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éridge Inc., Cleveland, Obie, a corporation of Ohio

Filed Apr. 22, 19Z9, Ser. Neo. 808,128
8 Claims. (Ll 29—156.8)

The present invention is concerned generally with the
manufacture of turbine wheels and related articles, and
is more particularly concerned with the formation of
rotors and the like for turbines, compressors and related
applications, featuring the forging of rotor blades from
a metal mass which additionally provides a blade sup-
porting structure in the form of a disc or rim portion.

Present technigues of making turbine wheels generally
requires either broaching or casting, and in either of those
methods it has been found difficult to maintain the proper
dimensioning between the blade airfoils and roots. Ac-
cordingly, each of these methods have substantial time
and cost limitations, and one soluiion proposed has been
to precision cast or forge turbine blades and to seal the
airfoil sections in a ring made of a material such as Kirk-
site metal. The assembled ring is placed in a holding
cavity in a pressed die and held by an upper die member.
A hot biilet is then placed in the center of the ring and
by the anplication of forging pressures, the billet is ex-
truded under and around the blade roots. While the
described method has the advantage of requiring only
minor machining to remove excess metal from the wheel
face, it is immediately apparent that this process is at
least a two-siep method and still leaves much room for
improvement from time and cost standpoinis.

It is accordingly an important aim of the present in-
vention to provide a method of making turbine wheels
and like articles wherein a blank is subjected to forg-
ing conditions to form therefrom a plurality of cir-
cumferentially spaced turbine blades integral with the
remaining metal mass of the blank which provides the
supporting structure for said blades.

Another object of the invention lies in the provision
of a turbine wheel in which the blades and disc or rim
structure supporting the same are an integral and unitary
forged body originating from the same metal mass.

A further object of the present invention is to provide
a method of forming turbine wheels and the like, which
comprises supporting a plurality of blade shaping mem-
bers in circumferentially spaced relation, locating a metal
body of sufficient mass to provide the blades and sup-
porting structure therefor radially inwardly of the blade
supporting members, and applying forging pressures to
the metal body tc move the same radially outwardly
between the blade shaping members to form the blades
and to provide a remaining metal mass integral therewith
forming the supporting structure for said blades.

A still further object of the invention lies in the pro-
vision of a forged turbine wheel and the like, comprising
a plurality of circumferentially spaced turbine biades,
and a supporting member for said blades and integral
therewith, said member and blades being of the same
metal composition and being both formed from the same
original metal blank, whereby grain lines in the blades
are continuous with grain lines in the supporting member
therefor.

An even further object of this invention is to provide
appearatus for forming turbine wheels and the like from
a unitary metal mass to provide turbine blades integral
with a supporting member therefor, comprising a female
die member having an annular recess therein, a plurality
of blade shaping members supported in said recess in
circumferentiaily spaced relation therealong, said shaping
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member radially inwardly thereof defining a space for
locating a metal blank against the die member, and a
male die member movable relative to the female die
member to apply forging pressures against the blank to
move the same radially outwardly between the blade
shaping members to form the turbine blades and te pro-
vide a remaining metal mass integral with the blades
and forming the supporting structure therefor.

Other objects and advantages of the invention will be-
come more apparent during the course of the following
description, particularly when taken in connection with
the accompanying drawings.

n the drawings, wherein like numerals designate like
parts throughout the same:

FIGURE 1 is a fragmentary elevational view of a
tarbine wheel formed in accordance with the principles
of this invention;

FIGURE 2 is a side elevational view, with parts broken
away and with parts in section, showing a metal blank
in an exemplary forging apparatus prior to formation
of the turbine wheel;

FIGURE 3 is a view similar to FIGURE 2, showing
the apparatus with formed turbine wheel therein;

FIGURE 4 is an elevational view of one form of blade
shaping or insert member;

FIGURE 5 is a sectional view taken substantially
along the line V—V of FIGURE 4;

FIGURE 6 is a view similar to FIGURE 5 and show-
ing a plurality of insert members abutting one another
as when used in the apparatus of FIGURES 2 and 3;

FIGURE 7 is a sectional view taken substantially along
the line VII—VII of FIGURE ¢;

