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57) ABSTRACT 

Punch for forming square socket type head for screw 
fasteners in which the socket has four equal sides each 
of which has an upper slightly inwardly inclined flat 
portion which merges without discontinuity at its 
lower end with a lower concave bottom portion. 

4 Claims, 14 Drawing Figures 
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BALLISTICSHAPE PUNCH AND SCREW HEAD 
SOCKET 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a division of my application Ser. 
No. 768,863 filed Oct. 18, 1968 wherein are asserted 
claims to the screw fastener having a socket type head 
of the kind herein disclosed. 

BACKGROUND OF THE INVENTION 

This invention relates to punches useful for forming 
screw fastening devices having heads which include a 
square recess or socket for engagement with a driving 
eaS. 

Hitherto a number of different types of screw fasten 
ing devices having square or recess socket driver en 
gagement means have been made available commeri 
cally. Among designs which have been extensively used 
are those which disclose square recess screws in which 
the bottom of the recess is formed in the shape of a 
pyramid or cone, respectively. Such designs, and all 
other previous designs of this type of driving recess 
have been characterized by two features which give rise 
to substantial disadvantages. In the first place, the 
lower portion of the socket makes a definite, more or 
less “sharp' intersection or discontinuity where it joins 
the upper, substantially flat and vertical sides which are 
used to engage the driving means. Secondly, the lower 
portion in itself terminates in a more or less pointed 
configuration. The punch used to produce such a 
socket has of course corresponding characteristics - 
i.e., definite line of intersection between the flat verti 
cal sides and the lower portion, and a more or less 
pointed tip. 
These characteristics in prior socket and punch 

design give rise to a number of serious deficiencies. 
Considering for instance the pyramidal or conical point 
forms, it is apparent that as a punch of the shape in 
question forms an impression in the head of a screw 
blank, there is a most uneven distribution of force. A 
pyramidal punch has uni-directional forces on each 
plane face surface of the bottom portion, with the 
result that metal flow cannot occur uniformly as the 
punch moves into the blank. Such force stops abruptly 
at the junction of the pyramidal portion and the square 
upper section of the socket. A conical punch advancing 
into a blank creates a comparable reaction to a 
pyramidal punch, as explained above. A conical punch 
and a pyramidal punch have a non-uniform direction of 
force at the junction of the conical lower portion and 
the side walls of the socket, and in both cases there is 
sudden reduction of force at the junction of the face 
angle and the side angle. These substantial variations in 
the displacement force imposed upon the screw blank 
by the punch prevents adequate control of metal dis 
placement as the punch proceeds in its forward 
direction. The result is that the stress responsible for 
moving the metal back from the point of the punch 
continues to displace the metal in a direction compara 
ble to that established by the angle of the cone or 
pyramid in question so long as the main or forward 
force is maintained. This "over-shoot' or extra un 
wanted movement of the metal tends to cause a dis 
placement of the blank stock of the screw head away 
from the side walls of the socket punch, thus giving rise 
to a void or "fall-away' in the finished product. Such a 
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2 
result, of course, prevents optimum engagement of the 
socket with the driving tool along its full effective 
length and at the same time gives rise to substantial 
variations in stress along the faces of the socket in a 
way which reduces the driving torque which it is capa 
ble of transmitting to the screw. 
Apart from the deficiencies mentioned above which 

relate to the socket head screw itself, the prior punch 
designs used in manufacturing the aforementioned type 
of screws suffer from rapid wear because of the more or 
less pointed lower end and the "sharp' intersection 
between the lower portion of the die and the flat sides. 
Moreover, the fact that there is substantial “fall-away' 
in prior socket head screw designs has contributed to 
reduced driving-tool life since that part of the tool 
which enters the socket does not engage it in a uniform 
manner from top to bottom. 

