softened metal through the extrusion mold.
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41. The nethod of C aim 34, wherein forcing the netal
into the extrusion nold produces at |east one fan

wolkaedE®esi7t h a uni form cross-section. 5 42. ThePaEtusom4/000125

5

10

15

of Claim41l, wherein forcing the netal into the
extrusion nold produces the at |east one fan bl ade
having a first surface and a second surface that
combine to formthe airfoil section, which enhances

the col unp@r preperiddas @imt IWewhatinfthajoinpd daiisiadts e separated to
the at | east one fan bl ade. 43. The nethod of Claim

42, Vereradilwakityof indlyiquaRRledas. i nto the extrusion 10

mol d pr Odzrlc.es TREndthod ECLInPBE WiRRiP r@6i8g WMet Met@Ninto the extrusion
extended first surface that conprises at |east one of

t he tmpkpredices sildaptroge Eapdpada mith eaifera) ¢ipssrsestiog: f 1 ange,
which r esﬂ.t S "M% 19&hodi JPERYE Ql,%ﬁeﬁ*éﬁjl Iforgiﬁg @ metdPintPhe extrusion
mold produces the at least one fan blade having a first surface and a second surface that
combine to form the airfoil section, which enhances the columnar properties of the
airflow produced by the at least one fan blade.
43.  The method of Claim 42, wherein forcing the metal into the extrusion
mold produces the at least one fan blade with an extended first surface that comprises at
least one of the tapered trailing edge and the reinforcing flange, which results in an

improved airfoil design.
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