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The present invention relates to-a process for manu-
facturing metallic  housings, such —as shells for spark
plugs and the like.

1t is conventional to form housings of the above type
in die presses from a blank in a series of steps during
which the blank progresses from its original shape to
the final shape of the housing. When working with
metal the material of the ‘blank is required to flow in a
given direction, and very often the material of the same
part of the blank is required to flow in one direction dur-
ing one step of the process and in another direction in
another step of the process. :As a result the material is
subject to such great stress, according to  conventional
processes; that it is impossible to carry out these coven-
tional processes without interrupting the working of the
blank in order. to anneal the same after one or two
steps of the process. . .

It is an object of the present invention to overcome
the above drawbacks by shaping a blank. into a.shell of
desired configuration according to:a process which does

“not require any annealing between the.several steps of

the process of the invention which are used to form.a
blank of special conﬁguration.iﬁtd the final desired shape.

Another object of the present invention is to provide
a process according to. which a section of cylindrical
bar stock, for example, may bé shaped into a shell of
desired configuration’ with only one interruption for an-
nealing. required when the original bar stock is formed
intoa blank of prédetérmined configiiration. ) .

Still another objéct 6f thé présent invention is to pro-
vide a process of thé above type according to which a
minimum amount of thé material of the work piece is
constrained to flow in moré than one direction and in
a maiiner which requires no ahnealing. ‘ .

Also, it is. an object of the present invention: to pro-
vide a process_according to which some steps . afe per-

formed simulianeously so.that the time and equipment -

required to perform the process of the invention are re-
duced to a minimom. ‘ ‘

A still further, object of the present invention is to
provide in 2 process of the above type a step for accu-
rately forming a hole of & desired size in the wall 'of the
shell. o S :

With the abové objects in view, the present invention
mainly consists of a process for manufacturing a spark
plug shell: or the like, this process including the steps
of die pressing a Substantially cup-shaped blank into a
configuration having an intermediate anntlar portion
provided with inner and outer. shoulders, a solid foot
portion of a-diameter smaller than the intermediate por-
tfion on one side ‘of the latter, and 2 tubular head por-
tion of a diameter larger than the intermediate pottion
on the other side of the lattet. A ramming member is
then axially advanced through the head and intermre-
diate pottions into the solid foot portion, While con-
straining the material of this foot portion to flow rear-
wardly along the raming meémber to convert the solid
foot portion into a hollow -tubular foot portion, and
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then the material of the head portion is axially com-
pressed while constrained to flow toward the foot por-
tion of the blank.

. 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. 1=7, respectively, show in sequence _successive
steps of the process. of the invention, each of these figures
showing above the horizontal center line thereof and in
a diagrammatic manner the position.of the parts at the
beginning of the step shown in each figure,. and below
the center line the position of the parts at the end of

“the step in each figure.

. As.may be seen from the part of Fig. 1 located above
the center liie thereof; a relatively short section 1.of a
cylindrical rod ‘of suitable metal is placed within the
female dic member 2 which is resiliently urged away
from the stationary support 4 by the springs 3. An
ejector member 5 is slidable within the stationary. .sup-
port 4, and it will be noted that the female die member
2 is adapted to slidably receive the ejector member. 5
whose right. end face, as viewed in Fig. 1, forms the
bottom of the chamber in which the rod section 1 is
shaped. A ramming member 6 is coaxial with die mem-
ber 2. and ejector 5 and is movable toward and away
from the latter, this ramming member 6 having a coni-
cal ‘stepped front end 7 as shown in Fig. 1. The ram-

‘ming mémber 6 extends. slidably through an annular

moving member 8 which is shiftable in any known way
along the axis of the ramming member 6 for moving the
die member 2 toward the stationary support 4. Although
the common axis of the parts is shown ds being hori-
zontal in Fig. 1 and the remaining figures, it is to be
understood that this axis could also extend vertically or
at any other desired angle with the stationary. support 4

