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UNITED STATES

1,840,059

JOEN WILLIAM SMITH, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR TO BdHN
ALUMINUM & BRASS CORPORATION, OF DETROIT, MICHIGAN, A CORPORATION OF

MICHIGAN
ROLLING

Application filed June 28,

This invention relates to an improved
method and machine for manufacturing
metallic articles. While the features of the
present invention may be employed to ad-
vantage in numerous connections, they are of
particular value in connection with the manu-
facture of propeller blades and, specifically,
propeller blades for aircraft.

Therefore, while the present specification
will describe the invention in connection with
aircraft propeller blades for use in connection
with which it is primarily intended, it will be
understood that such features thereof as are
adaptable for use in connection with other
articles are within the province of the present
invention. ‘

It is an object of the invention to provide
a method of manufacture and a machine for
the practice of such method whereby metallic
articles and, preferably, articles of metal
having low specific gravity may be efficiently
shaped and drawn,

It is a further object to work such articles
and especially propeller blades according to
the present invention so that the metal will be
subjected to mass compression, the resultant
articles embodying a consequent high degree
of tensile strength and, furthermore, having
a proper elastic limit.

A still further object of this invention is
that of furnishing an article and, specifically,
a propeller blade, which will be finally shaped
and finished to gauge thickness by precision
working to a unit weight measurement and
in which there will be embodied the highest

practicable physical properties to withstand

the strain of centrifugal force and vibration.

Another object is that of providing a ma-
chine capable of commercially achieving the
aforestated objects and which machine will
embody, for example, either an oscillating
and longitudinally reciprocable die and a
cooperating non-oscillating roller or mount-
ing therefor, which latter is capable of oscil-
Iation. and a die. these elements being capable
of reciprocation longitudinally with respect
to each other, whereby a draw-rolling action
15 achieved.

With these and further objects in mind

reference is had to the attached sheets of -

MACHINE
1828. Serial No. 289,052,

drawings illustrating one practical embodi-
ment of the invention and in which :—

Figure 1is a vertical, longitudinal sectional
view of the machine;

Fig. 2 is a fragmentary side elevation with
certain of the parts broken away to disclose
underlying construction;

Figs. 8 and 4 are views showing the rear
end of the machine and certain of the parts
being illustrated in section ;

Fig. 5 is a transverse sectional view of the
machine and die, the section through the lat-
ter being taken along the lines 5—5 of Fig-
ure 8;

-Fig. 6 is a somewhat fragmentary side

elevation of the die-moving mechanism

Fig. 7 is an end view of the front of the
die and carriage therefor with the billet-re-
taining mechanism applied to the former;

Fig. 8is a plan view of the die;

Figs. 9,10 and 11 are transverse sectional
views taken along the lines 9—9, 10—10 and
11—11 respectively and in the direction of the
arrows indicated in Fig. 8;

Fig. 12 is'a plan view of a finished pro-
peller blade provided by a machine and ac-
cording to the method of the present inven-
tion ; '

Figs. 13, 14, 15, 16 and 17 are views taken
along the lines 13—13, 14—14,15—15, 16—16
and 17—17 respectively of Fig. 12;

gig. 18 shows one form of prepared blank,
an ,

Fig. 19 is a transverse sectional view taken
along the lines 19—19 of Figure 18.

In these views, the numeral 21 indicates
a base from which four standards or posts 20
extend npwardly. ‘

The base 21 provides, as in Figures 4 and
5, a channel portion 22 within which a die
bed 23 is mounted for reciprocation longi-
tudinally of the machine base and which, in
turn, mounts a die-supporting member 24 to
which there is secured as, for example, by the
locking bolts 25, a die block generally Indi-
cated at 26 and the detailed construction of
which will be hereinafter described. At this
time it will be observed that the upper face
of the bed 23 and the adjacent face of the
mounting. member 24 are curved transversely,
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as has been indicated at 27, the degree of this
curvature being equal to that of an arc of a
circle, having its center adjacent the center
portion of the upper face of the die block 26.
As a consequence, while the die bed 23 is
capable of reciprocation and carries with it
the block 26, the latter, together with the sup-
porting member therefor, may be rocked
transversely of the machine in a manner here-
inafter brought out.

