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ABSTRACT

A punch assembly includes a punch, a sleeve, a draw stud and a die. The punch
has a punch profile which provides a cutting edge that has a uniform “sharpness” along
entire perimeter of the punch. The punch assembly provides additional punch-to-die
clearance over what was done in the prior art. This reduces excessive punching forces

which result from axial deflection of the draw stud and “tipping” of a large diameter

punch as the draw stud deflects under a load.
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PUNCH ASSEMBLY

[0001]  This application claims the domestic benefit of provisional application Serial
No. 61/568,893, filed on December 9, 2011, which disclosure is herein incorporated by

reference in its entirety.

FIELD OF THE INVENTION
{0002] This invention is generally directed to a punch assembly including a punch
having a novel profile used for punching metal, a draw stud used with the punch and the

method of using the punch and draw stud with an associated die.

BACKGROUND OF THE INVENTION

[0003] A punch is used in conjunction with a punch driver to punch holes in sheet
metal, for example in the walls of electrical cabinets, aluminum, fiberglass and plastic.
The punch is mounted on a sleeve, which in turn, is mounted on a draw stud.

[0004]  Generally, when a hole is to be punched in an electrical cabinet, a small hole 1s
first drilled in the wall of the electrical cabinet. A first end of a draw stud is threaded into
a ram of a hydraulic punch driver. A second end of the draw stud is inserted through a
punching die and then through the drilled hole, the draw stud having a diameter that i1s
less than the diameter of the drilled hole. A knockout punch is threaded onto the second
end of the draw stud on the opposite side of the electrical cabinet than is the punching die
and the hydraulic punch driver.

[0005]  An operator actuates a hand pump of the hydraulic punch driver. When the
hand pump of the hydraulic punch driver is actuated, hydraulic fluid forces the ram to pull
the draw stud. The draw stud, in turn, pulls the knockout punch through the electrical
cabinet into the die such that the desired hole size 1s punched.

[0006]  Hydraulic systems (hand pump, hose, and ram) that electricians usc to punch

-———— e wme ey . - iy - -




CA 02797352 2012-12-04

holes in electrical cabinets have a rated capacity of 11 Ton (22,000 pounds force).
Punching large holes (up to 4.5” diameter) in 10 gage (0.134 inch thick) stainless steel
with a conventional 4-point punch requires 12-15 Tons (24,000 to 30,000 pounds force).
[0007] A disadvantage of prior art punches is that they commonly have surfaces which
cannot be easily machined with standard cutting tools, such that custom formed toois or
broaches are required to cut the punch profile,

[0008] In addition, higher punching force are required if the cufting edge of the punch
is “too dull” (neutral or negative cut edge geometty). Reduced punch durability occurs if
the punch cutting edge is too “sharp” (positive cut edge geometry). A less ideal
punch/die clearance leads to a higher frequency of “chipping” the punch or die cutting
edge due to misalignment of the punch and die.

[0009] With regard to cutting a hole in 10 gage stainless steel, such a hole can be cut
with great physical effort and high tool wear cost. A 4” conduit hole can be made in 10
gage stainless steel using a carbide hole cutter, or possibly a carbide grit hole saw,
reciprocating saw, or saber saw, All these methods, however, are labor intensive and may
wear out several tools in order o make just one hole.

[0010] A sleeve for a punch assembly, and the punch assembly, are provided herein
which provides improvements to existing punch assemblies. Other features and
advantages will become apparent upon a reading of the attached specification, in

combination with a study of the drawings.

SUMMARY OF THE INVENTION

[0011] A punch assembly includes a punch, a sleeve, a draw stud and a di¢, The
punch has a punch profile which provides a cutting edge that has a uniform “sharpness”
along entire perimeter of the punch. The punch assembly provides additional punch-to-
die clearance over what was done in the prior art. This reduces excessive punching forces

which result from axial deflection of the draw stud and “tipping” of a large diameter
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punch as the draw stud deflects under a load. The sleeve adds rigidity to the draw stud,
thereby reducing elastic deflection of the draw stud, reducing bending moment on the
draw stud, reducing punching force, and extending the punch, draw stud and dic fatigue
life. The sleeve also aids in axial alignment of the punch, die and workpiece with a pilot

hole drilled through a workpiece.,

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]  The organization and manner of the structure and operation of the invention,
together with further objects and advantages thereof, may best be understood by reference
to the following description, taken in connection with the accompanying drawings,
wherein like reference numerals identify like elements in which:

[0013]  FIG. 1 1s a cross-sectional view of a punch assembly which incorporates the
tfeatures of the present inifention, the punch assembly includes a punch, a sleeve, a draw
stud and a die;

(0014]  FIG. 2 is a perspective view of the punch;

|0015]  FIG. 3 1s a front plan view of the punch;

[0016]  FIG. 4 1s a cross-sectional view of the punch along line 4-4 of FIG. 3;

[0017)  FIG. 5 is an enlarged cross-sectional view of a portion of the punch;

[0018] FIGS. 6 and 7 are cross-sectional views of the punch assembly showing the
punch being inserted into the die;

[0019]  FIG. 8 15 a perspective view of the sleeve;

[0020] FIG. 9 1s a side elevational view of the sleeve;

(0021}  FIG. 10 is a front plan view of the slecve;

[0022]  FIG. 11 is a cross-sectional view of the sleeve along line 11-11 of FIG. 10;
[0023] FIG. 12 is a side elevational view of a prior art sleeve; and

[0024]  FIG. 13 1s a cross-sectional view of the prior art sleeve of FIG. 12.
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENT

10025] While the invention may be susceptible to embodiment in different forms,
there 1s shown in the drawings, and herein will be described in detail, a specific
embodiment with the understanding that the present disclosure is to be considered an
exemplification of the principles of the invention, and is not intended to limit the
invention to that as 1llustrated and described herein. Therefore, unless otherwise noted,
features disclosed herein may be combined together to form additional combinations that
were not otherwise shown for purposes of brevity.

[0026] A punch assembly 20 is provided which includes a punch 22, a sleeve 24, a
draw stud 26 and a die 28. The punch assembly 20 is used to punch a hole through a
workpiece 30, such as metal, such as mild steel and stainless steel, fiberglass, plastic, etc,
The punch assembly 20 is specially designed to also be able to punch 10-gauge stainless
steel. The punch assembly 20 can be used to punch holes in the workpiece 30 up to 4.5”
diameter to accept 4’ conduit,

[0027]  The punch assembly 20 provides three aspects which aid in reducing the
punching force necessary to punch through the workpiece 30 so that existing hydraulic
drivers (hot shown), which have an 11 ton maximum, can be used to punch larger holes in
tougher, thicker steel. The first aspect is the provision of a novel punch profile 32 on the
punch 22, The punch profile 32 provides a cutting edge 34 that has a untform
“sharpness” along entire perimeter of the punch 22, The second aspect is that additional
punch-to-die clearance is provided over what was done in the prior art. This reduces

excessive punching forces which result from axial deflection of the draw stud 26 and
“tipping” of a large diameter punch 22 as the draw stud 26 deflects under load. The third
aspect is an improved sleeve 24 which adds rigidity to the draw stud 26, thereby reducing
elastic deflection of the draw stud 26, reducing bending moment on the draw stud 26,
reducing punching force, and extending the punch 22, draw stud 26 and die 28 fatigue

life. The sleeve 24 also aids in axial alignment of the punch 22, die 28 and workpiece 30
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with a pilot hole 36 drilled through workpiece 30.
[0028] A first end 38 of the draw stud 26 is threaded to a ram (not shown) of the

hydraulic punch driver. A second end 40 of the draw stud 26 is inserted through the die
28 and through the pilot hole 36 provided through the workpiece 30, the draw stud 26
having a circumference that is less than the circumference of the pilot hole 36. The
sleeve 24 is threadedly attached to the punch 22, The punch 22 and sleeve 24 are then
attached to the second end 40 of the draw stud 26 on the opposite side of the workpiece
30 than is the die 28 and the hydraulic punch driver.

[0029]  An operator actuates a hand pump of the hydraulic punch driver which causes
hydraulic fluid to force the ram to puil the draw stud 26. The draw stud 26, in turn, pulls
the punch 22 and the sleeve 24 through the workpiece 30 into the die 28 such that the
desired hole size is punched.