Jocated beneath the other parts and forming a base plate

therefor. - As may be. seen by comparing the position of
the paits shown above the center line of Fig. 1 with that
below the center line .of Fig. 1, the ramming member
6 is urged toward the ejector 5 which is held stationary
during the step shown in Fig. 1, and the moving member
8 is simultaneously shifted to the left, as viewed in Fig.
1,.to move the die member 2 to the position shown at
the lower part of Fig. 1, and the ramming member 6
then' cooperates ‘with this dic member to form the rod
section 1 into a blank 9 having a substantially cup shape,
béing relatively. shallow, and having an outer diameter
which is substantially larger than the original diameter
of the rod section 1. : . .

" After the rod section 1 is formed into the blank 9, the
latter is arnealed and phosphated and then the blank 9
may be processed through all the succeeding steps of the
process of the invention without any further annealing.
Thus, according to the present invention it is possible to
provide a number of blanks 9 and to keep -a supply of
these on hand so that the blanks 9 may then be shaped in
rapid siccession, according to the process of the inven-
tion, into the final desired configuration.

As may be seen from Fig. 2, the blank 9 is then placed
within a stationary die member 11 having an intermediate
cylindrical surface 19 limited on one side by a shoulder
13 located at the end of the tubular portion of die 11
which is of smallest diameter and in which the ejector
17 is slidable. The other side of the intermediate portion
10 of the die member 11 is limited by a shoulder 12 which
is located at an end of the tubular portion of die 11-which
is of maximum diameter and which slidably receives the
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blank 9 as indicated at the top part of Fig. 2. A ram-
ming member 14 provided with a stepped conical front
end 15 having a configuration similar to the front end 7
of ram 6, is coaxial with the stationary die member 11 and
is adapted to advance and return along its axis. It will
be noted that the outer diameter of ramming member 14
is smaller than ram member 6. ’

The structure of Fig. 2 is completed by an annular
stripping member 20 which surrounds the ramming mem-
ber 14 for stripping the work piece therefrom when the
ramming member 14 is retracted, the ejector 17 then mov-
ing the work piece out of the die 11. Of course, when this
is done the stripping member 20 is moved away from the
die member 11 to a distance sufficient to prevent any inter-
ference with the removal of the work piece from the die
member 11.

As may be seen by comparing the upper and lower
parts of Fig. 2 with each other, the advancing of the ram-
ming member 14 into the die 11 while the ejector 17 is
maintained stationary causes the material of the blank to
flow to the left, as viewed in Fig. 2, in the same direc-
tion as the advancing ramming member in order to pro-
duce in the blank 9 an intermediate portion which in-
cludes an inner shoulder 18 and a cylindrical inner sur-
face portion 19 extending forwardly from shoulder 18
slightly beyond the plane of the shoulder 13 of the die 11
which forms a corresponding outer shoulder in the inter-
mediate portion of the work piece 21 into which the blank
9 has been converted. This intermediate portion of work
piece 21 has a solid foot portion 16 of smaller diameter
located on one side thereof in engagement with the ejector

17, and a tubular head portion of a larger diameter than -

the intermediate portion located on the opposite side of
the latter. The inner shoulder 18 of the work piece 21
and the outer shoulder thereof which is formed by the
surface 13 of the die 11 have their final configuration
after the step shown in Fig. 2 is performed. Thus, the
intermediate part of the blank is never subject to any
more stresses than that required for forming the inner
and outer shoulders of the intermediate portion of the
final shell.

