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UNITED STATES

2,450,440

PATENT OFFICE

2,450,440
PROPELLER ELADE CONSTRUCTION
Rascoe H. Diills, Daytoen, Ohio
£pplention Decamber 19, 1944, Serial No. 568,914
3 Claims. (CL 170—159)

(Gm@eﬁ ander the act

of BMavoh 3, 1883, as

mnéeﬂ April 80, 1928: 310 O. G, 757

. The invention deseribed heredn may be manu-
factured and used by or for the Government for
governmentfel purposes, without ths payment to
me of any royalty thereon.

The present invention relates tO a!rplane pro~ [
peller biade consiruction whereby a basle pro-

-pclier blade mey be modified by adding a irsiling

edge extension thereto to thereby vary blade area

-and where. desired, the blade pilich distribubion
-50 that a haslc design may be employed to cover 10

a much wider power and speed ranege then was-
previously possible. -The iavention has particu-
lar applcation to hollow siecl propellars though
in.noe way limited to such application.

Present day propellers partfcularly for use on 15
ligh power aviation engines have thelr design
fixed as to diameter by ground clearanece require-
ments, the blade area and pitch distribution belng
fized by the power t0 be gbsorbed, the zltitude

.range of operation, the high speed of the air- 20

plane, angd the permissible engine speed of rota~
tion. A propelier, such. as of bollow stee! con-
struction, designed for & perticulsr sirplane Aight
speed, altitude range and particular engine cen~
not be changed once in production without en~ 25
eounicring enormotls expense in rstgoling and

-{is atbtendant delayg, particularly where the diam-

cter cannot be altered. If the engine powser out-
put is changed for a parficuler sirplane, such as <~
by employing a supcrcharged éngine, the pro- 80
peller blade ares must be increased, and gener-

-ally, the pitch distribufion must be sliercd to

absorb the increased powsr pariiculnrly at high
altitudes or else the sccepiance of a reduced
performence frorn that which might otherwise 35
be obtained.

In aecordance with the present, Invention, g
basis.design of propeler hlade may be altered to
sutt chaneed operating conditions so that, o »
cerfain degree, the blade diameler may bs varied 49
and considerable changes may be made in blade
ares, and pitch distribution. - Where, for example,
it is desired to alter an existing hollow stesl pro-

_ peller so gs to increase the blade width to give an

increased blade ares to take care of increased 4§
power requirements, & thin steel sicip is welded
o the trailing edge of the basle propelier blade
and bent such thet the trailing edge extension
forms an extension of the mean camber line of
the airfoil sections ¢of the blode. Where change po
in plich distribution as well ps hlade ares is de~
sired, the tralling edge extension may be bent to
alter the mean eambey line curve of the resultant
airfail sections £o change the serodynamic char-

aqteyi_sttcs of the respective seciions, The trail-- 66

2
ing edgje extension may be carried around to the
propclier tip to also increase propeller diemeter,
if such increase is permissible, or a separate tip

- may be welded on:  Since the welded joint may

be made from b@wmﬁm—“~
ing the {railng edge ension, the particular

method of welding employed is not critical and
arc, acetylene and elesiric flash welding are suit-
able welding procedures.

Extensive tests on propeller blades constructed
in accordence with the dnventlon have shown
that medification of the basic alrfoll sections of
the blade has & much less dstrimental effect on
section characteristics than was at firsi antisi-
pated so that the prineiples of the invention may .
be incorporated Iin new designs to give a much .

grenter ﬂexibmt.x pial pelier blade maiu=__.
facture. when appled fo new & trafi-

ing edge extension mey be formed as am integral
extension of the upper or lower envelowe sheels,
or by extendiog both sheets, which vermlis the
propeller blade width and pitch distribution to be
widely varied so that one basic propeller design
may be altered {0 sult g wide variety of operation
regquireruents, -

The blade modifications, in accordance with the
invention, may ‘be emplosrc.d with nan-fetroug_,
prapaller bladss = s g g1
%o the basic blade hy riveting ox by use uf the
re;:ently-developed high strength thermosetiing
metal to metal adhesives, . —————ee .