(0030] The punching assembly 20 and the hydraulic punch driver and ram are
portable; i.¢,, an operator can easily carry the punching assembly 20 and hydraulic punch
driver and ram around to job sites.

[0031] The die 28 used with the present invention is conventional. The die 28 has a
base wall 42 which has a circular depending wall 44 extending from the perimeter of the
base wall 42. A central passageway 46 extends through the axial center of the base wall
42. The size of the die 28 used with the present invention is dictated by the size of the
punch 22 used.

[0032] FIRST ASPECT - PUNCH PROFILE

[0033] The punch 22 includes a cylindrical punch body 46 having a first end surface
48 and a second, opposite end surface 50, an extension 52 extending from the second end
surface 50 and which has an end surface 54, and a cylindrical punch wall 56 extending
from the second end surface 50. The punch 22 is preferably formed of S7 bar stock AISI
tool steel, which is a shock resisting tool steel which ensures punching without excessive

wear or breakage. An example of such tool steel is sold under the brand name HI
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SHOCK., The punch body 46 has a thickness which is defined as the distance between
the first and second end surfaces 48, 50. The extension 52 is cylindrical and has a
diameter which is less than the diameter of the punch body 46. A passageway 58 extends
axially through the punch body 46 and the extension 52, A centerline 59 is defined
through the center of the passageway 58. The second end surface 50 of the punch body
46 and the end surface 54 of the extension 52 are planar and parallel with each other. The
first end surface 48 is planar and parallel with end surfaces 50, 54, with the exception of a
chamfer 60 provided at the end of the passageway 58. The chamfer 60 is preferably
angled at 45 degrees relative to the planar first end surface 48. The wall forming the
passageway 58 is threaded and threadably receives the sleeve 24 as discussed herein.
[0034] The punch wall 56 extends upwardly from the first end surface 48 of the punch
body 46 at the outer edge thereof and extends around the entire perimeter of the punch
body 46. The punch wall 54 is spaced from the passageway 58 a predetermined distance.
The punch wall 54 has an interior surface 62 and an exterior surface 64. The punch wall
54 is formed of a plurality of alternating flutes 66 and lobes 68. Each lobe 68 has a pair
of walls 70a, 70b which angle from a piercing point 72 which is at the apex. The base 74
of each flute 66 is curved. As shown, three flutes 66 and three lobes 68 are preferred,
however, this number may vary, The provision of three lobes 68 aids in preventing
tipping of the punch 22 as pierces the workpiece 30. The interior surface 62 of the punch
wall 56 is generally circular, however, the circular profile is broken by the base 74 of each
flute 66. The exterior surface 64 of the punch wall 54 is circular.

[0035] The punch profile 32 is formed on the free end of the punch wall 56. The base

of the punch wall 54 where the punch wall 54 meets the punch body 46 has a constant

width between its interior surface 62 and its exterior surface 64. The width of the punch

wall 54 varies as the punch wall 54 progresses away from the first end surface 48 of the

punch body 46 as a result of the punch profile 32,
[0036]  The punch profile 32 is defined by a first inclined cutting surface 76 which
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extends between the exterior surface 64 of the punch wall 56, and a second shearing
surface 78 extending between the cutting surface 76 and the interior surface 62 of the
punch wall 56. As a result, a first end 80 of the cutting surface 76 is defined at the
exterior surface 64 and a second end 82 of the cutting surface is provided at the first end
84 of the shearing surface 78. The second end 86 of the shearing surface 78 is provided
at the interior surface 62 of the punch wall 56. The cutting surface 76 is angled relative to
the centerline 59 of the punch 22. The cuiting surface 76 preferably has a thickness of
0.090”, and may be in the range of 0.060” to 0.090”. The shearing surface 78 is
substantially thicker than the cutting surface 76 and the shearing surface 78 is thick
enough to provide robustness to the punch wall 56 so that the punch wall 56 does not
buckle during use. The shearing surface 78 is angled relative to the cutting surface 76
and is angled relative to the centerline 59. The cutting surface 76 and the shearing
surface 78 extend around the entire perimeter of the punch wali 56.