Now with a view to showing one practical
form -of mechanism by means of which the
bed and associated structure may be recip-
rocated with respect to the base of the ma-
chine, attention is invited to Figure 2, in
which the numeral 28 indicates a power shaft,
to which a driving pinion 29 is secured, the
teeth of such pinion meshing with the teeth
of a gear 30 mounted on a shaft 31. This
shaft in turn mounts a pinion 32 meshing
with the teeth of a gear 33 mounted by a
shaft 34 terminating in a crank 35 which
carries at its outer end a traveler block 36
riding within the slot or groove 37 of a beam

'88. The latter is mounted for rocking move-

ment adjacent its upper end, as at 39, and
carries at its lower end a link 40 secured to
a bracket or extension 41 attached to the inner
end of the die block.

It will thus be obvious that with the drive
shaft 28 rotated, the beam 38 will be oscil-
lated, resulting in a reciprocation of the bed
23 and, incident to this construction it will
be seen that the die block and the parts mount-
ing the same will have a slight dwell upon
the completion of each outward or working
stroke, i. e. the movement of the parts from
right to left, as viewed in Figure 2.

Cooperating with the upper face of the
die is a roller 42, as shown in Figures 1 and

5, and this roller may (although not neces-.

1) be formed with
from which there
at a tangent to

sarily, as shown in Figure
a recess 43 in its periphery,
extends a groove portion 44

_the periphery of the roller and merging and

extending into the remainder of the roller
periphery, which is truly concentric with re-
spect to the axis. The roller is mounted up-
on & shaft 45 supported by brackets 46 and
464 and to which shaft it is preferred that a

timing gear 47 be secured. The teeth of this

ar mesh with the teeth of a rack 48, the
ends of which, as in Figure 6, may mount
rollers 49 bearing against actuating bars or
other portions 50 secured to extensions 51 of

the die bec 23. It will thus be obvious that-

with the timing gear 47 having a diameter
equal to that of the periphery of the die
roller, the latter will have a peripheral speed
equivalent to the speed of reciprocation of
block and the teeth and the pinion
and rack will remain in mesh irrespective of
whether the shaft 45 is elevated or depressed,
in & manner hereinafter brought out. How-

5 ever, if the diameter of the gear is increased

1,840,059

it will be obvious that the periphery of the
voller and face of the die block will not move
in synchronism, and that this will result in
urging the metal forward at the moment of
squeeze, which, in certain instances, might be
desirable with a view to facilitating and im-
proving the working and shaping of the
blank supported by the die block.

However, it will be understood that, by
means of the present method the urging of
the metal forward up to certain limits does
not result in any material slippage of the
roller since the internal molecular friction
of the metal would be less than the surface
friction on the roller face.

Tt is obvious that roller 42 may be provided
with a plain concentric face and in this event
the rack 48 could be readily dispensed with.
The drawing or pulling process would still
be made use of to a very marked degree due
to the friction on the journal of shaft 45, to-
gether with the piling u of the metal which
will obvicusly occur in front of the roller.

Now with a view to bodily shifting the
roller towards and away from the die block,
a mechanism may be employed which, as
shown particularly in Figs. 1 and 5, includes
a mounting plate 52 to which are secured the
braclets 46 and 46a mounting the shaft 45.
This plate is supported by links 53, the up-
per ends of which are carried by the lower
ends of arms or toggle cranks 54 secured to a
sleeve 55. Thus, a toggle mechanism is pro-
vided which, by an oscillation of the sleeve,
will cause the plate 52 and the die roller sup-
ported thereby to be moved towards or awsy
from the die block. Two sleeves are em-
ployed, one supported by each of the shafts
56, eccentric bushings 57 being introduced
between the shafts and the sleeves for a pur-
pose hereinafter brought out and the ends of
the shafts being supported between the pairs
of posts 20. Extending upwardly from each
sleeve are actuating arms 58 coupled to move
in synchronism by a connecting rod 59 ex-
tending therebetween. The rearmost sleeve
also carries a further lever or arm 60 which,
by means of a rod 61 and crank arm 62, is
coupled to a shaft 63. This shaft carries as
has been shown in dotted lines in Fig. 2 an
in full lines in Fig. 3, two pairs of arms 64
and 65 respectively mounting at each of their
outer ends and between them, cam rollers 66.
Secured to the shaft 34 is a toggle pressure
cam 67 and a toggle release camn 68, the form-
er cooperating with the roller mounted be-
tween the pair of arms 64 and the latter hav-
ing its periphery engaged by the roller 66
mounted between the pair of arms 65.

