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17 Claims.

This invention relates to the art of metal work-
ing, and more particularly to a process of forging
airplane propeller blades, and the blades produced
thereby. . )

Many airplane propeller blades have heretofore
been made of aluminum or other light metal alloy
stock. Light metal alloys are particularly well
suited for such propellers because they provide
the necessary strength and airfoil section with &
minimum weight, which is desirable not only from
the standpoint of total weight of the alrplane, but
also in reducing the centrifugal loads.

The most successful metal airplane propeller
blades heretofore made have been those made of
light metal alloys and fabricated in accordance
with my prior Patents Nos. 1,957,499, 2,044,293,
2,044,294 and 2,044,295, These blades have been
used in large quantities and have proven ex-
tremely reliable. Many efforts have been made,

however, to further reduce the weight of propeller..

blades in proportion to their length and airfoil

section without sacrificing the necessary strength .
to carry the various centrifugal, thrust and vibra- .

tory loads to which the blades are subjected. :
The present invention has as its principal object
the reduction of the weight of metal propeller
blades in proportion to their size while maintain-
ing the necessary strength, durability, fatigue re-

‘sistance and uniformity, e
The principal feature of the present invention”

consists broadly of forming & hollow blank taper-
ing generally from the end which is to form the

hub to the end which is to form the tip of the.

blade, and with sufficient cross-sectional area at
each point in its length to provide the necessary
metal for the finished blade and with non-uni-
form wall thickness, and forging or pressing the
blank to blade form with one or two thick portions

of the wall of the blank forming one or both edges

of the blade. Preferably the thick wall portions

are formed by forging laterally_lprojecting fins
along opposite sides of the blank, after which the

5
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greater volume of metal at the edges than. at the
flat faces of the blade. 7 -
During the flattening operation the metal im-
mediately adjacent the internal hole in the blade.
is bent through relatively gradual and easy curves, :
since the opening does not extend to the edges of
the blade. As a consequence, the stresses imposed.-
on the metal are maintained substantially uni-
form around the blade, and at all points are main-
tained well within the allowable limits of work-
ing stresses.- ' : .
Non-uniform working or stressing of the metal
in the fabrication of the blade is undesirable even
when the maximum stresses are maintained
within the allowable limits of the metal being
worked; since any working of the metal tends to
refine the grain size in proportion to the amount
of working. After the completion of the working
operation, the blades made of light metal alloys
are subjected to suitable heat treatments, during
which the refined grains tend to grow. The grain
growth is greatest in regions in the metal of the
greatest grain size contrast, since apparently
larger grains tend to assimilate, and grow at the .
expense of, the smaller grains. Accordingly, the
more uniform the amount of working to which

~ the metal is subjected, the less the grain size con-
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main body of the blank is hollowed out in any -

suitable manner, and the blank is finally pressed |

or forged to final form, the internal hole being
flattened out to conform substantially to the ex-
ternal contour of the finished blade forging. It
will be understood, however, that the invention in
its broader aspects is not concerned with the
particular way of making the hollow blank. Dur-
ing the final pressing or flattening the metal in

the laterally projecting fins or thick wall portions-

is pressed into the desired shape of the leading
and trailing edges of the blade, and provides a

45

trast, and the less grain growth will occur in the .

finished forging. Where excessive grain size con-
trast exists, as at the junction of zones in the
metal which have received substantially differert
amounts of working, the more rapid grain growth .

-produces an area of excessively large grains which

constitute an area of weakness in the finished

‘blade,

“All of these defects resulting from un’equé.l or

‘non-uniform working of the metal in different

parts of the blade are avoided or minimized in
the present invention by maintaining the inter-
nal openings spaced a greater distance from the
outside edge of the metal at the parts which are
to form the edges of the blade so that the working
of the metal in the flattening of the blank is sub-
stantially uniform around the internal opening.
The present invention also includes & number
of other fabricating steps which are more par-
ticularly useful in connection with the principal’

" feature of this invention, but which are also use-

50

ful separately or in other processes of making
propellers or' similar articles. The blank is
preferably formed from a billet -which has
been rolled or extruded, which is first ‘ta-
pered towards the end which will eventually
be the tlp end of the propeller blade. In
this tapering at least a portion of the billet



. formation of the shank ernd of the blade.

is worked lnto a roughly conlcal she.pe with the

small end at the end which will form the tip -

- of the blade and with sufficlent crosssection of .
the metal throughout the lenigth of the tapered .

portion to. form the corresponding cross section
of the finished blade.

