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The present invention relates to header dies for cold 
heading machines, and methods of making such dies, 
particularly relating to dies for use in the heading of 
Screws and the like. 

Threaded fasteners provided with heads, such as the 
conventional wood Screws, machine screws, etc., whether 
of the slotted head variety or of the “Phillips' head type, 
are produced in the form of an unthreaded headed blank 
which is then provided with threads by a thread rolling 
or thread cutting step. Conventionally, the blanks are 
produced by the cold heading method in which short 
lengths are severed from a coil of suitable wire stock, 
transferred to the header die, and subjected to one or 
more sharp blows whereby the metal of one end of the 
short length of wire is upset to form the required head. 
In manufacturing screws of the "Phillips' type, the head 
ed blank is then subjected to a second blow, delivered by 
another punch which is suitably shaped to produce in 
the head the desired tooi receiving recess. 
The header die is the cylindrically shaped tool in which 

the cut-off portion of wire is retained during the succes 
sive blows of the upsetting operation. This die is often 
considered the most important header tool because it 
controls the finish, shape and dimensions of the headed 
blanks and its life is, indirectly, a measure of the over 
all efficiency of the header itself. The manufacture of 
header dies, in particular the finishing operations, has 
long been something of a problem to the cold heading 
industry and has become particularly acute in heading 
precision countersunk head screw blanks for aircraft 
fasteners from alloy steel, because of the accuracy re 
quired and the difficulty of cold forming the alloy mate 
rial. 

Usually these dies are produced from a good grade 
of heading die steel by first cutting off from bar stock 
of the size required, drilling, and then reaming, counter 
boring or otherwise machining to the approximate hole 
dimensions required. The dies are next heat treated 
and then must undergo further reaming, grinding, lap 
ping or honing of the internal hole to the finished dimen 
sions in the hardened stage. While under ideal circum 
stances, any of these methods may provide relatively 
smooth holes, inherently there will be minute annular un 
evenness or inaccuracies with respect to the hole. This 
condition occurs because of the necessity of rotating 
the die or the cutting tool, or both, in performing any 
of the conventional finishing operations such as reaming, 
grinding, etc. This roughness offers a serious problem 
on dies for aircraft parts which usually require extrud 
ing in the heading operations; that is, the wire diameter 
is reduced as it is pressed into the die when it meets (; ; 
the tapered portion commonly known as the extruding 
choke. Not only would such annular roughness, how 
ever minute, reduce die life by exposing high points only 
to wear but it would restrict the flow of metal in ex 
truding and scrape the lubricant from the wire quickly 
leading to galling, chipping and ultimate die failure. 
A primary object of the present invention consists in 
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the provision of a die in which the aforesaid minute 
annular inaccuracies are entirely absent, which die, there 
fore, has an increased useful life, during which the pro 
duction of screw blanks of a higher quality is facilitated. 
Another important object is the provision of a suitable 
method for the manufacture of such dies. 
More specifically, it is an object of the invention 

to provide a cold header die comprising a hardened steel 
body having a central aperture for receiving the mate 
rial to be headed, said aperture having a wall in which 
any irregularities extend longitudinally. A feature of 
Such dies is or may be a shallow annular concavity which 
tends to prevent premature pulling out of the headed 
Screw blanks by the recess-forming punch. Another ob 
ject is the provision of a die of the character described, 
in which the aperture wall is compressed and work 
hardened to a degree giving it a smooth, hard finish 
which not only facilitates performance of its function, 
but results in the production of a better quality of 
screw banks. 

Another object is the provision of a method of mak 
ing header dies of the character described which method 
comprises the steps of preparing an unhardened die blank, 
Supporting the die blank with one end and all lateral 
Surfaces rigidly confined, and cold forming the die blank 
under heavy pressure with a hardened and polished hob 
having a configuration Substantially complementary to 
the desired finished die, said hob having a body and 
a cylindrical projection, the latter penetrating the die 
blank in the forming step to produce a die aperture in 
which any irregularities of the walls extend longitudinal 
ly. A Subsidiary object is the provision of such a meth 
od in which said forming is performed with sufficient 
pressure to cause annular elastic bulging of the hob pro 
jection, whereby a shallow annular concavity is formed 
in the wall of the die aperture. 

