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4. Claims. (C. 72-344) 

The present invention relates to cold-pressing. 
More particularly, the present invention relates to proc 

ess and apparatus which is used for cold-pressing slugs 
of metal or the like, especially of steel, into the configura 
tion of a desired article such as, for example, a spark plug housing. 
At the present time considerable difficulties are in 

volved in cold-pressing processes and apparatus of this 
type. Thus, the slug which is used for this purpose is 
generally cut from a cylindrical rod, and the slug is un 
avoidably deformed when it is cut from the rod so that 
the cross Section of the slug becomes oval and does not 
remain of the same cylindrical cross section as the rod 
from which it is cut. Furthermore, the end faces of the 
slug do not remain flat and parallel to each other respec 
tively in planes normal to the axis of the rod, as a re 
Sult of the cutting of the slug from the rod. As a result, 
when such a slug is placed in a die, it provides a reac 
tion force on the punch which advances into the die to 
deform the slug therein which shifts the punch with re 
spect to the die so that the coaxial relationship between 
the punch and the die is not maintained, with the result 
that the finished product does not have a uniform wall 
thickness. 

Moreover, where the slug is to be deformed by the 
punch and die into a cup-shaped article of relatively 
complex configuration having, for example, several steps 
at its outer and inner surfaces, it is not possible at the 
present time to carry out the entire process in a single 
step, and it becomes necessary instead to provide several 
different operations before the final configuration of the 
slug is obtained, together with heat-treatment of the Slug 
between these operations. 

It is accordingly a primary object of the present inven 
tion to provide a process and apparatus which will reli 
ably maintain the coaxial relationship between the punch 
and die of the apparatus even though the slug has an 
irregular, non-cylindrical configuration. 

Another object of the present invention is to provide 
a process and apparatus which make it possible for the 
slug to be deformed into the final, desired configuration 
in a single operation. 

It is also an object of the present invention to pro 
vide an apparatus of the above type with a structure 
which will operate automatically to enable the successive 
operations of the press to be interrupted in the event that 
during any one operation the process does not go forward 
in a normal manner, so that in this way the punch will 
be prevented from moving along its working stroke if 
during the preceding return stroke of the punch the op 
erations did not proceed in the normal manner. 

It is also an object of the present invention to provide 
for a process and apparatus of the above type, a struc 
ture which while guaranteeing the coaxial relationship 
between the punch and the die will also function to strip 
the final article from the punch during the return stroke 
of the latter. 

It is also an object of the present invention to provide 
a process and apparatus capable of accomplishing all of 
the above objects and at the same time characterized by 
great simplicity and reliability. 
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With these objects in view the invention includes, in a 

cold-pressing apparatus, a die means which has an inner 
annular surface surrounding the axis of the die means 
and defining a cavity of the die means. An elongated 
punch means is coaxial with the die means and is mov 
able along the axis thereof into and out of the cavity. In 
accordance with the present invention a guide sleeve co 
axially surrounds and slidably engages the punch means, 
and this guide sleeve extends into the cavity of the die 
means and slidably engages the inner surface thereof, so 
that as a result of the slidable engagement between the 
guide sleeve and the die means, on the one hand, and 
the guide sleeve and punch means, on the other hand, 
the coaxial relationship between the punch means and 
the die means is maintained during the deforming of a 
slug by the punch means in the die means, even if the 
slug has an irregular configuration when it is originally 
introduced into the die means. 

According to the process of the invention, there is 
placed into a die cavity, which has a pair of end portions 
of relatively large and relatively small cross sectional 
area and an intermediate portion of intermediate cross 
sectional area between that of said end portions, a slug 
whose cross sectional area is substantially equal to that 
of the intermediate cavity portion so that the slug rests 
in the die between the cavity portions of intermediate 
and relatively small cross sectional area, and then the 
punch is advanced into the cavity to spread the material 
of the slug laterally into engagement with the die Sur 
faces which define the cavity portions therein, the mate 
rial of the slug being advanced in the direction of ad 
vance of the punch from the intermediate cavity portion 
into the cavity portion of relatively small cross sectional 
area and in a direction opposite to the direction of ad 
vance of the punch along the cavity portion of relatively 
large cross sectional area, and in accordance with the in 
vention there is maintained in yieldable engagement with 
the end of the slug which is in the cavity portion of rel 
atively large cross sectional area a guide sleeve which 
slidably engages the die in the cavity thereof and which 
slidably engages the punch to maintain the latter coaxial 
with the die, this sleeve yielding in a direction opposite 
to the direction of advance of the punch with the mate 
rial which flows in the cavity portion of relatively large 
cross sectional area. 
The novel features which are considered as character 

istic for the invention are set forth in particular in the 
appended claims. The invention itself, however, both 
as to its construction and its method of operation, to 
gether with additional objects and advantages thereof, 
will be best understood from the following description 
of Specific embodiments when read in connection with 
the accompanying drawings, in which: 

FIGS. 1A and 1B respectively illustrate, in plan and 
elevation views, the configuration of a slug which is to 
be worked on with the process and apparatus of the in 
vention; 

FIGS. 2A and 2B show in a partly diagrammatic sec 
tional elevation the press structure and the process of the 
invention, the structure being shown in FIG. 2A in the 
position which it takes just after the beginning of the work 
ing stroke of the punch and in FIG. 2B in the position it 
takes at the end of the working stroke of the punch; and 

FIG. 3 is a partly sectional elevation illustrating the 
configuration of the article into which the slug of FIGS. 
1A and 1B has been shaped with the process and appara 
tus of the invention. 

