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(57) Abréegée/Abstract:

An apparatus and method for deep drawing a heavy gage workpiece into a drawn part. A lower die section includes a die cavity
therein and a base mounting surface thereon, and further includes a die radius defined between the base mounting surface ana
the die cavity. Riser blocks mount to the base mounting surface of the die for supporting the workpiece at a predetermined
elevation above the base mounting surface of the die. A punch having an end face Is capable of reciprocating past the riser blocks
and into and out of the die cavity. The workpiece Is located on the riser blocks over the die cavity. The punch Is advanced from a
retracted position into the die cavity, wherein the end face of the punch contacts the workpiece such that the punch and the riser
blocks cooperate to pre-form the workpiece therebetween as the punch moves toward the die, but before the workpiece enters the
die. Thus, the punch and riser blocks cooperate upon the workpiece to start metal working in areas of the workpiece that are
typically prone to defects, in order to prevent such defects.
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ABSTRACT OF TI-]ZE DISCLOSURE

An apparatus and method for deep drawing a heavy gage workpiece into
a drawn part. A lower die section includes a die cavity therein and a base mounting
surface thereon, and further includes a die radius defined between the base mounting
surface and the die cavity. Riser blocks mount to the base mounting surface of thé die
for supporting the workpiece at a predetermined elevation above the base mounting |
surface of the die. A punch having an end face is capable of reciprocating past the riser
blocks and into and out of the die cavity. The workpiece is located on the riser blocks
over the die cavity. The punch is advanced from a retracted position into the die cavity,
wherein the end face of the punch contacts the workpiece such that the punch and the
riser blocks cooperate to pre-form the workpiece therebetween as the punch moves
toward the die, but before the workpiece enters the die. Thus, the punch and riser
blocks cooperate upon the workpiece to start metal working in areas of the workpiece

that are typically prone to defects, in order to prevent such defects.
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METHOD OF DEEP DRAWING HEAVY-GAGE PARTS, AND RELATED

APPARATUS AND ARTICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to processes, apparatus, and
articles relating to presswork, stamping, and cold forming of metal. More specifically,

this invention relates to deep drawing of metal plate into a drawn part for an automotive

suspension system.

2. Description of the Prior Art

Successful drawing is a process of forming a flat blank of metal, or
workpiece, to convert the blank into a hollow shell without unacceptable defects such
as cold-shutting, wrinkling, puckering, tamng, thinning, or fracture. The process
involves placing the blank on top of a”lov?er die section over an opening or die cavity

thereof and using an upper die punch to force the blank into the die cavity under forces
sufficient to draw the blank past an edge of the opening and into the die cavity, so as to
form the hollow shell. Additionally, a ring-like blank holder is usually employed to
hold the periphery of the blank in place. The blank is thereby confined between the
blank holder and the top of the lower die portion, with the amount of pressure exerted
on the blank being sufficient to prevent the part from incurring the above-mentioned
defec.ts. Where heavier gage blanks are drawn, however, the thickness of the metal
may be sufficiently internally resistant to wrinkling and, therefore, may not require a

hold-down device.

Typical metals used for drawing include carbon and alloy steel, and

aluminum. Parts that may be drawn include those having simple cylindrical shapes, or
1
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more complex geometries having square or rectangular cross sections. For cylindrical
shapes, when the depth of the draWn part exceeds the diameter of thé part, the process
is generally considered to be deep drawing and usually requires multiple progressive
drawing operations; otherwise, the process is generally referred to as shallow drawing
and can be drawn in one press operation. For rectangular shapes, it is generally known
that such parts can be successﬁllly drawn to a maximum depth equal to apprdximately

six times the size of the corner radius on the part without incurring the above-

mentioned defects.