[0037] The cutting surface 76 has a positive cut edge geometry (the included angle
between the cutting surface 76 and the exterior surface 64 of the punch 22 is less than 90
degrees) around the entire perimeter of the punch wall 56. The cutting sutface 76 tapers
inwardly from the exterior surface 64 to the shearing surface 78, and tapers toward the
first end surface 48 of the punch body 46 such that the distance the first end 80 which is
formed at the cutting edge 34 of the cutting surface 78 is spaced from the first end surface
48 is greater than the distance the second end 82 of the cutting surface 76 is spaced from
the first end surface 48. The cutting surface 76 is preferably angled at an angle of 20
degrees relative to the planar first end surface 48. As shown, the cutting surface 76 is
slightly arcuate-shaped, however, the cutting surface 76 can be flat.

[0038] The shearing surface 78 may be tapered from its first end 84 to its second end
86 or it can be parallel or substantially parallel (if arcuate, as described herein) to the first
end surface 48 of the punch body 46. The critical provision of the shearing surface 78 1s

~ that no portion of the shearing surface 78 is spaced from the first end surface 48 of the
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punch body 46 at a greater distance than the first end 80 of the cutting surface 76. As
shown, the shearing surface 78 is arcuate-shaped.

{0039]  The punch profile 32 consisting of the cutting and shearing surfaces 76, 78
extends around the entire perimeter of the punch wall 56.

[0040] The punch 22 having the punch profile 32 shown in the drawings can be easily
manufactured from bar stock. First, the basic shape of the punch body 46 and
lobed/fluted punch wall 56 (without the punch profile) is formed in a conventional
manner. Next, the cutting surface 76 is machined with a stock “ball nose end mill” which
creates a uniform geometry around the entire perimeter of the punch wall 56. Use of the
stock ball nose end mill creates the arcuate shape of the cutting surface 76. Thereafter,
the shearing surface 78 is machined with the stock ball nose end mill which creates a
uniform geometry around the entire perimeter of the punch wall 56, Use of the stock ball
nose end mill creates the arcuate shape of the shearing surface 78. Multiple passes of the
ball nose end mill may be necessary to form the cutting and sheating surfaces 76, 78.
The punch 22 is formed using a standard 1” ball nose end mill which is computer
programmed to travel the circumference of the punch wall 56 to produce the punch
profile 32, Other means of forming the punch profile 32 are within the scope of the
present invention, however, use of ball milling provides a fast means for forming the
punch profile 32.

[0041]  The punch profile 32 of the present invention provides lower punching force
versus the prior art, increased punch durability because the surfaces of the punch profile
32 has the same geometry (optimized) around the perimeter of the punch wall 45, and
there is a saving in the cost of fooling as custom milling tools are no longer required.
[0042] SECOND ASPECT - ADDITIONAL PUNCH-TO-DIE CLEARANCE

[0043] The punch-to-die clearance used with the present invention is contrary to the
standard punch-to-die clearance used in the industry. When punching stainless steel, a

higher bending moment occurs because of the tensile strength of stainless steel and
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because of the size of the die/punch which amplifies the moment arm. The punch-to-die
clearance used with the present invention reduces excessive punch forces due to axial
deflection of the draw stud 26 and “tipping” of large diameter punches 22.
[0044]  FIG. 6 shows a cross-sectional view of the punch 22 and die 28. The punch-to-
die clearance is defined as (dic diameter - the punch diameter)/2. When the punch 22
and the die 28 are aligned axially and radially, the punch 22 can enter the die 28 with a
clearance of 0.011 inches ((4.580-4.558)/2 = 0.011 punch-to-die clearance) around the
circumference of the punch 22. This punch-to-die clearance is often expressed as a
percentage of the thickness of the workpiece 30 being punched. To punch 10 gage
(.1347) steel, the punch-to-die clearance expressed as a percentage is:

0.011/0.134 = 8%
Much has written regarding the industry standards for punch/die clearance. The industry
standard for punch/die clearance for hard materials is 6% to 10% of the workpiece 30
thickness.
[0045] In actual practice, the workpiece being punched naturally has regions of higher
and lower hardness due to chemistry and manufacturing variation, and the punch profile
has regions of greater sharpness and lesser sharpness due to design and manufacturing
variations. During normal service life of the punch, the cutting edge of the punch suffers
wear and minor deformation which result in further variation in the sharpness and cutting
ability of the punch. These variations result in non-symmetrical forces on the punch
creating force moment which causes the draw stud to deflect allowing the punch to tip as
shown in FIG. 7. While the diameters of the punch and die allow for the industry
standard 6%-10% punch-to-die cléarance, the tipping of the punch as one piercing point
of the punch enters the die, results in interference for the other piercing point(s) yet to
enter the die.
[0046] The Applicant’s testing of a 4” conduit size punch resulted in approximately 10
degrees of tipping., By experimentation, the Applicant determined that 15%-20% punch-
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to~die clearance is needed to prevent interference of the tipping punch. Ii the punch-to-
die clearance is too small, the punch force is high as the piercing point may strike the wall
of the die instead of entering freely. If the punch-to-die clearance is greater than 20%, the
testing revealed a tendency for the workpiece to “extrude” into the gap between the punch
and die also resulting in high punch force.

[0047] By providing additional punch-to-die clearance, i.e. 15%-20% punch-to-die
clearance, the forces on the punch 22 are minimized, deflection of the draw stud 26 is
minimized, and tipping of the punch 22 is minimized. These reduced forces and
improved alignment significantly increased the durability life of the punch 22, sleeve 24,
draw stud 26, and die 28. As a resuit, a larger punch-to-die clearance leads to a lower
frequency of “chipping” the punch 22 or the die cutting edge due to misalignment of the
punch 22 and die 28, a lower punching force, and increased punch durability,

[0048] THIRD ASPECT - IMPROVED SLEEVE

[0049]  The sleeve 24 provided in the present invention reduces the elastic deflection
of the draw stud 28, reduces the bending moment on the draw stud 28, aids in the axial
“alignment of the punch 22, die 28 and workpiece 30, reduces the required punching force,

and extending the punch 22, draw stud 26 and die 28 fatigue life.
[0050]  Prior art sleeves 200, such as that shown in FIGS. 12 and 13, have a first

eiongated threaded section 202, a second unthreaded section 204 extending from the first
section 202, and a third knurled section 206 extending from the second section 204. An
axial passageway 208 extends through each section 202, 204, 206. The first threaded
section 202 is longer than the thickness of the punch body 46. The first and second
sections 202, 204 have the same outer diameter, and the third section 206 has an outer
diameter which is smaller than the outer diameter of the first and second sections 202,
204. The free end of the third section 206 defines a nose 210 which has a sharp corner.
The intersection between the second and third sections 204, 206 forms a shoulder 212.

The first section 202 is threaded info the passageway 60 in the punch 20 and the draw
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stud 38 passes through the passageway 208. A problem sometimes arises if the opetrator
does not properly thread the sleeve 200 into the punch 20. If the operator threads the first
section 202 too far into the passageway 58 of the punch 20, the nose 210 of the sleeve
200 1s posttioned behind the cutting edge 76 of the punch 20. As a result, the sleeve 200
will not enter the pilot hole 36 before engagement of the punch 20 with the workpiece 30.
If this occurs, the nose 210 may engage the workpiece 30 instead of passing through the
pilot hole 36, which will cause an improper punching action. In addition, as a result of
the provision of the shoulder 212 on the prior art sleeve 200, the shouider 212 sometimes
engages the workpiece 30 instead of passing through the pilot hole 36. This also causes
an improper punching action.
[0051] In the present invention, the sleeve 24 has a first threaded section 88, a second
knurled section 90 extending from the threaded section 88, and a third unthreaded section
92 extending from the knurled section 90, An axial passageway 94 extends through each
section 88, 90, 92. At least a portion of the passageway 94 is threaded, preferably the
portion which is provided within the threaded section 88 and part of the knurled section
90. The end of the first section 88 has a chamfer 96 thereon. - The first threaded section
88 and the third unthreaded section 92 have the same outer diameter, and the second
knurled section 90 has an outer diameter which is slightly smaller than the outer diameter
of the first and third sections 88, 92. The free end of the unthreaded section 92 defines a
nose 98. The nosec 98 has a chamfer 100 thereon. The threaded section 88 is threaded
into the passageway 58 in the punch 22. The draw stud 26 is threaded into the
passageway 94 of the slecve 24.
[0052] The threaded section 88 of the sleeve 24 has a length which corresponds to the
thickness of the cylindrical punch body 46. As a result, the sleeve 24 is threaded into the
front of the punch 22 (passing from the first end surface 48 of the punch body 46, through
the passageway 58 to the second end surface 50 of the punch body 46) until the thread on
the threaded section 88 bottoms onto the punch body 46. This proper positioning of the