Referring to FIGS. 1 and 2, it will be seen that the slug 
1 from which the article shown in FIG. 3 is formed has, 
generally a diameter equal to the diameter of the inter 
mediate portion 2a of the article 2 shown in FIG. 3, and 
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this article being a spark-plug housing. The slug 1 is 
sheared from a rod of a suitable metallic material and due 
to the shearing of the slug 1 from the rod the slug is de 
formed to a slight extent, as indicated in FIGS. 1A and 1B, 
so that the cross section of the slug 1 is oval and its end 
faces 1' are uneven and are not parallel to each other. 

After the slug 1 has been sheared from a suitable rod, 
it is coated with a lubricant, well known in the art, and it 
is then placed in the annular die means 3 which is illus 
trated in FIG. 2A. In order to simplify the manufacture 
of the die means 3 as well as the replacement of non 
uniformly wearing parts thereof, the die means 3 is made 
up of three separate rings 3a, 3b, 3c which together define 
the elongated cavity 4 of the die means, this cavity 4 
passing through the die means 3 and being defined by an 
inner annular surface of the die means which surrounds 
the axis of the die means. The several rings 3a, 3b, 3c 
which make up the die means are centered with respect 
to each other in the annular die holder 5. 
The lower die ring 3c rests directly on the upper sur 

face of the plate 6 of the press. The upper die ring 3a is 
provided at its exterior surface 7 with an annular shoulder 
8 which is engaged by the shoulder 9 of the die holder 5 
which does not engage the plate 6. The die holder 5 is 
formed along a plurality of axes 10 which extend parallel 
to the die axis 11 and which are uniformly distributed 
along a circle whose center is in the die axis 11 with a 
plurality of bores 12 which respectively receive the bolts 
13 whose enlarged head ends rest on shoulders of the bores 
12, as indicated at the lower portion of FIG. 2. The sup 
port plate 6 of the press is formed with threaded bores 14 
which are respectively coaxial with the bores 12 and 
which threadedly receive the threaded ends of the bolts 
13 so that the bolts 13 serve together with the die holder 
5 to tightly hold the several rings of the die means 3 in 
engagement with each other and also properly positioned 
with respect to the support plate 6. 
The opening which passes through the upper ring 3a of 

the die means 3 is of a polygonal configuration so that 
the cavity end portion 4a is of a polygonal configuration, 
and it will be noted that the cross sectional area of the 
cavity end portion 4a is relatively large while the cross 
Sectional area of the cavity portion 4c is relatively small, 
and between these cavity end portions 4a and 4c there 
is an intermediate cavity portion 4b which is of an inter 
mediate cross Sectional area. In the illustrated example 
the cavity portion 4a has the configuration of a regular 
hexagon. The upper edge 15 at the opening of the ring 3a 
is rounded, as indicated in FIG. 2. The intermediate 
cavity portion 4b is coaxial with and forms an extension 
of the relatively large cavity portion 4a, and this cavity 
portion 4b is cylindrical and of course is formed by an 
copening passing through the intermediate ring 3b. The 
diameter of the cylindrical bore 4b is somewhat smaller 
than the diameter of a circle which can be inscribed within 
the hexagon of the opening 4a. The edge 16 at the upper 
end of the opening 4b is also rounded. 
The lower ring 3c has at the upper end of its bore 4c a 

rounded edge 17 which provides the bore 4c with a diam 
eter which becomes gradually smaller from the upper 
face of the ring 3c toward the lower face thereof in the 
region of the upper end of the bore 4c, and then where 
the remainder of the bore 4c joins the edge 17this bore is 
of a cylindrical configuration. The diameter of the cy 
lindrical portion of the bore 4c, below the tapering portion 
17 thereof, is substantially smaller than the diameter of 
the bore 4b of the intermediate ring 3b. 

In order to provide a tight, sealed engagement between 
the Several rings of the die means 3, the opposed faces 18 
and 19 of the intermediate ring 3b are planar only at the 
inner regions of these faces which surround the opening 
4b, and the remainder of these faces have a frusto-conical 
configuration with the frustocones oppositely directed in 
the manner indicated in FIG.2. 
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4. 
The support plate 6 is formed with a bore 20 which is 

of the same diameter as and forms an extension of the 
bore 4c. Thus, the coaxial bores 4c and 20 form a single 
continuous cavity portion which receives an ejector punch 
23 having a pair of annular projections 21 and 22 which 
slidably engage the surfaces of the bores 4c and 20, in 
the manner indicated in FIG. 2, and the punch 23 is co 
axial with the die means and is capable of freely sliding 
axially with respect to the die means along the cavity. 
thereof as well as along the portion 20 of the continuous 
cavity 4c, 20. At its upper end the ejector punch 23 has 
a central projection provided with a frustioconical portion 
24a which is jointed at the tip of the projection 24 to a 
conical portion 24b, and it is this projection 24 which is 
directed toward the interior of the cavity of the die means 
3. 