As a consequence of the rotation of the
chaft 34 it will be obvious that the cams
67—68 will be turned and the first of these
cams will serve periodically to turn the shaft
63 and actuate the crank 62 to move the red
61 downwardly and consequently rock the
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sleeves 55 and thus depress the roller 42. The
cams are so timed that after the roller has
been retained in this plane throughout méve-
ment of the die block the cam 68 will-actuate
the shaft 63 by means of the roller 66 and arm
65 to release the toggle. In other words, an
upward thrust will be exerted upon the rod
61, resulting in a partial rotation of. the
sleeves 55 and a consequent raising of the
roller. L
While the foregoing represents one practi-
cal and, in certain aspects, a preferred form
of mechanism for periodically moving the
roller towards and away from the face of the
die block, it will be understood that different
forms of mechanism might be employed to
achieve this result without departing from
the scope of the present invention. Likewise,
in connection with the mechanism which will
be immediately hereinafter described, for
varying the plane into which the roller is
thrust by the toggle structure, it will be un-
derstood that while a somewhat manually op-

_erated mechanism has been shown for the

30

35
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sake of simplicity, a mechanism might be pro-

vided in which manual attention is not nec-
essary and, furthermore, this mechanism
might, in certain aspects: be modified with-
out detriment to the effective operation of
the machine. .
Thus, as has been stated, the bushings 57
are preferably eccentric and the ends there-
of, as clearly shown in Figure 5, extend be-
yond the ends of the sleewes and at these
points are provided with upstanding levers
or arms 69 connected to move in synchronism
by a rod 70, the end of which is coupled to
a hand lever 71 pivotally mounted upon a
supporting member 72 and having any de-
sired locking expedient 73. It is obvious that
as the lever is rocked from left to right the
periphery of the roller will be caused to ex-
tend into an increasingly lower plane and the
contrary is true if the lever is rocked in an
opposite direction. At this time it will be
noted that, if desired, any convenient form
of automatic or semi-automatic mechanism
might be substituted for the manually con-
trolled means just described and which would
serve efficiently to progressively decrease the
distance between the die block and roller.
Now with regard to the die block, which
has heretofore been referred to generally in
connection with reference numeral 26, it will
be understood that, as aforestated, the present

machine is primarily adapted and intended

for the forming of aircraft propeller blades.

- These blades, as in Figure 12, include'a body
‘usually having, as an integral part a hub

portion 74 adjacent which the plate is circular
In_cross-section, as in Figure 17. Beyond
this point the blade is developed to provide
effective air-foil surfaces which in the em-
bodiment under consideration take the form
of a flat inner face 75 and a convexed outer

3 :

face 76. In order to provide a blade of max-
imum efficiency these surfaces present angu-
larly varying faces and the area of the blade
decreases toward.the tip thereof, as does also
the thickness of the blade body, attention be-
ing invited in this connection to Figs. 18 to
17." With this in mind and according to the

_present invention, the surface of the die block

is developed as in Figs. 8 to 11 to assure the
varying angularity or, in other words, the
proper pitch of the blade and the die block,
as shown, includes rail portions 77 and 78
extending longitudinally of its upper side
edges and a central recessed portion 79 for
the reception of a prepared blank, the area
of this central cavity being defined by a.rib
or flange 80 upstanding from the upper face
of the block 26 and spaced from the rail 78
to provide flash recesses 81. Furthermore,
the flange 80 terminates in a plane short of the
plane into which the rails 77—78 extend,
the latter being adapted to be engaged by
the periphery of the roller 42 and the flange
being thus spaced to provide a flash-gap be-
tween the roller periphery and its upper edge.

Obviously, the flange 80 defines a space
exactly equal to the area of the blade and the
base of the recess 79 is concaved to just ex-
actly the extent necessary to provide for the
proper formation of the air-foil surface there-
of. Tt will be noted that in the present ex-
emplification- both the rails 77 and 78 have
been shown as removable, these rails control-
ling the gage thickness and unit weight of
the finished blade. Incidentally, at the time
of manufacturing the dies the rails are pref-
erably made of a height proper for cold fin-
ishing the blade to the required thickness.
When used for hot rolling they would be
raised to the proper distance by inserting suit-
able shims 77" and 78’ so that the Llade would
be hot rolled to a point where it was slightly
over weight, thus leaving sufficient material
to cold roll the blade to the subsequently re-
quired finished weight. In other words, the
recess 81 provides a space accommodating the
surplus metal forced over the edge of the
flange 80 in the form of flash which is after-
wards trimmed in any desired manner. Thus

the blade which is initially of an excess !

