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(54) PRESS COINING SYSTEMS AND METHODS

(57) A method for forming a stiffened panel includes
compressing a metal blank (110) between a first die (102)
and a second die (104). The second die comprises a
plurality of discrete protrusions forming a grid structure
in the negative spaces therebetween. In response to be-
ing compressed between the first and second dies, ma-
terial of the metal blank is moved from between the plu-

rality of discrete protrusions and the first die to the grid
structure, thereby forming the stiffened panel comprising
a skin and a grid of stiffening ribs. The skin of the stiffened
panel has a skin thickness which is less than an initial
thickness of the metal blank. The grid of stiffening ribs
has a rib height which is greater than the initial thickness
of the metal blank.
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Description

FIELD

[0001] The present disclosure relates generally to a
process and apparatus for press coining and, more par-
ticularly, to a process and apparatus for closed-die press
coining features into a metal blank.

BACKGROUND

[0002] Aeronautical and aerospace vehicles can be
exposed to harsh environments. These vehicles are
sometimes made with oxidation-corrosion-resistant ma-
terials well suited for service in harsh environments sub-
jected to heat and/or pressure. Machining oxidation-cor-
rosion-resistant materials can be difficult and time con-
suming due to the high material hardening rate and slow
feed/speed often employed to avoid cutter wear and heat
accumulation.

SUMMARY

[0003] A system for press coining a metal blank is dis-
closed, in accordance with various embodiments. The
system comprises a first die configured to receive the
metal blank, a second die configured to move toward the
first die to compress the metal blank therebetween, and
a plurality of discrete protrusions extending from a base
surface of the second die and forming a grid structure in
a negative space therebetween.
[0004] In various embodiments, the grid structure com-
prises at least one of an isogrid or an orthogrid.
[0005] In various embodiments, a side cross-section
of each protrusion of the plurality of discrete protrusions
comprises at least one of a tapered geometry or a round-
ed geometry.
[0006] In various embodiments, a transverse cross-
section of each protrusion of the plurality of discrete pro-
trusions comprises at least one of a quadrilateral geom-
etry or a triangular geometry.
[0007] In various embodiments, the plurality of discrete
protrusions comprises a first row of discrete protrusions,
a second row of discrete protrusions spaced apart from
the first row of discrete protrusions by a first distance,
and a third row of discrete protrusions spaced apart from
the second row of discrete protrusions by a second dis-
tance, wherein the first distance is equal to the second
distance.
[0008] In various embodiments, the base surface is a
planar surface.
[0009] In various embodiments, a ratio of the first dis-
tance and a width of a discrete protrusion of the plurality
of discrete protrusions is between 1: 10 and 1:30.
[0010] In various embodiments, the first die comprises
a die recess extending into the first die from a top surface
of the first die to a recess surface of the first die, and the
metal blank is configured to be received at least partially

into the die recess.
[0011] In various embodiments, the top surface ex-
tends around a perimeter of the first die, the die recess
extends longitudinally within the first die between oppos-
ing longitudinal sides of the recess surface, and the die
recess extends laterally within the first die between op-
posing lateral sides of the recess surface.
[0012] A method for forming a stiffened panel is dis-
closed, in accordance with various embodiments. The
method comprises moving a metal blank over a first die,
wherein the metal blank comprises an initial thickness,
moving a second die toward the second die, compressing
the metal blank between the first die and the second die,
wherein the second die comprises a plurality of discrete
protrusions extending from a base surface of the second
die and forming a grid structure in a negative space ther-
ebetween, and moving material of the metal blank from
between the plurality of discrete protrusions and the first
die to the grid structure, thereby forming the stiffened
panel comprising a skin and a grid of stiffening ribs. The
skin has a skin thickness which is less than the initial
thickness. The grid of stiffening ribs has a rib height which
is greater than the initial thickness.
[0013] In various embodiments, the metal blank is a
planar sheet prior to being compressed between the first
die and the second die.
[0014] In various embodiments, the initial thickness is
between 0.05 inches and 0.50 inches.
[0015] In various embodiments, the metal blank com-
prises an austenitic nickel-chromium-based alloy.
[0016] In various embodiments, the method further
comprises, subsequent to compressing the metal blank
between the first die and the second die, removing ma-
terial from the metal blank to achieve at least one of a
desired rib width of the grid of stiffening ribs or a desired
thickness of the skin.
[0017] In various embodiments, the method further
comprises, subsequent to removing material from the
metal blank, compressing the grid of stiffening ribs to
flare an end of each stiffening rib of the grid of stiffening
ribs.
[0018] In various embodiments, the method further
comprises, heating the metal blank to a forging temper-
ature prior to moving the metal blank over the first die.
[0019] A method for forming a stiffened panel is dis-
closed, in accordance with various embodiments. The
method comprises press coining a metal blank with a first
die and a second die to form a skin and a grid of stiffening
ribs extending from the skin, removing material from the
metal blank to achieve at least one of a desired rib width
of the grid of stiffening ribs or a desired thickness of the
skin, and compressing the grid of stiffening ribs to flare
an end of each stiffening rib of the grid of stiffening ribs.
Prior to the press coining, the metal blank comprises an
initial thickness. After the press coining and prior to re-
moving the material, the skin has a skin thickness which
is less than the initial thickness and the grid of stiffening
ribs has a rib height which is greater than the initial thick-
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ness.
[0020] In various embodiments, the method further
comprises heating the metal blank to a forging temper-
ature prior to press coining the metal blank.
[0021] In various embodiments, the grid of stiffening
ribs are compressed with a hydraulic press.
[0022] In various embodiments, the metal blank com-
prises an austenitic nickel-chromium-based alloy.
[0023] The foregoing features and elements may be
combined in any combination, without exclusivity, unless
expressly indicated herein otherwise. These features
and elements as well as the operation of the disclosed
embodiments will become more apparent in light of the
following description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the following detailed descrip-
tion and claims in connection with the following drawings.
While the drawings illustrate various embodiments em-
ploying the principles described herein, the drawings do
not limit the scope of the claims.