During operation of the press the lower portion 25 of the 
punch 23 is gripped by a well known structure in such a . 
way that the punch 23 is maintained stationary in the 
illustrated position where the annular projection 21 is in 
an intermediate part of the bore portion 4c, so that the an 
nular projection 21 forms the lower end of the cavity in 
which the slug 1 is shaped, and the clearance between the 
projections 21 and 22 with respect to the surface of the 
bore 4c, 20 is such that during operation of the press while 
the punch 23 is maintained stationary in the position illus 
trated in FIG. 2 air can escape past the projections 21 and 
22 while the material of the slug 2 is incapable of moving 
past the projection 21. 
The press structure shown in FIG. 2 includes a main 

Working punch 26 whose axis coincides with the axis 11 
of the die means 3 so that the axis of the punch 26 coin 
cides with the axis of the cavity 4. At its upper end 
the punch 26 has an enlarged elongated portion 28 of 
frustoconical configuration with the larger diameter of 
the portion 28 located at the upper end thereof, as viewed 
in FIG. 2, and the top face 27 of the punch 26 is directly 
engaged by the pressure plate 29 which is acted upon by 
conventional press structure well known in the art so 
as to be moved downwardly during the working stroke 
of the punch 26 and due to engagement at the face 27 
of the punch 26 with the latter the plate 29 will advance 
the punch 26 downwardly during the working stroke 
thereof. The plate 29 is located at the end of an un 
illustrated plunger which is acted upon by any suitable 
means, for example fluid under pressure, so as to be 
moved along working and return strokes, as is well 
known in the art. The plunger which is operatively con 
nected to the plate 29 moves the latter along the axis 11 
back and forth during one cycle of operation. 
The frustioconical portion 28 of the punch 26 is sur 

rounded and engaged by a plate 31 which is formed with 
a frustoconical bore 30 mating with the portion 28 of 
the punch 26, and due to the relatively slight inclination 
of the frustoconical surfaces of the punch portion 28 
and the bore 30 the plate 31 tightly grips the punch 26 
at its frustoconical portion 28. The punch-gripping plate 
or ring 31 does not engage the working plate 29. The 
ring 31 is formed with a plurality of bores 33 respectively : 
extending along the axes 32 which are uniformly dis 
tributed about and located at equal radial distances from 
the axis 11, and these bores 33 of the grip ring 31 re 
spectively receive the bolts 34 whose enlarged head ends 
engage shoulders of bores 33, as is apparent from the 
right portion of FIG. 2, and the pressure plate 29 is formed 
also along the axes 32 with threaded bores 35 which re 
spectively receive the threaded ends of the bolts 34 so 
that through this construction the face 27 of the punch 
26 is maintained at all times pressed tightly against the 
plate 29. Thus, the punch 26 is fixedly connected with 
the plate 29 and moves with the latter during both the 
Working and the return strokes thereof. 
At its bottom, head end the punch 26 has an annular 

projection 36 whose diameter is only slightly greater than 
that of the shank 37 of the punch 26, and this annular 
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projection 36 forms the uppermost of a series of stepped 
portions of the punch 26 which determine the configura 
tion of the head end thereof. The stepped end projection 
38 of the punch 26 has a pair of frustoconical portions 
38a and 38b which are separated from each other by a 
cylindrical portion 38c, and a second cylindrical portion 
38d adjoins the lower end of the frustoconical portion 
38b while a conical tip. 38e adjoins the cylindrical portion 
38d, and all of these portions of the punch 26 are coaxial 
so that in this way the head end of the punch 26 has the 
stepped configuration illustrated in FIG. 2. It will be 
noted that the frustoconical portions 38a and 38b taper 
in a downward direction, and the same is true of the 
conical tip 38e, so that the cylindrical portion 38c adjoins 
the small end of the frustoconical portion 33d and the 
large end of the frustioconical portion 38b while the 
cylindrical portion 38d adjoins the small end of the frusto 
conical portion 38b and the base of the conical tip 38e. 

