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the blade angles steady under the stresses of 
flight service, and there is also an advantage 
in obtaining propulsive effect from all por 
tions of the blades, including those close to the axis of rotation. 

Hitherto, in airplane propellers made of 
wood or hollow metal and having an integral 
central enlargement for mounting on the 
engine-shaft, the portions of the blade at one 
tenth blade-radius, have necessarily been 
made so thick that they have practically no 
propulsive effect and in fact are usually only 
an obstructive and resistant element to the 
torque force of the engine-shaft. By the. 
use of strong light-weight material having 
substantially the physical properties of 
duralumin, and by appropriate gradation of 
the thickness, widths and contours, in con 
junction with the use of the integral boss with its superior inner blade sections, I have ob 
tained a propeller whose blades have superior 
propulsive properties, including those por 
tions close up to the boss, 
The die process of forging is the most eco 

nomical, but in commercial production there 
is a demand for individual propellers of vari 
ous designs, diameters, widths and angles, 
and a spt of dies for each different type would oe of prohibitive expense. Many types, how 
ever, may be so grouped as to have identical 
shape and size in the central region of the 
propeller, and as the latter formation is the 
most expensive part of the process, I have 
found it economical to form the central part 
of about thirty-inches length, namely, about 
fifteen-inches each side of the axis, with dies, 
and at this stage to leave the blades in the 
rough condition resulting from the first 
forging of the starting bar material, and in 
annealed condition, to be finished afterwards 
by carving, milling or by special dies, and 
then twisted cold to the desired pitch angles, 
and finally heat-treated. Fig. 2, represents 
a propeller blank of solid metal in such inter 
mediate stage, in which the central region 
from about between the dotted lines c-d, 
is stamped hot between dies, with the curved 
surfaces required at that part, whereas the 
blades beyond c-d, are of angular section, 
preferably rectangular and substantially 
flat, the entire blank being in the annealed 
condition. 
The hot die forging of the hub and blade 

roots results also in hot dietwisting the blade 
roots to such positions that the rough blade 
blanks are then at angles to the intended 
plane of rotation of the propeller, which an 
gles are appropriate for the desired pitch at 
the blade radii corresponding to half the 
length of said hot forged region. 
The partly finished propeller shown in 

Fig. 2, is the product of my method of start 
ing with a blank bar of solid metal, such as 
an alloy of the character hereinabove de 

65 scribed, and suitably forging the bar while 

1836,989 

hot into an elongated piece with a central 
boss or enlargement having suitable dimen 
sions for a hub, and with flat portions such as 
indicated at 1 and 2", in Fig. 2. This forged 
unitary piece is then subjected to the second 
step. consisting in die-forging the central 
region of the piece while hot, said dies oper 
ating upon the same oyer a length of about 
fifteen-inches each side of the transverse 
axis which is coincident with the axis of ro 
tation. This die operation produces the 
structure shown in Fig. 2, wherein the hub is 
formed with properly curved extensions pro 
jecting therefrom and merging in tapering 
formation with the roots of the blade por 
tions 1 and 2, which are still in the flat rough 
condition left from the first forging work 
thereon. This piece thus partly formed is 
an important feature of my present invention 
and while in annealed condition it may be 
afterwards finished by suitable carving, mill 
ing or by special dies, and then the outer por 
tions twisted cold to the desired pitch angles, 
and finally heat-treated and cooled in the 
usual manner to develop the desired qualities 
the metal. 
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When using material having the physical 
properties above named, the propeller may 
be mounted directly upon the engine-shaft, 
either by securing the boss 3, to an end flange on the engine-shaft, or by boring a hole 4, in 
the boss, and providing the hole with a key 
way 5, thus dispensing with the complication 
and expense of a separate member for attach 
ing the propeller to the driving-shaft, or I 
may use other means suitable for such attach 
ment. But I may also use such a separate 
member as is shown in Figs. 3 and 4, consist 
ing of a flanged liner tube 6, inserted in a 
hole through boss 3, and having a flange 7, 
and bored with a hole 8, to fit the engine. 
shaft, and provided with an internal keyway 
9, to secure tube 6, to said engine-shaft. The 
liner tube 6, is harder metal than the propel 
ler and has at one end an outside thread 10, to receive a screw-flange 11, adapted to clamp 
the liner tube 6, firmly between the two faces 
of the boss 3. To prevent rotation of the 
tube 6, in the boss 3, under the torque of the 
engine-shaft, I provide the keys 12, which 
project into shallow external keyways 13, in 
the liner tube 6, and into deeper keyways 13, 
in the boss 3, thus providing a larger bearing 
surface of the liner tube 6, and the keys 12, 
may each be made in two parts each to be in 
serted from an opposite face of the boss, in 
a manner well known. I prefer to use steel 
for the liner tube 6. 
Another form of the tubular hub liner 6, 

