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Abstract

A piercing device for forming an aperture in a hollow member includes a punch
having a cutting surftace to pierce the hollow member, and a guide bore extending
through the punch. The punch 1s shdably received on a complementarily shaped
guide post of a support member. A drive member extends through the support
member and 1s operable to transfer a force between a ram and the punch. Multiple
piercing devices may be located within relatively small volumes about a hydro-
forming die, and can be used to perform complete pierces or to perform partial

pierces.
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PUNCH DEVICE FOR PIERCING HYDRO-FORMED MEMBER

Field Of The Invention

[0001] The present invention relates to a device and method for forming apertures in a
hollow member. More specifically, the present invention relates to a device and

method for piercing a hydro-formed member to create an aperture therein.

Background Of The Invention

[0002] Hydro-forming of steel and other metal hollow members 1s becoming
increasingly common. With hydro-forming the cost of manufacture of hollow
members can be reduced, in comparison to conventional stamping, welding and other
manufacturing techniques. Further, the quality (strength, tolerances, etc.) of the
finished hydro-formed member can exceed the quality of members formed with

conventional techniques.

[0003] After a member has been hydro-formed, it typically requires a series of
additional manufacturing operations and/or forming steps. One common post-forming
operation is the need to form one or more apertures in the member and much eftfort
has previously been devoted to forming these apertures in the member via piercing

when the formed member is still in the hydro-forming die.

[0004] While piercing is now commonly used to form desired apertures 1n hydro-
formed members, difficulties still exist with piercing technologies. In particular, the
size of the cylinders required to perform the pierce can restrict the number of apertures
that can be formed in any region of the member, as insufficient volume may be
available to accommodate the cylinders in the region of interest. Further, the quality

(shape and/or clean cut of the edges) of the aperture may not be as good as desired.

[0005] To address these issues, piercing systems which employ a negative pierce have
been proposed. In the proposed negative pierce system, the piercing punch 1s retracted
during a portion of the hydro-forming cycle such that the portion of the formed

member to be pierced is extruded outward from the formed member. The piercing
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punch 1s then extended into the extruded portion to pierce the resulting weakened area
and form the desired aperture. By first extruding the portion to be pierced, the force
required to perform the pierce 1s reduced, allowing for a smaller cylinder to be
employed for a given sized aperture and allowing for a better quality aperture to be

obtained.

[0006] While the proposed negative pierce operations provide advantages, the
additional complexity and expense required to operate the hydraulic cylinder to first
retract and then extend the piercing die increases the éxpense of the hydro-forming set
up. Further, the extra complexity (hydraulic lines, stops, etc.) can occupy more
volume in the hydro-forming die, thus limiting the number of apertures and/or spacing

of those apertures that can be formed in a given area of the hydro-formed member.

[0007] It 1s desired to have a piercing device and method which provides for negative

piercing while avoiding the need for complex and/or bulky hydraulic control systems.

Summary Of The Invention

[0008] According to an aspect of the present invention, there is provided a piercing
device for forming apertures in hollow members, comprising: a punch having a
cutting surface to pierce the hollow member and a guide bore extending through the
punch; a support member including a guide post complementary in shape to the guide
bore, the punch being slidably received on the guide post; and a drive member
operable to transfer a force between a ram and the punch, the drive member extending

through the support member.

[0009] According to an aspect of the present invention, there 1s provided a piercing
device for forming an aperture in a hollow member, comprising: a punch having a
cutting surface at one end to pierce the hollow member, a guide bore extending
through the punch, and a pair of drive surfaces located at an opposite end of the punch
and extending laterally from the punch; a support member including a guide post

complementary in shape to the guide bore and two drive passages positioned on both

sides of the guide post, the punch being slidably received on the guide post; a drive
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member operable to transfer a force between a ram and the punch, the drive member
having a base and two arms forming a substantially U-shaped member, the two arms
of the drive member abutting the two drive surfaces of the punch and extending
through the support member via the two drive passages; a backing plate located
between the drive member and the ram; and a mounting member abutting the support

member and receiving the base of the drive member and the backing plate.

