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" This invention relates generally to forming metal arti-
cles and more particularly to the forging of set screw
blanks by progressive forging operations.

It is an important object of this invention to provide
a’ method for forging sét screw blanks which permits
the utilization of high speed low cost forging methods in
the production of such blanks.

It is another object of this invention to provide a
method of forging set screw blanks which results in a set
screw blank having close tolerances and greater strength
and hardness than set screws formed by ordinary ma-
chining methods.

‘It is still another object of this invention fo provide
a method for forging set screw blanks wherein the corners
and edges of the blank are properly filed out and formed.

The foregoing and other objects and advantages will
become apparent in view .of .the following description
taken in conjunction with the drawings, wherein:

Fig. 1 is a plan view of the various stations of a forg-
ing apparatus incorporating this invention; and

Figs. 2, 2a, 2b, 2c, and 2d are enlarged cross sectional
views showing the blank at each of the stations shown in
Fig. 1. ¢

A method of forging set screws according to this in-
vention comprises forging one end .of a blank with high
pressures to produce a sharply filled contour without ex-
cessively work hardening the remainder of the blank and
then piercing a hole' into the other end of the blank.
Preferably the desired point is formed on one end of the
blank by double blow heading and a polygonal hole is
then’ pierced into the previously worked portion of the
blank which is to be externally threaded and the entire
operation is carried outin a progressive header or the like
without the necessity of intermediate annealing. The
embodiment disclosed includes the steps of cutting a blank
from wire or rod stock and positioning it in-a first forg-
ing station wherein a porticn of the blank adjacent to
one ‘end is upset forming an axial conical recess and
an -outer conical surface. The blank is then inserted
in the second forging die station wherein the one end

described above is further forged so as to form.za rela-
tively flat external conical surface and the other end

may be recessed 'to provide an internal conical surface.
That portion of the blank adjacent to the space between
the two dies at the second station is extruded into the
opening thereby forming a flash to relieve the excessive
pressure formed at this die station.. The blank is then
transferred to still another ‘die station' wherein the blank
is ‘pressed -over the end of a polygonal punch thereby
forming a polygonal socket in said other end of the blank.
The blank is then transferred to the final station wherein
the flash is trimmed thereby providing a finished set screw
blank ready for external threading about the socketed
portions. ‘

The process according to this invention is adapted to
be carried out by a multistation header wherein appro-
priate transfer members are supplied to transfer the
blank progressively: from one station to the next. By
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utilizing such a machine a large number of blanks may
be rapidly forged thereby substantially reducing the unit
cost of the completed blank.

In order to insure complete filling of the corners of
the dies this invention contemplates the formation of
flash in the second forging station. By providing more
metal in the initial blank than is necessary to fill the dies
for the completed blank an extremely high pressure on
the blank as it is forged is insured. The excess metal is
permitted to flash out between the dies thereby resulting
in very accurate control of the finished blank with the
results that relatively close tolerances may be maintained,
In the past for forging of items such as set screw blanks
difficulty has been present in insuring that the points or |
edges of the blank are properly filled and the use of
excessive metal in the inmitial blank as described above
has resulted in the elimination of this problem.

For a more complete understanding of this invention
reference should be made to the drawings wherein the
cut-off station designated as 10 is provided.. The stock