Ii Is therafore Fincipal obfect of the in-
vention to provide a simple means for varying
propeller blade digzimeter, blade area and pitch
disizibution without a.lteranon\fﬁe—baslc -pro-
peliar blade,

It is o further nb;ect: of the inwnmon to pto~=
vides means for verying 8 ]
angd if deskahle the plt,ch distribumon by secm'
ing a. treiling edge extension to fhe basic pro-
peller blade to vary the blade area and adjusting
the angle of the sald extenston with respect {o the
chord Hne of the girfoil sections of the basic biade
to vary the pitch distribution. -

Olher abjects and features of the i:nvanﬂon, not
specifically enumerated above, will appear by ref-
erence to the detafled deseription hereinafier

. given and to the sppedded drawings in which;

Fig. 1 is a developed plan view of a propeller
hlads modified in sccordance with the invention;
aud

Fig. 2 s a view showing enlarged cross sections
of the propeller of Fig. 1 teken on section lines
A—A to E—F inclusive respeciively; and

Fig. 3 is an enlarged fragmentary view showing
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3 .
& typical welded joint between the basie nropeler
biade and the trailing edege exiension in the. pro-
Vneller of Fig. 1; and

Fig. 3a is & view similar to ¥ig. 3, but showing -

the alternative use of a trailing edse extension
tapered in thickness fn the chordwise direction
in Heu of the plate of constont thickness em-
‘ployed in the blade of Figs. 1 2nd 2; snd

Figs. 4 and 4a fllustrate respectively a tross-
section of the propeller of Fig. 1 in which the
traillng edge extension is srranged to conform
with the mean camber line curve of the basic
airfoi} section snd an arraheement where the
tralling edge extension Is arranged at an ansgle
to & continuation of the mean camber line curve
of the basic aifrfofl secction to thereby vary the
airéon section characteristics of the blade seetion;
an

Fig. b is a,vlewslmﬂa.rtol"lg 1 showing a trail-
ing edee extension of varieble width; and

Fig. 6 is a. view similar to Pig. 1 showing a
trailing edge extended to the blade tip to increase
blade diameter 25 well as blade area; and

Fig. 7 is & cross-sectionel view Hstrating a
modified form of the invention in which the frail-
lng edge exiemsion is mede as an integral part
of the upper envelope sheet of a hollow ateel pro-
peller blade; and

Fig. 8 is a view simﬂa.r to Fig. 7, but showing
the trofling edze extensiof Intesral with the boi-
tom cover or envelope sheet of a hollow stecl
propelier blade; and .

Fig. 2 Is & vicw similar to Fig. 7, but showing
the treiling edge extonsion meade integral with
upper and lower envelope plate members of a
htllow Steel propeller blade; and

Fig. 10 is a crossesectional view shsWRg the
application of a trailing edse extension tn 8 typi-
eal aluminum or other non-ferrous - propeiler
blade by means of rivets; and

Fig. 11 is g view similar to Fig. 10 showing the
application of a tralling edge extension to a non-
ferrous propeller blade by means of 2 thermo-
setting adhesive.

Referring now to Fig. 1, the reference numetal

( T generolly idiéates o hoﬁow steel propeller blade.

-~

/ ing and trailing edee, or hy &b erse butt weld- |
e‘d‘imiiow formea_biade hections: ThHe propeller

which may be made in :%%Mnﬂe“
of a number of ‘well<kno ’J;lodssucha,sfrom ‘

a @le Torbted tabe, upper and lower plate mwem=
berk aacH dle formed and welded ilorg the lead-

{, ns-intinlly construsted, has & leading edge 2

joining the blma_%h%{apk; 3 and. tip portion 4 znd
a irailing edge 8. blade, as seen in tHe cross-
sectional views thereof in Fig. 2, is hollow and
is formed of airfoil seetion having an upper o8-
ber plate porilon 8, a lowaer camber plate por-
tion 7 &nd Allets § and- § merging the plates fo-
gether. The blade area of the busie bH¥abeller
blade | is increased by the tralling edge exten-
sion {8 made of steel plate of uniform thickness
and secured to the originel trEilRs edge § by
fillet welds It and 12 made from opnosite sides
of the plate respectively where, for example,
shielded arc welding of fotch or furnace brazing
is employed, while if electrical flash buls weld-
ing is employed, there will be but a single weld.
The welded j61fit is ground off smooth, note Fig,
3, after which the exiension iIs bent o sive the

desired pitch distripution of the resultans biade..

Thie Blade, as a whole, is then normalized o stress,
relieve the weld, and any fnal forming done with
soft hammers,

Fig. 3a ilustrates 5 {railing edge sxtension ta~

4
pered in thickness in the chordwiss direction aiid
welded to the trailing edge 8 of the blads, which
simplifies the feiring of the extension intp the
blade seciions and would be 2 prefernble form

5 of consiruction where electric flash butt welding
is employed.