is shown in Figs. 5 and 6, and is character. 
ized by the integral fins 14, adapted to a 
close fit in deep keyways 16, in the boss 3, 
and by anchor-pins 15, passing through both 
the boss and the fins sidewise, and preferably 
retained in place by blind forging the metal 
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of the boss to close the pin holes and cover 
the ends of the pins. 
By die-forging the central part of the pro 

peller as shown in Fig. 2, I provide blanks 
5 from which different sizes of propellers may 
be made, as there is a large amount of metal 
afforded by the flat rough forged blade port 
tions 1 and 2, so that one set of dies will 
serve the purpose in making quite a range 

10 in sizes of propellers. 
The thinness of the propellerblades is such 

that relative to their intended thrust loads 
that, without the compensation of centrifugal 
force, they would deflect to a degree disquali 

25 fying them from service. 
Having thus described my invention, what 

I claim and desire to secure by Letters Pat 
ent is:- 

1. An aeronautical metal propeller having 
20 thin solid metal blades and an integral cen 

tral hub-forming enlargement forged as a 
unit, the blade sections at about 1/10 blade 
length being of a thickness not exceed 
ing about 1/54 of said blade length and of 

25 such thinness relative to their intended thrust 
loads that they require dependence substan 
tially upon centrifugal force to maintain the 
blades in effective operation. 

2. An aeronautical metal propeller having 
80thin solid blades made from a single-piece of 

solid forged metal with the central hub part 
and blade-roots hot forged to substantially 
final shapes while the main portions of the 
blades are cold-twisted and cold worked, said 

35 blade-roots being twisted in the hot-forging 
thereof. 

3. A process of forming metal propellers 
which comprises forging while hot a bar of 
light weight strong metal so as to form an 

40 elongated blank with a central enlargement 
and with blade extensions extending there 
from, with said hub portion finished in sub 
stantially final form, and with the outer por 
tions of the blade rough forged, and then 

45 milling said outer portions of the blades while 
cold into final shape and design. 

4. A process of forming metal propellers 
which comprises forging while hot a bar of 
light weight strong metal so as to form an 

50 elongated blank with a central enlargement 
and with blade extensions extending there 
from, with said hub portion and at least one 
fourth of the inner portion of the blade ex 
tending therefrom finished in substantially 

55 final form, and leaving the outer portions of 
the blade substantially flat and rough forged, 
then milling and twisting the outer.portions 
of the blades, while cold to final shape and 
design, and then heat-treating the propeller 

30 to develop the good qualities of the metal. 
5. An aeronautical metal propeller having 

metal blades, and a central hub enlargement 
for mounting on an engine shaft forged sub 
stantially in final shape as a unit with said 

35 biade and having at least the outer third of 

3 

E. blade milled cold to substantially its final 
Shape. . . . . 

6. A forged metal blank for a single piece 
thin blade metal propeller, said blank having 
a die forged central part with blade, exten 
sions projecting therefrom and with the out 
er portions of the blade milled cold to sub 
stantially the final shape. 

In testimony whereof, I have hereunto 
signed my name, this 8th day of March, 1926. 5 

SYLVANUS A. REED. 
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