11
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sleeve 24 permits the overall sleeve length to be increased so that the nose 98 of the

sleeve 24 is always positioned before (i.e. the nose 98 is farther away from the punch

body 46 than the piercing points 72 of the punch profile 32 are away from the punch body

46), and thus, the sleeve 24 always pilots in the pilot hole 36 of the workpiece 30 before
the piercing points 72 of the punch 22 begin to punch the hole in the workpiece 30.
[0053]  The knurls are not provided on the third unthreaded section 92 (the section 92
that first enters the workpiece pilot hole 36). Instead, a smooth nose 98 is provided at the
end of the sieeve 24 to pilot into the workpiece 30. The second section 90 is knurled to
facilitate manual assembly with the punch 22.

[0054]  As a result, the sleeve 24 provides for a proper and correct assembly of the
sleeve 24 and the punch 22, Interference between the sleeve 24 and the workpiece 30 is
prevented. The sleeve 24 also provides rigidity to the draw stud 26 which results in
longer life for the draw stud 26 as a result of less frequent bending and breakage.

[0055]  Operation of the punch assembiy 20 will now be discussed. As explained
above, the operator threads the first end 38 of the draw stud 26 to the ram of the hydraulic
punch driver. The second end 40 of the draw stud 26 is inserted through the die 28 and
through the pilot hole 36 of the workpiece 30, the draw stud 26 having a diameter which
is less than the diameter of the pilot hole 36. The sleeve 24 is threadedly attached to the
punch 22 by threading the first section 88 into the passageway 58 of the punch 22 until
the threaded section 88 bottoms out. The chamfer 96 on the first section 88 promotes the
entry of the sleeve 24 into the punch passageway 58. The operator can easily see that the
punch 22 is properly threaded with the sleeve 24. The punch 22 and sleeve 24 are then
attached to the second end 40 of the draw stud 26 on the opposite side of the workpiece
30 than is the die 28 and the hydraulic punch driver. The punch 22 and sleeve 24 are
attached to the draw stud 26 by threading the second end 40 of the draw stud 26 into the
sleeve passageway 94.

[0056]  An operator actuates a hand pump of the hydraulic punch driver. When the

12
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hand pump of the hydraulic punch driver is actuated, hydraulic fluid forces the ram to pull
the draw stud 26. The draw stud 26, in turn, pulls the sleeve 24 and attached punch 22
through the workpiece 30 into the die 28 such that the desired hole size is punched. The
nose 98 of the sleeve 24 first enters the pilot hole 36 in the workpiece 30 as the nose 98
extends further away from the punch body 46 than the piercing points 72 on the punch
profile 32. This provides for the correct alignment of the punch 22 with the die 28. The
ram pulls the draw stud 26, which in turn pulls the sleeve 24 and attached punch 22 such
that the piercing points 72 pierce through the workpiece 30 and the workpiece 30 1s cut
along the cutting surface 76 formed by the punch profile 32 which forms a burnish on the
workpiece 30. After the workpiece 30 is cut along the cutting surface 76, the shearing
surface 78 shears the workpiece 30 to form a slug and to create a hole having a diameter
equivalent to the outer diameter of the punch wall 56/punch body 46, which is larger than
the diameter of the pilot hole 36. The shearing surface 78 also provides a relief to move
the slug away from the punched opening through the workpiece 30 and forms the slug
into a profile that permits ¢asier removal from the die 28.

