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This invention relates to propellers and: more
particularly to that class of propellers which are
particularly adaptable for use on aircraft.

It is an object of the present invention to pro-
vide a novel method of making a hollow propeller
blade.

Still another object is to provide a novel method
of manufacturing a hollow propeller blade the
same being constructed without .the employment
of joints, seams, welds or closures of any type.

A further object is to provide a hollow propeller
blade constructed from a cupped metallic mem-
ber which is manipulated during a series of novel
steps to form a seamless and weldless blade.

A still further object is to provide-in a method
of constructing a hollow propeller blade a novel
series of steps which may be carried out in a sim-
ple and efficient manner and at a minimum cost,
in order to produce a light blade having exception-
ally durable qualities.

The above and-other features of novelty will ap-
pear more fully hereinafter from the following de-

. tailed description when taken in connection with
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the accompanying drawing. It is to be expressly

The above and other features of novelty wiil ap-
poses if illustration only and is not designed as a
definition of the limits of the invention, reference
being had for this purpose to the appended
claims.

In the dra,wmg, wherein similar reference char-
acters denote like parts throughout the several
views,

Fig. 1 is an axial section of a hollow billet. suit-
able for forming a blank employed in making a
propeller blade in accordance with the present
invention;

Fig. 2 is an axial section of a cupped disk or
plate which may be employed for forming s blade
blank;

Fig. 3 is a longitudinal section of a blade blank
after {reatment of the members shown in Fig. 1
or 2;

Flg 4 illustrates a series of transverse sections
taken at suitable intervals through the blank illus-
trated in Fig. 3;

Fig. b is a plan view partly in section of the
blank after modification of its circumferential
dimensions;

Fig. 6 illustrates a series of transverse sectlons
through the blank of Fig. 5;

Fig. 7 is a plan view partly in section of the fin-

ished blade; and

Fig. § illustrates a plurahty of transverse sec-
tions through the finished blade.

The novel method constituting the preseut in-

(CL. 29—156.8)

vention contemplates the employment of a suit-
able cuprped metal member, which may be suit-
ably manipulated to form a hollow cylindrical
tube or blank closed at one end. The blank {thus
formed, after descreasing the thickness of the wall 5
from the open end of the blank toward its closed
end, is expanded to form a resultant blank having
cross sections of substantially ovate elliptical
shape, the circumferential dimensions of which
correspond with those of the blade to be formed. g
Suitable flanges are thereafter formed adjacent
the inner end of the resultant blank which are
adapted to be engaged by a suitable hub member,
and the blank is thereafter given its final form
which includes an axial twist in order to effcet the 1
proper pitch or angle of incidence. These last
two steps may be reversed if desired.

Referring now to the drawing and more par-
ticularly to Figs. 1 and 2 thereof, there is respec-
tively disclosed therein, a hollow metallic billet 9 o4
and a cupped metallic member !0 preferably
formed from a disk or plate which member may,
according to the present invention be suitably
formed by a series of steps, referred to more par-
ticularly hereinafter, into a hollow propeller blade o5
without joints or seams of any type whatsoever.

In order to form a blank, suitable for subse-
quent transformation into a blade of the above
character, the billet 9 or cupped member {8 is
elongated in any suitable manner, such as by g3p
rolling or successive drawing, to form a hollow
cylindrical blank (1, which is preferably tapered
toward the closed end thereof. As shown, Figs.

3 and 4, the thickness of the wall of the blank
{§ is gradually decreased from the open end to- 33
ward the closed end, this being accomplished by a
suitable rolling or machining process, while pre-
serving the circular cross sectxons of the blank,

- as illustrated in Fig. 4.