As scen in Fig. 4, the treiling edge extension
10 of Fig. 1 is srranged so that it les in the plane
of the mean camber line gurve extended of the

10 ba.sic propeller blade airfoll section, and hence,

will change the gerodynamie seciion characteris-
ties very listle so that If the trailing edge exten-
sion is warped so @s to lie in the plane of the
:mesn camber line curve at each radius, the total

16 effect on the propelier, as a8 whole, Wil be pri-
marily that due to a change in hlade srep. If,
however, the plane of the trafling edge extension
makes an angle such &8s at ¢, Flg. 4, with the
mean camber line curve exiended of the basic

20 bropeller blade section at each radial station,
the aerodynsmic characteristics of the basio air-
Toil sections can he conslderably altered.. If the
angular relation befween the Zero b lnes of
the resultant airfoll segiions retain the same geo-

25 metric relation as in the baslc propeller biade,
the piteh distributlon will be substentially un-
changed, and the thrust of the modified blade
will then depend on the change In asrodynamic
section characteristics as well as increase in blade

30 area. If the angles of the zero lift lines of the
modified airfeil sections of the propeller blade
have » different variation irom that in thes basle
propeller blade, the pitch distribution, aerody-
nawic section eharacteristics, and blade area will

85 be simultaneously altered, giving thres Fadlahles,
subject to change. The fach that a trafling edge
&¥tension, even of small width, can be employed
tn either vary the blade 6168, +o Inerease the

_ biade area snd aerodvnamic charssteristics of

46 the blade secctions, or simultaneonsly change
blade ares seetion churdcteristics end piteh dis-
tributfon is largely responsible for the inereassd
fexibllity given to propeller blade manufacture
by the Inventlon.

45 'The tralling sdge exbension. Mustrated 15 Fig.

1, is of substantially constant width throughout

its 1svigth excepi where It falrs into the main

blade planform adincent the Wlads #H and roob
 portiops. Considersble change may be made,

50 however, In {he blade planform by varying the

width of the extensicn sutH as indicated by the

varfeble widih extension I8z shown In Fig. 5

or the blade tralling edge extension may be made

to includé a $ip portion i8c, Fig. 6, to give an

55 Inereased tip radius as well 25 increased blado
areg.

The prinsplés of the inventfon are readily ap-
plied to certain types of hollow stesl Hfépeller
blades during ‘the course of manufeeture as on

go ififedral part of the blade as seeu in Figs, 7, 8,
und 8; which will now be s6parataly describved.

'I'he construction in Fig. 7 18 of the tvpe where
the upper and lower camber faces § and 7 of the
propeller ‘blade aff Made of separate stamped

85 or forged and machined sheets, the trailing edge
extension {04, however, being formed as an in-
tegral pork of the upper camber sheet § and the
-sheets 6 and 7 being welded at the 1e48I8g &dgé
and at the aft termine) edge of sheet 1, a5 indi-

yo w8ted by veference numerals 1§ and 18 respee-
tively, the latter welds being, for example, over-
lapping spot or stitch weids: The freiling edgo
exiension 104 may be cut or ground to give any
desired blade aren and bent to give & desived piteh

76 distribution. The blade may then be fnzlly noi-
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malized and brazed cupper internal fillets formed
in the manner well known In the ari. This man-
neay of construction of propslier blades allows con-
slderable variation fo be made without requir-

. ing any manufgciuring meiheds changes, Sudli

asnew dies or forming fools.

The blade shown in Fig. 8, is identical with :

that Mustrated in Fig. 7, with the exception that
i;hetraiﬁngedgeextensién 10z is formed as sn
dategral part of the lower camber sheet 1.

The construction of Fig. 9 is & combination of

- the construction of Pigs. 7 and 8 in Which the

tralllae afge extension 107 is formed by extended
portions of the upper and lower camber sheets
6 and T, this construction being particularly ad-
vantageous in thit & plurality of rows of-stiteh
welds may be employed to seeure the trailing edge
extension sheeis {o each otiier and form a joiné
highly resistant to fatigié fallure.

