April 28, 1964 O. A. G. SPECHT 3,130,611
SWAGING MACHINE '

Filed March 13, 1961 4 Sheets-Sheet 1

12

N
\9

o

ﬁLTil )
¥ )
\
( ¢
' f
N N ~

KK 1

8

INVENTOR.
OT70 A.G SPECHT

BY

& T Hlant
ATTORNEYS -



April 28, 1964 O. A. G. SPECHT 3,130,611

SWAGING MACHINE
Filed March 13, 1961

4 Sheets-Sheet 2

7

/75@ {78 (O 176 13
7 / 7 i .
/s

l_—.E?c:j_t_ h

i ! 17 ]
L_ =2l XA o fmra ,
\ Frg.6

177 Svr e
4Z
41 77b

Jla. ==
rr7e—r=~ = INVENTOR.

N (S araviiel OTTO A.G. SPECHT

LB y BY ’

) NO B O BPNEYS




April 28, 1964 O. A. G. SPECHT 3,130,611

¥ /‘Q
N b
_/N
J'O

3

9

- 'ﬂi’\\ [,
/
V//

N o

“ INVENTOR,
OTTO A.G SPECHT

Y

B .
: ATTORNEYS

———
3

sSa
.

Sa
\

W

=
Frg

N



April 28, 1964 O. A. G. SPECHT 3,130,611
SWAGING MACHINE |

Filed March 13, 1961 ‘ 4 Sheets-Sheet 4
26

AV AL O N
N\ 3

26 78 . 126

o>»0r-
o»OF

g AR

AXIAL MOVEMENT OF FPIECE AXIAL MOVEMENT OF PIECE

F-E ’ d v . -FE E d INVENTOR.

OTTO A.G. SPECHT

BY; ;7,54'

ATTORNEYS




United States Patent O

3,130,611
Patented Apr. 28, 1564

ice

1

3,135,611
SWAGING MACHINE
Otto A. G. Specht, Cincinnati, Ghio, assiznor fo The
Cincipnati Milling Machine Co., Cincinnati, Chio,
a corporation of Chio
Filed Mar, 13, 1951, Ser. Me. 95,414
10 Ciatms., (CL 78-—28)

The present invention relates to rotary swaging
machines.

Rotary swaging machines are capable of quickly form-
ing many types of workpieces which would be difficult
and time consuming to machine by other methods. In
a typical rotary swaging machine, opposed, radially pul-
sating, forming dies impinge on a workpiece mounted on
a mandrel and received therebetween. Under the impact
of the dies the metal forms about the mandrel so that the
internal conformation of the workpiece is determined by
the mandrel while the external conformation is deter-
mined by the dies.

One type of complex workpiece which is difficult to
form in present rotary swaging machines is one having
two tandem portions containing bores with conformations
inclined with respect to each other. Such a piece might,
for example, have left hand helical grooves or ribs in one
bore, and right hand helical grooves or ribs, or straight
grooves or ribs, in the other bore. To permit separation
of mandrel and workpiece after forming, the two portions
of the workpiece are formed, in two separate operations,
on different mandrels.

With the structure disclosed herein a complex work-
piece having conformations inclined with respect to each
other on tandem bores of different size can be formed on
one mandrel in one continuous operation. To accomplish
this a mandrel having two relatively rotatable portions,
each of said portions having conformations to form the
bore of one portion of the workpiece, is provided. These
mandrel portions, which are spaced axially on the mandrel
in accordance with the spacing of the bores in the work-
piece, are received in the workpiece and the workpiece is
formed thereon by the pulsating die members of the ma-
chine. After the workpiece has been formed, the man-
drel can be removed therefrom by exerting an axial force
between the workpiece and the mandrel. This force will
produce rotation of ome or both mandrel portions, de-
pending on the conformations impressed in the work-
piece, in the required amount to permit separation of both
mandrel portions in unison from the respective bores of
the workpiece. The relative axial force is applied in a
direction to move the smaller mandrel portion, after sep-
aration from the smaller bore, out through the larger
bore. It is therefore one object of the present invention
to provide mechanism for swaging in one continuous op-
eration a workpiece having tandem bores of different size
with conformations inclined relative to each other.