Approximately midway of its shank 37, the punch 26 
is provided with an annular guiding projection 39 which 
is of a cylindrical configuration and which is of the same 
diameter as the cylindrical projection 36 at the head end 
of the punch 26. A guide sleeve 41 of the structure of 
the invention has a cylindrical bore 40 and this sleeve 41 
coaxially surrounds the punch 26 and the inner surface 
of the guide sleeve 41 slidably engages the projections 36 
and 39 so that these projections are slidably received with 
in the bore 40 of the guide sleeve 41. The fit between 
the inner surface of the sleeve 41 and the outer surfaces 
of the projections 36 and 39 affords a very precise sliding 
cooperation while being fairly snug so that the punch 26 
is very precisely guided by the inner surface of the sleeve 
41. At its lower end the guide sleeve 41 has a thin 
walled neck 42 which is also of cylindrical configuration, 
and the exterior surface of the neck 42 of the sleeve 41 
has a very precise sliding fit with the upper ring 3a of 
the die means, the diameter of the exterior surface of the 
neck 42 being precisely equal to that of a circle which 
can be inscribed within the hexagonal bore 4a and located 
in a plane normal to the axis 11, so that in this way the 
exterior surface of the neck 42 has line-contact with the 
several flats or lands which define the inner surface of 
the ring 3a. Of course, the several lines of contact be 
tween the neck 42 of the sleeve 41 and the lands of the 
inner surface of the ring 3a extend parallel to the axis 
11. During the deformation of the slug 1, which takes 
place during the working stroke of the punch 26 when 
it is advanced downwardly, as viewed in the drawing, the 
guide sleeve 41 is directly guided by the cooperation of 
the neck 42 and the inner surface of the ring 3a for 
movement coaxially with respect to the die means, and 
because of the engagement of the inner surface of the 
sleeve 41 with the projections 36 and 39 of the punch 
26, this punch 26 is indirectly guided from the die means 
through the sleeve 41 so as to be maintained by the 
latter in a position precisely coaxial with the die means 
irrespective of any irregularities of the slug 1 which might 
otherwise tend to force the punch 26 angularly to a po 
sition where it was not precisely coaxial with the die 
leaS 

The guide sleeve 41 is formed adjacent its upper end, 
as viewed in FIG. 2, with a pair of diametrically opposed 
threaded bores 43 which extend radially with respect to 
the sleeve 41 along a common axis which is normal to 
the axis 11, and these threaded bores 43 receive a pair 
of screws 44, respectively, which have inner ends 44a pro 
jecting inwardly beyond the inner surface of the sleeve 
41 and located at an elevation higher than the projection 
39. The extent to which the screws 44 are threaded in 
the bores 43 is such that the inner ends of the projections 
44a do not engage the shank 37 of the punch 26, and the 
upper surface of the projection 39 forms together with 
the screws 44 a limiting means which limits the extent 
of movement of the sleeve 41 downwardly, with respect 
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6 
to the punch 26, as viewed in FIG. 2, as will be apparent 
from the description below. The movement of the guide 
sleeve 41 upwardly with respect to the punch 26, as 
viewed in FIG. 2, is limited by engagement of the top 
face of the guide sleeve 41 with the bottom face of the 
gripping ring 31. 
For a purpose which is described below, a stationary 

pivot 51, carried by the unillustrated plunger of the press, 
forms a support means which supports an elongated lever 
52 for turning movement about an axis which is perpendic 
ular to the axis 11, and this elongated lever 52 extends 
across the axis 11 in the manner shown in FIG. 2. A 
motion transmitting means is situated between and engages 
the lever 52 and the guide sleeve 41, and this motion 
transmitting means includes the pair of elongated rods 45 
which are fixed to the top face of the sleeve 41, which 
extend parallel to the axis 11, and which pass freely 
through coaxial bores 46 and 47 respectively formed in the 
plate 29 and ring 31, the plate 29 being formed with a pair 
of bores 46 for the rods 45 while the ring 31 is formed with 
a pair of bores 47 coaxial with the bores 46, respectively, 
and through which the rods 45 respectively pass in the 
manner shown in FIG. 2. At their top ends the rods 45 are 
interconnected by a cross-plate 48 which is fixed in any 
suitable way to the top ends of the rods 45. The plunger 
which is operatively connected with the plates 29 in the 
manner described above is formed with a bore 50 which is 
coaxial with the die means and which guides for free move 
ment along the axis of the die means an elongated pin 49 
which has its bottom rounded end in engagement with the 
plate 48 and its upper rounded end 49a in engagement 
with the underside of the lever 52. Thus, the parts 45, 48, 
49 form a motion transmitting means extending between 
and engaging the lever 52 and the sleeve 41, and with this 
construction any force acting downwardly on the lever 52 
will be transmitted through the motion transmitting means 
45, 48, 49 to the sleeve 41, while any upward force acting 
on the sleeve 41 will also be transmitted to the lever 52. 
A yieldable means, diagrammatically indicated by the 

arrow P, urges the sleeve 4i downwardly, and this yield 
able means P, which may take the form of any springs, 
hydraulic structure, or weights, acts directly on the lever 
52 for urging the latter to turn downwardly in a counter 
clockwise direction, as viewed in FIG. 2, and through the 
motion transmitting means 45, 48, 49 the yieldable means 
P has its force transmitted from the lever 52 to the sleeve 
41 so that in this way the sleeve 41 is yieldably urged in a 
downward direction. In the starting position of the parts 
the punch 26 is at an elevation higher than that shown 
in FIG. 2A, and in this starting position of the parts 
the free end of the neck 42 of the sleeve 41 projects 
somewhat beyond the tip of the punch 26 while the 
ends 44a of the screws 44 are urged against the projec 
tion 39 with the force which is determined by the yieldable 
means P. In the particular embodiment shown in FIGS. 
2A and 2B the yieldable means P is formed by an elon 
gated spring 51' extending substantially parallel to the axis 
1i, connected at its upper end to the lever 52, and connect 
ed at its lower end to the plate 29 which is connected to the 
unillustrated plunger, as described above. 
Of course, at the starting position of the parts, just 