weight, is reduced to exactly the proper
weight and size. '

With a view to holding the blank within
the cavity 79 any desired mechanism may be
employed which, for example as shown in
Figure 7, may include a pair of pivotally
mounted jaws 82 gripping between them the
hub of the blank and these jaws having bell.
crank extensions, the arms of which are inter-
connected by a toggle mechanism 83 actuated
by, for example, a cylinder and piston 84
connected with a suitable source of fluid un-
der pressure. This assemblage is mounted
conveniently, in the manner shown in Tig-
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ure 1, in which the supporting member 24
carries the same.

A desired form of blank has been shown
in Figure 18, in which the numeral 99 indi-
cates the hub portion and 100 the blade body
of the blank, the former being gripped by
the means provided for retaining it in oper-
ative association with the die and the latter
being engaged by the roller. This blank is
preferably formed by extrusion.

'With the blank properly disposed within
the cavity 79 and its end gripped by the
clamping means, the operator shifts the lever
71 so that the roller will be depressed to a
minimum extent. With the billet is some-
what heated condition and the pinion shaft
98 rotating, the toggle mechanism will now
act to bring the roller towards the die block,
the parts being so timed that the “dwell”
incident to the provision of the link 40 and
the fact that the crank 35 is on dead center,
will assure against any movement on the part
of the die block or roller. Subsequently,
the block will be moved outwardly and the
roller bearing against the upper face of the
blank will decrease the thickness of the lat-
ter and draw the same to tend to fill out the
entire space 79. Coincident with this stroke
it will be observed, as has been particularly
shown in Figs. 9 to 11, that the die block will
rock transversely of the bed of the machine,
thus assuring a proper initial contouring of
the blade being formed. Upon the comple-

_tion of the stroke the toggle mechanism will

release to raise the roller out of contact
with the billet. but the roller and block will
continue to move in unison incident to the
provision of the rack and pinions 47—48. An
operator may now shift the lever 71 or the
roller-adjusting mechanism may otherwise
be shifted in any desirable manner. Dur-
ing the first stroke or pass it will be appar-
ent that the excess material of the billet will
move through the flash gap extant between
the upper edge of the rib 80 and the periph-
ery of the roller 42. With the latter now
brought into even closer proximity to the
die block and having in mind the fact that
on this or a succeeding stroke the roller
will have its periphery in engagement with
the contact rails 77—78, the blade will have
been rolled to the required gage thickness
and unit weight, the surplus metal being
forced into the flash cavity. The flash may
now be trimmed and the blade may be heat-
treated. Thereupon the blade is prepared
for the final cold rolling finish, which may
be accomplished in the die previously used
for the hot rolling step by removing the shims
from under the rails 77—78.

By making use of a longitudinal draw-
ing ‘action simultaneously with the squeez-
ing action of the roller which is urging the
metal in a longitudinal direction at the mo-

5 ment of squeezing, a longitudinal fiber struc-

1,840,059

ture will be furnished which will improve
the physical properties of the metal.

In the drawing process which is used as the
final stage in fabricating propeller blades the
metal is drawn or pulled at the moment of
squeeze, while in the extruding process herein
referred to the metal is shoved together or
compressed at the moment of squecze. Thus
the drawing process for the final stage 1s the
reverse of the extrnding step of the first
stage.

Thus, by means of the present invention it
will be understood that a metallic article will
be fabricated by a working operation which
results in a combined shaping and drawing
action. Iurthermore, this article, as a result
of such working, will embody the desired de-
gree of tensile strength and be capable of
being subjected to predetermined elastic
stresses. As a consequence the article will

ossess the highest physical properties and
withstand all strains for which it 1s designed.
By mean of the draw-rolling operation
taught by the present invention the article
and, specifically the blade, as it emerges from
the machine, will require no further machin-
ing or hand working to meet the specifica-
tions for the finished blade, which will have
the required twist or pitch angle, together
with the required cross- section area and air-
foil. The blade will furthermore be finished
to a gage thickness by the precision draw-
rolling to a unit weight measurcment.
Finally, it will be obvious that any desirable

degree of draw may be achieved during the =

rolling period by increasing the diameter of
the timing gear engaging the rack.