Although solid non-ferrous propelier blades, »

such as of aluminum alloy, are generally formed
by forging and coniour miliing, involving much
les§ éxpienise in design chenges than in hollow
steol manufacturing processes, the principles of

the inveniion may be appHed o such propeller

biades in the shanner Mustrated in Figs. 10 and
11. In each of these flgures the solid basic pro-
pellerr blade 28 is recessed on ils under camber as
indiczied at 2 so as 6 provide for flush mount~

ing of o metal trailing edse extension 22 therein, !

which may exiend beyond the trailing edge of the
basic- blade section apy desiréd gmount, The
tralling edge extension 22 may be secured to the
blade proper by means of counfersunk rivets 23,
Fie. 10, or screws, not shown, may be emiploved,
or the éxténgion 22 may be cemented to the blade
proper by any one of 2 number of commercisily
avgilable thermosetting metal-to-meial adhesives
such as the ceniéiif kKaown as “Cycleweld,” as jndi-
cated ot 28 in Fig, 11,

It will be appareni to those skiiled in the axi

that other variations and foias of the invention

mygy be mede falling within: the scope of the in-
vention as defined in the appended claiins.
I claim:
Lmabasicpromnerbladecmstmctionhav-
ing the cross-sections thereof of alrfoll seciion
terminating in g trailing edge, means for increas-

|t

a

N

ing the Bl346 ares and altering the pitch distri-
bution, comprising a thin rigid metal plate se-
cured to the basie blade such fhat the plate ex-
tends beyond the said haesic blade trailing edge to
inorease the blade ares,; end the spld plate extend-
ing radielly over at least the working section of
the blade, and the plane of the piate at any point
being weinad angularly away from the plane con-
iaining the extended mean camber line curves
of the blade. sections at that point, the angle of
warpage changing progréssively from the shank
&nd of the blade to the tip to thereby alter the
aerodynamic properties of the sections and to
alﬁerthed!smmhonofplﬁchﬁmmﬂz%uithe
Basic blade.

2. The structure as claimed in claim 1, in which
the basic propeller blade is of holow skeel con-
struction and said rigld shset metal plate belng
in the form of o trajling edee extension welded
along one edge on both sides of the plate to ihe
frailing edge of the bagic bladé wherehy it is
smeothly faired by said welds Into the respective
blade sections thereoi. .

3. The structure as claimed in claim 1, in which
the rigid sheet metal plote member forming the
trailing edge extends around and is welded to the
tip of the basic propeller blade to thereby in-
crease the ¢ip radiiié as well as increpsing the

blade width and axes.
ROSCOE H. MILLS.
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1571 ABSTRACT

A rotary blade includes a fixed boundary layer control
device extending spanwise on a lower surface adjacent the
trailing edge to improve the lift/thrust characteristics of the
blade especially at positive incidence angles. It was discov-
ered that expected detrimental effects at zero/negative inci-
dence did not materialize and the reasons are identified.
Such blades are particularly useful for helicopter sustaining
and anti-torque rotors.

15 Claims, 8 Drawing Sheets
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Fecha de Presentacion Internal. 05-01-2004

Como resultado del examen de fondo, realizado con fundamento en el articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se le comunica:

1. Documentos estudiados

Descripcion: Folios: 25 a 46
Reivindicaciones: Folios: 133 a 138
Dibujos: Folios: 47 a 52
Prioridad: Folios: 5a52

06-01-2003; US10/338.820

2. Objeto de la invencién

e Titulo de la solicitud: “VENTILADOR DE REFRIGERACION CON ASPA
REFORZADA" (folio 25).

e Objeto de lainvencién: la invencion se refiere a un ventilador de refrigeracion
con aspas para manejar un gran volumen de aire.
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Segun el autor, para manejar grandes caudales de aire en los edificios se
necesita ventiladores de gran diametro. La mayoria de ventiladores de este
tipo tienen aspas extruidas con bordes remanentes sin soporte que pueden
rasgarse a causa de la deformacién o pandeo durante la formaciéon y el
enfriamiento.

Por lo anterior el autor propone un ventilador de refrigeracion con aspa
reforzada y un método para su fabricacion. El aspa del ventilador posee
paredes curvas con una unién remanente con una brida doblada que se
extiende distalmente desde el borde remanente de manera continua.

» El objeto de esta invencion se clasifico como B271C23/00; B63H1/20segun la
Clasificacion Internacional de Patentes (IPC.).

3. De la solicitud de Patente

3.1. Reivindicaciones (articulo 30 D 486)
Se sugiere al solicitante:

e Presentar una unica reivindicacién independiente para el ventilador con aspa
reforzada, ya que la solicitud posee un nUmero innecesario de
reivindicaciones independientes (1, 16, 28 y 44).

e Eliminar reivindicaciones que aunque estan numeradas no tiene ningun
contenido (2, 19, 30, 39).

e Eliminar la reivindicacion cuarenta (40) ya que depende de la reivindicacion
treintainueve (39).

e Eliminary no incluir dentro de las reivindicaciones dimensiones o medidas (7,
9,10, 11, 20, 21, 22, 23, 25, 28, 44, 45, 47).

e Incluir dentro de todas las reivindicaciones los nimeros de referencia de
cada uno de los elementos que hacen parte de la invencion, de acuerdo con
la numeracién empleada en los dibujos (figuras 1 a 7B), con el fin de hacer
mas facil y sencilla la comprension de la materia objeto reivindicada.