‘Parts that cannot be successfully drawn in one step must, if at all
possible, be redrawn in subsequent progressive steps, and often requi_rc an annealing
operation between such steps to restore the ductility of the 1meta1 for further cold
working thereof. Such parts tend to be heavy gage sheet metal greater than 0.100” 1n
thickness. Heavier gage parts exceeding 0.250” are characterized as p‘late steel rather
than sheet steel and attempts to successfully deep draw such thicknesses have been
limited due to the resistance of such heavy gage materials against entering the draw
section of the lower die portion. Defects are often experienced, such as thinning of the
wall sections, punching through the bottom of the part, or cracks and splits at the edges
or radii of the part. Often times, wrinkling, or cold-shutting, occurs wherein the metal
folds over upon itself. Much worse, however, such “experiments” with heavy gage
steel often lead to catastrophic damage to the extremely expensive tools and stamping
press equipment involved. Therefore, many manufacturers ére understandably

reluctant to attempt single stroke, single operation deep drawing on such heavy gage

plate steel.




AP s e ey A s sn s Mt e Pl e e Sedeim e fe e et A= PR " ST ek ey Wy R

10

15

20

CA 02340536 2001-03-12

Instead, manufacturers typically avoid drawing such parts altogether and
use expensive superplastic forming or hydro-forming techniques, or attempt to draw the

parts in multi-step progressive drawing operations using stamping presses with multiple

- stations. For example, U.S. Patent 4,147,049, to Book et al. teaches a method and

machine for drawing heavy-walled parts. Book et al. disclose that the method 1s carried

out on a multiple plunger machine including no less than six separate press stations.
Book et al. further disclose that each press station uses a supplemental sleeve that
circumscribes a die punch. The sleeve assists the die punch in drawing a cup into a die

cavity by contacting an annular edge at an open end of the cup to reduce the tensile

stress in the cylindrical portion of the cup.

In another example, U.S. Patent 4,509,356, to Budrean et al. also teaches

a method and apparatus for drawing heavy walled shells and points out shortcomings in

the teachings of Book et al. Specifically, Budrean et al. assert that the annular edge at

the open end of the cup does not always remain perfectly square with the axis of the
cup, so that the sleeve cannot uniformly reduce the tensile stress in the cup. Instead,
Budrean et al. disclose a method for use on a forming machine that includes no less

than seven separate press stations. Each station uses a die punch having a reduced

diameter for engaging an inside diameter and bottom portion of the cup. Each die

punch also includes an enlarged diameter that defines an annular stép. At the first
station, the annular step of the die punch forms a complementary annular step at the
upper inside diameter of the cup that remains square with the axis of the cup. At
subsequent sfations, the steps in the subsequent die punches locate on the step in the

cup to uniformly reduce tensile stress in the cylindrical portion of the cup.
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Unfortunately, both Book et al. and Budrean et al. disclose extremely
expensive die arrangements involving multiple stations. Additionally, such processes
involve significantly longer process time than a single station process, and necessarily

involve more failure modes and downtime than a single station process.

Turning now to a more specific problem in the prior art, forming of leaf
spring seats for automotive suspension systems has not been, heretotore, conducive to
deep drawing. In particular, 4X4 trucks usually incorpofate: relatively tall spring seat
and spacer block assemblies to provide the appropriate height between the body and the
chassis. Such spring seats are generally madé from 3/8” thick plate and, therefore, have
been impractical to deep draw effectively in one operation to the required height of
approximately 3 1/2". As is well known in th.e art, such a part is not possible to
produce in a one-step operation, due to .the aforementioned defects that are inherent
with a one-step stamping operation, on such a deeply dréwn- heavy gage part made of
steel. For example, it is recognized by those skilled in the art that the maximum overall
'depth that can be successfully drawn on a rectangular shell having a radius of
approxiﬁlately 1/4", as with the present invention, is only approximatély 1127,