FIGURE 8 is an clevational view of another form of
insert member and provided with a stop therein;

FIGURE 9 is a sectional view taken substantially
along the line IX—IX of FIGURE §;

FIGURE 10 is an exploded and somewhat diagram-
matic view to illustrate a blade shaping structure of ring
configuration and showing in fragmentary form a turbine
wheel as produced therefrom;

FIGURE 11 is a fragmentary elevational view show-
ing in pari another form of blank which may be em-
ployed and in part the turbine wheel formed therefrom;

FIGURE 12 is a side elevational view, with paris
broken away and with parts in section, illustrating ex-
emplary apparatus which may be used to form the wheel
structure of FIGURE 11;

FIGURE 13 is a fragmentary side elevational view oi
a turbine wheel produced by the present invention and
in which the supporting member is of annular shape;

FIGURE 14 is a side elevational view of suitable appa-
ratus to produce the wheel of FIGURE 13, portions of
the apparatus in this view being broken away and other
parts being shown in section.

Briefly stated, a rotor or wheel for turbine and com-
pressor applications is produced by the present invention
by utilizing a blank of either pancake or ring configura-
tion, and if desired, when utilizing a pancake blank, thick-
ened portions may originally be formed thereon to pro-
vide suflicient metal mass for the exiruded turbine blades.
Cooperating male and female die members are illustrative
of the forming means employed, and in such apparatus
the female die member is provided with an annular recess
in which is seated either an insert ring providing the blade
shaping members or said members may take the form of
a plurality of abutting individual inserts defining therebe-
tween the blade shaping cavities. The cavities are closed
at the ends providing the turbine blade tips, and the stop
at the end of each cavity may be either the female die
member or an annmular ring seated therein. Suitable die
structure is provided to retain the insert members or insert
ring in the recess in the female die. The metal blank,
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whether it be of pancake or ring configuration, is seated
against the female die member radially inwardly of the
insert or blade shaping members, and by imparling rela-
tive movement between the male and female die members,
the metal blank is moved or forced radially ouiwardly
into the blade shaping cavities to form the turbine blades
and to produce a remaining metal mass of reduced thick-
ness as compared with the original thickness of the blank,
this remaining mass providing the supporting structure for
the blades. As was mentioned, the supporting structure
may be either a sclid disc, or a ring member to which
a hub may be subsequently secured. Other features of
the structure and method of this invention will become
apparent as the description now proceeds.

Referring now to the drawing and first to FIGURE 1
thereof, a turbine wheel generaily designated as W com-
prises a disc D integral with and supporting a plurality
of circumferentially spaced blades B of airfoil shape.
The disc D in the illustrative showing of the FIGURE 1
is a solid metal mass, although as will be specifically
described hereinafter, the supporting structure for the
" ‘blades B - may be a ring or rim to which a hub of a dif-
ferent metal is secured for particular applications.  The
blades B of FIGURE 1 are arcuate in shape and each is
of constant thickness from the tip to the base thereof,
however, variations can readily be practiced in the method
herein disclosed to produce tapered shapes and blade
structures of different contours or configurations. The
metal forming the turbine wheel W may be those cus-
tomarily employed for turbine compressor rotor applica-
tions, and stainless stecl, titanium and the like provide the
.desired results in the practice of the present invention.

A first form of exemplary apparatus to practice the

present method and to produce the turbine wheel W of
FIGURE 1 is shown in FIGURES 2 and 3. Upon refer-
ence thereto, it will be seen that there is provided a sup-
porting base 20 which receives a female die member 21,
the supporting base having an essentially flat surface 22
supporting and securing an aperiured annular die holder
23. The die holder 23 has a bore 24 extending there-
through and: comprising a tapered mouth portion 25 and
a reduced - diameter throat portion 26 which connects
with a relatively flat portion 27 and tapered portion 28
which terminates in a relatively short length straight wall
portion 29, -