- is preferably supplied in the form of wire or rod stock
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11 which is fed through the bore 12 in the cut-off sta-
tion. 10. The stock feeds through the bore 12 and pro---
jects beyond the forward face of the -die breast 9 as
shown in Fig. 1. Suitable feed and stop means are pro-
vided but for purposes of simplicity are not shown-in
the drawings. The shearing member 13 engages the
stock projecting beyond the die breast $ and shears off
a blank 14 from the stock 11. The blank 14 is then
positioned in front of the first forging die 16 which is
formed with a first bore 17 having substantially the same
diameter as the diameter of the stock. The inner end
of the first bore 17 terminates in an inclined or transition
section 18 which is adapted to. form a chamfer on one
end of the blank. The knockout pin 19 is positicned
with its forward face adjacent to the inner end of the
transition section 18 and forms the bottom. of the cavity
in the die 16. The arrangement of the die 16 and the
knockout pin 19 provides for the admission of a portion
of the blank into the die cavity leaving an outer portion
projecting beyond the die face 6. - This outer portion is
upset by the movable die 21 mounted on the header slide
schematically . shown at 22. The movable die 21 is
formed with a conically shaped . die cavity 23 which ter- .
minates in the bore 24. The punch 26 is positioned in
the bore 24 and-is formed with a forward conical punch-
ing surface 27 which projects into the die cavity 23.
When ‘the header slide moves forward the projecting
portion of the blank is engaged by the movable die 21
and the punch 26 thereby upsetting the projecting portion
and forming a first intermediate blank 28 which has a
relatively flat conical recess 29 in the end thereof formed -
by the punch 26 and an outer conical surface 31.. The
transition section 18 also forms a chamfer 32 on the
other end of the first intermediate blank 28 thereby elimi-
nating any sharp edges. In the preferred embodiment
the puch is biased toward the die breast 9 by the spring
33 so that it projects beyond the movable die 21 when
the header slide is spaced from the die breast. - This
structure is utilized so that the punch 26 will engage the
blank before the header slide reaches the forward posi-
tion thereby securing conirol of the blank and ‘permit-
ting the withdrawal of the transfer fingers.  The trans-
fer mechanism is not shown for the purposes of simpli-
fication. As the header slide recedes the first intermediate
blank 28 is ejected from the die 16 by the knockout pin
19 into transfer fingers which -transfer the first inter-
mediate blank :to. the:-second forging station where the
blank is -positioned ‘in front of the second forging sta--"1
tion 34. ‘ LT
The die 34, like the die 16, is formed with a bore 36
having a diameter substantially equal to the bore 17, A
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knockout pin 37 is positioned in the bore 36 and is formed
with-a-conical -punching- end-surface-38 ~whichis--posi-
tioned at a point spaced from the face of the die 34.
The movable die 39 is moufited on the header slide 22
andiis’ formed’ with a’ relatively flat- conical die-cavity
41swhich is-coaxialiwith the'bere’36. ~The inner end of
the conical die cavity 41 terminates in“a‘bore’42 in whith
the punch 4315 posmoned ‘The punch-43; like the’ punch

26, is:formed with ‘a‘conical ‘punching ‘end-sirface 44
The ‘forward efd

which Pprojects into tle “cavity 41, ;
surface 38 of ‘the knockout pin 37 iy cooperation with the
die: 34 forms a die cavity adapted to receive-the portion
of: the figst intermediate! blank- 28 which is not upset and

the upset portion with the surface of the recess ‘29+and

the isurface 31 “project - beyond - the: forward ' face of the
die>34,

“When the header slide  resiches the forward position* dd-
jacent to the die breast 9'the projecting portion of the fifst
intermediate blank:28:is érigaged: by the punch 43 and: the
die 39 thereby upsetting the projecting portion to form' the
conical recess 46 and-a relatively flat- outer’ conical “sur-
face 47 which intersects at an ‘annular edge 48. The ac-
tion: of the die 39 and the punch-43‘also presses the blank
againit the end surface 38 of the knotkout pin ‘37" thefe-

by forming an axial récess 49 in the rearward-end of the -2

blank. :Since:the knockout pin 37 is’ radlaily ‘supported
by the bore- 36 in'the:die 34 the recess 49 is accurately
located. -In‘order to:irsure-that the -annular edge 48 is
properly filled: the dies at the sécond-forging station are
proportioned-so that the excess metal in: the first interme-
diate blank.28 will flash out betweéen the forward ‘surface
of the ‘dies 34 and 39. By supplying an excess of metal
large: compresmon forces on the blank are'insured -which
result in a properly filled- out: annular edge-48 and’by pro-
viding for the flash 51 uniformity of the final blank where-
in‘the tolerances are closely maintained is'insured.. ‘
The- second intermediate blank 52 is' thus ‘formed by
the dies in the seécond forging station which has the for-
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ward ‘end shape substantially formed as it will appear in

the: finished set screw blank. The spring 53 in the second
forgmg die station operates much the same way as the
spring- 33 in the first forging die station and operates to
bias the punch 43 toward the forward position when the
header slide is not adjacent to the die breast 9 and the

knockout pin 37 is used to eject the second intermediate -

blank .from the die 34 as the ‘header slide moves away
from the die breast 9-after the completion of the forging
at this station.