Another type of complex workpiece which has proved
difficult to form is one having two tandem portions of
different radial span. Generally, in forming a simple
workpiece of cylindrical conformation, the workpiece is
fed axially into the operating zone between pulsating dies
having a flared forming face terminating at a trailing edge,
the diameter of the trailing edge corresponding to the de-
sired outer diameter of the workpiece. The load on the
machine begins to rise when the leading edge of the work-
piece is initially contacted by the forming faces of the die
and will reach maximum value when a maximum length
(or axjal span) of the workpiece is subjected to the form-
ing action of the dies. For example, if the entire axial
span of the portion of the workpiece to be formed is be-
ing contacted by the forming faces of the pulsating dies
at one time, the load on the machine will begin to drop
when the leading edge of the workpiece portion passes the

10

15

20

30

40

45

50

55

60

65

70

2

trailing edge of the forming face of the die since the work-
piece is formed to final outer diameter at the trailing edge
of the forming face. If, on the other hand, the entire
axial span of the workpiece portion to be formed is not
being contacted by the forming faces of the pulsating dies
at one time, the load will not begin to drop until the trail-
ing edge of the workpiece passes that point of the die face
which first contacis the workpiece, which point may be
defined as the effective leading edge of the die face. In
either case, the load will be maximum when maximum
contact occurs between the forming faces of the dies and
the workpiece, and the load, which is a function of axial
position of the workpiece relative to the die members,
will begin to drop when the axial span of contact between
the workpiece and the die diminishes.

If a workpiece has two tandem portions of different
radial span, there must be two die forming faces to engage
the respective portions of the workpiece, each forming
face portion having a trailing edge to bring the respective
portions down to the different desired outer diameters.
To form the two portions of the workpiece simultancous-
ly would increase the load on the machine and conse-
quently each portion of such a workpiece is generally
formed in a separate operation. With the structure dis-
closed herein, such a workpiece can be formed, without
any significant increase in the maximum load, in a single
operation. This is accomplished by spacing the forming
faces of the die, in the axial direction, a different distance
than the axial spacing between the respective portions of
the workpiece. With the forming face portion of the die
member designed to form the workpiece of smaller radial
span behind the forming face of larger radial span, one
of the portions of a complex workpiece which is fed into
the operating zone between the pulsating dies, small end
first, will contact one forming face before the other por-
tion of the workpiece contacts the other. forming face. At
no time is the load cansed by one portion of the workpiece
at a2 maximum value when the load caused by the other
portion of the workpiece is at a maximum value. Instead,
it is only after the load caused by one portion of the work-
piece has diminished that the load caused by the other
portion of the workpiece reaches jts maximum value. It
is therefore another object of the present invention to
provide a swaging machine for forming complex work-
pieces of different radial span in one continuous opera-
tion in which the load resulting from operations on the
two portions of the workpiece is distributed to avoid ex-
cessive load.

The load resulting from operations on two tandem
workpiece portions of different radial span can be satis-
factorily distributed even though there is an intermediate
axial position of the advancing workpiece when both por-
tions thereof are operated on. There are conditions,
however, where no simultaneous operation on the two
portions is desired. For example, if the mandrel sup-
porting the workpiece is made in two portions, one for
each portion of the workpiece, the slightest eccentricity
between the mandrel portions will result in bending forces
which can snap the mandrel if simultaneous operation
occurs at any time on the two portions of the workpiece.
A similar result may ocur if there is any eccentricity
between the forming faces of the die. Since the size of
the mandrel is dictated by the desired bore in the finished
workpiece, the mandrel cannot be enlarged to resist these
forces. Under these conditions it is desirable to space
the forming faces of the dies in the axial direction a dis-
tance sufficiently different from the axial spacing between
the workpiece portions so that operation on one portion
of the workpiece is finished before operation on the
other portion is begun. With this spacing of the die
faces, the mandrel is not subjected to bending forces
which would occur if both portions of the workpiece were
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being operated on at the same time. It is therefore an-
other object of the present invention to provide a swaging
machine which will complete formation of one portion of
an advancing workpiece before operation on a second
portion of the workpiece is begun.