‘length of the billet is left unworked in this op-
' eration and this portion: ultimately. becomes the -~
' shank and hub end of-the ‘blade.
operation may be performed in any way so far !

Preferably a&:substantial-.

9,394,445
the lines #—4, u-s 0-—-! and 'l—-'l respectively,_ o

of Figure 3;

~Figure 81s a view pa.rtly in plan a.nd partly in:
“longitudinal section of the: blank aiter the interna,l- PR
" opening has been formed;
" Figures 8 to 16, inclusive,; . are cross SCCti‘OnSf .

“ taken on the lmes 9——9 to |s—ls respectively. of )

The tapering. = -

10

as the present invention is concerned, either by . -
machining or mechanical ‘deformation. : Prefer- '
ably however it is performed by rolling in dccord- -
ance with the process disclosed and clalmed n

my prior Patent No. 2,044,293,

Another feature of the’ present lnvention is the e
production of the non-uniform wall thickness of : .+

the hollow blank from a Dbillet"tapered in-this

manner, - k
formed $o- as to provide ears or fins disposed

The tapered billet is mechanically de- .
20
Jongitudinally along the tapered portion and pro- ..
jecting laterally therefrom, which will ultimate~
" ly become the leading and trailing edges of the

15

propeller blade, and an. internal ‘opening ‘s |

formed throughout the. major . portion of “the

2

length of the blank, either by piercing or boring, "
or s suitable~combination of such operatlons,
which is- preferably substantially circular in cross
section and tapers towards the tip end of the

blank. The non-circular external :contour and

30

" the round opening combine to provide the non-

uniform walls so that the blade may be formed" 1

. without excessive stress on the metal,

Another feature of this invention, which is use-

ful generally in propeller manufacture, is the

shank end of the hollow blank is made of great-
er diameter than is necessary or desirable with
the particular blade size so that the internal

opening  may be made of uniform “diameter
through the shank and into the blade portion:

The shank end of the blank-is then swaged.or
otherwise worked to reduce its diameter and in-

35
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.._or.coned portion 3 and the portion & which: re-

Figure8; =~ i
Figure 17 is'a view paitly in plan and partiy' s
in longitudinal section of the blank after: the -

,shank portion has been swaged;. . . R
. Figures 18, 19,.20, 21 and 22. are Cross ‘sections Bl
‘taken on the lines l8~—-l8 19—19, 20—20, 2I—2l5_ :

and 22—22, respectively, of Figure 17;

manner of forming the laterally prOJectinS ears

orfins;:

Figure 255 a diagrammatic view showing the

- manner of swaging the shank of the blank;

Figures 26 to 83, inclusive, are cross. sections

taken on the lines 20—28 0 33—33, inclusive,

respectively of Figure 23, =’ s
Referring to the drawings the speciﬂc embodi--
ment of my invention. {llustrated herein: prefer=-

ably starts with a rolled or extruded billet of alu= -

minum alloy, such as illustrated in Figure 1. As

shown . this billet is substantially circular in cross .
section; although-it will.be understood as the de- - -
scription proceeds that it may be elliptical or .

other shape. For convenience in handling dur-
ing the initial operations the billet may: be pro- -
vided with a tong hold 2 as. shown. in Figure 1.,
The major portion of the billet remote Irom‘
the tong hold 2 is tapered or coned in. the man- -
ner illustrated in Figure 2:to elongate the billed .-
substantially to the desired blade length and pro- - .
vide suitable cross sections: of metal for the for- .-

mation of the blade at different pomts throughout, LI

its length. ‘The blank then-consists of the tapered:

- mains. substantially unchanged: Preferably this

crease the wall thickness while maintaining ap-

proximately a circular cross ‘section. ' The shank -

end is thereby brought to the desired size with

respect to the blade portion while retaining suf-

ficlent wall thickness to adequately carry the

centrifugal and bending loads to which it is sub-

jected. - This operation also works the shank and

-machined inside and out to bring it-substantially -

" uet.” ‘
. In the accompanying drawings which illustrate
a preferred embodiment of my invention:

. to the rough finished dimensions and true up the
" outside and inside surfaces which may be dis-"
. torted by the swaging operation. :
: either before or after the final shaping of the

blank, a flange is upset on: the shank end.