Transfer fingers ‘move the second intermediate blank

to the- third forging die station where the blank is pierced

to form the polygonal cavity of the finished set screw
blank. The sliding die 54°is' mounted in the die ‘breast 9
and is‘adapted for limited reciprocation therein. A heavy
spring -56 biases the die 54 toward the forward position
adjacent to the face of the die breast 9 and a ball type
stop means -57 may be utilized to limit the amount of re-
ciprecation of the die 54. The die 54 is formed with a
bore "58 ‘having substantlally the same diameter as fhe
bores 36 and 17. A piercing tool 59 is mounted within
the bore 58 and is-arranged so‘that it is held statlonary
relative to the die breast 9 during the forging operation in
the ‘third forging die station, The movable die 61 is
mounted on the header slide 22 and is formed with a die
cavity 62 having substantially the same shape as the die
cavity 41. 'Again, a puch 63 is mounted in the movable
die 61 with'a projecting conical end surface extending into
the -die cavity 62. As the header slide moves ‘toward
the “forward position adjacent to the die breast 9 the
movable die 61 and‘the punch 63 engage the end of the
second'intermediate blank 53 forcing the blank into the
bore:58 of ‘the die 54 until the flash’'51° engages the for-
ward.face ‘of both of the dies. The'sliding die 54 and the
blank recede as'the header ‘slide continues ‘to advance.
In the preferred embodiment the forward end of the punich
or piercing tool 59:-then engages the rearward-end of the
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sécond intérmediate blank 52. Since the recess 49 in the

‘rearward end of the second interineédiate blank” 52 is ac-

curately located it guides the end of the piercing tool 59
as the tool engages the blank. The header slide continues
to move forward causing the sliding die 54 and the second
intermediate blank 52 to move axially toward the piercing
tool 59 causing the piercing tool which is formed with a
polygonal forward end to pierce a polygonal recess 647in:

" the rearward end of the blank thereby formmg the third

intermediate blank 66. Here again, a spring 67 is utilized.
to bias the punch 63 toward the die breast 9. After the
header slide 22 has moved away from the die breast'9 at
the completion of the forging stroke the piercing tool 59

“moves ‘outwardly relative to the die breast 9-carrying the

third intermediate blank 66 -out of the sliding die 54. At
this time a stripper means which is not shown for pur-
poses of simplification grips the third intermediate blank
66 and strips it from the piercing tool 59 as the. piercing
tod! returns to its initial position.

‘Transfer fingers then transfer the third intermediate
blank 66 to the fourth die station. A’ sheanng die 68 i 18
mounted at the fourth die station and is formed with a
bore 69 ‘having a’ diameter substantially equal to the di-
ameter of the bore 58 in the die 54. A punch 71 is
mounted in the header slide coaxial with the bore 59 and
is‘formed" with a diameter slightly less than the diameter
of the bore 59 and a forward face adapted to fit into the
conical recess 46. As the header slide moves toward: the
die breast 9 the punch 71 engagés the third intermediate.
blank 66 forcing the blank into the bore 69 of the shear-
ing die 68 thereby shearing the flash from the blank thus
completing the forging operations on the 'set screw
blank 72. )

A’stripper sleeve 73 is positioned around the punch §1
and moves forward relative to the punch 71 as the header
slide moves away from' the die breast thereby stripping
the flash 74 from the punch 71. Thereaftér the knock- -
out punch 76 ejects the finished blank from the die 68
whereupon the blank is transferred to any further opera-
tion such as threading and the like which must be per-
formed to complete the finished set screw.

By providing the rearward recess 49 to gulde the pierc-
ing tool 89 during the initiation of the plercmg blank an

‘accurately located polygonal hole is formed in the fin-

ished blank. Also, by utilizing the sliding die 54 a longer
die life is insured since the sliding action between the
blank and the die is reduced to a minimum.

By forming ‘a"set scréw blank according to this inven-
tion the mietal is Work-hardéned thereby permitting the
use of low-cost materials for the manufacture of the blank
whereas in “earlier ‘methods ‘wherein the blanks are cut
by screw machines or ‘thie like no appreciable work-hard-
ening wads present to improve the quality of the ﬁmshed
screw blank. The ‘portion of the blank forming the. point
is subjected to hish pressutes and to a double blow head-
ing operation filling out the ¢ontours-sharply and cleanly
and providing $ubstantial work hardemng. The remain-
der of the bldnk ‘which is to be socketed is:protected from
high forgmg pressures during the forming of the point
so ‘that it is not ‘substantially work hardened prior to‘the
socketing operation thereby avoiding the necessity of any
intermediate antealing and avoiding hardening the sock-
eted portion to siich-an extent as.to interfere with subse-
quent threading,

Having completed a detailed descnptlon of a preferred
embodimeiit of the: present invention so that others skilled
in the art may be able to understand and practice the same,
I state that what I desire to secure by Letters Patent-is‘not
limited by said preferred embodiment but rather is de-
fined in what is claimed.