Other objects and advantages of the present invention
should be readily apparent by reference to the following
specification, considered in conjunction with the accom-
paiiying drawings forming a part thereof, and it is to be
understood that any modifications may be made in the
exact structural details there shown and described, with-
in the scope of the appended claims, without departing
from or exceeding the spirit of the invention.

In the drawings:

FIG. 1 is a fragmentary view in elevation, with por-
tions broken away, of a swaging machine constructed in
accordance with the present invention;

FIG. 2 is a view taken on line 2—2 of FIG. 1;

FIG. 3 is a perspective view of a workpiece formed
in one continuous operation by the mechanism of the
present invention;

FIG. 4 is a view, partly in cross-section, of the man-
drel of the machine of FIG. 1;

FIG. 54 is a view taken on line 56—5a of FIG. 4;

FIG. 5b is a view taken on the line 5§6—5b of FIG. 4;
- FIG. 6 is a view taken on line 6—6 of FIG. 1;

FIGS. 7a, 7b, and 7c¢ are views of a workpiece being
fed between the dies for forming and showing a work-
piece when it is first contacted by the dies, at an inter-
mediate positicn, and as it approaches its final position,
respectively.

FIG. 7d is a chart showing the load on the machine
resulting from operation on the two portions of the work-
piece when the forming faces are spaced as shown in
FIGS. 7a, 7b, and 7e.

FIGS. 8a, 8b and 8¢ are views similar to FIGS. 74, 75,
and 7¢ except that the die faces are spaced so that only
one portion of a workpiece is operated on at one time;
and

FIG. 8d is a chart showing the load on the machine
resulting from operation on the two portions of the
workpiece when the forming faces are spaced as shown
in FIGS. 8a, 85, and 8c.

There is shown in FIG. 1 a rotary swaging machine
having a base 1. Mounted on the base 19 are a head
11, a feed carriage 12, and, between the head and the
feed carriage, a loading and stripping mechanism 13.
Within the head, as shown in FIGS. 1 and 2, four rams
14, spaced 90 degrees apart around a longitudinal axis
A, are mounted for limitéd movement in radially extend-
ing ways 15 of a driven hub 26. A plurality of rollers
17 are rotatably supported between a pair of annular
plates 18 and 9. Plate 18 has a plurality of spacer
portions 28 extending between the rollers and plate 19
is secured to the end of the spacer portions, in spaced
relation to plate 18, by bolts 21. The ring of rollers 17
is carried between an outer race member 22 secured in
the head, and a pair of inner race members 23q4 and 235
secured in hub Z6 and spaced apart to receive the rams
therebetween. Each ram 14 has a head 14qa, the inner
side of which is engaged with resilient spacers 24 seated
in the hub and the outer side of which is adapted to en-
gage the rollers 17 between the races 23a and 235. As
the hub I6 is rotated the rams 14 are urged outwardly
by centrifugal force and the resilient strips 24 but are
periodically driven inwardly by contact with a roller.
The rotation of driven hub 16, and the inner race mem-
bers 23z and 23b connected thereto, causes rotation of
rollers 17 about their axes. With cuter race 22 fixed,
the ring of rollers rotates about axis A at lower angular
speed than that at which hub 16 is driven. Thus, by
virtue of the relative angular speed between the rams
and the ring of rollers, the rams are caused to pulsate
radially about the lomgitudinal axis A. Each ram has
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secured thereto at its inner end by clamp 25 a forming
die 26 which pulsates with the ram to define operating
zone 27.

A typical workpiece formed in one continuous opera-
tion by the mechanism of the present invention is shown
in FIG. 3. The formed workpiece 31 has two tandem
portions 32 and 33 having outer cylindrical conforma-
tions, the portions having central bores 34 and 35, respec-
tively. The outer diameter of poriion 32 is larger than
the outer diameter of portion 33 and the diameter of
bore 34 is larger than the diameter of bore 35. Bore
34 has straight conformations, or grooves, 36 extending
in the axial direction (parallel to the central longitudinal
axis B of the workpiece) while bore 35 has helical ribs
37 which constitute conformations inclined relative to the
straight conformations 36 in bore 34 (and inclined rela-
tive to axis B of the workpiece).