[0009.1] According to an aspect of the present invention, there 1s provided a piercing
device for forming an aperture in a hollow member, comprising: a punch having a
cutting surface at one end to pierce the hollow member, a guide bore extending
through the punch, and a drive member operable to transfer a force between a ram and
the punch, the drive member located at an opposite end of the punch; a support
member including a guide post complementary in shape to the guide bore and two
drive passages positioned on both sides of the guide post, the punch being slidably
received on the guide post; a backing plate located between the drive member and the
ram; and a mounting member abutting the support member and receiving the drive
member and the backing plate; wherein the drive member has a base and two arms
forming a substantially U-shaped member, the base of the drive member 1s integral
with the opposite end of the punch, the two arms of the drive member abut the
backing plate, and the two arms of the drive member extends through the support

member via the two drive passages.

[0010] The present invention provides a piercing device and method which can be
used to form apertures in formed members. In particular, it is believed that the
present invention is particularly suited for forming apertures in hydro-formed
members. The piercing device of the present invention advantageously occupies
relatively little volume, allowing multiple piercing devices to be located within

relatively small

2a
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volumes about a hydro-forming die, or the like. The device and method can be used
to perform complete pierces, wherein the slug is removed from the formed member, or
to perform partial pierces, wherein the slug is maintained captive in place until
removed by a subsequent manufacturing operation. The present invention also
provides for a negative pierce to be achieved, during the hydro-forming process, prior
to the pierce operation being performed. This negative pierce results 1n a reduction 1n
the force required to perform the pierce operation and thus permits the use of a smaller
hydraulic ram, or the like. In turn, this can result in a cost saving and can result 1n

even denser mounting of adjacent piercing devices within a hydro-forming die or the

like.

[0011] This and other objects of the invention can be more fully appreciated from the

following detailed description of the preferred embodiments.

Brief Description of the Drawings

[0012] Exemplary embodiments of the invention will now be described in conjunction
with the following drawings wherein like numerals represent like elements, and

wherein:

[0013] Figure 1 shows an exploded perspective view of a first embodiment of a

piercing device in accordance with the present invention;

[0014] Figure 2 shows a cross section view taken through line 2-2 of Figure 1;

[0015] Figures 3a through 3d show a cross section through a portion of the piercing
device of Figure 1 installed in a hydro-forming die for a first method of forming an

aperture;

[0016] Figures 4a and 4b show a cross section through a portion of the piercing
device of Figure 1 installed in a hydro-forming die for a second method of forming an

aperture; and
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[0017] Figure 5 shows an exploded perspective view of another embodiment of a

piercing device in accordance with the present invention.

Detailed Description Of The Preferred Embodiments

[0018] A piercing device, useful for forming apertures in hydro-formed members and
other needs, is indicated generally at 20 in Figures 1 and 2. Device 20 includes a
punch 24 which includes a central guide bore 28 which is complementary in shape to
a guide post 32 which is part of a support member 36. Support member 36 can be
appropriately mounted in a hydro-forming die, or the like, to position punch 24 as

desired with respect to a member to be pierced.

[0019] Device 20 further comprises a drive member 40, which 1n the 1llustrated
embodiment, is generally U-shaped. In this embodiment, the arms 44 of drive
member 40 extend through drive passages 48 in support member 36 to abut drive
surfaces 52 on punch 24. As should now be apparent, movement ot drive member 40

into or out of support member 36 results in punch 24 being moved along guide post

32.

[0020] Device 20 further includes a mounting member 56 which can be attached to
the body of a hydraulic ram (not shown), or the like, to allow the ram to apply force to
drive member 40 as needed. A backing plate 60 can also be provided to assist in the

distribution and transfer of force between the ram and drive member 40.

[0021] Figures 3a through 3d illustrate one method of employing device 20. In Figure
3a, wherein only punch 24 and guide post 32 are shown for simplicity, device 20 has
been installed in a hydro-forming die 75. Die 75 has been loaded with a member 77

to be hydro-formed and member 77 has been filled with water 79 which 1s at a low

pressure.

[0022] As can be seen in Figure 3a, punch 24 1s positioned in a retracted position
wherein its cutting edge is flush with the surface of member 77. However, as can also
be seen, guide post 32 is positioned such that a small gap 81 is present between

member 77 and the end surface of guide post 32.
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[0023] In Figure 3b, water 79 has been pressurized to perform the hydro-forming of
member 77. As can be seen, a portion of member 77 has been extruded by the hydro-

forming to fill gap 81, effectively providing a negative pierce of member 77 in this

region.