~ Before the present invention, attempts to exceed i:hese drawing
guidelines typically resulted in thinning at the corners, tearing out in the bottom of the
s'tamped cavity, and wrinkling or cold-shutting at the ends of the leaf spring seat.
Therefore, such a part can typically be produced in multiple steps using a progressive
die process, as exemplified above by Book et al. and Budrean et al. More typically

however, a much shorter leaf spring seat 1s used in conjunction with a spacer block to

achieve the desired height of the parts, as is very well known in the art and exenipliﬁed

by U.S. Patent 2,678,819 to Douglass. For example, as taught by Douglass, such prior
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art solutions typically use a relatively short spring seat having a height of
approximately 2" in combination with a 1” or taller riser block.
Any of the above-mentioned solutions as taught by the prior art are

relatively expensive and complei. A multiple-opemtion progressive die process

5 involves very expensive machinery and tooling, excessive process time, and work-in-
process between stations of the stamping press. Similarly, use of a leaf spring bracket
and spacer block assembly involves a less robust design, assembly that is more
complicated, and a higher overall cost and weight. The spacer block solﬁtion is less
robust since the spring seat and spacer block inevitably wear against one another,

10" 1inclusion of extraneous parts tends to increase failure modes within a system, and less
precise location of the spring to the spring seat will be achieved. Finally, assembly of
the suspension system is needlessly complicated because it entails assembling the extra
spacer block.

What is needed, therefore, is a method of deep drawing a heavy gage

15  part that may be accomplished with a single action die and continuous single stroke
operation, and does not require a progressive die operation, annealing steps, or use ofa
blank holder device. Additionally, a spring seat that is deep drawn in a single operation
1s needed to replace spring seat and spacer block combinations of prior art suspension

systems.

20 SUMMARY OF THE INVENTION

According to the present invention, there is provided an apparatus and a
method of stamping or deep drawing a heavy gage part that may be accomplished using
a single action die with continuous single-stroke press operation, and does not require a

progressive die operation, annealing steps, or use of a blank holder device.
5
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In one form of the invention, an apparatus is provided for drawing a
heavy gage workpiece into a drawn part. The apparatus includes a lower die secﬁon
having a die cavity fherein and a base mounting surface thereon. The lower die section
typically includes a die radius defined between the base mounting surface and the die
cavity to assist the entry of the workpiece into the die cavity. Riser blocks are mounted
to the base mounting surface of the lbwer die section for supporting the workpiece atn' a
predetermined elevation or spacing from the base mountinér surface of the lower die
section. Accordingly, the workpiece is located on top of the riser blocks instead of the
base mounting surface. An upper die punch reciprocates past the riser block and mto
and out of the die cavity. The upper die punch includes an end face thereon that
contacts the workpiéce as the upper die punch is advanced from a retracted position to a
lowered position into the die cavity. The upper die punch and the riser blocks .
cooperate to pre-draw the workpiece therebetween as the upper die punch moves
toward the lower die section, but before the Workpiece enters the die caifity of the lower
die section. Thus, the upper die punch and riser blocks cocperate to act upon the
workpiece to prematurely start metal working in areas of the Workpiece that are
typically prone to defects.

In another form of the invention, a method of drawing a heavy gage
workpiece into a drawn part is provided that includes the following steps. First, a lower
die section is provided with a base mounting surface and a die cavity therein, with the
lower die section further having a die radius defined between the base mounting surface
and the die cavity. Second, at least one riser block is provided and is mounted to the

base mounting surface of the lower die section for supporting the workpiece at a

predetermined spaced apart distance from the base mounting surface and die cavity of
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the lower die section. Third, an upper die punch having an end face that reciprocates
past the riser block and into and out of the die cavity is provided. Beneath the upper

die punch, the workpiece is located on the at least one riser block just above the die

“cavity. Finally, the upper die punch is advanced from a retracted position to a lowered

position into the die cavity, wherein the end face of the upper die punch first contacts
the workpiece located on the at least one riser block, such that the upper die punch and
the riser block cooperate to pre-draw the workpiece therebetween as the upper die
punch moves toward the die cavity, but before the workpiece and upper die punch enter
the die cavity of the lower die section.