The work piece 21 after it is removed from the struc-
ture shown in Fig. 2 is then placed in the structure shown
in Fig. 3 in order to have the next step of the process per-
formed. The structure of Fig. 3 includes a stationary die

member 23 having an inner cylindrical portion 22 which

slidably receives the tubular head portion of the work
piece 21. Also, the stationary die 23 is formed with a
cylindrical portion 24 which slidably engages the outer
surface of the solid foot portion 16 of the work piece 21,
and between the cylindrical portions 22 and 24 the die
member 23 is stepped to have an intermediate cylindrical
portion which slidably engages the outer cylindrical sur-
face of the intermediate portion of the work piece 21.
The die member 23 is formed with a converging portion
25 beyond the cylindrical portion 24 and an ejector 26 is
slidable within the part of the die 23 which has the small-
est diameter. A ramming member 28, coaxial with the
die 23, is surrounded by a stripping member 32 which
performs the same function as the stripping member 20.
Of course, during the step illustrated in Fig. 3, the ejector
26 is maintained stationary and after this step is finished
the ejector 26 is shifted to the right to eject the work piece
31 into which the work piece 21 is converted,

- The ramming member 28 is provided at its front end
portion with a conica] tip, and the ramming member 28 is
undercut behind the cylindrical annular portion 29, in the
manner shown in Fig. 3. Also, it will be noted that the
ejector 26 is provided at its right end face, as viewed in
Fig. 3, with a projection 27 which may be circular and
which has a predetermined diameter.,

As may be seen by a2 comparison of ‘the upper and
lower portions of Fig. 3 with each other, the ramming
member 28 is advanced to the left, as viewed in Fig. 3,
in order to cause the materia] of the work piece 21 to
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become located within the converging portion 25 of the
die 23 so as to form the solid foot portion 16 of work
piece 21 into a hollow tubular foot portion as indicated
in the lower portion of Fig. 3. Moreover, the work piece
31 into which the work piece 21 is converted by the step
illustrated in Fig. 3, is formed in its left end face, as
viewed in Fig. 3, with a recess 30 of predetermined diam-
eter corresponding to that of the projection 27 for a pur-
pose described below.

A particular feature which is to be noted with respect
to Fig. 3 is that the material of the work piece 21 during
its conversion to the work piece 31 flows in a direction
opposite to the direction of movement of the ramming
member 28. As is evident from a comparison of the upper
and lower portion of Fig. 3, while the solid foot portion
16 is formed into a hollow tubular foot portion the mate-
rial of the foot portion 16 flows to the right, as viewed in
Fig. 3, so that the intermediate and head portions of the
work piece are slidably shifted to the right in a direction
opposite to that in which the ramming member advances.
This is the only step of the process of the invention during
which the material of the work piece flows in a direction
opposite to that in which the ramming member advances.
As a result, no annealing of the work piece is required,
and the only annealing required is that mentioned above
after the rod section 1 is formed into the blank 9.

The work piece 31 which is received from the struc-
ture shown in Fig. 3 is then placed within the die mem-
ber 33 in which an ejector 36 is slidable, this ejector 36
remaining stationary during the step of the process il-
lustrated in Fig. 4 and being shifted only to remove
from the die member 33 the work piece 49 into which
the work piece 31 is converted by the step illustrated in
Fig. 4. The structure of Fig. 4 further includes a ram-
ming member 37 in the form of a cylindrical bar having
a simple conical front end, and the ramming member
37 is slidably surrounded by an annular compressing
member 38 which cooperates with the shoulder 35 of the
die 33 to compress the head portion of work piece 31
in order to form the work piece 40 with a head portion
39. It will be noted that the conical end of the ram-
ming member 37 engages the inner shoulder 18 of the
intermediate portion of the work piece, this inner por-
tion of the shoulder 18 remaining unchanged.