While the embodiment of the machine
herewith described is preferably to be ad-
hered to in practice, it will be understood
that the construction thereof might be varied
in numerous particulars. All mechanical de-
tails have not been specifically described but
will be obvious to those skilled in the art.
It might, however, be well to refer to the auto-
matic trip mechanism shown particularly in
Figure 3, in which it will be noted that the
gear 33 is rotatable with respect to the shaft
34, but moves in synchronism therewith, and
is normally clutched thereto by means of a
disk portion 83 having a groove 86 within
which a dog 87 is disposed. A clutch pin
88 carried by the gear 33 may be moved trans-
versely with respect thereto and into the
groove to engage the dog 87 by employing a
collar 89 slidably mounted upon the hub of
the gear 33. This collar 1s provided with
an annular rib 90 straddled by the arms of a
fork 91 forming a part of a tube 92.  Means
are provided for holding the tube projected
or retracted as, for example. a spring-pressed
ball 93 riding within deprescions formed n
the tube hody and a rod 94 is slidably disposed
within the fube and projectable beyond the
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In this lattcr position it strikes against the
cam or throw-out surface 95 carried by or
forming a part of the gear 33 as a consequence
of which this rod, together with the tube,
will be forced rearwardly, carrying with it
the collar 89 and consequently disengaging
the clutch and stopping the operation of the
machine. A finished form of mechanism for
effecting a projection and. retraction of the
tube and the rod is, for example, a lever 95
carrying at its outer end a wedge member 96
riding within slots formed through the rod
and the tube, and at this time it will be ob-
served that a spring 97 is interposed between
the ends of these two members in order to
force the same normally outwardly with re-
spect to each other, such movement on the
part of a rod, however, being limited by a

~ bracket 98. Thus, with the parts in the po-

20

25

- 30

35

40

sition shown in full lines in Fig. 3, the ma-

chine will operate continuously. If, how-
ever, the lever 95 is actuated the rod will ob-
viously be projected against the tendency of

-the spring and to the position indicated in

dotted lines. In such position the throw-out
surface 95 will, as aforestated, retract both
the tube and rod bodily to a point at which
the former bears against the bracket 98 and
the shaft 34 will consequently cease to rotate,
it being obvious that a return of the clutch
pin to operative position will be prevented
by the fact that the tube will remain in posi-
tion. If now, the lever 95 is returned to the
position shown the tube, under the urging
of the spring 97, will shift to correspondingly
move the collar 89 and again engage the
clutch parts, resulting in a driving of the
shaft 34. "~

In conclusion it will be appreciated that
the construction of the machine might be
changed in numerous respects and that the
steps of the method might also be varied in

- many particulars without departing from the

45

50

55

spirit of the invention as” defined by the
claims.

Having described my invention, what I

claim as new and desire to secure by Letters
Pitent, is:

. 1. A machine of the character described
including, in combination, a die formed with
a blank-receiving cavity, a roller, means for
reciprocating said elements with respect to
each other and rails associated with one of
said elements and cooperating with the other
of the same for rocking the latter transverse-
ly with respect to said first named element
and during the relative reciprocation of both
of said elements.

2. A machine for fabricating. propelier_
blades and the like from a metal blank, com-

prising in combination a rotatable annular
die, a longitudinal reciprocating die, means
for maintaining registration between said
dies, means for forcing said dies with re-

5 quired pressure into- the blank located be-

tween them and maintaining said pressure
during the longitudinal rolling of the blank,
and means for longitudinally reciprocating
said dies relatively to each other to effect lon.
gitudinal rolling of the blank and to return
the annular die and the reciprocating die
after each rolling pass to their initial forg-
ing position, one of the dies being supported
for transverse oscillation under control of the
other die for producing blade pitch twist.

3. A machine for fabricatin propeller
blades and the like from a metal%lank, com-
prising in combination a rotatable annular
die, a longitudinal reciprocating die, means
for maintaining registration between said
dies, means for forcing said dies with re.
quired pressure into the blank located be-
tween them and maintaining said pressure
during the longitudinal rolling of the blank,
means for longitudinally reciprocating said
dies relatively to each other to effect longi.
tudinal rolling of the blank and to return the
annular die and the reciprocating die after
each rolling pass to their initial orging po-
sition, and means for gripping the blank and
holding it in proper relation to the dies for
forging, rolling and twisting.