Other and further objects, features and advantages 
will be apparent from the description which follows, 
read in connection with the accompanying drawings in 
which 

Figure 1 is an axial section of a conventional cold 
header die of the prior art; 

Figure 2 is a greatly enlarged fragmentary sectional 
view corresponding to the portion A of Figure 1; 

Figure 3 is a view partly in section and partly in eleva 
tion illustrating the beginning of the forming step of the 
method according to the present invention; 

Figure 4 is a view similar to Figure 3 illustrating the 
furthest penetration of the hob into the die blank; 

Figure 5 is an axial section of a finished die according 
to the invention; 

Figure 6 is a greatly enlarged fragmentary view cor 
responding to the portion B of Figure 5; 

Figure 7 is a fragmentary axial section illustrating the 
die of Figure 5 when in use in a cold heading machine; 

Figures 8, 9, 10 and 11 are axial sections illustrating 
other forms of header dies which may conveniently be 
produced by the method of the present invention; 

Figure 12 is an axial section illustrating a die blank 
after completion of the forming step according to the 
invention; 

Figure 13 is a similar view showing the die blank of 
Figure 12 after completion of a further step in the pro 
duction of a die; 

Figure 14 is a similar view illustrating another form 
of die; 

Figure 15 is an axial section of a still further form of 
die produced according to the invention; and 

Figure 16 is an enlarged fragmentary view correspond 
ing to Figure 15. 

In order to facilitate an understanding of the inven 
tion, reference is made to the embodiments thereof shown 



2,843,862 

in the accompanying drawings and detailed descriptive 
language is employed. It will nevertheless be understood 
that no limitation of the invention is thereby intended 
and that various changes and alterations are contemplated 
such as would ordinarily occur to one skilled in the art to 
which the invention relates. 
A typical header die of conventional form, as now in 

common use, is illustrated in Figures 1 and 2, the particu 
lar die shown being of the extrusion type. Such a die 
'comprises a cylindrical body 6 of steel having a central 
aperture 11 extending therethrough. The aperture : 
comprises a cylindrical portion 12, which may be defined 
as a back hole or knock-out hole, a tapered portion 13, 
a short cylindrical portion 14 of smaller diameter than 
the portion 2, a short tapered portion 15, another cy 
lindrical portion 6 of a diameter equal to the desired 
shank diameter of the finished screw, and a flaring coun 
tersunk portion 17. A die of the form illustrated , in 
Figure 1 is employed in the manufacture of countersunk 
head screws, and is termed an extrusion die since the wire 
blank, upon being inserted from the front of the die 
(upper end in Figure 1) is, through a part of its length, 
forced past the constricted cylindrical portion 14 or ex 
truding choke, reducing the diameter of that portion of 
the blank which is to be threaded. In other words, after 
a blank has been headed in a die of the type illustrated 
in Figure 1, the headed blank will conform to the con 
figuration of the portions 17, 16, 15 and 14 of the die, 
but the portion of the blank which has penetrated beyond 
the extruding choke 14 will, of course, conform to that 
diameter throughout its length and, therefore, will not 
have the configuration of portions 12 and 13 of the die. 
The cylindrical portion 2 of the aperture accommodates 
the usual knock-out pin for removing the headed blanks 
from the die after the completion of the heading opera 
tion on each blank. 