The female die member 21 is provided with a pair of
adjacent annular recesses or grooves 3¢ and 31, and
seated in the recess 3@ is a retaining ring 32 which may
take the form of three separable abuiting parts. The
recess 31, on the other hand, seats blade shaping means
generally designated as 33, the structural features of which
will be specifically described later. - It will be seen from
FIGURE 2 that the blade shaping means seats in-the
annular recess-31 and is restrained against radial inward
movement by a shoulder 34 in the upper surface of the
die member 21. Further, it may be observed that both
the retaining ring 32 and the blade shaping means 33 are
held in position by the die holder 23 and that the retain-
ing ring abuis against a shoulder 35 formed in the upper
surface of the die member 2i1. The retaining ring 32
- in the embodiment of FIGURES 2 and 3 provides a stop
"~ for metal flow during formation of the turbine biades in
the blade shaping means 33.

Cooperating with the female die member 21 is a punch
or male dic member 36 having stepped portions 37 and
38 and.an active end portion 3%. The punch 3§ is mov-
able relative to a punch holder 48, which may be seen to
be bored to provide a shoulder 41 limiting travel of the
punch 36, and it will be seen that the punch 3% is further
limited in its axial travel by contact of the stepped punch
portion 38 against relatively flat upper surface 42 of the
die holder 23. The active end 39 of the male die member
36 is guided during axial travel by the tapered mouth
poriion 25 of the die holder 23, and the lower face of
the punch active end 39 has a recess 43 formed generally
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centrally therein whick cooperates with a corresponding
recess 44 in the female die member 21 to provide a hub
or embossment on metal blank 45 during forging in the
apparatus of FIGURES 2 and 3.  Provision of a hub is
a matter of choice, however, and the strength require-
ments of the turbine wheel W may in particular applica-
tions render such a central thickened portion unnecessary. -

Metal blank 45 in FIGURE 2 is shown to be of gen-
erally circular pancake configuration having a generally
constant thickness throughout. As explained hereinafter,
other blank configurations are within the contemplation
of this invention, and a solid blank may have annular
thickened portions at various sections theréof and the

- metal blank may also be of ring shape.
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Relative movement of the punch member 36 with
respect to the stationary die 21 and the exertion of forging
pressures by said punch upon the blank 45 bottomed
against the die 21 compresses the blank 45 and flows the
metal mass radially outwardly into the -blade- shaping
means 33 to form the turbine blades in the shaping cav-
ities provided by the blade forming means 33. The struc-
tural details of one form of blade shaping means are
shown in FIGURES 4 to 7, to which reference is now
made. While individual inserts or blade shaping mem-
bers are shown therein, it will later be seen that a con-
tinuous ring is also productive of the desired results. -

Each insert or blade shaping member 46 is contoured

" or machined to generally a U-shape configuration, and

is thus formed to produce, when assembled with other in-
sert members, turbine blades  of constant. thickness
throughout the axial length thereof. Each member 46
comprises generally flat and parallel side surfaces 47
and 48, generally flat and parallel end surfaces 4% and
59, and a base surface 51 having a curved central portion
52 and outwardly extending end portions 53, which as
shown in FIGURE 3 are generally flat and parallel to the
central portion 52. It is to be further seen from FIG-
URES 4 and 5 that each insert member 46 has a smoothly
swept yoke portion 54 which slopes upwardly from side
surface 47 to side surface 48 so that the yoke portion 54
is angularly disposed with reference to the base surfaces
52 and 53. The contour of the portion or surface 54 con-
tinues throughout the curvature thereof and upwardly to
smoothly swept shoulder portions 35 and 56 which define
a line generally fiat and parallel to the line defined by the
yoke- portion 54 from side surface 47 to side surface 48.

To summarize, each insert member 46 is provided with
a generally flat or straightbase surface 52 as seen by the
line a-b of FIGURE 5, generally straight or flat base end
surface 53, denoted by the line ¢—d of FIGURE 5 and
which is parallel to the line ¢-b, and an upwardly swept

- yoke or shaping surface 54 which is tapered with respect -

to the surfaces 52 and 53, as identified in FIGURE §
by the line e~f. The upper end surfaces 55 and 56, on
the other hand, are similarly tapered or upwardly .swept
when compared with the surfaces 52 and 53, and between
opposite side surfaces 47 and 48 the surface 55 or 56-is
generally parallel with the surface 54, as denoted by the
line g-# in FIGURE 5. .