Thus, as may be seen by a comparison of the upper
and lower portions of Fig, 4, the work piece 31 is placed
within the die 33 with the head portion of the work
piece slidably engaging the cylindrical surface of the
die 33 to the right of shoulder 35 and with the inter-
mediate portion of the work piece 31 slidably engaging
the inner cylindrical surface 34 of the die member 33,
the tubular foot portion formed by the step of Fig. 3
remaining out of engagement with the dic 33 and the
ejector 36 during the entire step illustrated in Fig. 4, this
ejector 36 engaging the foot portion only in order to
eject the work piece 40 from the die 33. In perform-
ing the step illustrated in Fig. 4, the annular compress-
ing member 38 is advanced to the left, as viewed in
Fig. 4, to compress the head portion of the work piece
31 between member 38 and shoulder 35 in order to con-
vert work piece 31 into work piece 40 having the head
portion 39. It will be noted that the ramming member
37 simply moves along with the work piece while the
material thereof flows to the left, as viewed in Fig. 4,
and this ramming member actually performs no ram-
ming function in the step illustrated in Fig. 4. It serves
only to move along with the flowing material in order
to maintain the desired inner diameter of the head por-
tion of the work piece.

The work piece 40, which is obtained from the step
illustrated in Fig. 4, is then placed within a stationary
die 41 having an inner cylindrical surface 42 of the
same diameter. as the cylindrical surface 44 of die 33

-and having slidable within itself the ejector 48 which, in

the same way as ejector 36, does not in any way par-




2,874,460

5

ticipaté in the actual step of the:] process -and ‘erily serves
to eject the work piéce from the die:: Just to the right
of the inner cylmdrlcal surfice 42, the die meémber 41
is provided with ‘an inner: surface 43 of hexagonal con-
ﬁguratron and just to the tight of the latter the die 41
is prov1ded with a1 iiitier cylindrical surface . 44 and slid-
ably feceives-the head portnou 39.of the work piece 40.
A cylindrical member 45 which acts in the same way a3
member 37 ‘only ‘fo fiaintain the innér diaméter of the
wotk plece is slidably stfrounded by an annular com-~
pressing member 46, and ‘in 'the stép illustrated 1 Fig.
5 this compressmg member 46 is advanced to the 1eft,
as viewed in Fig: 57 to press the head portion 39 mto
the pait of die 41 whlch fiicludés the hexagonal innsr
sutfage 43 ‘and thus, with the step shown in Fig: 5, the
work piéce 40 is provrded in its’' hiead portion wrth a
hexagonal® annulai- siutface. at the right- of which is lo-
cated an annilad flange 47 which exténds radially beyond
the hexagonal siifface to a sinall éxfent. -

The shell is now in its-finial configiration. In the stép
illistrated ifi Fig. 6; thé foot poition’ of the shell is held
e platé 49 with its et end fice agamst a stationary
citting wiember 50 having an’ opemng ‘51, ‘as indicated
in Fxg &: A tubulat slééve 53 engages the inner surface
of the head poftion of the shell to hold the latter agamst
the stationary cutting member 50 and a punch. 52'is slid-
able ‘withifi'the sleeve 53 and is advanced to the left, as
v1ewed in Fig: 6, it ‘ordet to punch from the left wall of
thé foot’ poruon of ‘the shell the material 54 in coopera-
tion ‘with the stationary cuttmg hémber 50, as indicated
in' Fig.-6:- The diameter of the punch 52 corresponds
to 'that of the pro;ectron 27 and recess 30 so. that it is
a simple matter for the punch 52'to form in the 1éft wall
of the shell,-as viewed in' Fig. 6, an opening of ' desired
$izé.- The §hell is ‘removed from the structure of Flg
6 ‘with “&-stripping member 55, dlagrammatrcally indi-
cated in Fig. 6;, and then the final step indicated in Fig.
7 is taken, this- final step srmply being. turmng off from
the shell 58 With a’ suitable clitting fool 56 the .annular
flange 47. Moreover the cutting 1601 56 shapes the head
pottion of’ the shell -58 -into the: stepped conﬁguratron
shown at thé lower right portion-of F1g 7 to provide the
shell 58 with' a projection 57 which fiay be easily rolled
inwardly in order to properly locate a spark plug insula-
tor within the shell 58, as is conventional.