Dies of the type illustrated in Figure 1 have hereto 
fore been manufactured according to the technique de 
scribed at the outset hereof, including the steps of drill 
ing, reaming, counterboring, and heat treatment followed 
by further reaming and then by grinding, lapping or honing 
of the internal hole to the finished dimensions. As 
Stated, this practice results necessarily in the formation 
of minute annular inaccuracies 18 which are shown in 
enlarged and somewhat exaggerated form in Figure 2, 
Such annular inaccuracies 18 resulting in the disadvan 
tages previously mentioned. Moreover, the involved and 
time-consuming operations heretofore necessary for the 
production of such dies greatly increases the cost thereof, 
many hours being required for the production of each 
die. 
On the contrary, by the method of the present inven 

tion, a better die can be produced in a few minutes, 
resulting in a reduction in the production cost of the dies 
as well as providing dies which are better suited to the 
production of high quality screws and the like. Accord 
ing to the invention, there is first produced a hob 19 
(Fig. 3) having a cylindrical body 20, a cylindrical pro 
jection 21 of reduced diameter, and intervening portions 
22, 23 and 24. The portions 2-24 are finished to 
produce portions 4, 15, 16 and 17 of the die as re 
quired. The hob is formed of hardened steel and is care 
fully machined and finished to exact dimensions and a 
mirror finish. A hob as described will serve in the pro 
duction of a considerable number of dies. 

In forming the die a length of bar stock of the required 
size is drilled to produce a blank 25 having a central 
aperture 26 of slightly smaller diameter than the projec 
tion 21 of the hob. The blank 25 is then rigidly confined 
below and laterally by means of an anvil (not shown) 
and a chuck or receptacle 27, and the hob 19 is forced 
into the blank 25 under great pressure until it has pene 
trated to the desired extent, as shown in Figure 4. In 
the performance of this step, the surface of the metal 
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compressed and work-hardened, giving it a superior finish 
and hardness. The hob is then withdrawn from the die 
blank, and the die is completed by grinding or otherwise 
machining the front or upper surface thereof to the re 
quired extent. 

In carrying out the cold forming or hobbing step as 
described, it will be obvious that any minor irregularities 
which might possibly be formed in the internal surfaces 
of the die will extend longitudinally, rather than annular 
ly, and will not, therefore, have any adverse effect upon 
the die or the Screw blanks produced by its use. A fur 
ther advantage of the present method resides in the fact 
that in some cases, for example in the production of an 
extruding die 30 such as illustrated in Figure 5, by the 
method described above and illustrated in Figures 3 and 
4, the portion 23 of the hob, being of somewhat greater 
diameter than the portion 21 which itself is of larger 
diameter than the drilled hole 26, naturally encounters 
very great resistance in penetrating the die blank. As a 
result of such resistance, and the considerable pressure 
used in the process, the portion 23 of the hob is elas 
tically deformed by the formation of a shallow annular 
bulge at its lower end, adjoining the tapered portion 22. 
This results in the formation of a corresponding shallow 
annular recess in the die 30, best illustrated in Figure 6, 
wherein the annular recess 3A is shown greatly enlarged 
and somewhat exaggerated. The presence of Such shal 
low annular recess is of advantage in the heading of short 
header point screw blanks, such as that illustrated in the 
process of heading in Figure 7. There is a tendency for 
the recess forming punch to pull such short blanks out 
of the die upon retraction of the punch, thus causing the 
machine to malfunction, and the slight bulging of the 
screw blank into the shallow annular recess 31 of the 
die, during the heading operation, serves to reduce this 
tendency of the blanks to be pulled from the die by the 
recess forming punch. 

Figures 8 and 9 illustrate dies of the so-called straight 
hole type, Figure 8 showing a die adapted for the pro 
duction of blanks of the protruding head type while Fig 
ure 9 relates to blanks of the countersunk head type. 
Figure 10 illustrates a die for forming header point blanks 
of the protruding head type while Figure 11 illustrates 
a similar die of the countersunk head variety. The dies 
of Figures 8—11 may be quickly and conveniently pro 
duced by the method outlined above. This type of die 
illustrated in Figs. 10 and 11 produces headed blanks 
having a chamfered or tapered point Serving as a lead 
to guide a threaded machine screw into ready engage 
ment in a tapped hole or as a pilot for satisfactory use 
of tapping screws. Usually the diameter of the point of 
the blank is approximately 70% of the larger diame 
ter, and the angle of the taper varies from approxi 
mately 42 to 15 depending on whether the Screw 
blanks are to be chamfer pointed machine screws or tap 
ping screws. It will be obvious that in hobbing this type 
of die, the diameter of the hole initially drilled in the 
blank must approximate the smaller diameter of the 
finished screw blank whereas the diameter of the por 
tion 2 of the hob will be that of the main portion of 
the Shank of the Screw blank. Because of the Wide dif 
ference in these two diameters, requiring drastic mate 
rial displacement, there is a definite limit in the distance 
which the hob can be pressed into the die blank, usually 
about 4 times the diameter of the portion 21 of the hob, 
and in the resulting length of the headed Screw blank 
produced. This limitation is not a serious one, as there 
are certain other factors inherent in the cold heading 
operation which limit the length of header point blanks 
which can be produced. 