The feed carriage 12 is mounted on bed 1¢ for move-
ment towards and away from the head 11 and has extend-
ing therefrom a mandrel 41 on the longitudinal axis A.
The mandrel 41 includes a rod 42 mounted in the carriage
and, as shown in FIG. 4, the rod has a bore 43 at its
outer end. A bushing 44 is threadedly received in bore
43 and rotatably supports a shaft 43. Shaft 45 has a
mandrel portion 46 secured to its outer end which has
helical grooves 47. These grooves correspond to the
desired helical ribs 37 in the bore 35 of the finished work-
piece portion 33 so that when the metal workpiece blank
is pressed on the mandrel by the forming dies, the helical
1ibs on the mandrel will form the helical grooves in the
workpiece. Rotatably mounted on shaft 45 and abuiting
mandrel portion 46 is a second mandrel portion 43 hav-
ing straight conformations, or ribs, 4% corresponding to
the desired conformations, or grooves, 36 of the finished
workpiece portion 32. The shaft 45 has spacers 58 and
51 at each end of bushing 44 and, behind the spacer 51
in bore 43, the shaft has a sleeve 52 retained thereon by
snap ring 53. Sleeve 52 holds two locking shoes 54a,
54b in a groove 55 on shaft 45. Thus shaft 45 (and hence
mandrel portion 46) is free to rotate on mandrel rod 42
and mandrel portion 48 is free to rotate relative to shaft
45 and mandrel portion 46. At the same time mandrel
portion 46 and mandrel portion 48 are held against axial
movement relative to mandrel rod 42 and thus move axial-
ly therewith.

The mandrel 41 in dts retracted position is behind the
loading and stripping mechanism 13. As shown best in
FIG. 6, the mechanism 13 has an opening 6& therethrough
to permit advance and refraction of the mandrel. The
mechanism 13 has a loading chute 61 terminating at the
opening 69, and a seat 62 to hold a workpiece dropped
from the chute with the central axis B of the workpiece
on the longitudinal axis A. As shown in FIG. 1, a lever
63 has one end pivoially connected to the frame of mech-
anism 13 and has the opposite end connected to an actuat-
ing rod 4. A pin 65 pivotally connected to lever 63
advances as the lever 63 is moved forward and slides be-
tween the piece on seat 62 and the piece thereabove to
hold the pieces above seat 62 after the advancing mandrel
has engaged the piece on the seat and moved it toward .
the head. The actuating rod €4 extends through the frame
of mechanism 13 and the lever 63 and rod 64 are biased
toward the head by compressed spring 66 received on the
rod between collar 67 thereon and the frame of mech-
anism 13. The actuating rod 64 also slidably extends
through bracket 8 on carriage 12 and is retracted, to re-
tract lever 63 and pin 65, when collar 69 is engaged by
bracket &8 as cairiage 12 approaches its fully retracted
position. As pin 65 retracts the next piece falls onto
seat 62.

The workpiece blank 314, like the finished workpisce,
has two tandem cylindrical portions 32aq and 33g, each
portion having a central cylindrical bore. The outer di-
ameter of portion 32a is larger than the outer diameter
of portion 33« and the bore in portion 32« is larger than
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the bore in portion 334. The loading chute has a slot
69 through which the workpiece blank extends, with the
smaller portion thereof outside the chute and toward the
head of the machine, and it is in this position that the
workpiece is deposited on the seat 62. The mandrel
advances into the workpiece blank with mandrel portion
46 in the smaller portion of the workpiece and mandrel
portion 48 in the larger portion thereof, and a workpiece
blank is carried toward the head. A guide rod 7% extends
through the head of the machine and between the dies
thereof to engage the forward end of the workpiece and
hold it on the mandrel with the mandrel portion 48 seated
against the forward end of the bore in the larger portion
32a of the workpiece blank. The gunide rod 76 is yield-
able and retracts as the mandrel advances into the head.