FIG. 1 is a schematic sectional illustration of an ex-
emplary press coining tool with a metal blank in-
stalled thereon, in accordance with various embod-
iments;
FIG. 2 is a perspective illustration of an exemplary
metal blank, in accordance with various embodi-
ments;
FIG. 3 is a perspective illustration of an exemplary
first die for the press coining tool, in accordance with
various embodiments;
FIG. 4A is a perspective illustration of an exemplary
second die for the press coining tool with a plurality
of extrusions shaped for forming a stiffened panel
having stiffening ribs formed as an orthogrid, in ac-
cordance with various embodiments;
FIG. 4B is a perspective illustration of an exemplary
second die for the press coining tool with a plurality
of extrusions shaped for forming a stiffened panel
having stiffening ribs formed as an isogrid, in accord-
ance with various embodiments;
FIG. 4C is a perspective illustration of an exemplary
second die for the press coining tool with a plurality
of extrusions shaped for forming a stiffened panel
having stiffening ribs formed as an anglegrid, in ac-
cordance with various embodiments;
FIG. 5A is a perspective illustration of a portion of a
stiffened panel having stiffening ribs formed as an
orthogrid, in accordance with various embodiments;
FIG. 5B is a perspective illustration of a portion of a
stiffened panel having stiffening ribs formed as an
isogrid, in accordance with various embodiments;

FIG. 5C is a perspective illustration of a portion of a
stiffened panel having stiffening ribs formed as an
anglegrid, in accordance with various embodiments;
FIG. 6A is a schematic sectional illustration of a por-
tion of an exemplary press coining tool in an open
position, in accordance with various embodiments;
FIG. 6B is a schematic sectional illustration of a por-
tion of the exemplary press coining tool of FIG. 6A
with a metal blank installed thereon, in accordance
with various embodiments;
FIG. 6C is a schematic sectional illustration of a por-
tion of the exemplary press coining tool of FIG. 6B
with a metal blank installed thereon and in a closed
position, in accordance with various embodiments;
FIG. 7A is a schematic sectional illustration of a stiff-
ened panel after being press coined by the press
coining tool of FIG. 6A, in accordance with various
embodiments;
FIG. 7B is a schematic sectional illustration of the
stiffened panel of FIG. 7A during a machining proc-
ess, in accordance with various embodiments;
FIG. 7C is a schematic sectional illustration of the
stiffened panel of FIG. 7A during an electro chemical
milling process, in accordance with various embod-
iments;
FIG. 8 is a schematic sectional illustration of the stiff-
ened panel of FIG. 7B during an upsetting process,
in accordance with various embodiments;
FIG. 9 is a schematic sectional illustration of the stiff-
ened panel of FIG. 8 after undergoing the upsetting
process, in accordance with various embodiments;
and
FIG. 10 is a schematic illustration of an exemplary
second die for the press coining tool with a plurality
of extrusions shaped for forming a stiffened panel
having stiffening ribs, in accordance with various em-
bodiments.