" To provide the blade shaping means generally desig-
nated in FIGURES 2 and 3 by the numeral 33, the insert
members are located in the annular recess 31 of the die
member 21 by placing each insert 46 on end on either of
the surfaces 49 or 58, with the surfaces 53 of one insert
in abutment with the swept surfaces 55 and 56 of an adja-
cent insert. This is shown in FIGURES 6 and 7, and it
will be seen therefrom that when adjacent inserts 46 are
in abutting relation as described, there is defined be-
tween the base surface 52 of one insert and the central
or yoke surface 54 of an adjacent insert, a blade shap-
ing cavity 57 which is of constant width between surface
52 of one insert and surface 54 of another insert from
one end to the other thereof, or from a side surface 47
to an opposite side surface 48. This arises by reason of
the surfaces 53 being essentially flat or straight, whereas
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the surfaces 55 and 56 are swept or tapered. As is ap-
preciated, the thickness of the turbine blades from root to
tip portions thereof may be varied from the constant di-
mensions shown by ready modifications of the contours
of the insert members 46.

The insert 46 of FIGURES 4 to 7 will generally be
found to have the necessary strength properties for most
forming operations; however, particular applications may
dictate the use of strengthening means on the insert, as is
shown in FIGURES 8 and 9. Insert or blade shaping
member 38 illusirated therein has generaily the exterior
configuration of the insert 46 of the earlier described
views, and like numerals with the legend “a” appended
thereto have been employed to identify like surfaces in
FIGURES 8 and 9.

The essential difference between the insert 46 of FIG-
URES 4 to 7 and the insert 58 of FIGURES 8 and 9 is in
the provisicn or smoothly swept yoke or shaping surface
portion 59 of a dam or stop 60 rising upwardly o a
height identified in FIGURE 9 by the legend “j—&” and
located inwardly from the side surface 474 a distance de-
noted in FIGURE 9 by the legend “j—I”. The dam or
stop €9 then continues toward the opposite side surface
48a a distance designated as “k-m”, and it will be seen
from FIGURE 9 that the surfaces identified by the line
“ji-0”, “k-m”, and “n—o0” are all upwardly swept and
paralicl to one another. However, these surfaces are
tapered or in angular relation with the base surfaces 52a
and 532, As mentioned, the dam or stop 66 serves to
strengthen the insert or blade shaping member £8, and of
course, some machining will be required on the turbine
blades produced by use of the imsert members 58 when
the said members are assembled in the manner described
in connection with the insert members 46 of FIGURES
4to7.

The insert members 45 and 58 of FIGURES 4 to 6
and FIGURES 8 to 9, respectively, are separable mem-
bers which, when assembled as described, provide there-
between tbe blade shaping or forming surfaces. In sub-
stitution for a plurality of individual members 46 and
58, there may be utilized continuous ring receiving inserts
providing therebetween the blade shaping surfaces. This
structure is shown in FIGURE 10, and may be seen to
comprise a ring member 61 having a plurality of circum-
ferentially spaced and radiaily extending slots or open-
ings €2 of arcuate configuration and receiving removable
insert members 63 of complementary surface contour.

In FIGURE 10 a single insert member 63 is shown in
a position of removal from one of the slots 62, as would
occur subsequent to formation of a turbine wheel W with
a disc porticn D supporting the blades B formed integral
therewith. However, to provide the blade shaping sur-
faces with the ring and insert configuration of FIGURE
10, a plarality of inserts 63 are moved radially inwardly
to protrude from the inner diameter of the rings 61 a dis-
tance calculated in accordance with the length of the tur-
bine blades B desired. The inserts €3 are each provided
with a generally concave shaping surface 64 and an op-
positely facing convex shaping surface 65, and when the
inserts 63 are extended radially inwardly from the inner
diameter of ring 61 the desired distance, the shaping sur-
face 64 of the one insert 63 and the shaping surface 85
of an adjacent insert 63 provide therebetween the blade
shaping cavity wherein each blade B is formed.