before the punch 26 starts to move downwardly along its 
Working stroke, the elevation of the punch 26 and the 
guide sleeve 41 is such that there is free access to the 
cavity 4 of the die means 3 so that the slug 1 can be 
dropped into the cavity, and when the slug 1 is introduced 
into the cavity of the die means 3 it will rest with one of 
its end faces 1' on the upper edge portion 17 of the bore 
4c, and it will be noted that the diameter of the slug 1 is 
Substantially equal to that of the bore 4b, while the upper 
portion of the slug 1 at this time is located within the 
cavity portion 4a of relatively large cross sectional area. 

During the initial part of the working stroke of the 
punch 26, the force of the yieldable means P will main 
tain the Screws 44 in engagement with projection 39 so 
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that the guide sleeve 41 will follow the movement of the 
punch 26 and will enter with the latter into the cavity 4. 
Thus, the exterior surface of the neck 42 of the sleeve 41 
will be precisely guided by the hexagonal bore 4a, as de 
scribed above, and the movement of the sleeve 41, which 
initially has its bottom end located in advance of the 
tip of the punch 26, as described above, will continue until 
this bottom end of the sleeve 41 engages the top face of 
the slug 1. Thus, the sleeve 41 will move into the die until 
the bottom face of the sleeve 41 engages and presses 
against the top surface of the slug 1 with the force of the 
yieldable means P. At this time the sleeve 41 will stop 
moving while the punch 26 will continue to advance along 
its working stroke, so that the projection 39 moves down 
wardly away from the screws 44, and when the tip of 
the punch 26 initially engages the slug 1, the parts will have 
the positions indicated in FIG. 2 to the left of the axis 11. 
The force provided by the yieldable means P is smaller 
than the force required to deform the slug 1, so that as a 

: result the sleeve 41 will be maintained stationary by the 
slug 1 when the sleeve 41 initially engages the slug 1. 
During the continued advance of the punch 26, along its 
working stroke, after its tip 38e has engaged the slug 1, 
the slug 1 is plastically deformed and the working of the 
slug 1 so that its material will flow to provide the article 
shown in FIG. 3 commences. 
The head end 38 of the punch 26 presses into the 

material of the slug 1 and forms in the latter a cavity 
whose configuration conforms to that of the head end 38 
of the punch 26, and at the same time the material of the 
slug flows laterally with respect to the axis 11 along which 
punch 26 advances at this time. 
flowing material of the slug engages the lands which define 
the cavity portion 4a, and in this way the hexagonal portion 
2b (FIG. 3) is formed in the cavity end portion 4a which 
is of relatively large cross sectional area. Also, the mate 
rial of the slug 1 flows to engage the inner surface of the 
intermediate ring 3b so that the slug is formed in this way 
with the corresponding exterior cylindrical surface 2a 
(FIG. 3). 
The slug 1 will in this way be deformed into a sub 

stantially cup-shaped configuration by the head 38 of 
the punch 26, and as the punch 26 advances the head 38 
thereof defines with the edge 17 at the upper end of the 
ring 3c an annular gap through which the slug material 
flows in the direction of advance of the punch 26 down 
wardly into the portion of the bore 4c which is above the 
projection 21 of the ejector punch 23 and in which the 
projection 24 is located. In this way the lower portion 2c 
of the spark-plug housing 2 of FIG. 3 is formed. The 
projection 24 contributes with the die ring 3c to the precise 
formation of the lower part 2c of the spark-plug housing. 

During the flow of the material of the slug 1 in the 
direction of advance of the punch 26 along its working 
stroke into the bore portion 4c to form the base por 
tion 2c of the article 2, the material of the slug 1 also 
flows in a direction opposite to the direction of advance 
of the punch 26 through the gap between the projection 
36 of the punch and the inner surface of the intermediate 
ring 3b which forms the intermediate cavity portion 4b, 
and this material which flows through the latter gap in 
a direction opposite to the direction of movement of 
the punch 26 enters into the bore portion 4a of relatively 
large diameter. In this way the cylindrical intermediate 
portion 2a, becomes elongated and the already formed 
hexagonal portion 2b approaches the edge 15 at the top 
end of the die cavity 4, while the yieldable means P yields 
so that the guide sleeve 41 at this time moves in a direc 
tion opposite to the punch 26 with respect to the latter out 
wardly of the die cavity. Thus, the punches cooperate with 
the die means 3 to form a double-cup-shaped article which 
becomes elongated at its intermediate portion 2a by the 
flow of the material in a direction opposite to that in 
which the punch 26 moves along its working stroke. 

As a result the laterally 
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As was pointed out above, because the punch 26, is 

guided by the sleeve 41 which is in turn guided by the 
die means itself, any irregularity in the slug will not 
disturb the coaxial relationship of the punch 26 with re 
spect to the die means 3 when the head 38 of the punch 
26 enters into the slug 1. 