Each forming die 26 has, as shown in FIG. 74, a first,
or leading, die portion 75 adapted to form the portion
32a of the workpiece blank, and a second, or trailing,
die portion 76 adapted to form the portion 33a of the
blank. Each die 26 thus forms a set of two dic portions
which together completely form the workpiece. FEach
portion 75, 76 of each die has a flared forming face 77,
78 respectively, extending between an effective leading
edge 79, 80 and a trajling edge 81, 82. The effective lead-
ing edge of each die portion is that point on the pulsating
die portion which first engages the advancing workpiece.
Thus the distance of the effective leading edge 7% of die
portion 75 from the longitudinal axis A when the die
is closed equals the radius of portion 32a of the un-
formed workpiece blank 14, Similarly, the distance of
the effective leading edge 8% of die portion 76 from the
longitudinal axis A when the die is closed equals the
radius -of unformed portion 33a of workpiece blank 3ia.
The trailing edge 81 of die portion 75 is spaced from the
axis A a distance equal to the outer diameter of the
cylindrical finished workpiece portion 32 while trailing
edge 82 of die portion 76 is spaced from axis A a dis-
tance equal to the outer diameter of cylindrical finished
workpiece portion 33. Thus workpiece portion 32 is op-
erated on by forming face 77 as it advances and work-
piece portion 33 is operated on by forming face 78 as
it advances, Other portions of the die perform no form-
ing action on the workpiece. The load on the machine
in the formation of one portion of the workpiece will de-
pend on the span (in the axial direction) of contact be-
tween the workpiece portion and the forming face of the
die at any one time. After the workpiece portion engages
the forming face the load from that portion will rise to
a maximum value when maximum axial span of contact
exists between the particular workpiece portion and the
forming face. As the particular portion advances and
is formed, the load resulting from formation of that par-
ticular portion decreases as the axial span of contact be-
tween the workpiece and forming face decreases. The
load resulting from formation of workpiece blank por-
tion 324 is shown at 88 in FIG. 74 and the load resulting
from formation of workpiece blank portion 334 is shown
at 91,

As the leading edge 85 of workpiece blank portion
32a passes the effective leading edge 79 of die portion
portion 75 the load $9 on the machine begins to increase.
The die portion 76, however, is spaced in the axial di-
rection from die portion 75 a greater distance than the
respective portions 324, 33a of the workpiece blank so
that the leading edge 86 of workpiece blank portion 33a
does not yet contact the effective leading edge 89 of die
portion 76, and portion 33a does not add to the load
on the machine at this time. Portion 324, which, in
the workpiece shown for illusirative purposes, has an
axial span C equal to the axial span of the forming face
77, establishes maximum forming contact with the form-
ing face (and hence maximum load 98) when the lead-
ing edge 85 of the workpiece blank portion 324 is at the
trailing edge 81 of the die portion 75, as shown in FIG.
7b. At this time the leading edge 86 of workpiece por-
tion 334 is at the effective leading edge 86 of die por-
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tion 76. As the workpiece advances the load 99 result-
ing from operation on portion 32a drops (since the axial
span of contact between portion 324 and forming face
77 decreases) and the load 91 resulting from operation
on portion 33a begins to rise. As forming face 78 oper-
ates on an increasing axial span of portion 33a¢ forming
face 77 operates on a decreasing axial span of portion
32a. When the axial span of contact between forming
face 78 and workpiece blank portion 33a decreases, as
shown in FIG. 7c, the load 21 resulting from formation
of this portion drops until the workpiece is formed to
the desired extent. At no time is there maximum form-
ing contact on both portions at the same time and thus,
by spacing the portions of the die and the leading edges
of said portions in different amounts than the spacing of
the workpiece portions and the leading edges thereof, the
load on the machine is distributed. With this distribu-
tion of load a smaller machine can be used. It should
be noted that if the poriions of the workpiece to be oper-
ated on were spaced a sufficient distance apart the por-
tions of the die could be spaced a lesser distance axially
than the spacing between the workpiece portions and the
smaller leading workpiece portion would then be oper-
ated on before the larger trailing workpiece portion.