Preferably, :-

* hub portions of the blank which were left un~-
. worked by the forming steps, thereby making the '~
- amount of ‘working more ‘uniformthroughout.

The swaged shank end of the blank is preferably

b

&t

My invention also includes the novel-blade -

These and other

Figure lis & perspective view of a billet;

" structure and the novel shank structure produced- .
" by. these various operations.
. features and advantages of the present invention-

-t will. be- more- apparent from the following de- !

“tailed descriptionof a preferred process and prod— :

operation is carried out by rolling as disclosed in‘.

3 my prior Patent No. 2,044,293, although it may
also be accomplished in a number of other ways." . - -
. Such rolling preferably includes:a series of one--
way rolling passes extending: toward the tip end -

between rolls suitably contoured.to. apply &:pro-
gressively increasing force on the blank and;
gradually shape; it into the desired: conieal or -
tapered form. Referenceis made tomy. “said Pat-

‘ent No. 2,044, 293 ‘for & more complete disclosure:
of the rolling operation.

Where-the billet is: ini-
tially extruded or rolled and the tapering or con-... .

_ing operation as shown in Figure. 2.is carried out. -

by roling as disclosed in said patent, ‘the longi-

. tudinal flow lines of the billet are gathered or

bunched without interrupting their. continuity-so- .
that the flow lines of the blank.as:shown:in Fig-.
ure 2 c¢onform to the:contour. ot the. blank and:

provide the maximum strength.. -
The ‘blank as illustrated’ in Figure 2 ls then-
formed with. longitudinally extending laterally. .
projecting fins § and 6-by hammer forging; press-.
ing, rolling or in any  other suitable manmer.

" Preferably the fins are arranged to spiral a. slight'

Figure 2 is a similar view. of a blank after the"~

.\ initial tapering or coning operation;

Figure 3 {s a plan view of the blank after the -

formation of laterally projecting ears or fins; -

Figures 4, 5, 6-and T are cross sections taken: on

75

- amount about the blank as indicated. in Figures-
' 4107 inclusive in a rough. approximation:of the: - -
70

relative spiraling or pitch’ of the finished blade:
As shown the fin § is-designed:to-form.the trail-
ing edge of the blade and-the fin-6:is designed to
form the leading ‘edge. Preferably as' shown: the:
fin 5 is:made of a slightly greater: lateral extent -
and a.slightly less thickness than: ‘the fin-§ to"

Pigure 23:is. 8 plan view.of the rough ﬂmshed' .

‘blade; L
. Figure 24 is a diagrammatic view showing the
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provide the necessary metal and arrangement
thereof to form the leading and trailing edges in
the finished blade shown. It will be understood,
of course, that the relative positions and dimen-
sions of the fins § and 6 will vary with the blade
design. The fins 5 and 6 are worked out laterally
from the tapered portion 3 of the blank shown
in Figure 2, leaving a central roughly conical por-
tion 7. When the blank 2 is made in accordance
with the preferred process as explained above,
 the longitudinal flow lines of the conical portion
3 are simply spread out laterally without being

broken or seriously dlstorted in the formation of

the fins 5 and 6.’

I prefer to form these fins by hammering or
pressing with dies such as illustrated diagram-
matically in Figure 24. As shown, mating dies 8
and 8 are provided with recesses 10 smaller than
the corresponding diameter of the coned portion
3 of the blank. The dies are also formed with
recesses {{ and {2 shaped to form the fins § and
8, so that metal spread laterally from the por-
tion 8 of the blank is forged or pressed into the
fins.

The blank as shown in Figure 3 is then formed
with an internal opening. In the embodiment
shown this is accomplished by boring & substan-
tially cylindrical hole 13 from the hub end of
the blank through the greater portion of the
length of the blank and terminating in a substan-
tially conical hole 14 which stops short of the
tip end of the blade as shown in Figure 8. It
will be understood, however, that the internal
opening may be made in any suitable manner.
For example, the blank may be made smaller in
dimensions than illustrated in Figure 3 and the
hole may be formed at least partially by piercing
as disclosed in my prior Patent No, 1,957,499 with
the remainder of the hole; if necessary, finished
by boring or in any other suitable way.