During the advance of the punch 26 along its working 
stroke, it will move downwardly with respect to the guide 
sleeve 41, and, of course, the cylindrical projection 36 
will move out of the guide sleeve 41. Thus, from the time 
when the projection 36 moves downwardly out of the 
sleeve 41 the punch 26 is guided only by the projection 
39 which still remains in slidable engagement with the 
inner surface of the sleeve 41. However, in the mean 
time the cup-shaped configuration of the slug has been 
formed sufficiently so that the entire head 38 of the punch 
26 is located within and centered by the slug itself when 
the projection 36 moves beyond the guide sleeve 41, so 
that even at this time the coaxial relationship between 
the punch 26 and the die means 3 is maintained. 
When the punch 26 reaches the end of its working 

stroke, the parts have the position indicated in FIG. 2B, 
and at this time the shaping of the slug 1 into the spark 
plug housing 2 shown in FIG. 3 is completed. It will be 
noted that the entire deformation of the slug 1 into the 
article shown in FIG. 3 takes place in a single operation. 
During the initial part of the return stroke of the punch 
26, the yieldable means P maintains the guide sleeve 41 
and the article 2 stationary with respect to the punch 26, 
as a result of the force exerted by the yieldable means P, 
so that in this way the article is stripped from the punch 
26 during the return stroke thereof. The punch 26 will 
continue to move along its return stroke with respect 
to the sleeve 41 to the full extent determined by the 
limiting means 44, 39, and when the projection 39 en 
gages the inner ends 44a of the screws 44, the sleeve 41 
will not be able to remain stationary and thereafter the 
sleeve 41 will move with the punch 26 along the return 
stroke thereof. 
The ejector punch 23 is now actuated in a known way 

by the structure which grips the portion 25 thereof so 
as to advance further into the die cavity and thus eject 
the completed article 2 from the die. Of course, the punch 
26 and the sleeve 41 in the meantime have moved away 
from the die by a distance sufficient to enable the article 2 
to be freely ejected from the die 3 through the upper 
end of the cavity thereof. Thereafter the punch 23 is 
returned in a known way to the position shown in FIG. 2 
in preparation for the next cycle of operations. 
The press operates in such a way that one cycle starts 

as Soon as the previous cycle has endede and when the 
punch 26 reaches the end of its return stroke it will then 
start on the next working stroke, and during the end of 
the return stroke of the punch 26 the ejected article is re 
moved and a new slug 1 is placed in the die means 3 to be 
acted upon by the punch 26 as it moves downwardly along 
its next working stroke. 

If, for any reason, the structure should not operate 
properly, then it is possible to actuate through the lever 
52 a Switch means 53, 54 which will be capable of stopping 
the operation of the press so that the punch 26 will not 
proceed along its next working stroke. Thus, the lever 
52 forms a Switch-actuating means which operates in a 
manner described below for actuating the switch means 
53, 54 only in the event that the operations do not proceed 
in the normal way and thus the actuation of the switch 
means 53, 54 can be used to signal the fact that the opera 
tions are not proceeding normally as well as to auto 
matically open a circuit which will automatically stop the 
operation of the press. Thus, as is shown in FIGS. 2A 
and 2B, the switch 54 is connected to the lines in series 
with a motor M and a main switch 55, this motor M being 
operatively connected through a suitable transmission to 
the unillustrated plunger to reciprocate the latter and 
the plate 29 during operation of the motor. The switch 
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member 53 of the switch 54 is urged by a spring 53' to its 
Switch-closing position bridging a pair of stationary con 
tacts of the circuit. Thus, with the parts in the position 
illustrated, whenever the main switch 55 is closed, the 
press will operate. However, whenever the free end 52 of 
the lever 52 engages the switch member 53 and moves it 
in opposition to the spring 53 to a position opening the 
SWitch 54, the motor M will automatically stop operating, 
and thus the operation of the press will stop, even though 
the main switch 55 remains closed. 

Thus, for example, it may happen that sleeve 4 will 
start to move with the punch 26 along the return stroke 
thereof before the punch 26 has moved along its return 
stroke with respect to the sleeve 4 to the full extent 
determined by the limiting means 39, 44. This may hap 
pen in a special case where the force of the yieldable 
means P is insufficient to maintain the sleeve 4 station 
ary with the force required to strip the article from the 
punch 26 during the return stroke thereof. In such a 
case the motion transmitting means 45, 48, 49 will turn 
the Switch-actuating means 52 so that it will actuate the 
switch 53, 54 and automatically stop the drive of the 
plunger which is operatively connected to the working 
plate 29. If, however, the operations proceed normally 
So that the punch 26 moves along its return stroke with 
respect to the sleeve 41 to the full extent determined by 
the limiting means 39, 44, then the end 52 of the lever 
52 is maintained at a distance from the switch means 
53, 54 which is sufficiently great to prevent the switch 
means from being actuated or engaged by the end 52 of 
the lever 52. If the projection 39 engages the inner ends 
44a of the screws 44, then when the punch 26 reaches 
the end of its return stroke the motion transmitting means 
will have turned the lever 52 through an angle which is 
too small to cause the end 52 of the lever 52 to actuate 
the SWitch means. On the other hand, if the sleeve 41 
moves rearwardly with the punch 26 before the projec 
tion 39 engages the screws 44, then the elevation of the 
sleeve 4 will be greater than the elevation it has at the 
end of the return stroke of the punch 26 when the pro 
jection 39 engages the screws 44, and thus the motion 
transmitting means 45, 48, 49 will have turned the lever 
52 through a greater angle so as to displace it through a 
distance sufficient to actuate the switch 53, 54. Thus, 
this construction acts automatically to prevent the punch 
26 from proceeding along its next working stroke in the 
event that the finished article 2 has not been properly 
Stripped from the head end 36, 38 of the punch, and in 
this way the structure is protected against damage which 
in some cases might be irreparable. 