Even though the load may be distributed, simultaneous
operation on two portions of a workpiece at any time
during the operation can cause severe forces tending to
fracture the mandrel if, for example, there is a slight
eccentricity in the mandrel, in the forming faces of the
die, or in the workpiece blank. Since the diameter of
the mandrel is determined by the desired diameter of the
bores in the finished workpiece, the mandrel cannot be
designed to avoid this difficulty., With the modification
shown in FIGS. 8a, 85, and 8¢, two portions of a work-
piece can be formed in one continuous operation without
subjecting the mandrel to severe bending forces. In this
modification the operation on one portion of the work-
piece is completed before the operation on the other por-
tion is begun.

In this modification the workpiece blank 131a has two
portions 132a, 1334. Portion I32g has a leading edge
185 and a trailing edge 187, and portion 1334 has a lead-
ing edge 186. The die 126 has two portions 175 and
176, with forming faces 177, 178, respectively, and is
constructed so that the trailing edge 181 of portion 175
is spaced from the effective leading edge 180 of the sec-
ond die poriion 176 an equal or greater distance in the
axial direction than the entire axial span of the work-
piece (that is the distance from the leading edge 186
of workpiece portion 1334 to the trailing edge 187 of
workpiece portion 1324). The portion 1324 of the work-
piece blank is formed, producing a load indicated at 190
in FIG. 84, as the workpiece blank moves axially from
the position shown in FIG. 84 to the position shown in
FIG. 8b. With this modified construction the trailing
edge 187 of portion 1324 will be at or beyond the trail-
ing edge 181 of the die portion 175 (and hence work-
piece portion 1324 will be completely formed) when the
leading edge 186 of portion 133q is at the effective lead-
ing edge 180 of the die portion 176 (and hence when
the forming operation begins on portion 133¢). The
portion 133q of the workpiece blank is formed, produc-
ing a load indicated at 191 in FIG. 84, as the workpiece
blank moves axially from the position shown in FIG. 86
to the position shown in FIG. 8¢. Since radial forming
forces are applied on only one portion of the workpiece
at a time, bending forces are not present on the mandrel
even if there is eccentricity in the mandrel, in the work-
piece blank, or in the forming faces of the die.

The mechanism 13, in addition to supplying pieces one
at a time for engagement by the advancing mandrel,
serves to strip the pieces off the mandrel as the mandrel
retracts. As shown in FIG. 6 there is pivotally con-
nected to the frame of mechanism 13, on each side of a
workpiece resting on seat 62, a pair of parallel links 175,
176 of equal length pivotally connected to a floating link



3,130,811

7

177. The link 177 is normally biased by spring 178 to a
retracted position with its rear end 177a abuiting against
the frame of mechanism 13. In this position a project-
ing ear 177b on link 177 extends into the path of a work-
piece blank 3ia. The links 177, in their retracted posi-
tion, serve to siipport a workpiece blank received on seat
62 in a position to receive the advancing mandrel 41.
As the advancing mandrel slides into the workpiece blank
and moves it toward the head, the floating links 177 are
swung out of the path of the workpiece but swing back
to the retracted position with end 177a abutting the
frame as soon as the advancing workpiece clears the float-
ing links. 1In the retracted position of floating links 177,
the ends 177c thereof are in the path of a retracting
workpiece and define stop members therefor.

After the blank has been compressed into a finished
workpiece on the mandrel by the pulsating dies, the man-
drel is retracted from the head. When the workpiece
contacts ends 177c of the floating links, which are held
against the frame by springs 178, the workpiece stops
while the mandrel continues to retract. Helical ribs 37
have been formed in the helical grooves 47 of mandrel
portion 46 so that shaft 45 (and hence mandrel portion
46) rotate by virtue of the relative axial force applied
between the mandrel and the workpiece to unscrew man-
drel portion 46 from the finished workpiece 31. The con-
formations on mandrel portion 48 form straight con-
formations in bore 34 and mandrel portion 48 canmot
rotate as the mandrel is withdrawn from the workpiece.
However, since shaft 45 and mandrel 46 can rotate rela-
tive to mandrel portion 48, the mandrel portion 48 can
withdraw from bore 34 without rotation relative to the
workpiece, while mandrel portion 46 rotates relative to
the workpiece to unscrew therefrom.