[0057]  The configuration of the punch 22 maintains a constant shearing angle
throughout the punching cycle except for the piercing points 72 used to initially pierce the
workpiece 30. Prior art punches typically have an elevated punching force at the end of
the punching cycle.

[0058] While a preferred embodiment is shown and described, it is envisioned that
those skilled in the art may devise various modifications of the present invention without

departing from the spirit and scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A punch comprising;

a cylindrical punch body having a first end surface and a second, opposite end
surface, said surfaces being parallel, said punch body defining a perimeter;

a punch wall extending upwardly from said second end surface and having a free
end, said punch wall extending around the entire perimeter of said punch body, said
punch wall having an exterior surface and an interior surface, said punch wall formed of a
plurality of alternating flutes and lobes, each said lobe having a pair of walls angling from
a piercing point;

a punch profile formed on said free end of said punch wall and extending between
said exterior surface of said punch body and said interior surface of said punch body, said
punch profile formed by a cutting surface and a shearing surface, said cutting surface
having a first end and a second end and a positive cut edge geometry, said cutting surface
extending around the entire perimeter of said punch wall, said cutting surface extending
between said exterior surface of the punch wall and said shearing surface, said cutting
sutface tapering inwardly from said exterior surface toward said second end surface of
said punch body such that the distance said first end of said cutting surface is spaced from
said second end surface of said punch body is greater than the distance said second end of
said cutting surface is spaced from the second end surface of said punch body, said
shearing surface extending between said cutting surface and said interior surface of the
punch wall, said shearing surface being spaced from said second end surface of said
punch body at a lesser distance than a distance at which said first end of said cutting
surface is spaced from said second end surface of said punch body; and

a passageway extending through said punch body, said passageway spaced from

said punch wall.

14
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2. The punch of claim 1, wherein said cutting surface has a thickness in the range of

0.060” to 0.090”.

3. The punch of claim 1, wherein said cutting surface is angled at an angle of 20

degrees relative to said second end surface of said punch body.

4. The punch of claim 1, wherein said cutting surface is arcuate.
3. The punch of claim 1, wherein said cutting surface is flat.
6. The punch of claim 1, wherein said shearing surface has a first end provided at

said second end of said cutting surface and a second opposite end, and said shearing

surface tapers from its first end to its second end.

7. The punch of claim 6, wherein said shearing surface is angled relative to said
cutting surface. |
8. The punch of claim 1, wherein said shearing surface has a first end provided at

said second end of said cutting surface and a second opposite énd, and said shearing
surface is parallel to said second end surface of said punch body, said shearing surface
being spaced from said second end surface of said punch body at a lesser distance than a
distance at which said first end of said cutting surface is spaced from said second end

surface of said punch body.

9. The punch of claim 1, wherein said shearing surface has a first end provided at
said second end of said cutting surface and a second opposite end, and said shearing

surface is substantially parallel to said second end surface of said punch body, said
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shearing surface being spaced from said second end surface of said punch body at a lesser

distance than a distance at which said first end of said cutting surface is spaced from said

second end surface of said punch body.
10.  The punch of claim 1, wherein said shearing surface is arcuate.

11.  The punch of claim 1, wherein said punch is formed of S7 bar stock AISI tool

steel.

12, The punch of claim 1, further including an extension extending from said first end
surface, said extension having an end surface; wherein said punch body is cylindricai and

has a diameter, said extension is cylindrical and has a diameter which is less than the

diameter of the punch body.

13, Anassembly including the punch of claim 1, and further including a die having a
base wall and a depending wall extending from a perimeter of said base wall, said
depending wall defining a diameter, and a cenfral passageway extending through said

base wall, wherein said punch and said die have a 15%-20% punch-to-die clearance.

14.  An assembly comprising:
a punch having a cylindrical punch body having a perimeter, a punch wall
extending upwardly from said second end surface of said punch body and extending

around the entire perimeter of said punch body, said punch body defining a diameter, and
a passageway extending through said punch body, said passageway spaced from said

punch wall; and

a diec having a base wall and a depending wall extending from a perimeter of said

base wall, said depending wall defining a diameter, and a central passageway extending
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through said base wall,

wherein said punch and said die have a 15%-20% punch-to-die clearance.