After a slug i has been formed into the article 2 which 
is shown in FIG. 3, with the process and apparatus of 
the invention, normal, well known further operations are 
performed on the article such as piercing the partition be 
tween the pair of cup-shaped portions of the housing 2, 
providing one or two indentations at the exterior surface 
of the article, providing a thread on the base portion 2c, 
knurling the intermediate portion 2a, and providing a 
flange along an edge of the head portion 2b of the article. 
Of course, when the slug 1 is initially sheared from 

the rod, the slug should have a certain predetermined 
volume, but because of the unavoidable deformations in 
the slug i during the shearing thereof there are unavoid 
able small variations from this ideal predetermined 
volume of the slug, and the result is that there may be 
slight variations in the length of the hollow, cylindrical 
intermediate portion 2a of the finished article, so that 
the height of the entire housing 2 may be somewhat 
smaller or somewhat greater depending upon inaccuracies 
which are unavoidable in the volume of the slug 1. How 
ever, the remaining portions of the article 2 are uniformly 
maintained at the precisely desired cross sections and 
dimensions and with precisely the desired configurations, 
and these latter requirements with respect to configura 
tions and cross Sections as well as dimensions are in no 

5 

O 

5 

20 

25 

30 

40 

50 

55 

60 

70 

75 

way influenced by slight variations in the height of the 
final article. 

It will be understood that each of the elements de 
scribed above, or two or more together, may also find a 
useful application in other types of metal-forming process 
and apparatus differing from the types described above. 
While the invention has been illustrated and described 

as embodied in cold-shaping process and apparatus, it is 
not intended to be limited to the details shown, since 
various modifications and structural changes may be made 
without departing in any way from the spirit of the pres 
ent invention. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from the 
standpoint of prior art, fairly constitute essential char 
acteristics of the generic or specific aspects of this inven 
tion and, therefore, such adaptations should and are in 
tended to be comprehended within the meaning and range 
of equivalence of the following claims. 
What is claimed as new and desired to be secured by 

Letters Patent is: 
1. In a cold-pressing apparatus, in combination, annu 

lar die means having an inner annular surface coaxially 
Surrounding the axis of said die means and defining a 
cavity therein; elongated punch means coaxial with said 
die means and movable axially with respect to said die 
means into said cavity during a Working stroke of said 
punch means and out of said cavity during a return stroke 
of said punch means; a guide sleeve coaxially surround 
ing and slidably engaging said punch means and extend 
ing into said cavity and slidably engaging said inner sur 
face of said die means so that said sleeve maintains the 
coaxial relationship between said punch means and die 
means during the working stroke of said punch means; 
biasing means operatively connected to said sleeve for 
urging said sleeve along the axis of said die means in the 
direction of said cavity with a force which increases in 
response to progressive displacement of said punch means 
in said direction so that after a slug has been shaped by 
said punch means in said cavity of said die means said 
sleeve by engaging the slug and as a result of said yield 
able means will prevent movement of this slug with said 
punch means during the return stroke of the latter so that 
the slug will be stripped from said punch means; and 
limiting means carried in part by said sleeve and in part 
by said punch means for limiting the extent of movement 
of said punch means along said return stroke thereof with 
respect to said sleeve, whereby when said punch means 
has moved along its return stroke with respect to said 
sleeve to the limit determined by said limiting means, said 
sleeve will during the further movement of said punch 
means along its return stroke move with the latter away 
from said cavity. 