The ring members 61 with the inserts 63 extending
radially inwardly therefrom can be employed in die ap-
paratus of generally the type shown in FIGURES 2 and
3. In this application a spacer ring 32 is not employed,
however, and the outer diameter of the ring 61 is seated
in a recess in the female die member 21. An annular
containing ring is suitably secured to the upper surface of
the die 21 and extends radially inwardly a sufficient dis-
tance to cover both the ring member 61 and inserts 63
therein, so as to not only hold the insert 61 in a firm
position, but also to prevent an upward metal flow from
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between the inserts 63 during the forming operation.
After the forging is completed, the imsert ring 61 and
wheel W locked thereto are removed from the die cavity,
and the inserts 63 moved radially cuiwardly in the man-
ner of FIGURE 10 to free the wheel from the ring.
Machining is then accomplished to finish the disc and
blade surfaces.

The blank 45 of FIGURE 2 is shown of essentially uni-
form thickness across the diameter thereof, and it is of
course appreciated that sufficient metal mass must be pro-
vided in the blank to provide the necessary material for
the turbine blades or buckets, and to leave remaining a
sufficient body of metal in the disc portion so that the
strength characteristics thereof are adequate. In FIG-
URE 11 there is shown in somewhat exaggerated form in
one portion thereof a blank 66 having an annular thick-
ened or raised portion 67 adjacent the outer diameter and
on at least one face or surface of the blank 66. The
added metal mass 67 provides a sufficient metal body to
be extruded to the depth of the blade shaping cavities
without drawing excess metal from the biank portion
which ultimately forms the disc of the turbine wheel.

in addition to providing a thickened portion such as
indicated adjacent the ouier diameter of the blank 66 in
FIGURE 11, the blank may also have thickened portions
radially inwardly of the portion 67 shown in FIGURE 11.
A metal blank so constructed is illustrated in FIGURE 12,
and is designated therein generally by the numeral 68.
The blank 68 may be seen to comprise a reduced diameter
central portion 69 and an annular thickened portion 79
radially outwardly of the center portion 69. An addi-
tional annular thickened portion 71 may be provided
spaced radially outwardly of the thickened portion 70 and
connected therewith by a reduced diameter annular por-
tion 72. Radially outwardly of the thickened portion 71
the blank 68 may have a further reduced diameter portion
73 which connects with an annular thickened portion 74
adjacent the outer diameter of the blank 68.

Exemplary apparatus to form the blank 68 into the
desired turbine wheel configuration is also shown in FIG-
URE 12, and comprises a female die member 73 having
a shaping surface designated generally by the numeral 76
and corresponding with the configuration of the blank 68.
The female die member 75 has an anpular recess 77
formed therein which seats blade shaping means 78, which
may take the form of either a plurality of abutting insert
members 46 or 53, or a ring member 61 with inserts 63
therein as described in congmection with FIGURE 10.
The blade shaping means 78 is held in position by an
annular retaining means 79, which is suitably secured to
the upper surface of the female die 75.

Cooperating with the die member 75 is a holddown
punch 8§ having an active face 81 generally contoured to
the upper surface of the blank €8, and a circular punch
82 having shaping surfaces 83, which transmit forging
pressures to the annular thickened portions 74 of the blank
68, and metal mass closely adjacent thereto, moving the
metal mass in the thickened portion 74 radiaily outwardly
to form the turbine blades or buckets. By the punch and
die apparatus of FIGURE 12, the forging tonnage re-
quired is reduced substantially, and a blank 68 may be
employed which is essentially finish forged except for the
raised or thickened portion 74, which is of course shaped
to form the turbine blades.

it is of course appreciated that apparatus of the general
character shown in FIGURE 12 may be utilized to form
the blank 6% of FIGURE 11, and in this event the active
surfaces of the die 75 and holddown punch 8¢ would not
be contoured as shown, except to accommodate the metal
mass in the relatively thicker annular band 67 on one sur-
face of the blank &5. The turbine wheel produced by
formation of either the blank 66 or blank $8 has gen-
erally the configuration shown in FIGURE 11, and for
purposes of clarity the wheel, disc and blades thereof are
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identified by the legends W, D and B, respectively, as in
the illustrations of FIGURES 1 and 10.