The circumferential dimensions of the blank 40
thus formed are then varied by the use of suit-
able pressures and dies to provide for the neces-
sary width of blade desired. Preferably, the
blank #{ is placed in a mold or two-part die of
sufficient size to admit of the desired expansion 43
of the blank and strong enough to prevent ex-
pansion of the blank beyond the desired amount, -
and sufficient pressure, such as for example, fluid
pressure, is introduced interiorly of the blank to
effect the expansion of the walls ‘of the blank to 50
the shape of the mold or die. As shown, Fig. 6,
the circular cross sections of the blank (1 are,
with the exception of that pertion of the blank
immediately adjacent the root end, transformed
into ovate ellipses 12, it being pointed out that 5&
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the perimetrical dimensions of the resultant
blank illustrated in Fig. 5 correspond with those

" of the blade to be formed. However, in certain

instances, it may be desirable to vary the dimen-
sions referred to above, in which event the perim-
eter of successive sections of the blank {i may
be greater or less than the corresponding sections
of ‘the finished blade.

It is to be noted that during the intermediate
forming step above described, the expansion of
the blank has taken place only in the direction
of the major axes of the ovate elliptical sections,
Fig. 6, the minor axes being of no greater ex-
tent than the unexpanded diameters shown in
Fig. 4. In certain instances, however, it may be
desirable, during this step, to actually decrease
the minor axes, in which case the compression
of the die members slightly fiattens the blank.
This last-mentioned feature may be especially de-
sirable in instances wherein very wide blades are
to be formed, and this step may be performed as
two separate steps employing various shaped dies,
if desired. It will be apparent, however, that in
either case, the resultant blank indicated gener-
ally at {3, Fig. 5, is a flattened member resem-
bling somewhat the shape of a paddle, that is, &
member having no axial twist or warp.

In order to transform the blank {8 into a com-

pleted blade 1§, as illustrated in Fig. 7, a two-
part die or mold, generally similar to that here-
tofore employed except that the internal form
thereof corresponds with and is adapted to trans-
form the various ovate elliptical cross sections {2
into aerofoil cross sectional forms (8, Fig. 8, is
utilized in combination with a suitable pressure
medium, interiorly of the blade;, to cause the
walls of the lattéer to conform smoothly to the
interior of the die. During this operation, the
ovate elliptical sections §2 are further filattened
into aerofoil sections 15, and the blank {3 is axial-
ly twisted, as indica‘ed in Fig. 8, in order to im-
part the desired pitch or angle of incidence to
the finished blade. .
. Since the blank 03 Fig. 5, has already been
expanded so that the circumferential dimensions
thereof correspond with those of the finished
blade, it is contemplated that the internal pres-
sure employed during the last step referred to
above, need be sufficient only to prevent wrin-
kling or coilapse of the blank during pressure of
the die members. However, in instances of wide
blades, for example, further expansion may bhe
desirable, in which case the internal pressure
may be Increased to effect the necessary addi-
tional expansion, and the die members corre-
spondingly formed.

After the completion of the above-mentioned
operations, the butt end of the blade may be
suitably fashioned, as by rolling, forging or ms-
chining, in order to form a circumferential flange
{6 which is adapted to engage a correspondingly
formed portion of g suitable hub member in
which the blade may be secured.

There has thus been provided by the present
invention a novel propeller and method of con-
structing the same whereby the resultant blade

is of an entirely integral and seamless construc-

tion and consequently extremely rugged and ef-
ficient during operation. The elimination of all
seams, welded joints and spun closures in the
blade obviates all danger of rupture or seam-
opening of the blade which is extremely dan-
gerous when the propeller is in operation. In the
novel method described herein, the intermedi-
ate step of forming the blank into a member

{
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having ovate elliptical cross sections, the eir-.

cumferential dimensions of which correspond to
those of the finished blade, enables the finishing
step to be easily performed. Each of the steps of
the method is carried out in a simple manner
and thus permits the method to be practiced ef-
ficiently and at low cost.

While only one product and method of con-
structing the same has been illustrated, it is to
be understood that the invention is not limited
thereto. For example, instead of imparting the
angular twist to the blank in one step, the same
may be initiated during the intermediate step,
if .desired. It is also to be understood that the
metal members from which the blank is initially
formed, may be manipulated in a manner other
than that illustrated, it being borne in mind,
however, that the same is provided with a closed
end integrally formed with the body thereof.
Various other changes may be made in the details
of construction and in the method of marufac~
ture without departing from the spirit of the in-
vention as well understood by those skilled in the
art. Reference will therefore be had to the ap-
pended claims for a definition of the llmlts of the
invention.