DETAILED DESCRIPTION

[0025] The following detailed description of various
embodiments herein makes reference to the accompa-
nying drawings, which show various embodiments by
way of illustration. While these various embodiments are
described in sufficient detail to enable those skilled in the
art to practice the disclosure, it should be understood that
other embodiments may be realized and that changes
may be made without departing from the scope of the
disclosure. Thus, the detailed description herein is pre-
sented for purposes of illustration only and not of limita-
tion. Furthermore, any reference to singular includes plu-
ral embodiments, and any reference to more than one
component or step may include a singular embodiment
or step. Also, any reference to attached, fixed, connect-
ed, or the like may include permanent, removable, tem-
porary, partial, full or any other possible attachment op-
tion. Additionally, any reference to without contact (or
similar phrases) may also include reduced contact or
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minimal contact. It should also be understood that unless
specifically stated otherwise, references to "a," "an" or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural. Further, all ranges may include upper and
lower values and all ranges and ratio limits disclosed
herein may be combined.
[0026] As used herein, the term "coining" refers to a
closed-die forging process, in which pressure is applied
on the surface of a metal blank in order to obtain close
tolerance surfaces.
[0027] Press coining systems and methods of the
present disclosure may be used for forming integral (e.g.,
monolithic) stiffening ribs in a metal blank or sheet. Press
coining systems of the present disclosure include a first
die (e.g., a bottom die) and a second die (e.g., a top die).
The second die comprises a plurality of discrete protru-
sions sized and spaced for pushing material outside an
initial profile of the metal blank to form the integral stiff-
ening ribs. Press coining systems and methods of the
present disclosure may reduce stiffened panel manufac-
turing time compared to traditional negative manufactur-
ing methods (i.e., material removal processes) such as
milling or grinding.
[0028] Referring to FIG. 1, a press coining system 100
(also referred to herein as a press coining tool) for press
coining a metal blank is schematically illustrated, in ac-
cordance with various embodiments. Press coining sys-
tem 100 includes a first die 102 (e.g., a bottom die) and
a second die 104 (e.g., a top die) that together form a
closed-die forging or coining tool. A metal blank 110, such
as a thin metal sheet, may be received by first die 102.
Second die 104 may be configured to move toward the
first die 102 (e.g., via a hydraulic press or the like) to
compress the metal blank 110 therebetween. The sec-
ond die 104 is configured with a plurality of discrete pro-
trusions 118 extending toward first die 102 and forming
a grid structure in the negative spaces therebetween. In
various embodiments, the plurality of discrete protru-
sions 118 are formed integrally with (e.g., monolithic) the
first die 102. In response to the metal blank 110 being
compressed between the first die 102 and second die
104, the grid structure is press coined into the metal blank
to form the metal blank into a stiffened panel. In various
embodiments, the metal blank 110 is made of a nickel
superalloy such as an austenitic nickel-chromium-based
alloy such as that sold under the trademark Inconel®
which is available from Special Metals Corporation of
New Hartford, New York, USA. A metal blank of the
present disclosure may comprise a high strength auste-
nitic nickel-chromium-based alloy, such as Inconel® 718.
In this regard, the metal blank of the present disclosure
tends to be difficult and time-consuming to machine due
to the high strength of the material.
[0029] Referring to FIG. 2, illustrated is an exemplary
metal blank 210 for use in the press coining system, ac-
cording to various embodiments of the present disclo-
sure. In various embodiments, metal blank 210 may be