At the conclusion of this operation the blank
has the form illustrated in Figures 8 to 16, inclu-
sive, with the hollow substantially cylindrical por-
tion 4 and the hollow conical portion T carrying
thefins5and 6. -

In the preferred embodiment of this invention
the shank end of the blank s next swaged or
otherwise worked from the substantially cylin-

drical hollow portion 4 to the shank {8 illustrated .

in Figure 17. This operation is preferably ac-
complished by swaging as illustrated diagram-
matically in Figure 25. As shown a pair of mat-
ing dies 16 and 171 are provided with oval aper-
tures designed to reckive and forge the hollow
portion 4 into an oval shape in one direction,
The blank is then turned 90° and again struck
by the dies 16 and 171 forcing it to an ova] form
in the opposite direction. This operation is con-
tinued with one or more sets of dies until the walls
of the hollow cylindrical portion # are reduced

(>

steps, making the grain reﬂnement and working

of the metal more uniform throughout the fin-.

ished blade..

Preferably the sha.nk end 15 of the blade is then
machined inside and out to desired rough fin-
ish dimensions and in this operation any inaccu-
racies in the contour and thickness of the shank
end produced by the swaging operation are re-

" moved. In the embodiment illustrated the shank

10
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substantially to the diameter and thickness of the .

shank 15 as illustrated in Figures 17 to 22, inclu-
«jve’ Other working operations, such as rolling,
may be substituted for the swaging, if desired.

It will be apparent that this operation permits
the forming of a straight hole extending into the
blank from the hub end which is larger in diame-
ter than the hole in the finished shank. This per-
mits the removal of the maximum amount of
metal from the blade portion without destroying
the desired proportions of the finished blade and
without sacrificing the strength of the shank. At
the same time, this operation thoroughly works
and refines the metal of the shank and hub por-
tions, which were unworked in the blade forming

0

-1

75

end 15 is then upset to form a flange 18 and where
desired a bearing ring 19 may be secured upon
the shank by the upset flange 18.in accordance
with the process disclosed in my prior Patent No.
1,995,451, It will be understood that the flange
may be upset either before or after the final forg-
ing of the blade.

The entire blank as 111ustra.ted in Figure 17 .is

then placed in pressing or forging dies and is flat-.

tened through the blade portion substantially to
the contour illustrated in Figures-23 and 26 to 33,

inclusive., During the flattening operation the.

fins 5 and 6 formed by the blade portion are
pressed into the trailing and leading edges 20 and
21, respectively, of the blade. The hollow shank
portion (5 is partially flattened as illustrated in
Pigures 27 and 28 and the edges thereof merged
smoothly into the edges 20 and 21 formed from
the fins 5 and 6. In the same operation the blank
is preferably given the desired twist or pitch and
in the design of blade shown one side is flattened
to form the flat side 22 of the blade and the op-
posite side is suitably shaped to form the contour
face 23 of the blade,

It will be apparent that in the swaging opers,-
tion to form the shank end 15 the longitudinal
fiber structure or flow lines of the hollow cylin-
drical portion 4 are simply bunched or bressed so
that they remain in substantial conformity with
the contour of the finished shank portion {8.
Likewise, in the final pressing or forging of the
blank to shape, the metal of the hollow shank por-

"tion 15 and the hollow conical portion 1 is simply

bent into the desired contour and at no point is

.the metal bent through a sufficiently sharp angle

to unduly stress the metal.. The sharper portions
of the edges of the blade at the leading and trail-
ing edges 20 and 2! are formed from the solid fins
% and § so that it is unnecessary.to bend the hol-
low blank portion throught he sharp angles re-
quired to form these edges. Accordingly in this
operation the metallic structure produced in the
blade by the previous forging operations is not
injured. '

In the final forging or pressing the blank is
preferably forged slightly smaller with the conse-
quent formation of a small flash around the lead-
ing and trailing edges of the blade. By reason of
the arrangement of the metal into the proper po-
sition and with the proper cross-sectional area of
metal to form the finished contour at each point
throughout the length of the blade, the flash is
substantially uniform in depth at all points and is
maintained of extremely small dimensions in
order to avoid any possible interference with the
metallic structure developed by the previous op-
erations.