Thus, the shell 58 is substantially complete. - It need
only be provided with a thread along the outer portion
of its foot portion, and any desired indicia may be placed
on the shell and, if necessary, the outer surface of the
shell may be further treated.

It will be noted that after the blank 9 is formed, only
the ‘five steps illustrated in Figs. 2-6 are required. ac-
cording to the process of the invention, and these five
steps need not be interrupted for annealing.

The invention is, of course, not limited to the details
described above, The shapes of the structural mem-
bers used to form the shell can vary from those illus-
trated, and in particular the ratio between the lengths
of the foot, intermediate and head portions of the shell
may vary.

As a further step of the process, it is also possible to
perform the step of calibrating the shell, particularly
simultaneously with the step shown in Fig. 5 where the
hexagonal surface is provided at the head portion of
the shell.

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 processes for manu-
facturing shells differing from the types described above.

While the invention has been illusirated and described

as embodied in a process for manufacturing spark plug -

shells, 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 present invention.
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Without - fuither analysis; the foregbihg will: 5o fully
reveal -the  gist of the present invention: that others can
by applying current knowlédge 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 aud are in-
tended to be comprehended within the meaning and range
of equrvalence of the followmg claims.

What is' claimed .as‘ new and des1red -to be secured by
Lettérs Patent is:

1. In a process for manufacturmg a spark: plug shell
or the like by cold extrusion;y the steps of die préssing a
substantially. cup-shaped blank into” a work plece having
an intermediate annular portion provided with inner and
cuter shoulders, a solid foot portion of d diameter smaller
than said intermediaté portion o one sidé of the latter,
and a tubular head portion of 4 diameter larger than said
intermediate portion on the other sidé of the latter; ax-
ially advancing & ramming metiber through $aid head and
intermediate portions into.said solid- foot poition with-
out changing the dimension of or étressing said liéad and
intermediate portrons while constraining’ the material of
said"foot portion té flow rearwardly alonig the ramming
member to convert said solid: foot portlon into & hollow
tubuldr foot portion; and axially comipressing the a-
terial -of said head portion while ¢onstiaiiting the mate-
rial thereof to flow toward the foot portion of the work
piece and while maintaining the wall thickness ‘of said
intermediate portions and the innér and otiter shoulders
thereof unchanged:

2. In ‘a process for manufacturmg a spark plug shell
or the like; the steps of axially comipréssing a rélatively
short rod ‘section into ‘a substantially cup-shaped blank
having an outer diameter greatér than that of thé original
rod section; annealing the thus formed blank; forming
the finished shell by ¢old extiusion withoit further ahneal-
ing by die -pressinig the thus-formed substantially -cup-
shaped blank ‘into a work plece havidg af intermediate
annular portion. prov1ded with itine¥ and cuter shoulders,
a solid foot portion of ‘a diameter smaller than said-in-
termediate portion on one side of the lattér, and a tubu-
lar head portion 6f a dianietér larger thah ¥did intérmeédi-
ate portion on the other side of the latter; axially advanc-
ing a ramming member through said head and interme-
diate portions into said solid foot portion without chang-
ing the dimensions of or stressing said head and inter-
mediate portions while constraining the material of said
foot portion to flow rearwardly along the ramming mem-
ber to convert said solid foot portion into a hollow tu-
bular foot portion; and axially compressing the material
of said head portion while constraining the material there-
of to flow toward the foot portion of the work piece and
while maintaining the wall thickness of said intermediate
portions and the inner and outer shoulders thereof un-
changed.

3. In a process for manufacturing a spark plug shell
or the like by cold extrusion, the steps of die pressing a
substantially cup-shaped blank into a work piece having
an intermediate annular portion provided with inner and
outer shoulders of the finished shell, a solid foot portion
of a diameter smaller than said intermediate portion on
one side of the latter, and a tubular head portion of a
diameter larger than said intermediate portion on the
other side of the latter; axially advancing a ramming
member through said head and intermediate portions into
said solid foot portion without changing the dimensions of
or stressing said head and intermediate portions while con-
straining the material of said foot portion to flow rearward-
ly along the ramming member to convert said solid foot
portion ‘into a hollow tubular foot portion; and axially
compressing the material of said head portion while con-
straining the material thereof to flow toward the foot
portion of the work piece and while maintaining the wall
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thickness: of said intermediate portions and the inner and
outer shoulders thereof unchanged. . . . .