SUMMARY OF THE INVENTION 

I have found that the disadvantages associated with 
prior socket-type screw fasteners can be overcome by 
providing a screw fastening device which has a socket 
centrally disposed about the longitudinal axis of the 
screw, the socket having a plurality of equal sides, each 
of which has an upper flat portion which extends 
downwardly and slightly inwardly, and which merges 
into a lower, concave portion that extends downwardly 
and inwardly to the bottom of the socket and the punch 
used for forming such a socket is of course complemen 
tary to this configuration. The curve defined by the in 
tersection of said lower portion of a side of the socket 
or the punch used for forming the same with any plane 
which includes said axis has, at its point of merger with 
the upper flat portion, a tangent which is substantially 
coincident therewith and, at the point of intersection 
with said axis, a tangent which is substantially perpen 
dicular thereto. Preferably the cross section of the 
socket and of the punch, in a progression from top to 
bottom of parallel planes perpendicular to the axis, is 
that of a regular polygon or square in the region of their 
upper portions whereas it is that of a generally similar 
polygon or square having rounded corners in the lower 
portions. Such a socket or punch may conveniently be 
referred to as being of "ballistic' shape. As will be ap 
parent from the description just given, the bottorn of 
the socket and the punch is of a rounded, blunt form 
and the lower portion merges smoothly, at all points 
around its periphery, into flat sides. By such an ar 
rangement much more adequate control is effected 
over displacement of the stock of the screw blank head 
as the punch advances into it, thus resulting in substan 
tial reduction, if not elimination, of “fall-away" and a 
much more even distribution of stress in the region of 
the socket formation. Consequently, improved quality 
of the finished screw head results and a greater utiliza 
tion of material is effected. Also as a result of the 
smooth metal flow, uniform work hardening and ad 
herence to tool form on the impression, the metal being 
displaced in order to form the screw head is less likely 
to rupture. Moreover the ballistic shape of the punch 
contributes substantially to tool life and the optimum 
characteristics of the socket thus formed permit much 
better engagement between the drive means and screw 
head whereby driver life is extended as well. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described in connection with 
the attached figures of drawings in which: 

FIG. i is a top plan view of a screw driving socket 
made in accordance with the invention, together with a 
full vertical cross-section (labelled 1A) taken along the 
line A-A, and vertical half cross-sections (labelled 1B, 
1C and 1D) taken along lines B-B, C-C and D-D 
respectively; 

FIGS. 2 to 9 are horizontal half cross-sections 
respectively taken along the planes defined by the con 
tour lines of corresponding number in FIG. 1, and the 
section lines of corresponding number in FIGS. 1A, 1B, 
1C and D; and 

FIG. 10 is an isometric view of a punch made in ac 
cordance with the invention showing contour lines 2 to 
9 which define planes in which the half cross-sections 
of the punch are those of FIGS. 2 to 9 respectively. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FiG. 1, the upper part is a top plan 
view of a square socket generally represented at 20 and 
formed, in accordance with the invention, in the head 
21 of a screw blank. In this Figure, the usual chamfer 
for facilitating entry of the driving device into the 
socket is shown at 22 although such chamfer forms no 
part of the present invention which relates only to the 
form of the recess or socket below its edge 23 and the 
punch used for forming the same. 
As is apparent from FIG. 1, the recess 20 is symmet 

rically disposed about the longitudinal axis 24 of the 
screw. The profile of each of the four equal sides of the 
socket (and accordingly the four corresponding sides 
of the punch used for forming the same) is best shown 
in the sections labelled 1A, 1B, 1C and 1D which are 
taken along the lines A-A, B-B, C-C and D-D 
which are respectively disposed at 90, 75, 60 and 45 
from the vertical line 25. Referring now to the full sec 
tion 1A, it will be observed that the socket comprises 
four equal sides each of which has an upper flat portion 
26 which extends downwardly and slightly inwardly at 
an angle 27 (preferably between 3 and 3%) and which 
at its lower end 28 merges smoothly into a lower, con 
cave portion 29 that extends both downwardly and in 
wardly to the bottom 30 of the socket in such a way 
that the curve defined by the intersection of said lower 
concave portion of a side of the socket with any of the 
planes (e.g., those on line A-A, B-B, C-C and D 
D) intersecting a side of the socket and passing through 
the axis 24 has, at its point of merger with said upper 
flat portion, a tangent which is substantially coincident 
there with and, at the point of intersection with said 
axis, a tangent which is substantially perpendicular 
thereto. More particularly, it will be noted that the bot 
tom 30 of socket is substantially rounded and the upper 
flat portion 26 and the lower curved portion 29 merge 
smoothly at 28 into one another without any apparent 
line of intersection or discontinuity. 
As will be apparent from an examination of FIG. 1, 