Specifically, the riser blocks support one surface of the wo;kpiece in
areas where defects typically originate. For example, the risers support an area
prqxirﬁate the corners of the workpiece that correspond to end portions of the final part
that would otherwise incur cold-shutting defects. Conversely, the upper die punch
drives an opposite surface of the workpiece at a central portion thereot, so as to contact,
and bend or flow the workpiece between the upper die punch and riser blocks. Thus,
the upper die punch and riser block cooperate upon the workpiece to start metal
working or flowing, in areas of the workpiece that are typically prone to defects in
order to prevent such defects from occurring as the single stroke punch continues to
push the metal workpiece into the die cavity so as to prOgressively conform the bottom
of the workpiece to the bottom of the die cavity and simultaneously form each of the
corners and straighten out sidewalls to final form. By beginning to form corners of the
workpiece before it enters the cavity, he.at is generated by the metal forming and assists

in forming the bottom and walls of the workpiece without wrinkles or other

aforementioned defects.
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In a final form of the invention, an article, such as a spring seat, 1s

produced by the method of the present invention as described above.

Accordingly, it i.s an object of the present invention to provide an
apparatus and method to pre-form a blank of material before the blanl( enters or
contacts a die cavity by locating at least one riser around the periphery of the die cavity,

such that the blank is introduced to the die cavity at an oblique or acute angle of

incidence rather than from a horizontal plane.

It is another object to provide an apparatus and method for deep drawing

" a heavy gage blank in a single station press, single action operation without the blank

incurring significant drawing defects.

It is yet another object to provide an apparatus and method for forming,

in a single hit, a drawn part from a steel workpiece whose depth significantly exceeds
six times the size of the corner radii of the part.

It 1s still another object to provide an apparatus and method for deep-
drawing a heavy gage part that is less expensive and that requires less process time than
conventional progressive die forming of such parts.

It is a further object to provide an épparatus: and method for deep-
drawing a heavy gage part that requires ohly a single station rather than several
progressive stations, and therefore has less failure modes and downtime.

It is yet a further object to replace a multiple piece spring seat and spacer

block combination with a one piece spring seat of equivalent effective height.

It is still a further object to provide a lower die section having upright
extensions extending therefrom for locating a workpiece thereon and that contributes to

accomplishing the above-listed objects.
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It is another object to provide an apparatus and method for stamping a
heavy gage part on a single station press where pre-forming of the workpiece occurs
before the workpiece enters the die cavity so that heat generated by such pre-forming

assists 1n the formation of a deep drawn heavy gage metal workpiece.

Itis anothet object to provide an apparatus and method for stamping a
deep drawn part wherein work performed on the workpiece before the workpiece enters
the die cavity generates heat so as to begin flow of the metal in the areas of the blahk
that are subject to unacceptable defects.

It is another object to provide an apparatus and method for stamping a
deep drawn part wherein heat generated in the workpiece prior to the punch entering
the cavity of the die is utilized in subsequent forming of the workpiece to assist in
flowing of the metal within the cavity of the die so as to assist in the formation of the

bottom and sides of the workpiece of a deep drawn workpiece.

These objects and other features, aspects, and advantages of this
invention will be more apparent after a reading of the following detailed description,
appended claims, and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWIN GS

Fig. 1 1s a partially cutaway perspective view of an article manufactured

using the method of the present invention, the article being in the form of a spring seat

component for an automobile leaf spring suspension system;

Fig. 2 is a perspective view of a metal blank oriented between the

bottom of an upper die punch and the top of a lower die section having a cavity formed

therein, according to the present invention;
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Fig. 3 is a cross-sectional view of a deep draw upper die punch and die
apparatus according to the present invention, showing the metal blank resting on riser

blocks that surround the cavity in the die and showing the upper die punch in initial

engagement with the metal blank;

Fig.'4 is a perspective view of the apparatus of Fig. 3, showing the upper
die punch partially stroked downward beyond the initial engagement position toward

the lower die section to pre-forni the metal blank;

Fig. 4A is a cross-sectional view of Fig. 4 taken along lines 4A-4A

thereof;

Fig. 4B 1s a cross-sectional view of Fig. 4 taken along lines 4B-4B
thereof; and .