In the carrying out of the ﬁnal forging or press--.

ing of the blade a deformable material, when de-
sired, may be maintained in the internal opening
to exert a pressure against the walls of the open-
ing and prevent any tendency of collapse.” Sand
or similar material may be employed and removed
after this operation has been completed. Like-
wise the internal opening may be filled with com.
pressed air or gas to exert a pressure against the
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* walls of the Internal opening. I have found, how-

ever, that this forging or pressing operation may

" be successfully carried out on most designs of
blades without any core material within the in-
ternal opening and with the same open to atmos-
phere. Possibility of collapse of the walls of the

blade is greatly reduced, if not entirely eliminated,

by the formation of the fins 5 and §
flattening operation. 7 ‘
Following the operations described, the blade

_prior to the

7 forging is completed in any desired way, usually
by trimming, sizing and heat treating, ‘The blade :

_forging is then given any desired finishing opera-
tions, such as machining, grinding and polishing,
to bring it to.the ‘exact dimensions and surface

characteristics desired, and is then ready to be

- mounted in a hub. :

‘The finished blade shown in Pigure 23 has the

~usual propeller blade shape with the substantially
cylindrical shank portion’ 15 merging into the
blade portion, the latter having the relatively flat
sides or faces 22 and 23 and the leading and trail-
ing edges 21 and 20 respectively which diverge

from the shank to an- intermediate point and

converge to the tip end of the blade. As will be
apparent from Figures 23, 28 to 32, inclusive, the
walls of the blade are substantially thicker at the

leading and trailing edges than at the side faces’

by reason of the formation of these edges from
* the fins 5.and 6.. It will likewise be apparent that
when the blade portion -is.flattened in the final

2,304,445
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of g solid billet into a substantially conical shape .
tapering toward the tip end of the :blank, forg-
ing a pair of radially projecting fins through -at
least a-portion of the length of the biank, form-
ing an internal opening substantially round-in
cross section in the blank and flattening' the
blank by a pressure operation so that said radial-
1y projecting fins are formed into -the: edges of |
the blade. ' SRR R

3. The process of making a propeller blade =

" comprising forging at-least-a part of the length

15
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forging operation the perimeter of the hole in thé_ ]

blade portion remaing substantially constant. ex-
cept as it may be diminished by any slight thick-
ening of the walls and consequent flowing of the

metal into the hole in the final forging operation, '

hole in the shank

whereas the perimeter of the sl :
reduced by. reduction of

portion is substantially

the shank portion in the swaging operation or the

like. ‘

While I find this invention to be ‘most useful

In the manufacture of blades from aluminum al-
loy or other light metal alloy,

may be made of iron, steel,

fact any metal that can be.
be worked into blades by this

process.

Although I have described a specific example
-of my invention it will be understood that many 50
variations and rearrangements of the steps may

be resorted to without departing from the scope |

of the invention. . For example, the various op-

erations for forming the hollow blank of non-

uniform wall thickness may be combined or re-
arranged in any desired way. Similarly the vari-

ous novel features of the invention, while most
valuable -when used together, "are also “useful :

separately and in other combinations. - Accord-

Ingly I do not wish to be limited except by the 60

following claims.
I claim: '
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: =, . ~of the length of the conical portion of said blank -

it is-also readily -
adaptable to other metals. For example, bladesg
» copper and’ its alloys,’
_such as hrass and bronze, and nickel alloys.” In|
forged or rolled may

45
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L. The process of making ‘a propeller blade

comprising forging at least a portion of the
length of . a solid billet into a substantially con-
ical form tapering toward the tip end of the blank,
forging a radially projecting fin through at least
& portion of the length of the blank, forming an

65

internal opening substantially round in Cross sec~

; tlon in the blank and flattening ‘the blank by a

70

. pressure operation so that said radially. project- -
' ing fin is formed into one of the~edge$ of the

blade.
. 2. The .process of making a propeller’ blade
comprising forging at least o portion of the length

75

of a_solid billet into ‘& roughly ‘conical: shape
tapering toward the tip-end of the blank, forg-
ing & radially projecting fin upon the blank:ex- -
tending from. the tip end ‘through‘a portion of
the: length, forming an internal opening in- the

blank. extending from the hub end through at
least a portion of the length of the blank .and -
tapering -in diameter toward the tip'end of the -
blank and flattening the’ blank: by a pressure .
operation sop that-said fin is‘formed into one of .
the edges of the blank, ~ ~ " - SRy
4. The. process of making 5 propeller- blade
comprising rolling _ :
a.substantially conicat: portion tapering-toward
the tip :énd. of the blade, forming a blind: open- -

ing extending inwardly from the hub end of the . =

‘blade through substantially. the entire -conical:

portion and by a forging operation flattening the
holiow blank so formed to press the hollow.cqn-’.: :

ical portioninto blade shape, - e
5. The process of making a propeller blade - -
comprising forging one'end of a solid cylindrical -

metal billet into & - substantially conical form: .