The turbine wheels W of the FIGURES 1, 10 and 11
comprise a disc D or supporiing structurs intsgral with
the blades B-and formed from the same metal mass which
produces said blades or buckets. The disc D of the earlier
described turbine wheels thereby provides a hub of the
same material as the disc and blades. There arise, how-
ever; particular applications in which it is desirable that
the hub be of different metal than the rim portion sup-
porting the blades. By proceeding in accordance with the
concepts of this invention, a ring or rim portion of suffi-
cient mass in blank form furnishes sufficient material from
which to form circumferentially spaced turbine blades
which are integral with the rim or ring portion and com-
prised of the same metailic material.

Such an arrangement is shown in FIGURE 13, and
upon reference thereto it will be noted that there is pro-
vided an annular rim or ring portion 85 and radially out-
wardly extending and circumferentially spaced turbine
blades ‘88, providing with the rim portion 85 a turbine
wheel structure generally indicated by the numeral 87 and
to which a hub portion can be secured along the inner
diameter of the rim portion 85 to provide a complete
assembly in which the rim or ring portion 85 and blades
‘86 are of one metal, and the hub portion is of a dissimilar
metal. It may be seen from FIGURE 13 that the blades
‘86 are generally arcuate and of essentially the same con-
figuration as the blades B described in connection with
FIGURES 1, 10 and 11.

Apparatus of an illustrative character by means of
which the structure of FIGURE 13 may be produced is
illustrated in FIGURE 14. As shown therein, a female
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die' member 88 is provided having a relatively shallow. .

cavity 89 with an essentially flat bottom wall 2@ therein,
the die member &8 further being provided with an annular
recess 91 seating blade shaping means 92. It is to be scen
from FIGURE 14 that the blade shaping means 92 abut
along their outer diameters against a shoulder 93 formed
by the recess 91, and that the die member 88 has a shoul-
der 94 against which abuts an annular blank 95 positioned
radially outwardly of a back up punch %6 which meets
with the bottom wall 90 of the cavity 82. The blank 95
may be seen to be of uniform wall thickness, and a por-
tion of the thickness thereof is abutted by a retaining ring
%7, which additionally functions to maintain the blade
shaping means 92 in a firm position in the die member
recess 91. : )

The apparatus of FIGURE 14 further includes an an-
nular or circular punch member 98 which applies forging
pressures to the annular blank 95 when the holddown
punch 96 is in the position of FIGURE 14. The blade
shaping means 92 may take any one of the forms earlier
described and in the practice of the method steps em-
ployed in the arrangement of FIGURE 14, the back up
punch is first moved relative to the die member 88 to en-
gage the inner diameter of the blank 95 and the bottom
wall 90 of the die cavity 82. The circular or annular
punch 98 is then forced downwardly under the neces-
sary pressures and engages the blank 95 to compress and
move the same in a radially outward direction to pro-
vide metal mass in the blade shaping cavities provided
by individual inserts 46 or 58 or an insert ring 61 of the
character shown in FIGURE 10.

As stated earlier, the turbine wheel 87 of the annular
configuration shown in FIGURE 13 has the advantage of
permitting utilization of different metals for the hub por-
tion than is employed in shaping the rim 85 and blades
86 integral therewith. Further; by use of a ring blank 95,
the forging tonnage requirements are reduced by the ratio
of ring surface area to the full disc area.

It is to be seen from the foregoing that applicants have
provided a novel method whereby proper dimensioning
of the turbine wheel structure produced is readily and
accurately maintained. The time and cost requirements
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of the method are substantially reduced as compared with
the casting and broaching techniques heretofore employed
and the disclosed process of this invention features a
continuous and essentially single step forging, which has
marked advantages over the suggested procedure of first
forming the blades and then forging a disc thereto. Nu-
merous -other advaniages will be apparent to those skilled
in the art. i )
Modifications and variations may of course be effected
in the process, apparatus and articles disclosed without
departing from the novel concepts of the present inven-
tion.
We claim as our invention:
1. A method of forming turbine wheels and the like
which comprises:
supporting a plurality of blade shaping members against
a supporting surface to provide a plurality of cir-
cumferentially spaced blade shaping cavities and a
female die member cavity with open ends of the
blade shaping caviiies facing the female die member
cavity, inserting a metal blank into the female die
cavity spaced from the blade shaping cavities and in
contacting relationship with the side walls of the
shaping members to cover the open ends of the blade
shaping cavities, : ' -