4. In a process_for manufacturing a spark plug shell
or the like by cold extrusion, the steps of die pressing a
substantially cup-shaped blank into a work piece having
an intermediate annular portion provided with inner and
outer shoulders, a solid foot portion of a diameter small-
er than said intermediate portion on one side of the latter,
and a tubular head portion of a diameter larger than said
intermediate portion on the other side of the latter; axial-
ly advancing a ramming member through said head and
intermediate portions into said solid foot portion with-
out changing the dimensions of or stressing said head and
intermedijate portions while constraining the material of
said foot portion to flow rearwardly along the ramming
member to convert said solid foot portion into a hollow
tubular foot portion; pressing a recess of predetermined
diameter into the outer surface of the end wall of the
thus-formed hollow foot portion at least during part of
the time that said ramming member is advanced; axially
compressing the material of said head portion while con-
straining the material thereof to flow toward the foot por-
tion of the work piece and while maintaining the wall
thickness of said intermediate portions and the inner and
outer shoulders thereof unchanged; and punching out that
part of the end wall of the hollow foot portion which is
surrounded by the rim of said recess to form at the foot
end of the shell an opening of a size equal to that of
the recess. ‘ :

5. In a process for manufacturing a spark plug shell
or the like by cold extrusion, the steps of die pressing a
substantially cup-shaped blank into a work piece having
an intermediate annular portion provided with inner and
outer shoulders, a solid foot portion of a diameter small-

er than said intermediate portion on one side of the latter, :

and a tubular head portion of a diameter larger than said
intermediate portion on the other side of the latter; axial-
ly advancing a ramming member through said head and
intermediate portions into said solid foot portion without
changing the dimensions of or stressing said head and
intermediate portions while constraining the material of
said foot portion to flow rearwardly along the ramming
member to convert said solid foot portion into a hollow
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tubular foot portion; simultaneously pressing a recess of
predetermined diameéter into the outer surface of the end
wall of the thus-formed hollow foot portion; axially com-
pressing.the material of said head portion while constrain-
ing the material thereof to flow toward the foot portion
of the work piece and while maintaining the wall -thick-
ness of said intermediate portions and the inner and outer
shoulders thereof unchanged; and punching out that part
of the end wall of the hollow foot portion which is sur-
rounded by the rim of said recess to form at the foot
end of the shell an opening of a size equal to that of the
recess, _ :

6. In a process for manufacturing a spark plug shell
or the like by cold extrusion, the steps of die pressing a
substantially cup-shaped blank into a work piece having
an intermediate annular portion provided with inner and

_ ‘outer shoulders, a solid foot portion of a diameter small-
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er than said intermediate portion on one side of the latter,
and a tubular head portion of a diameter larger than said
intermediate portion on the other side of the latter; axial-
ly advancing a ramming member through said head and
intermediate portions into said solid foot portion without
changing the dimensions of or stressing said head and in-
termediate portions while constraining the material of
said foot portion to flow rearwardly along the ramming
member to convert said solid foot portion into a hollow
tubular foot portion; and axially compressing the mate-
rial of said head portion while advancing a ramming
member slidably engaging the inner face of said head por-
tion and said inner shoulder toward said foot.portion
without deforming said intermediate portion to maintain
the inner diameter  of said head portion unchanged while
constraining the material of said head portion to flow to-
ward the foot portion of the work piece and while main-
taining the wall thickness of said intermediate - portion
and the inner and outer shoulders thereof unchanged.
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