cross-sectional: contour approximating the cross- -
sectional contour of an -edge of the finished

0 blade, forming an internal opening substantially -

circular in ‘cross-section through' at. least-a part
on which said fin is formed, -to’ produce g ‘blank

having a hollow, finned: portion: with the metal . -

distributed in successive -transverse: sections in ;-
‘amounts  gubstantially: proportionatl. to “the -metal
distribution in‘the corresponding portions of :ithe
finished blade, and flattening said blank throug

at least said hollow, finned portion to flatten said -

circular opening without, completely . closing.the .
same, and to. bring the-exterior surfaces of the -

hollow finned - portion substantially- into: aline- ’

ment with the surfaces of said fin, . = -
6. The process of making s propeller: blade
comprising forging one end

tapering toward the tip end of the blank, forging

the blank to form a fin extending longitudinally .~

along the conical portion and having a Cross-_.

sectional contour approximating the Cross-sec-- .
tional contour of an edge of the finished ‘blade;. .= -
forming a.blind internal  opening substantially - ..
circular in cross-section extending from the hub.: .

end of said blank . into the conical portion:- on
which said fin s formed, to produce a blank hav-.
ing a hollow, finned portion with the metal-dis-. -
tributed in successive -transverse sections in )
amounts substantially proportional to the metal

distribution in the corresponding portions of the.

finished biade, and flattening said blank through .

at least said hollow finned portion to flatten said -
circular opening without completely closing the -
exterior surfaces of the

same, and to bring the

hollow finned portion substantially

‘ into -aline--
ment with the surfaces ofvsa;d fin. . T

a:solid billet of metal to form =

tapering toward the. tip ‘end of the blank, forg- - B
ing' the blank.to form 8 fin extending longitu- -
dinally along the.conical  portion and having a ..

e end of-a solid cylindrical-: :
metal bﬂlet E mto a Subsﬁantia]ly coni_cal--'.form R
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7, The process of making a propeller blade com-
prising forging one end of a solid cylindrical metal
billet into a substantially conical form tapering
toward the tip end of the blank, forging the blank
to form a fin: extending longitudinally along op~
posite sides of the conical portion and around the
tip end of the blank and having a cross-sectional
contour approximating the cross-sectional con-
tour of the edges and tip of the finished blade,
forming a blind internal opening substantially
circular in cross-section extending from: the hub
end of said blank into the conical portion on which
said fin is formed, to produce a blank having a
hollow, finned portion with the metal distributed
in successive transverse sections in amounts sub-
stantially proportional to the metal distribution

-in the corresponding portions of the finished

blade, and flattening said blank through at least
said hollow, finned portion to flatten said circular
opening without completely closing the same, and
to bring the exterior surfaces of the hollow finned
portion substantially into alinement w1th the sur-
faces of said fin,

8. The process of making a propeller blade com-
prising rolling one end of a solid cylindrical metal
billet having longitudinal flow lines into a sub-
stantially conical form tapering toward the tip
end of the blank so as to gather said longitudinal
flow lines into conical shape, forging the blank
to work out a fin extending longitudinally along

10
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the conical portion and having longitudinal flow

lines and a cross-sectional contour approximating
the cross-sectional contour of an edge of the fin-
ished blade, forming an- internal opening sub-
stantially circular in cross-section through at
least a part of the length of the conica] portion
of said blank on which said fin is formed, to pro-
duce a blank having a hollow, finned portion with
the metal distributed in successive transverse sec-
eions in amounts substantially proportional to the
metal distribution in the corresponding portfions
of the finished blade, and flattening said blank
through at least said hollow, finned portion to
flatten said circular opening without completely
closing the same, and to bring the exterior sur-

faces of the hollow finned portion substantially -

into alinement with the surfaces of said fin while
~maintaining a longitudinal flow line structure in
said fin and said flattened hollow portion.’