applying forging pressure to the end portion of the
metal blank to move the peripheral portion of the
metal blank radially outwardly into the blade shap-
ing cavities to fill the blade shaping cavities .to as-
sume the shape of the cavities and thereby form a
plurality of turbine blades integral with a support-
ing structure therefor.

2. A method of forming turbine wheels and the like

which comprises:
supporting a plurality of blade shaping members against
a supporting surface to provide a plurality of cir-
cumferentially spaced blade shaping cavities and a
female die member cavity with open ends of the
blade shaping cavities facing the female die member
cavity,
inserting a metal blank into the female die cavity
spaced from the blade shaping cavities and in con-
tacting relationship with the side walls of the shap-
ing members to cover the open ends of the blade
shaping cavities, )

retaining the ceniral portion of the metal blank by
seating a restraining member on said central por-
tion having a coacting configuration corresponding
to the configuration of the central portion, applying
forging pressure to the end portion to move the pe-
ripheral portion of the metal blank radially out-
wardly into the blade shaping cavities to fill the blade
shaping cavities to assume the shape of the cavities
and thereby form a plurality of turbine blades in-
tegral with a supporting structure therefor.

3. A method of forming turbine wheels and the like
which comprises:

supporting a plurality of blade shaping members against

a supporting surface to provide a plurality of - cir-
cumferentially spaced blade shaping cavities and a
female die member cavity with open ends of the
blade shaping cavities facing the female die mem-
ber cavity,

inserting an annular metal blank into the female die

cavity spaced from the blade shaping cavities in
contacting relationship with the side walls of the
shaping members to cover the open ends of the blade
shaping cavities,

engaging the inner end walls of the annular metal blank - -

with a backup punch,

applying forging pressure to the metal blank to move
the peripheral portion of the metal blank radially
outwardly into the blade shaping cavities to fill the
blade shaping cavities to assume the shape of the
cavities and thereby forming a plurality of turbine
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blades integral with a supporting structure with
grain lines in the turbine blades continuous with
grain lines in the supporting structure.

4. Apparatus for forming turbine wheels and the like
from a unitary metal mass to provide turbine blades in-
tegral with a supporting member therefor comprising:

a female die member,

a plurality of blade shaping members seated on the
die member and defining therebetween a plurality
of circumferentially spaced blade shaping cavities
adapted to form turbine blades assuming the shape
thereof and a female die member cavity,

said blade shaping cavities having open ends facing
the female die cavity,

a metal blank adapted to be mounted within the female
die cavity and spaced from the blade shaping cavi-
ties and contacting the side walls of the blade shap-
ing members before forging pressures are applied
thereto to cover the open ends of the blade shaping
cavities,

a punch member movable relative to the female die
cavity,

said punch member having an outer diameter equal
to the inner diameter of the female die cavity, and

said punch member being movable in the female die
cavity to apply forging pressures against the blank
and move the peripheral portion thereof radially
outwardly to fill the blade shaping cavities to assume
the shape of the cavities and thereby form turbine
blades in the blade-shaped cavities integral with and
constituted of the same metal as the mass inwardly
of the moved peripheral portion.