It will be understood that the terms “leading” and
“trailing,” when applied to the workpiece and die, derive
their meaning from the relative axial movement between
the die and the workpiece as the workpiece is advanced
between the dies during the forming operation (as, for
example, as the workpiece is advanced from the position
shown in FIG. 7a or 8a to the position shown in FIG. 7¢
or 8¢c). Thus, for example, the leading edge of a work-
piece portion is that edge first engaged by the die as the
workpiece advances. Similarly a trailing edge of a form-
ing face on a die portion is that edge of the forming face
which last engages a portion of the advancing workpiece.

What is claimed is:

1. In a swaging machine having opposed forming dies
mounted for radial pulsation about a central axis to im-
pinge on a workpiece blank inserted therebetween, a
mandrel mounted on said axis having two portions along
its Iength adapted to be received within a workpiece blank,
the portions of the mandrel formed to produce the desired
conformations on the interior of a workpiece, one of said
portions rotatable relative to the other to permit with-
drawal of the respective portions of the mandrel simul-
taneously from a formed workpiece on relative movement
in one direction between the mandrel and the workpiece.

2. In a swaging machine having opposed forming dies
mounted for radial pulsation about a central axis to im-
pinge on a workpiece blank inserted therebetween, a
mandrel for forming the interior of two tandem portions
of a workpiece having conformations inclined with respect
to each other comprising a first portion having conforma-
tions for forming the interior of one of said portions of
the workpiece, a second portion rotatable relative to the
first portion and having conformations for forming the
interior of the other of said portions, and means to mount
said portions for longitudinal movement along said central
axis spaced longitudinally in fixed axial relation in accord-
ance with the spacing of the portions of the workpiece for
insertion therein.

3. In a swaging machine for forming a workpiece
having two tandem portions with interior conformations
inclined relative to each other, the machine having op-
posed forming dies mounted for radial pulsation about a
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e
central axis to impinge on a workpiece blank inserted
therebetween, the combination of a mandrel rod, two
mandrel portions mounted on the rod for relative rotation
therebetween and spaced on the rod in fixed relation as
said portions of the workpiece are spaced to receive a
workpiece blank thereon, each of said mandrel portions
having conformations inclined relative to the other por-
tion to form the interior of said porticns of the workpiece,
means to reciprocate said mandrel rod along said central
axis to advance a workpiece received thereon to an operat-
ing zone between said forming dies and to retract the
workpiece therefrom, and a stop adapted to engage a .
retracting finished workpiece to strip the workpiece from
the mandrel portions.

4, A swaging machine for successive production of
complex workpieces having two tandem portions with
interior conformations inclined relative to each other
comprising in combination opposed pulsating forming dies
mounted about a ceniral axis for radial impingement on
a workpiece blank inserted therebetween, a mandrel rod,
two mandrel portions mounted on the rod for relative
rotation therebetween and spaced on the rod in fixed
relation as said portions of the workpiece are spaced to
receive a workpiece blank thereon, each of said mandrel
portions having conformations inclined relative to the
other portion to form the interior of said portions of the
workpiece, a loading chute to deposit workpiece blanks
one at a time on said central axis, means to reciprocate
the mandrel rod along said central axis to move said
mandrel portions between a retracted position behind the
loading chute and an advanced position at an operating
zone between the forming dies, and a stop member be-
tween the loading chute and operating zone movable into
the path of a workpiece as the mandrel rod reiracts to
strip a finished workpiece from the mandrel portions.

5. In a swaging machine for forming a complex work-
piece having two tandem portions of different radial span,
a mandrel adapted to receive and move a workpiece along
an agxis, opposed rams mounted for radial pulsation about
said axis, each of said rams baving two die portions to
operate respectively on said workpiece portions, said die
portions spaced in the axial direction a different amount
than said workpiece portions.