9. The process of making a propeller blade com-
prising forging one end of a solid cylindrical metal
billet into a substantially conical form tapering
toward the tip end of the blank, forging the blank
to form a fin extending longitudinally along the
conical portion and having a cross-sectional con-
tour approximating the cross-sectional contour
of an edge of the finished blade, forming an in-
ternal opening substantially circular in eross-sec-
tion and tapering in diameter toward the tip end
of the blank through at least a part of the length
of the conical portion of said blank on which said
fin is formed, to produce & blank having a hollow,
finned portion with the metal distributed in suec-
cessive transverse sections in amounts substan-
tially proportional to the metal distribution in the
corresponding portions of the finished blade, and
flattening said blank through at least said hollow,
finned portion to flatten said circular opening
without completely closing the same, and to bring
the exterior surfaces of the hollow finned portion
substantially into alinement with the surfaces of
said fin.

10. The process of making a propeller blade
comprising forging one end of a solid cylindrical
metal billet into a substantially conical form
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tapering toward the tip end of the blank, forging
the blank to form a fin extending longitudinally -
along the conical portion and having a cross-sec- -
tional contour approximating the cross-section of
an edge of the finished blade while maintaining
the body of said conical portion substantially cir-

cular in sectional contour, forming an internal -
opening substantially ‘circular in cross-section
through at least a part of the length of the coni-

cal portion of said blank on which said fin is
formed, to produce a blank having a hollow, finned
portion with the metal distributed in sticcessive =
transverse sections in'amounts substantially pro- -
portional to the metal distribution in the corre- ‘
sponding portions of the finished blade, and flat-
tening said blank through at least sa1d hollow,
finned portion to flatten sa1d circular opening
without completely closing the same, and to brmg -

the exterior surfaces of the hollow finned portion ‘

substantially into alinement ‘with ‘the surfaces L)
said fin. o .
11, The process of making a propeller blade
comprising forging a solid elongated metal blank
to form a fin extending longitudinally therealong

and having a cross-sectional contour approximat--

ing the cross-sectmnal ‘contour of an edge of the
finished blade, forming an internal opening sub-
stantially circular in cross-section- through at'
least a part of the length of said blank on which
said fin is’ formed, and flattening said blank( .
through at-least said hollow, finned portion to

flatten said circular opening without completely .

closing the same, and to bring the exterior sur-"
faces of the hollow finned portion substantiaily
into alinement with the surfaces of said fin.

12. The process of making a propeller blade
comprising forging a solid elongated metal blank
having a body portion and a thickened portion
extending longitudinally along one side of the.
body portion and projecting therefrom in a radial

' ‘direction, forming a longitudinal opening in said
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body portion through at least a part of the length
thereof on which said thickened portion is formed,
said opening being of such diameter as to leave
the wall of said body portion on each side of said . .
solid thickened portion with a radial thickness .

- less than the circumferential length of the junc-
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tion of said solid thickened portion with said body
portion, and forging said thickened portion into
one of the edges of the finished blade and bending
the walls of said body portion toward each other
to flatten said opening without completely closing
the same and to bring the exterior surfaces of said-
walls substantially into alinement with the sur-
faces of said edge.

13. The process of making a hollow propeller
blade comprising forging one end of a solid metal
billet into a substantially conical form tapering
toward the tip end of the blank, forging the blank
to form a solid thickened portion projecting in a
radial direction from the conical portion and ex-
tending longitudinally along opposite sides of the
conical portion and around the tip end of the
blank, forming an opening extending longitudi-
nally into the blank from the hub end thereof
and through at least a part of the finned length
and terminating short of the tip end, said open-
ing having a diameter exceeding the thickness of
said thickened portion and tapering in diameter
toward the tip end of the blank, and flattening
said blank through at least said hollow.finned
portion to form said thickened portion into the
edges and tip of the propeller blade, and to bring
the exterior surfaces of said hollow. portion sub-
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i stantlally lnto allgnment wlth the surfaces of
said edges.and tip..

-14. The: process. of. making 8 propeller blade}'k-v

comprlsmg forging one end of 8 solid cylindrical

metal billet. into-a, substantlally conical form ta--
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'end of & solid metal blllet forgmg the blank to .

form.a fin extending lonsitudlnally ‘along the ta-
pering portion and having a ‘cross<sectional con- -

- tour. approximating ‘the..cross-sectional contour::

pering: toward the tip end.of the blank, forging..

| the blank to form a solid thickened. portion ex- -

“tending. longltudmally along the conical portlon;,:

' and. projecting therefrom. in-a radial direction, .