[0024] By forming a negative pierce prior to the pierce operation being performed, a
reduction in the force required to perform the pierce operation 1s achieved, thus

permitting the use of a smaller hydraulic ram, or the like.

[0025] In Figure 3¢, punch 24 is advanced into member 77 while water 79 1s
pressurized to perform the pierce. In Figure 3d, once the pierce has been achieved,

punch 24 is retracted and water 79 is de-pressurized.

[0026] In the method illustrated in Figures 3a through 3d, only a partial pierce 1s
being performed wherein the material to be removed, typically referred to as the
“slug”, to form the desired aperture remains captive in member 77 and 1s removed 1n a
subsequent processing step to avoid having a loose slug remain inside member 77 or

in hydro-forming die 75.

[0027] A partial pierce can be achieved by carefully controlling the distance to which
punch 24 is inserted into member 77 and/or by the design of the cutting surfaces of
punch 24.

[0028] In the latter case, the cutting surfaces of punch 24 can include one or more
regions which are recessed, relative to the other regions of the cutting surfaces, such
that the recessed cutting regions do not completely pierce member 77, but do form a
weakened area, such that the slug remains captive in place until removed by severing
the weakened area(s) in a subsequent manufacturing step. The subsequent removal of

the slug can be simply accomplished by pressing against the captive slug with a dnft

or punch.

[0029] However, the present invention is not limited to performing partial piercings.

Figures 4a and 4b show the equivalent method steps to those of Figures 3¢ and 3d
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respectively, as described above, wherein a complete pierce is performed and the

resulting free slug 84 is pushed into the interior of member 77.

[0030] Figure S shows another embodiment of a piercing device 100 in accordance
with the present invention and wherein like components to those of device 20 are
indicated with like reference numerals. In this embodiment, a circular aperture is to
be formed with device 100 and the cutting portion of punch 24 is circular, as is guide
bore 28 and support post 32. Further, in this embodiment, drive member 40 is
integrally formed with punch 24.

[0031] The present invention is not limited to the particular configurations of devices
20 and 100 and 1t is contemplated that a variety of other configurations, as may be

preferred and/or employed for various specific circumstances occur to those of skill.

[0032] As should now be apparent, the present invention provides a piercing device
and method which can be used to form apertures in formed members. In particular, it
1s believed that the present invention is particularly suited for forming apertures in
hydro-tormed members. The piercing device of the present invention advantageously
occupies relatively little volume, allowing multiple piercing devices to be located
within relatively small volumes about a hydro-forming die, or the like. The device
and method can be used to perform complete pierces, wherein the slug is removed
from the formed member, or to perform partial pierces, wherein the slug is maintained
captive 1n place until removed by a subsequent manufacturing operation. The present
invention also provides for a negative pierce to be achieved, during the hydro-forming
process, prior to the pierce operation being performed. This negative pierce results in
a reduction 1n the force required to perform the pierce operation and thus permits the
use of a smaller hydraulic ram, or the like. In turn, this can result in a cost saving and

can result in even denser mounting of adjacent piercing devices within a hydro-

- forming die or the like.
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[0033] The above-described embodiments of the invention are intended to be

examples of the present invention and alterations and modifications may be effected

thereto, by those of skill in the art, without departing from the scope of the invention
which is defined solely by the claims appended hereto.
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Claims

What is claimed is:

1. A piercing device for forming an aperture in a hollow member, comprising:
a punch having a cutting surface to pierce the hollow member and a guide bore

extending through the punch;

a support member including a guide post complementary in shape to the guide

bore, the punch being slidably received on the guide post; and
a drive member operable to transfer a force between a ram and the punch, the

drive member extending through the support member.

2. The piercing device of claim 1 wherein the drive member is integrally formed with

the punch.

3. The piercing device of claim | further including a backing plate located between

the drive member and the ram.

4. The piercing device of claim 1 wherein the drive member comprises two arms

forming a substantially U-shaped member.

5. The piercing device of claim 4 wherein the support member comprises two drive

passages for accommodating the two arms of the drive member.

6. The piercing device of claim 1 wherein the cutting surface of the punch comprises

a recessed region relative to other regions of the cutting surface.

7. A hydro-forming die comprising the piercing device of claim 1.

CA 2674401 2017-09-22
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