Fig. 5 is another cross-sectional view of the apparatus of Figs. 3 and 4,
showing the upper die punch stroked further downward into the lower die section and
the metal blank beginning to engage the die.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

. Referring now in detail to the Figures, there 1s shown in Figure 1 an

article, or drawn part, according to the present invention. Figure 1 illustrates the article
as a leaf spring seat 10, in the shape of a rectangular shell, for welding to a rear axIe of
a motor vehicle, and to which leaf springs are mounted. The leaf spring seat 10 has a
bottom 14, ends 16, sides 18, and corners 12 therebetween. Furthermore, the thickness
of a workpiece or blank used to make the leaf spring seat 10 is approximately 3/8”, as cut
from 3/8” SAE 1008 or 1010 steel plate. The overall depth, .or height, of the leaf spring

seat 10 1s approximately 3 1/2” and the corner radii are approximately 1/4”, for a ratio of

over 12:1. For rectangular parts, this depth, given the corner radii, 1s over double the

10
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previously known maximum overall dépth that could be successfully drawn in a single .
hit of a steel blank.

The leaf spring seat 10 is drawn from a blank or wdrkpiece 20 having the
shape as shown in Figure 2. Referring now to Figure 2, the workpiece 20 includes a
pilot hole 22, flat sides 24, and rounded ends 26 that are transverse to the flat sides 24,
with the rounded ends 26 corresponding to the ends 16 of the leaf spring seat 10 of

Figure 1. To form the leaf spring seat 10 of Figure 1, the workpiece 20 is formed by an

upper die punch 50 against and into a lower die section and riser assembly 30 as shown
Beneath the workpiece 20. The upper die punch 50 is mounted to a slide of a stamping
press (not shown) and the lower die section and riser assembly 30 are mounted toa
bolster plate attached to a bed (hot shown) of the stamping press, as is very well known
in the art.

Still referring to Figure 2, the lower die section and riser assembly 30
includes a lower die section 32 having a die cavity 34, a base mounting surface 36, and
a radiused entrance edge or die radius 38 that provides a transition between the base
mounting surface 36 and the die cavity 34. Preferably, the die cavity 34 is sized
slightly larger than the desired outside dimensions of the final part to permit expansion
of the workpiece 20 due to heat generated during forming, and to permit easy ejection
of the formed part from the die cavity 34. As shown, four riser blocks 40 are mounted
to the base mounting surface 36 of the lower dl;e section 32. The riser blocks 40 may

be welded, cap-screwed, or otherwise machined into the lower die section 32 itself.

Each riser block 40 is positioned so as to surround the die cavity 34, just radially

11
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outboard of the die cavity 34 or die radius 38, since the pre-forming and metal flow 1s
required to begin before the workpiece 20 enters the die cavity 34. The riser blocks 40
contribute to reduction or prevention 6f defects in corresponding portions of the
workpiece 20 that are typically prone to defects. The exact location of the riser blocks
40 will vary with different workpiece geometries and, therefore, must be determined
with some limited experimentation for any given workpiece geometry.

Furthermore, each riser block 40 has a locating surface 42 parallel to the
base mounting surface 36 of the lower die section 32. Each riser block 40 also includes
a contoured or sloped portion 44 that is formed concave as shown, or may be formed as
a straight slope, convex, or as a radius — as is required for the particular type of part that
is being drawn. Preferably, the height of the riser blocks 40 is approximately twenty
percent of the height of the final part to be formed. Alternatively, however, it is
anticipated that the height may be anywhere from one to one-hundred percent of that of
the final part to be formed. Again, different workpiece geometry will necessitate some
experimentation to determine the optimum height required. Ultimately, however, the
function of the riser blocks 40 is to elevate or space the workpiece 20 from the die
cavity 34 of the lower die section 32, so as to permit pre-forming or metal flow of the
workpiece 20 between the riser blocks 40 and the upper die punch 50, before entering
the die cavity 34.

Referring now to Figure 3, there is illustrated a longitudinal cross-
section of the apparatus of the present invention. In addition to the lower die section
32, riser blocks 40, and workpiece 20, the upper die punch 50 is now shown aligned

with the die cavity 34 over the lower die section 32 as is known 1n the art. The upper

die punch 50 reciprocates into and out of the lower die section 32, as 1s known in the
12
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art, such that the upper die punch 50 reciprocates past the riser blocks 40 and into the
die cavity 34, thereby drawing the workpiece 20 into the lower die section 32 so as to
produce the formed part. The riser blocks 40 represent a novel and unobvious

improvement over prior art deep drawing equipment, since such a die configuration has

not been attempted nor even suggested before.