cross-sections of the socket taken on planes perpen 
dicular to the axis 24 between the lower edge 23 of the 
chamfer and the line 28 will be square in shape and of a 
gradually diminishing cross-sectional area correspond 
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4. 
ing to the angle 27 at which the sides of the socket con 
verge slightly inwardly. Below the line 28, in the region 
of the lower concave portion 29, the cross-section of 
the socket in planes indicated by the lines 2 to 9 respec 
tively, are represented by the half cross-sectional views 
of FIGS. 2 to 9. As is apparent from the latter, the first 
cross-section given by FIG. 2, which is immediately 
below the line 28, is that of a square with very slightly 
rounded or suppressed corners. As succeeding cross 
sections are taken along the lines 3 to 9 respectively, in 
a progression from the top to the bottom of the lower 
concave portion 29, it will be observed that the sections 
are also of generally square configuration, but with in 
creasingly rounded corners and decreasing cross-sec 
tional area until the lowest cross-section shown (i.e., 
that of FG.9) approximates that of a circle. 

Referring now to FIG. 10, a punch 35 is there specifi 
cally illustrated which is adapted to form the socket 20 
shown in FIG. 1. Corresponding to the latter, the punch 
35 has four equal sides each of which has an upper flat 
portion 36 which extends downwardly and slightly in 
wardly at an angle 27 (again preferably between 3 and 
3%) and which at its lower end 28 merges smoothly 
into a lower convex portion 37 that extends both 
downwardly and inwardly to the bottom or tip 38 of the 
punch in such a way that the curve defined by the inter 
section of said lower convex portion of a side of the 
punch with any of the planes intersecting a side of the 
punch and passing through the axis 24 has, at its point 
of merger with said upper flat portion 36 a tangent 
which is substantially coincident therewith, and, at the 
point of intersection with said axis, a tangent which is 
substantially perpendicular thereto. As a result, and as 
corresponds with the profile of the socket described 
above, the bottom 38 of the punch is substantially 
rounded and the upper flat portion 36 and the lower 
convex portion 37 merge smoothly into one another 
without any apparent line of intersection or discon 
tinuity, 
What I claim is: 
1. A punch for forming a driving socket in the head 

of a screw fastening device, said punch having a lon 
gitudinal axis and being formed of a plurality of equal 
sides each of which has an upper flat portion which ex 
tends downwardly and slightly inwardly and which 
merges smoothly into a lower generally convex portion 
that extends downwardly and inwardly to form a bot 
tom of the punch symmetrically disposed about said 
axis whereby the curve defined by said lower portion of 
a side of the punch with any plane which includes said 
axis has, at its point of merger with said upper flat por 
tion, a tangent which is substantially coincident 
therewith and, at the point of intersection with said 
axis, a tangent which is substantially perpendicular 
thereto, and wherein the cross-section of the punch is, 
in a progression from top to bottom of parallel planes 
perpendicular to said axis, that of a regular polygon in 
the region of said upper portions, and that of a 
generally similar polygonal shape having rounded cor 
ners in the region of said lower portion. 

2. A punch as defined in claim 1 having four equal 
sides and a square cross-section. 

3. A punch as defined in claim 1 in which the sides of 
said upper portion are inwardly inclined towards the 
axis between about 3 and 3%. 
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4. A punch as defined in claim 1 wherein the cross- shape having progressively more rounded corners and 
Section of the punchis, in a progression from top to decreasing area whereby in planes adjacent the bottom 
bottom of parallel planes perpendicular to said axis, 
that of a regular polygon of slightly diminishing sides in 
the region of said upper portions and in the region of 5 
said lower portions that of a generally similar polygonal ck k k k 

of the punch said cross-section is of approximately cir 
cular configuration. 
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Inventors) Allan Sangster Barcla 

It is certified that error appears in the above-identified patent 
and that said Letters Patent are hereby corrected as shown below: 

In the heading, change "Sangster, Allan" to --Barclay, Allan 
Sangster--. 

Signed and Sealed this list day of January 1971. 
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