5. Apparatus for forming turbine wheels and the like
from a unitary metal mass to provide turbine blades in-
tegral with a supporting member therefor comprising:

a female die member,

a plurality of biade shaping members seated on the
dic member and defining therebetween a plurality
of circumferentially spaced blade shaping cavities
adapted to form turbine blades assuming the shape
thereof and a female die member cavity having a
tecess in the bottom thereof,

said blade shaping cavities having open ends facing
the female die cavity,

a metal blank adapted to be mounted within the female
die cavity and spaced from the blade shaping cavi-
ties and contacting the side walls of the blade shap-
ing members before forging pressures are applied
thereto to cover the open ends of the blade shaping
cavities,

a punch member movable relative to the female die
cavity,

said punch member having an outer diameter equal
to the inner diameter of the female die cavity and
having a recess therein facing the female die cavity
recess, and

said punch member being movable in the female die
cavity to apply forging pressures against the blank
and move the peripheral portion thereof radially
outwardly to fill the blade shaping cavities to assume
the shape of the cavities and thereby form turbine
blades in the blade-shaped cavities integral with and
constituted of the same metal as the mass inwardly
of the moved peripheral portion.

6. Apparatus for forming turbine wheels and the like
from a unitary metal mass to provide turbine blades
integral with a supporting member therefor comprising:

a female die member,

a plurality of blade shaping members seated on the
die member and defining therebetween a plurality
of circumferentially spaced blade shaping cavities
adapted to form turbine blades assuming the shape
thereof and a female die member cavity,

said blade shaping cavities having open ends facing
the female die cavity,
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a metal blank adapted to be mounted within the female
die cavity and spaced from the blade shaping cavi-
ties and contacting the side walls of the blade shap-
ing members to cover the open ends of the blade
shaping cavities,

a first punch member movable relative to the female
die cavity,

said first punch member having means to contact the

central portion of the metal blank to restrain said
central portion, and

a second punch member movable relative to the fe-

male die member outwardly of the first punch mem-
ber, and said second punch member being movable
in the female die cavity to apply forging pressures
against the end portion of the metal blank and move
the peripheral portion thereof radially outwardly
while restraining the blank central portion to fill
the blade shaping cavities to assume the shape of
the cavities and thereby form turbine blades in the
blade-shaped cavities integral with and constituted
of the same metal as the mass inwardly of the moved
peripheral portion.

7. Apparatus for forming turbine wheels and the like
from a unitary metal mass to provide turbine blades in-
tegral with a supporting member therefor comprising:

a female die member,

a plurality of blade shaping members seated on the

die member and defining therebetween a plurality
of circumferentially spaced blade shaping cavities
and a female die member cavity, said blade shaping
cavities having open ends facing the female die
cavity, )

an annular metal blank adapted to be mounted within
said female die cavity substantially spaced from the
blade shaping cavities and substantially contacting
the side walls of the blade shaping members to cover
the open ends of the blade shaping cavities,

a first punch member to be moved into contact with the
bottom of the female die cavity through the open-
ing in the annular metal blank,

a second generally ring shaped punch member mov-
able relative to the female die member outwardly
of the first punch member, and

said second punch member being movable in the female

die cavity to apply forging pressures against the
blank and move the peripheral portion thereof radial-
ly outwardly to form turbine blades in the blade-
shaped cavities integral with and constituted of the
same metal as the mass inwardly of the moved pe-
ripheral portion.

8. Apparatus for forming turbine wheels and the like

from a unitary metal mass to provide turbine blades in-
tegral with a supporting member therefor comprising:

a female die member,

a plurality of insert members of generally U-shape
seated in said female die member in abutting relation
one to the other and defining therebetween a plua-
rality of generally arcuate and circumferentially
spaced blade shaping cavities adapted to form tur-
bine blades assuming the shape thereof,

a female die cavity defined by said insert members
and said female die member, )

said blade shaping cavities having open ends facing
the female die cavity,

a metal blank adapted to be mounted within the female
die cavity and spaced from the blade shaping cavi-
ties and contacting the side walls of the blade shap-
ing members before forging pressures are applied
thereto to cover the open ends of the blade shaping
cavities,

a punch member movable relative to the female die
cavity,

said punch member having an outer diameter equal
to the inner diameter of the female die cavity, and

said punch member being movable in the female die
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cavity to apply forging pressures against the blank
and move the peripheral portion thereof radially
ouiwardly to fill the blade shaping cavities and form
turbine blades in the blade-shaped cavities assum-
ing the shape thereof and being integral with and j
constituted of the same meial as the mass inwardly
of the moved peripheral portion.
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