an example of the metal blank 110 described herein with
respect to FIG. 1 and FIG. 6A through FIG. 6C. The metal
blank 210 extends longitudinally along a longitudinal cen-
terline of the metal blank 210 (e.g., parallel to X-axis)
between and to a first end 211 of the metal blank 210
and a second end 212 of the metal blank 210. The metal
blank 210 extends laterally (e.g., parallel to Y-axis) be-
tween and to a first side 213 of the metal blank 210 and
a second side 214 of the metal blank 210. The metal
blank 210 extends vertically (e.g., parallel to Z-axis) be-
tween and to a bottom side 215 of the metal blank 210
and a top side 216 of the metal blank 210.
[0030] Metal blank 210 may be configured as a planar
sheet of material. Metal blank 210 may comprise an initial
thickness 290. In various embodiments, initial thickness
290 is between 0.05 inches (0.127 cm) and 0.50 inches
(1.27 cm), between 0.05 inches (0.127 cm) and 0.30 inch-
es (1.762 cm), between 0.1 inches (0.254 cm) and 0.20
inches (0.508 cm), or between 0.14 inches (0.3556 cm)
and 0.18 inches (0.4572 cm). In various embodiments,
the initial thickness 290 is uniform throughout the metal
blank 210.
[0031] Referring to FIG. 3, illustrated is an exemplary
first die 302 for use in the press coining system, according
to various embodiments of the present disclosure. In var-
ious embodiments, first die 302 may be an example of
first die 102 described herein with respect to FIG. 1 and
FIG. 6A through FIG. 6C. The first die 302 extends lon-
gitudinally along a longitudinal centerline of the first die
302 (e.g., parallel to X-axis) between and to a first end
311 of the first die 302 and a second end 312 of the first
die 302. The first die 302 extends laterally (e.g., parallel
to Y-axis) between and to a first side 313 of the first die
302 and a second side 314 of the first die 302. The first
die 302 extends vertically (e.g., parallel to Z-axis) be-
tween and to a bottom side 315 of the first die 302 and
a top side 316 of the first die 302.
[0032] The first die 302 is configured with at least one
die recess 318; e.g., a pocket, a channel, a groove, a
cavity, a depression, etc. The die recess 318 of FIG. 3
extends (e.g., partially) vertically into the first die 302 from
a top surface 317 of the first die 302 to a recess surface
319 of the first die 302, where the top surface 317 of FIG.
3 is arranged around the perimeter of the first die 302 at
the top side 316. The die recess 318 of FIG. 3 extends
longitudinally in (e.g., within) the first die 302, for exam-
ple, between opposing longitudinal sides of the recess
surface 319. The die recess 318 of FIG. 3 extends later-
ally in (e.g., within) the first die 302, for example, between
opposing lateral sides of the recess surface 319.
[0033] The recess surface 319 may be a planar surface
and may have a flat geometry. The die recess 318 of
FIG. 3 is configured to receive the metal blank.
[0034] Referring to FIG. 4A, illustrated is an exemplary
second die 404a (referred to generally herein using ref-
erence numeral 404) for use in the press coining system,
according to various embodiments of the present disclo-
sure. In various embodiments, second die 404b may be
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an example of second die 104 described herein with re-
spect to FIG. 1 and FIG. 6A through FIG. 6C. The second
die 404 extends longitudinally along a longitudinal cen-
terline of the second die 404 (e.g., parallel to X-axis) be-
tween and to a first end 411 of the second die 404 and
a second end 412 of the second die 404. The second die
404 extends laterally (e.g., parallel to Y-axis) between
and to a first side 413 of the second die 404 and a second
side 414 of the second die 404. The second die 404 ex-
tends vertically (e.g., parallel to Z-axis) between and to
a bottom side 415 of the second die 404 and a top side
416 of the second die 404.
[0035] The second die 404 is configured with a plurality
of discrete protrusions 418a (referred to generally herein
using reference numeral 418) extending from a base sur-
face 420 of the second die 404 and forming a grid struc-
ture 422a (referred to generally herein using reference
numeral 422) in the negative spaces therebetween. The
base surface 420 may be at the bottom side 415 of the
second die 404. In various embodiments, base surface
420 is a planar surface. In various embodiments, the plu-
rality of discrete protrusions 418 are arranged into rows
424 (extending along the X-axis) and columns 426 (ex-
tending along the Y-axis). In various embodiments, each
row 424 of discrete protrusions 418 is spaced apart from
an adjacent row 424 of discrete protrusions by a distance
428. In various embodiments, the distance 428 is uniform
throughout the rows 424 (i.e., each row 454 is equally
spaced from the adjacent rows 424). In various embod-
iments, the distance 428 may vary depending on the de-
sired local stiffening. In various embodiments, each col-
umn 426 of discrete protrusions 418 is spaced apart from
an adjacent column 426 of discrete protrusions by a dis-
tance 429. In various embodiments, the distance 429 is
uniform throughout the columns 426 (i.e., each column
426 is equally spaced from the adjacent columns 426).
In various embodiments, the distance 429 may vary de-
pending on the desired local stiffening.
[0036] In various embodiments, each protrusion 418a
comprises a square geometry. Stated differently, a trans-
verse cross-section (i.e., in the X-Y plane) of each pro-
trusion 418a comprises a generally square geometry or
a generally rectangular geometry. In various embodi-
ments, each protrusion 418 comprises a tapered and/or
rounded geometry. Stated differently, side cross-section
(i.e., in the X-Z plane and/or the Y-Z plane) of each pro-
trusion 418 comprises a tapered geometry and/or a
rounded geometry. Configuring each protrusion 418 with
a tapered and/or rounded geometry may reduce strain
in the metal blank during the press coining process.
[0037] In various embodiments, the grid structure 422
is an orthogrid. With combined reference to FIG. 4A and
FIG. 5A, in response to being press coined, the metal
blank 110 may be formed into a stiffened panel 510a
comprising a skin 530a and a grid of stiffening ribs 540a.
The shape of the grid of stiffening ribs 540a may be similar
(e.g., substantially the same) to the shape of the grid
structure 422. In this regard, stiffening ribs 540a may be