4. A machine for fabricatin propeller
blades and the like from a metal %lank, com-
prising in combination a rotatable annular
die, a longitudinally reciprocating die, means
for maintaining registration between said
dies, means for forcing said dies with re-
quired pressure into the blank located be-
tween them and maintaining said pressure
during the longitudinal rolling of the blank,
means for longitudinally reciprocating said
dies relatively to each other to effect longi-
tudinal rolling of the blank and return the
annular die and the reciprocating die after

each rolling pass to their initial position for

another deeper forging operation, means for
setting said dies closer together to increase
the depth of the forging operation for sue-
cessive rolling passes,
one of the dies for transverse oscillation un-
der control of the other die to produce blade
pitch twist. .

5. A machine for forming an article from
a8 metal blank, which comprises two dies hav-
ing co-operating die cavities shaped to give
the article the desired cross-sectional form,
means for holding the blank, means for auto-
matically moving the dies relative to each
other to produce a succession of rolling
passes, automatic means for moving the dies
toward each other at the beginning of each

ass to make a forging stroke and for mov-
Ing the dies apart at the end of each pass.

6. A machine for forming a propeller
blade from a metal blank, which comprises
a flat die and a roller die, the
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cally moving the roller die longitudinally of
the flat die to produce a succession of rolling
passes, automatic means for moving the dies
toward each other at the beginning of each
pass to make a forging stroke and for moving
the dies apart at the end of each pass.

7. A machine for forming an article from
a metal blank, which comprises two dies hav-
ing co-operating die cavities shaped to give
the article the desired cross-sectional form,
means for holding the blank, means for auto-
matically moving the dies relative to each
other to produce a succession of rolling
passes, automatic means for moving the dies
toward each other at the beginning of each

ass to make a forging stroke and for mov-
ing the dies apart at the end of each pass,
and means operable to increase the depth
of the forging stroke.

8. A machine for forming a propeller
blade from a metal blank, which comprises
a flat die and a roller die, the dies having co-

operating die cavities shaped to give the .

blade the desired cross-sectional form, means
for holding the blank, means or automatical-

x moving the roller die longitudinall of
e

flat die to produce a succession of ro ing
passes, automatic means for moving the dies
toward each other at the beginning of each
ass to make a forging stroke and for mov-
Ins the dies apart at the end of each pass
and means operable to increase the depth of
the forging stroke.

9. A machine for forming a propeller
blade from a metal blank, which comprises
two dies having co-operating die cavities
shaped to give the blade the desired cross-
sectonal form, means for holding the blank,
means for automatically moving the dies
relative to each other to produce a succession
of rolling passes, means for moving the dies
toward each other at the beginning of each

ass to make a forging stroke and for mov-
ing the dies apart at the end of each pass,
and means for tilting one die transveresly
with respect to the other die to give the blade
the desired twist. :

10. A machine for forming a propeller
blade from a metal blank, which comprises
a flat die and a roller die, the dies having co-
operating die cavities shaped to give the
blade the desired cross-sectional form, means
for holding the blank, means for automati-
cally moving the roller die longitudinally of
the flat die to produce a succession of rolfing
passes, automatic means for moving the dies
toward each other at the beginning of each
pass to make a forging stroke and for movin
the dies apart at the end of each pass, an
means for tilting the flat die transversely
with respect to the roller die to give the
blade the desired twist.

11. A machiné for forming an article from
a metal blank, which comprises two dies
having co-pending die cavities shaped to give

the article the desired cross-sectional form,
means for holding the blank, means for auto-
matically moving the dies relative to each
other to produce a succession of rolling
passes, and cam-operated means for moving
the dies toward each other at the beginning
of each pass to make a forging stroke an
for moving the dies apart at the end of each
pass.

12. A machine for forming a propeller
blade from a metal blank, whic%x comprises &
flat die and a roller die, the dies having co-
operating die cavities shaped to give the
blade the desired cross-sectional form, means
for holding the blank, means for automati-
cally movin%1 the roller die longitudinally
of the flat die to produce a succession of
rolling passes, cam-operated means for mov-
ing the dies toward each other at the be-
ginning of each pass to make a forging stroke
and for moving the dies apart at the end of
each pass.

In testimony whereof I affix my signature.
OHN WILLIAM SMITH.
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