As shown, a lowéf surface or rest face 21A of the workpiece 20 1s
resting on the locating surfaces 42 of the riser blocks 40, over the die cavity 34. The
upper die punch 50 is shown during its downstroke in initial engagement against an
upper or punch surface 21B in a central portion 28 of the workpiece 20. The upper die
punch 50 has been advanced from a retracted position above the workpiece 20 to the
position of initial engagement,‘ as shown. The upper die punch 50 includes an end face
52 for engaging the workpiece 20 and also includes a pilot 54 for engaging the pilot
hole 22 to locate the workpiece 20 relative to the upper die punch 50. As shown, the
workpiece 20 is engaged by the upper die punch 50 and the riser blocks 40, but does

not yet engage any portion of the lower die section 32 itself.

As shown in perspective in Figure 4, the upper die punch 50 continues to

~ advance toward the die cavity 34. The upper die punch 50 and the riser blocks 40

cooperate to pre-draw the workpiece 20 therebetween as the upper die punch 50 moves
downward toward the die. cavity 34 in the lower die section 32 but before the workpiece
20 enters the die cavity 34. Specifically, the riser blocks 40 support the workpiece 20
in areas where defects typically originate — in this case just inboard of the corners of the
workpiece. In one continuous downward motion, the upper die punch 50 drives the
workpiece 20 at a central portion thereof, so as to contact and pre-form the workpiece

20 between the upper. die punch 50 and riser blocks 40. Thus, the upper die punch 50

13
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and riser blocks 40 cooperate to prematurely start metal working, or pre-forming, in the
form of metal flow, or bending, in areas of the workpiece 20 that are typically prone to
defects. The workpiece 20 is typically prone to defects in the corners that, due to
compressive stresses between the upper die punch 50 and die cavity 34, tend to cold-
shut or fold over upon themselves instead of drawing smoothly into a desired shape.
Referring now to Figure 4A, there is illustrated, in longitudinal cross
section, the workpiece 20 being pre-drawn by the upper die punch 50 and riser blocks
40 before the workpiece 20 enters the die cavity 34. Similarly, Figure 4B illustrates, in
transverse cross section, the workpiece 20 being pre-drawn by the upper die punch 50
and riser blocks 40 before entering the die cavity 34, Accordingly, the upper die punch
50 has been advanced downward from an upward retracted position, advanced beyond
its‘ initial engagement position as shown in Figure 3, and advanced to the position as
shown in one continuous stroke. Thus, metal bending, or metal flow, begins to occur
before the upper die punch 50 draws the workpiece 20 into the die cavity 34, wherein
compressive stresses force the workpiece 20 metal into the desired shape of the leaf
spring seat 10. As a result, the riser blocks 40 act to "shoehorn" the wotk'piece 20 into
the die cavity 34 in order to mitigate the compressive stresses that, before the present
invention, would create defects in the workpiece 20 such as cold-shutting , wrinkling,
tearing, etc. In other words, the workpiece 20 is introdu;:ed to the die cavity 34 at a

steep angle of incidence rather than from a horizontal plane.
Furthermore, the metal working, in the form of metal bending and
flowing of the workpiece 20 between the upper die punch 50 and riser blocks 40,

generates heat so as to begin and enhance flow of the metal in predetermined areas of

the workpiece 20, before the workpiece 20 ever contacts the lower die section 32 or
14



10

15

20

CA 02340536 2004-05-18

enters the die cavity 34. In other words, pre-forming the workpiece 20 in this way tends

to have an annealing affect on the workpiece 20 for enhanced drawability of the
workpiece 20 into the die cavity 34. In other words, the upper die punch 50 and riser
blocks 40 cooperate upon the workpiece 20 to start metal working or flowing, in areas
of the workpiece 20 that are typically prone to defects in order to prevent such defects
from occurring, as the single stroke upper die punch 50 continues to push the metal
workpiece 20 into the die cavity 34 so as to progressively conform the bottom of the
workpiece 20 to the bottom of the die cavity and simultaneously form each bf the
corners and straighten out the sidewalls to final form. By beginning to form corners of
the workpiece 20 before it enters the cavity, heat is generated by the metal forming and

assists in forming the bottom and walls of the workpiece 20 without wrinkles or other

aforementioned defects.