N formmg an internal :opening substantially circu-

10

tlar in’ cross section. through-at least.a part.of. |
‘the length of thie conical portion of said blank

on whicli said thmkened portlon is formed, to pro--
. - hollow, finned portion with: the- metal distribut- .

‘duce a blank having a.hollow portion thh a solid -

projection with the metal distributed in succes-
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| sive: transverse. sections in amounts substantlally,-
proportional to the metal distribution in.the cor-

“'responding’ portions .of the finished. blade ‘and -
flattening said blank to. form said thlckened POL--

‘tion into ofie of the edges of the finished blade
‘and bending the walls of-said hollow. portion to-

‘ward’ each other to flatten said opening w1thout~
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completely: closing' the same and to bring the ex-. -

‘terior- surfaces of said walls' ‘substantially into -

‘alinement with the surfaces of ‘said edge.

15; The process: of making a propeller' blade
icomprising forging ohe end of a sohd cyhndncal !
“imetal billet into.a substantially-conical form ta~. |

pering toward the tip .end of the blank, forging
'the blank to form a solid’ thlckened portion .ex-

tending longitudinally along the. .conical portmn N
and’ pro,1ect1ng therefrom in a radlal direction, -

forxmng a_blind internal opening . substantlally,
circular in’ cross section extending from the hub

end. of said blank into.the: conical portzon on

which said’ thickened portion . is formed, to. pro-.
duce: a blank having'a hollow portion with a, sohd
projection with the metal distributed’in succes-
sive transverse sections in.amounts substantlally
proportional to the metal distribution in the cor-
responding - portions ‘of the. ﬁmshed blade and
flattening said blank to-form said th1ckened por-
tion-into one of the edges. of the finished blade
and: bending the walls of said hollow portion to-
ward: each other to. flatten said /opening without

completely ‘closing:the same and.to brirg the ex-

terior surfaces .of said walls substantxally into
alinement with the surfaces of said edge...

16. ‘The process of making a propeller bla.dep

compnsmg forgmg - tapermg portmn on-one
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of an-edge of the finished blade, forming a lon--
gitudinally extending internal-opening’ through
at least a part of the length of the tapering por= "
tion of: said blank ‘on which said. fin is: formed;:

' said opening being' of such size in:cross-section::

as to leave the walls of said ‘blank: on opposite:
sides of said fin with a- radial thickness less:than -
the clrcumfereniual length of the junction of said::
fin with said blank, to produce a blank having a

ed in. successive -transverse sections in amounts:.
substantially proportional: to the metal- distribu-.
tion in the.corresponding portions of the finished

blade, and flattening said. blank through-at.least . .
. said hollow finned portion to flatten said inter-..:

nal opening:without completely closing the same, . .
and to bring the extertor surfaces: of the hollow - ;
finned portions substantially into ahnement w1th .
the surfaces of said fin, - .

17. The process of makmg ‘a propeller blade.:
comprising forging a tapering portion on oneend :

of a solid metal billet, forging the: blank to. form: .- -
a fin.extending longitudinally along opposite sides.
of the tapering portion and around the tip-end of
.the. blank:and having ‘a: cross-sectional contour -

apprommatmg the cross-sectional contour of the: .
edges and .tip. of the finished blade, forming :a

| ‘longitudinally extending blind internal. .opening -

through at least a part of the length of the ta- -
pering portwn of said blank on which said fin.is

formed, said opening being of such size in cross-. "

section as to leave the walls of said blank on
opposite sides of said fin with -a; radial thickness .
less than the circumferential length of the junec«:
tion of said fin with said ‘blank,. to produce -a
blark having a hollow finned portmn ‘with the
metal distributed in successlve transverse sections
in -amounts. substantially proportional to -the:
meta] d1str1but10n in the corresponding portions
of the finished blade, and flattening said blank-
through- at least said hollow, finned- portion to
flatten said internal opening w1thout; completely
closing the same, and to’ bring the exterior sur-
faces of the hollow finned portiong: substantially
inte alinement w1th the.surfaces of ‘said. fin..
ALFRED A HANDLER