What is claimed is:

1. The art of producing a propeller blade which
comprises elongating & cupped metal member to
form a tube closed at one end, varying the peri-
metrical dimensions of the tube to correspond
with those of the blade to be formed, and press-
ing the resultant work-piece into the shape to be
given the blade.

2. The art of producing a propeller blade, which
comprises elongating a cupped metal member to
form a tube closed at one end, decreasing the
thickness of the tube circumferentially from one
end toward said closed end to correspond with
the thickness of the wall of the blade to be pro-
duced, varying the perimetrical dimensions of
the tube to correspond with those of the blade
to be formed, and then pressing the resultant
work-piece into the shape of blade desired. )

3. The method of producing a propeller blade
which comprises, successively drawing a cupped
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metal member to form an elongated tube closed -

at one end and open at the other, decreasing the
thickness of the wall of the tube circumferentially.
from the open end toward the closed end, expand-
ing the tube to form & substantially elliptical
blank the circumferential dimensions of which
correspond with those of the blade to be formed,
and pressing the resultant blank into the shape
to be given the finished blade.

4. The method of producing s bropeller blade

50

from g hollow tube which includes increasing the .

circumferential dimensions of the tube to form
a blank having substantially ovate elliptical cross
sections the perimetrical dimensions thereof cor-
responding with those of the blade to be formed,

and thereafter pressing the resultant blank into '

the acrofoll shape to be given the finished blade.

5. The method ‘of forming a hollow propeller
blade which comprises elongating a metal mem-
ber closed at one end to form a hollow blank, ex-

a5

panding the blank by internal pressure to form -

a substantially elliptically shaped blank, and em-
ploying external and internal pressure ‘to form
the resultant blank into the shape desired to be
given the finished blade.

6. The method of forming a hollow propeller
blade which comprises drawing a metal billet to
form a hollow tube, expanding the tube to in-

70

crease the circumferential dimensions of the tube 78
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to conform to the circumferential dimensions of
the blade to be formed, and employing external
and internal pressure to transform the resultant
work-piece into the shape desired to be given
the finished blade.

7. The method of producing a hollow propeller
blade from an elongated metal blank closed at
one end and open at the other including gradu-
ally decreasing the thickness of the wall of the
blank from the open end toward the closed end,
expanding the blank inte a work-piece having
ovate elliptical cross sections the perimetrical
dimensions of which correspond with those of the
blade to be formed, and thereafter transforming

_the work piece by the utilization of internal and

external pressures into the shape desired to be
given the blade.

8. The method of forming a hollow propeliler
blade comprising forming a hollow billet closed
at one end into a hollow tube, expanding the tube
to form a paddle-like work-piece having ovate
elliptical cross-sections- and thereafter shaping
said work-piece to transform sald ovate ellipti-
cal cross-sections into aerofoil cross-sections,

3

" 9. The method of producing a hollow propeller
blade comprising expanding a hollow tube having
a closed end into a blank having an ovate ellip-
tical cross-section and thereafter pressing the
blank into the shape desired having an aerofoil
section.

19. The method of forming a hollow metal pro-
peller blade comprising elongating a cupped mem-
ber to form & hollow tube, employing internal and
external pressures to increase the perimetrical
dimensions of the tube into a paddle-like work-
piece, deforming the work-piece to form a blade
of aerofoil section and forming an annular flange
on the root end of the blade from the metal
thereof. .

11. The method of forming a hollow propeller
blade from a seamless, metal blank closed at one
end and. open at the other including expanding
the blank into a paddle-like work-piece, and
thereafter employing external and internal pres-
sures to deform the work-piece into a finished
blade having an axial twist and an aerofoil sec-
tion. .
SPENCER HEATH.
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