Referring now to Figure 5, the workpiece 20 is preferably engaged with
the die cavity 34 after it is disengaged from the riser blocks 40. Accordingly, as shown
in Figure 5, corners 23, ends 27, bottom 25, and sidewalls (not shown) of the workpiece
20 are drawn between the upper die punch 50 and lower die section 32 to form the
sidewalls 18 and ends 16 of the leaf spring seat 10 of Figure 1. Referring again to
Figure 5, as is known in the art, the lower die section 32 may include a die cushion (not
shown) to assist with ejecting the final part.

From the above, it can be appreciated that a significant advantage of the
present invention is that a heavy gage metal plate may be deep drawn into a high
quality finished part having relatively small radii, by using a single action, single stroke
operation with a standard stamping press, punch, and die by beginning metal working

before the workpiece and punch enter the die cavity. Therefore, ‘defccts such as cold-
15
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shutting, wrinkling, or puckering are not significantly incurred using the present

invention.

An additional advantage is that a single leaf spring seat is inexpensively
produced and achieves the same height, with. only one part, as prior art leaf spring seat
and spacer block combinations, thereby eliminating the need to use a shallow drawn
spring seat in combination with a spacef block. Accordingly, by eliminating the spring
seat and spacer block that tend to wear against each other, the present invention thereby
eliminates associated squeaks or vibraﬁons in the vehicle. Further, the present
invention will not require any additional fasteners to hold the spacer block to the spring
seat.

Another advantage 1s that neither a multiple station nor multiple stroke
drawing operation is required because the depth of the part is successfully drawn to
more than three inches in height, thereby nearly. doublihg the previously known
drawing capability. Die life is not compromised, and no unusual die impairment such
as scoring and die lines have been observed.

It must be pointed out that the above description provides one with skill
in the art the requisite disclosure to practice the present invention. Nonetheless, it is
well known in the art that deep ‘drawing processes are particularly sensitive and
inherently require some limited experimentation with process variables such as
lubrication, clearance, material properties, and die geometry that vary for any given
part shape or geometry.

While the present invention has been described in terms of a preferred
embodiment, it is apparent that other forms could be adopted by one skilled in the art.

For example, the riser blocks could be integrated from four individual pieces, into one
16
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ring-like member. The riser blocks could also take on vastly different shapes, or be

. positiOned in alternative locations on the base mounting surface of the lower die

section. Finally, the orientation of the apparatus need not be limited to a downstroke-
only type of operation. In other words, the apparatus could be inverted so that the
workpiece aﬁd upper die punch are beneath the die, such that gravity could aid in
ejecting thé workpiéce. Additionally, the apparatus could be placed on its side orin a |

horizontal, instead of vertical, fashion. Accordingly, the scope of the present invention

" is to be limited only by the following claims.

17
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. An apparatus for drawing a heavy gage workpiece into a drawn
part, said apparatus comprising:
a lower die section comprising a base mounting surface and a die
cavity in said base mounting surface; .
riser means, mounted to said base mounting surface of said lower
- die section, for supporting the Workpiece a spaced apart distance from said base
mounting surface of said lower die section; and

a punch adapted to reciprocate past said riser means, said punch

having an end face thereon;

wherein the workpiece is located on said riser means over said
die cdvity, such that as said punch is advanced from a retracted position to a lowered
position into said die cavity, said end face of said punch contacts the workpiece, said
punch and said riser means cooperating to pre-draw the workpiece as said punch moves
toward said lower die section but before the workpiece enters said die cavity, thus
premafurely starting metal flowing in predetermined areas of the workpiece.