2. In a cold-pressing apparatus, in combination, an 
nular die means having an inner annular surface coaxial 
ly surrounding the axis of said die means and defining a 
cavity therein; elongated punch means coaxial with said 
die means and movable axially with respect to said die 
means into said cavity during a working stroke of said 
punch means and out of said cavity during a return stroke 
of said punch means; a guide sleeve coaxially surround 
ing and slidably engaging said punch means and extend 
ing into said cavity and slidably engaging said inner sur 
face of said die means so that said sleeve maintains the 
coaxial relationship between said punch means and die 
means during the Working stroke of said punch means; 
yieldable means operatively connected to said sleeve for 
urging the latter along the axis of said die means into 
said cavity thereof so that after a slug has been shaped 
by said punch means in said cavity of said die means said 
sleeve by engaging the slug and as a result of said yield 
able means will prevent movement of this slug with said 
punch means during the return stroke of the latter so 
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that the slug will be stripped from said punch means; lim 
iting means carried in part by said sleeve and in part by 
said punch means for limiting the extent of movement of 
said punch means along said return stroke thereof with 
respect to said sleeve, whereby when said punch means 5 
has moved along its return stroke with respect to said 
sleeve to the limit determined by said limiting means, Said 
sleeve will during the further movement of said punch 
means along its return stroke move with the latter away 
from said cavity; stationary switch means; and Switch 
actuating means operatively engaging said sleeve for move 
ment in response to axial movement of said sleeve, said 
stationary switch means being located at too great a dis 
tance from said switch-actuating means to be engaged and 
actuated thereby when said punch means has moved along 
its return stroke with respect to said sleeve to the full ex 
tent determined by said limiting means while if for any 
reason said sleeve moves together with said punch means 
along the return stroke of the latter before said punch 
means has moved along its return stroke with respect to 
said sleeve to the full extent determined by said limiting 
means said actuating means will be moved by said sleeve 
through a distance sufficiently great to engage and ac 
tuate said switch means, whereby said Switch means will 
be capable of automatically signalling the fact that the 
punch means has not moved along its return stroke with 
respect to said sleeve to the full extent determined by 
said limiting means. 

3. In a cold-pressing apparatus, in combination, an 
nular die means having an inner annular surface Sur 
rounding the axis of said die means and defining a cavity 
therein; elongated punch means coaxial with said die 
means and extending into said cavity thereof during Work 
ing of a slug therein, said elongated punch means being 
movable axially with respect to said die means into said 
cavity thereof during a working stroke of said, punch 
means and out of said cavity during the return stroke of 
said punch means; an elongated guide sleeve coaxially 
surrounding and slidably engaging said punch means, said 
sleeve extending into said cavity and slidably engaging 
said inner surface of said die means so that said sleeve 
will maintain the coaxial relationship between said punch 
means and die means; an elongated lever extending across 
the axis of said die means; support means supporting said 
lever for turning movement about an axis perpendicular 
to the axis of said die means; switch means located in 
the path of turning movement of said lever to be engaged 
and actuated thereby; yieldable means engaging said lever 
and urging the latter toward said sleeve; and motion trans 
mitting means located between and engaging said sleeve 
and said lever for transmitting motion therebetween, 
whereby the yieldable means acts through said lever and 
motion transmitting means on said sleeve for urging the 
latter axially into said cavity; and limiting means carried 
in part by said sleeve and in part by said punch means for 
limiting the movement of the latter along its return stroke 
with respect to said sleeve, so that after said punch means 
has moved along its return stroke with respect to said 
sleeve to the limit determined by said limiting means said 
sleeve will move together with said punch means during 
the remainder of the return stroke thereof, the extent of 
movement of said iever during the return stroke of said 
punch means when the latter has initially moved with 
respect to said sleeve to the full extent determined by said 
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limiting means, being insufficient to place said lever in 
engagement with said switch means while when said sleeve 
moves together with said punch means for any reason 
during the return stroke thereof before said punch means 
has moved along its return stroke with respect to said 
sleeve to the full extent determined by said limiting means, 
said motion transmitting means will transmit movement 
from said sleeve to said lever for moving the latter through 
a distance sufficient to engage and actuate said Switch 
means, whereby the latter may be used as a control to 
interrupt the operation of the press and prevent further 
movement of the punch means along its next Working 
stroke. 

4. In a cold-pressing apparatus, in combination, an 
nular die means having an inner annular surface coaxially 
surrounding the axis of said die means and defining a 
cavity therein; elongated punch means coaxial with said 
die means and movable axially with respect to said die 
means into said cavity during a working stroke of said 
punch means and out of said cavity during a return stroke 
of said punch means; a guide sleeve coaxially surrounding 
and slidably engaging said punch means and extending 
into said cavity and slidably engaging said inner surface of 
said die means so that said sleeve maintains the coaxial 
relationship between said punch means and die means dur 
ing the working stroke of said punch means; yieldable 
means operatively connected to said sleeve for urging the 
latter along the axis of said die means into said cavity 
thereof so that after a slug has been shaped by said punch 
means in said cavity of said die means said sleeve by en 
gaging the slug and as a result of said yieldable means 
will prevent movement of this slug with said punch means 
during the return stroke of the latter so that the slug 
will be stripped from said punch means; limiting means 
carried in part by said sleeve and in part by said punch 
means for limiting the extent of movement of said punch 
means along said return stroke thereof with respect to 
said sleeve, whereby when said punch means has moved 
along its return stroke with respect to said sleeve to the 
limit determined by said limiting means, said sleeve will 
during the further movement of said punch means along 
its return stroke move with the latter away from said 
cavity; and sensing means adapted to detect movement 
of said sleeve in the direction of the return stroke of said 
punch means if for any reason said sleeve moves together 
with said punch means along the return stroke of the lat 
ter before said punch means has moved along its return 
stroke with respect to said sleeve to the full extent deter 
mined by said limiting means, and to automatically sig 
nal the fact that said punch means has not moved along 
its return stroke with respect to said sleeve to the full 
extent determined by said limiting means. 
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