15.  The assembly of claim 14, wherein a punch profile is formed on said punch wall,
sald punch profile comprising a cutting surface having a positive cut edge geometry, said
cutting surface extending around the entire perimeter of said punch wall, said cutting
sutface tapering inwardly from an exterior surface of said punch wall toward said punch

body.

16.  The assembly of claim 15, wherein said punch wall is formed of a plurality of
alternating flutes and lobes, each said lobe having a pair of walls angling from a piercing

point,

17.  The assembly of claim 15, wherein said punch profile further includes a shearing
surface extending between said interior surface of the punch wall and said cutting surface,

said shearing surface being angled relative to said cutting surface.

18. A punching assembly comprising:

a punch having a punch body having a first end surface and a second end surface,
a punch wall extending from said first end surface to a free end, said punch wall having a
punch profile on said free end, and a threaded passageway extending through said punch
body, said punch body having a thickness defined between said end surfaces; and

a sleeve having a first threaded section having a diameter, a second section having
a diameter and extending from said first threaded section, and a third unthreaded section
having a diameter and extending from said second knurled section, said first threaded
section and said third unthreaded section having the same outer diameter, and said second

section having an outer diameter which is slightly smaller than the outer diameter of the
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first and third sections, said first threaded section having a length which corresponds to

the thickness of said punch body, and an axial passageway extending through said

sections, wherein at least a portion of said passageway of said sleeve is threaded,
wherein said punch is threaded onto said first threaded section such that said

second and third sections extend from said first end surface of said punch, and said third

section extends past said punch profile on said punch wall.

19.  The punch assembly of claim 18, wherein said threaded portion of said
passageway of said sieeve is provided within said first threaded section and a portion of

sald second section.
20.  The punch assembly of claim 18, wherein said second section is knurled.

21.  The punch assembly of claim 20, wherein said threaded portion of said
passageway of said sleeve is provided within said first threaded section and a portion of

said second knurled section.

22.  The punch assembly of claim 18, wherein an end of said first threaded section has

a chamfer,

23, The punch assembly of claim 18, wherein an end of said third unthreaded section

defines a nose having a chamfer thereon.

24, A method of assembling a punching assembly comprising:
providing a punch having a punch body having a first end surface and a second

end surface, a punch wall extending from said first end surface to a free end, said punch

wall having a punch profile on said free end, and a threaded passageway extending

18
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through said punch body, said punch body having a thickness defined between said end
surfaces; and

providing a sleeve having a first threaded section having a diameter, a second
section having a diameter and extending from said first threaded section, and a third
unthreaded section having a diameter and extending from said second knurled section,

said first threaded section and said third unthreaded section having the same outer

diameter, and said second section having an outer diameter which is slightly smaller than

the outer diameter of the first and third sections, said first threaded section having a
length which corresponds to the thickness of said punch body, and an axial passageway
extending through said sections, wherein at least a portion of said passageway ot said
sleeve 1s threaded,

insetfing said sleeve through said first end surface and threading said first
threaded section with said passageway of said punch such that said second and third

sections extend from said first end surface of said punch.

25.  The method of claim 24, wherein said second section is knurled, and wherein an
operator grasps said knurled second section to threadedly engage said sleeve and said

punch together.

26.  The method of claim 24, further comprising inserting a draw stud into said
passageway of said sleeve after said sleeve and punch are assembled together, and

threading said draw stud with said passageway of said sleeve.

27.  The method of claim 26, wherein said passageway of said sleeve is threaded

within said first threaded section and a portion of said second section.

19

- — - - —— — —
e — — s, el AP *



CA 02797352 2012-12-04

28.  The method of claim 24, further comprising threading a first end of a draw stud to
a ram of a hydraulic punch driver; inserting a second opposite end of said draw stud
through a die and through a pilot hole of a workpiece, said draw stud having a diameter
which is less than a diameter of the pilot hole; attaching said assembled punch and sleeve
to said second end of said draw stud on an opposite side of said workpiece than where
said die and hydraulic punch driver are provided, wherein when said hydraulic punch
driver is actuated, said sleeve first enters said pilot hole prior to said punch profile on said

punch engaging said workpiece,

20
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