It has been found possible to hob dies for very short 
header point Screw blanks from a solid die blank, sucha 
as that seen in Figure 12. After hobbing, Such dies are 
drilled through to a diameter somewhat Sinailer than 

surrounding the drilled aperture 26 of the die blank is 75 the final point diameter following which this smaller hole 
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can be hobbed in the manner described for the straight 
hole dies to produce a finished die such as seen in Fig 
ure 3. Such secondary hobbing, however, is not essen 
tial since a drilled hole will adequately accommodate the 
knock-out pin of the heading machine. 

Figures 14, 15 and 16 illustrate dies of the extrusion 
type, formed according to the present invention. The 
die of Figure 14 has been formed with the usual tapered 
portion 35 joining the straight portion 36 with the con 
stricted extrusion choke 37, whereas the die of Figure 
15 is formed to provide a connecting portion 40 of dif 
ferent form between the straight portion 41 and the 
extrusion choke 42. The portion 40 is provided with 
an inwardly concave longitudinal curvature, which pos 
sesses certain advantages in the case of extrusion dies. 
There is also the possibility of such a corresponding 
rounded or convex shape being required in the finished 
Screw, and one of the advantages of the present method 
of producing header dies lies in the possibility of pro 
ducing screw blanks of such shape. No other method 
is known whereby this internally curved condition may 
be produced in a header die, with a satisfactory finish, 
by the conventional methods. As illustrated in Figure 
16, if the diameter of the shank portion of the die aper 
ture is sufficiently larger than that of the extruding choke, 
the resultant bulging of the portion 23 of the die form 
ing hob will cause a corresponding annular concavity in 
the die which, in this case, will merge with the concavity 
of the portion 40 as designed into the die to produce the 
concavity 43 of Figure 16. 

In all of the cases described above the advantages of 
economy, speed of production, accuracy, superior finish, 
longitudinal lay of the finish, and preventing of blank pull 
out, are inherent. In the case of extruding dies, how 
ever, which are used principally to head alloy steel blanks 
for aircraft screws, it has been found virtually impossible 
to produce header dies from the proper grade of tool 
steel by the conventional methods, with the result that 
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6 
dies used in this type of heading operation gave a rela 
tively unsatisfactory performance and were of very short 
useful life. Dies made according to the present inven 
tion, on the other hand, not only perform more satis 
factorily and last much longer in this service, but pro 
duce better screw blanks of the extruded type because 
the direction of the die finish is longitudinal, eliminating 
the defects caused by the annular finishing marks of dies 
produced by the conventional methods. 
Having thus described the invention, what is claimed 

as new and desired to be secured by Letters Patent is: 
As an article of manufacture, a cold header die having 

a front end and comprising a hardened steel body hav 
ing a central aperture for receiving the material to be 
headed, said aperture having an enlarged portion of rela 
tively short axial dimension adjacent said front end, a 
reduced portion toward the other end, and an inter 
mediate portion connecting said other portions, the wall 
of said aperture being formed with a shallow annular 
concavity in the region of said enlarged portion adjacent 
said intermediate portion said concavity having a depth 
sufficient to discourage accidental withdrawal of a headed 
blank from the aperture but not to provide the blank with 
a noticeable bulge, said wall being completely free of 
other annular irregularities. 
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