» Definir mejor la reivindicacion de método (34) como una secuencia de etapas
para obtener las aspas del ventilador.

4. Determinacion del Estado de la Técnica

Teniendo en cuenta que la fecha de prioridad reivindicada es 06-01-2003, se
encontraron los siguientes documentos relevantes:

N. | Documento Titulo Fecha de pub.

D1 | US2450440 PROPELLER BLADE CONSTRUCTION 05-10-1948

D2 | US5492448 ROTARY BLADES 20-02-1996

5. Analisis de patentabilidad (articulo 14 D486)

5.1 Novedad (articulo 16 D486)
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De acuerdo con la definicién de novedad del Articulo 16 de la Decision 486 de la
Comision de la Comunidad Andina y basandonos en el objeto de la invencion se
realiz6 el siguiente analisis:

Al comparar elemento por elemento de la invencion tal como esta definido en la
reivindicacion uno (1) con el documento D1, encontramos que el mencionado
documento revela algunos de los elementos y caracteristicas de dicha
reivindicacion:

Reivindicacion Uno (1, folio 33) D1
1) Un conjunto de ventilador para la circulacion del aire en Sl
un edificio industrial, donde el conjunto de ventilador | Ver: Elementos 1, figuras
comprende, un soporte adaptado para permitir el montaje 1-10.

del conjunto del ventilador al techo del edificio industrial; un
motor acoplado al soporte, el motor accionado por un eje
giratorio para inducir la rotacién del eje.

2) Y un grupo de aspas en forma de ala unidas al eje Sl

giratorio. Ver: Elementos 1, 3
figura 1.

3) Donde cada aspa es fabricada en un metal extrudido tal Sl

que la primera pared recurva es unida a la segunda pared | Ver: Elementos 7, 8, 9
recurva para formar una unién principal y una unién | figuras 1-4, columna 2

remanente. filas 15 a 20.

4) Y donde la unién remanente se extiende para formar Sl

una tercera pared recurva con un borde remanente y| Ver: Elementos 9, 10,

siguiendo la curvatura de la primera pared recurva, 11, 12, figuras 14,
columna 2 filas 15 a 20.

5) Cada aspa comprendera ademas una brida doblada que ~ NO

se extiende distalmente desde el borde remanente de | Posee ningiin doblez en

manera continua. el extremo de las aspas.

5.2 Nivel Inventivo (articulo 18 D486)

Continuando con el estudio de patentabilidad, la reivindicacién independiente uno (1)
define una brida doblada que se extiende distalmente desde el borde remanente de
manera continua. La utilizacion de una brida doblada (denominada asi por el autor)
significa una mejora en las caracteristicas estructurales de las aspas del ventilador y
mas concretamente mejora el desempefio del borde remanente reforzado, esta
caracteristica en las aspas de ventilador fue demostrada con mucha anterioridad por
el documento D2 que sugiere un reborde extendido de diferentes formas y en
diferentes posiciones para el extremo del aspa. (Ver en D2. Elemento 37, figuras
12A - 12J).

Asi las cosas, la solicitud se veria afectada por nivel inventivo ya que el contenido
de los documentos D1y D2 brindan las herramientas necesarias para que la persona
del oficio normalmente conocedora en el campo pueda tomarlos en consideracion,
emplearlos y obtener sin dificultad un ventilador de aspas de paredes curvas con
bordes remanentes y bridas dobladas. Hecho que no constituye un resultado
sorprendente e inesperado y que por el contrario se ubica en el desarrollo normal de
la tecnologia.
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El andlisis anterior permitiria afirmar que la presente solicitud no cumpliria con lo
estipulado en el articulo 18 de la Decision 486 de la Comisién de la Comunidad
Andina de Naciones.

6. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

° o Reivin‘diéacionés . :
N Documento N afectadas | Requisito que afecta
D1 US2450440 1-33, 44-49 | NIVEL INVENTIVO
1 D2 US5492448 1-33, 44-49 NIVEL INVENTIVO

En cumplimiento del articulo 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal €), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

”

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Division de Muevas Creaciones

El anterior requerimiento fue notificado por fijacién en lista, de fecha

L2 JUN, 2009

CONCEPTO TECNICO No 1619 EXAMINADOR TECNICO
Cadigo No.202086