What is claimed is:

1. That method of rnakmg a socketed set screw having

-a cup pomt ‘which comprises upsetting one end of a-cylin-

drical ‘blank ‘to form a cyhndncal -shank portion and a.
comnical head portion having its ‘maximum-diameter-at the
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juncture between the head and the shank and having a
reversely disposed conical recess at the end face of
the head portion and thereafter pressing the blank axially
between .a cylindrical die confining the shank and a die
conforming to the head portion, forming an annular. flash
at the juncture between the head and the shank and there-
after piercing a hex socket in the shank portion while
the blank is gripped across said annular flash and axially
supported at said head end and thereafter trimming the
flash from the blank.

2. That method of making a socketed cup point set
screw which-comprises preliminarily upsetting a cylindri-
cal blank to-provide a head portion and a shank portion,
said shank portion being confined during said upsetting in
a cylindrical die wherein the bottom portion of the ¢ylin-
drical die is provided with a chamfer to form a chamfer
in the end of the shank portion and wherein: said up-
setting of the head is effected by a conical die sloping from
a maximum diameter to a minimum diameter at the end
face of the head portion of the blank and- wherein the
end face of the head die is provided with a conical point
and thereafter pressing said blank axially between dies
confining the head and shank to further upset said head
and forming an annular flash at the juncture between the
head and shank at said maximum diameter séction and
thereafter piercing the chamfered end of the shank of
the blank axially by forcing a hex punch into the end
face of the blank a distance corresponding to the distance
from the end face of the shank of the blank to said annu-
lar. flash and thereafter trimming the blank by forcing
the same through a trim die having a maximum diameter
corresponding to the -diameter of ‘the pierced shank por-
tion of the blank.

3. That method of forming a cup pointed socketed set
screw blank which comprises preliminarily upsetting a
conical head on a cylindrical blank while a part of the
cylindrical blank is confined by a cylindrical die and
wherein the tool upsetting the head is provided with a
conical recess having a maximum diameter greater than
the maximum diameter of the shank portion of the blank
and the central portion of the head upsetting tool is
provided with a point to form the cup point of the finished
article and thereafter axially pressing the blank with the
head and shank confined to further upset said head and
forming an annular flash at the juncture between the up-
set head and the shank .and thereafter piercing the shank
portion of the blank with a hex tool while the flash portion
of the blank is gripped between co-operating dies con-
fining the head of the blank and the cylindrical side walls
of the shank and thereafter trimming the flash from the
blank by gripping the flash between co-operating dies and
moving the blank axially into one of said co-opérating
dies by a punch on the other whereby the flange. is im-
paled on the punch.

4. That method of making a socketed cup point cap
screw ‘which comprises holding the major portion of a
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cylindrical blank in a cylindrical die and leaving a portion
of the blank projecting from said cylindrical die and pre-
liminarily upsetting said projecting portion to a diameter
greater than said shank portion, the tool upsetting said
head portion having a central conical point to indent
the head portion of the blank to a depth corresponding
to the depth of the cup point in the finished article and
thereafter confining the upset blank between the pair of
co-operating dies, one die being shaped to conform to the
shank portion of the blank and the other die being shaped
to' conform substantially to the cup point of the finished
article and moving said dies toward each other to fur-
ther upset said head and forming an annular flash at
the juncturé between the shank and the tapered point of
the finished article and thereafter forcing - the blank
through a trim die having a circular opening wherein
the diameter of the opening corresponds to the diameter
of the shank portion of the blank whereby the flash is
trimmed from the blank.

5. That method of forming a socketed cup point set
screw having a hex socket through the major portion of
its length and a point sloping from the maximum diam-
eter. of ‘the set screw blank toward one end face which
has a cup point therein which comprises confining  the
major portion of a cylindrical blank in a cylindrical die
and upsetting the projecting end portion of the blank which
ultimately forms the cup point of the set screw; said
upsetting operation being effected by a conical tool having
a central pointed area to form the cup point and there-
after compressing the blank axially to flow a portion of
the upset metal outwardly into an annular flash and at
the same -time reducing the upset portion between the
flash and the cup point of the blank substantially to the
dimensions of the finished article and thereafter con-
fining the metal of the blank having the flash thereon by
gripping the blank across the flash and confining ths head
and side walls of the blank while a hex tool is forced
into the end face of the blank opposite the cup point,
said hex tool having a point which moves axially into
the blank a distance corresponding to the distance be-
tween the flash and the pierced end of the blank and
thereafter trimming the flash from the blank by forcing
the ‘blank through a trim die having a diameter corre<
sponding substantially to the diameter of the pierced por-
tion of the blank.
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