2. The apparatus as claimed in Claim 1, wherein said niser means

extends from said base mounting surface.

3. The apparatus as claimed in Claim 1, wherein said riser means
comprises separate individual components that are mounted to said base mounting

surface of said lower die section.

4. The apparatus as claimed in Claim 1, wherein said riser means

comprises separate individual components that are fastened onto said base mounting

surface of said lower die section.
18
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5. A method of drawing a heavy gage workpiece into a drawn part,
said method comprising the steps of:
providing a lower die section comprising a base mounting surface and
a die cavity in said mounting surface, said lower die section further comprising a die radius
defined between said base mounting surface and said die cavity;
providing riser means for supporting the workpiece a
predetermined spaced apart distance from said base mounting surface of said lower die
section, said riser means being mounted to said base mounting surface of said lower die
section;
providing a punch that reciprocates past said riser means
into said die cavity, said punch having an end face thereon;
locating the workpiece on said riser means over said die cavity;
and
advancing said punch from a retracted positi'on into said die
cavity, said end face of said punch contacting the workpiece, said punch and said riser
means cooperating to pre-draw the workpiece therebetween as said punch moves
toward said lower die section but before the workpiece enters said die cavity, thus

prematurely starting metal working in predetermined areas of the workpiece.

19
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6. An apparatus for drawing a heavy gage workpiece into a drawn
part, said apparatus compnsing:
a lower die section comprising a base mounting surface.

and a die cavity in said base mounting surface;

at least one riser block located on said base mounting surface of

said lower die section, said at least one riser block being positioned outboard of said die

cavity and supporting the workpiece in predetermined areas thereof, said at least one r_iser
block further supporting the workpiece at a predetermined spaced apart distance from
said base mounting surface of said lower die section; and

a punch that advances past said at least one nser block into said
die cavity for drawing the workpiece into said die cavity, said punch having an end face
thereon;

wherein the workpiece is located on said at least one riser block
over said die cavity, such that as said punch is advanced from a retracted position into
said die cavity, said end face of said punch contacts the workpiece, said punch and said
at least one riser block cooperating to pre-draw the workpiece therebetween as said
punch moves toward said lower die section but before the workpiece enters said lower
die section, thus prematurely starting metal working in predetermined areas of the

workpiece.

7. The apparatus as claimed in Claim 0, wherein said at least one

riser block is machined from stock as part of said lower die section.

20
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8.  The apparatus as claimed in Claim 6, vherein said at least one

riser block comprises separate individual components that are welded to said base

mounting surface of said lower die section.

9. The apparatus as claimed in Claim 6, wherein said at least one
riser block comprises separate individual componenté that are fastened onto said base
mounting surface of said lower die section.

10.  The apparatus as claimed in Claim 6, wherein said die cavity has a

generally rectangular shape, and wherein said at least one riser block comprises four riser

-~

blocks positioned proximate respective corners of said die cavity of said lower die section.

1. The apparatus as claimed in Claim 6, wherein said at least one
riser block has a height between five to fifty percent of that of the height of the drawn
part.

12, A die comprising:

a die section comprising a base mounting surface thereon and a die
cavity in said base mounting surface; and

at least one riser member mounted to said base mounting surface
of said die section, said at least one riser member supporting a workpiece a spaced apart

distance above said base mounting surface of said die section.

21



CA 02340536 2001-03-12

/8

A
\
16 \' }
N
/ 5
,0
12 S
"
] j
- U 54 =D "
Fig-2

0 4 Y( 4
B ) 4D A
3(&. = 5
S
40

32

s 1l M gy " U S N+ i




CA 02340536 2001-03-12

1 .

218

= A P 52 27 -

\“““‘L“.““‘! YN ‘ N “““““““

w l'l-L -‘Vl

32




4

CA 02340536 2001-03-12

o
e

i~ [N H
7/ /I 2
2y N\

X

20




CA 02340536 2001-03-12

' RS S SN
Y
7

T\

3, Q

- b

R N
TR




/8

10
12

)

q‘.....‘.‘.OO

16



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