6. In a swaging machine for forming a complex work-
pisce having a central axis and two tandem portions of
different radial span from said axis, a mandrel having a
longitudinal axis adapted to receive said workpiece in
coaxial relation and advance said workpiece along said
longitudinal axis, opposed sets for forming dies mounted
for radial pulsation about said axis and having a leading
die portion and a trailing die portion, said leading die
portion spaced from the axis to pass the workpiece portion
of smaller span without contact therewith and to impinge
on the workpiece portion of larger span for formation
thereof, said trailing die portion spaced from the axis to
impinge on the workpiece portion of smaller span for
formation thereof, said die portions spaced in the axial
direction a different amount than said workpiece portions
whereby one of said die portions commences formation of
one of said workpiece portions before the other die por-
tion commences formation of the other workpiece portion.

7. In a swaging machine for forming a complex work-
piece having a central axis and two tandem cylindrical
portions of different radii, said workpiece portions having
leading edges spaced a predetermined distance apart, said
machine having a mandrel adapted to receive and ad-
vance a workpiece along a longitudinal axis coaxial with
the central axis of the workpiece, the combination of
opposed forming dies mounted for radial pulsation about
said longitudinal axis, each comprising a first flared form-
ing face terminating at a trailing edge spaced from the
axis a distance equal to the desired radius of the larger
workpiece portion and a second flared forming face ter-
minating at a trailing edge spaced from the axis a distance
equal to the desired radius of the smaller workpiece por-
tion, said second forming face spaced in the direction of
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workpiece travel from the first forming face with the
trailing edge of the second forming face spaced from the
trailing edge of the first forming face a different distance
than said predetermined distance.

8. In a swaging machine for forming a complex work-
piece having a central axis and two tandem cylindrical
portions of different radii, said machine having a mandrel
adapted to receive and advance a workpiece along a lon-
gitudinal axis coaxial with the central axis of the work-
piece, opposed sets of forming dies mounted for radial
pulsation about said longitudinal axis, each set having a
first forming face adapted to form one of said workpiece
portions and a second forming face adapted to form the
other of said workpiece portions, said forming faces
spaced in the axial direction a distance sufficiently differ-
ent from the spacing of the portions of the workpiece so
that as the workpiece advances one portion of the work-
piece is completely formed when formation of the other
portion of the workpiece begins.

9. In a swaging machine for forming a complex work-
piece having a central axis and first and second cylindrical
portions of different radii, each of said portions having
a leading edge and a trailing edge as the workpiece is
advanced toward an operating zone, said machine having
a mandrel adapted to receive and advance a workpiece
toward the operating zone along a longitudinal axis
coaxial with the central axis of the workpiece with said
first portion leading said second portion, opposed forming
dies mounted for radial pulsation about said longitudinal
axis and each having a first forming face and a second
forming face, said first and second forming faces each
having a leading edge spaced from the axis when the dies
are closed a distance equal to the radius of the first and
second unformed portions, respectively, of the workpiece
and the first and second forming faces each having a trail-
ing edge spaced from the axis when the dies are closed
a distance equal to the radius of the first and second
formed portions, respectively, of the workpiece, the lead-
ing edge of the first forming face spaced from the trailing
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edge of the second forming face a distance not less than
the distance between the leading edge of the first work-
piece portion and the trailing edge of the second work-
piece portion whereby one portion of an advancing work-
piece has passed the trailing edge of one forming face
and has been completely formed thereby when the lead-
ing edge of the other workpiece portion is engaged by the
leading edge of the other forming face to begin formation
thereby.

10. In a swaging machine for forming a complex work-
piece having two tandem portions of different radial ex-
ternal span, one of said portions having internal con-
formations inclined with respect to internal conformations
on the other portion, the combination comprising a man-
drel having two relatively rotatable portions spaced in
fixed relation in accordance with the portions of the work-
piece and adapted for insertion into a workpiece blank to
support the workpiece on an axis, one of said mandrel
portions having external conformations to form the in-
ternal conformations on ome portion of the workpiece
and the other mandrel portion having external conforma-
tions to form the internal conformations on the other
portion of the workpiece, means to move the mandrel to
advance the workpiece along said axis, opposed forming
dies mounted for radial pulsation about said axis, each of
said forming dies having two portions to impinge on the
respective portions of the workpiece and form the work-
piece portions about the mandrel to desired radial span,
said die portions spaced axially a different amount than
said respective workpiece portions.
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