formed as an orthogrid.
[0038] Referring to FIG. 4B, illustrated is an exemplary
second die 404b (referred to generally herein using ref-
erence numeral 404) for use in the press coining system,
according to various embodiments of the present disclo-
sure. In various embodiments, second die 404b may be
an example of second die 104 described herein with re-
spect to FIG. 1 and FIG. 6A through FIG. 6C.
[0039] In various embodiments, each protrusion 418b
comprises a triangular geometry. Stated differently, a
transverse cross-section (i.e., in the X-Y plane) of each
protrusion 418b comprises a generally triangular geom-
etry.
[0040] In various embodiments, the grid structure 422b
is an isogrid. With combined reference to FIG. 4B and
FIG. 5B, in response to being press coined, the metal
blank 110 may be formed into a stiffened panel 510b
comprising a skin 530b and a grid of stiffening ribs 540b.
The shape of the grid of stiffening ribs 540b may be similar
(e.g., substantially the same) to the shape of the grid
structure 422b. In this regard, stiffening ribs 540b may
be formed as an isogrid.
[0041] Referring to FIG. 4C, illustrated is an exemplary
second die 404c (referred to generally herein using ref-
erence numeral 404) for use in the press coining system,
according to various embodiments of the present disclo-
sure. In various embodiments, second die 404c may be
an example of second die 104 described herein with re-
spect to FIG. 1 and FIG. 6A through FIG. 6C.
[0042] In various embodiments, each protrusion 418c
comprises a square geometry. Stated differently, a trans-
verse cross-section (i.e., in the X-Y plane) of each pro-
trusion 418c comprises a generally square geometry or
a generally rectangular geometry.
[0043] In various embodiments, the grid structure 422c
is an anglegrid. With combined reference to FIG. 4C and
FIG. 5C, in response to being press coined, the metal
blank 110 may be formed into a stiffened panel 510c
comprising a skin 530c and a grid of stiffening ribs 540c.
The shape of the grid of stiffening ribs 540c may be similar
(e.g., substantially the same) to the shape of the grid
structure 422c. In this regard, stiffening ribs 540c may
be formed as an isogrid.
[0044] Having described various transverse cross-
section geometries with respect to FIG. 4A, FIG. 4B, and
FIG. 4C herein, die protrusions of the present disclosure
may comprise other geometries, such as a parallelogram
or a quadrilateral, for example. In various embodiments,
each protrusion 418 of a particular die comprises the
same geometry. In various embodiments, each protru-
sion 418 of a particular die comprises a combination of
two or more geometries. With momentary reference to
FIG. 10, a second die 404d is illustrated having a plurality
of protrusions 418d of various geometries and defining
a grid structure 422d.
[0045] Referring to FIG. 6A through FIG. 6C, a press
coining process is illustrated, in accordance with various
embodiments. A first die 102 may be disposed with re-
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spect to a second die 104. A method for forming a stiff-
ened panel includes moving a metal blank 110 over the
first die 102 (see FIG. 6B). Prior to being press coined,
the metal blank comprises an initial thickness 290. More-
over, prior to moving the metal blank 110 over the first
die 102, the metal blank 110 may be heated to a forging
temperature. In various embodiments, the forging tem-
perature is between 1200° F (649° C) and 2200° F (1204°
C), between 1400° F (760° C) and 2000° F (1093° C), or
between 1600° F (971° C) and 2200° F (1204° C). With
the metal blank 110 installed over the first die 102 (e.g.,
disposed in the die recess 318, with momentary refer-
ence to FIG. 3), the second die 104 is moved toward the
first die 102 (e.g., with a hydraulic press or the like) until
the second die 104 contacts the metal blank 110. The
second die 104 may continue to be moved toward the
first die 102 to compress the metal blank 110. As the
metal blank 110 is compressed between the first die 102
and the protrusions 118 of the second die 104, the ma-
terial of the metal blank 110 located vertically (i.e., along
the Z-axis) between the protrusions 118 and the first die
102 is pushed to the negative space between each of
the protrusions 118 to form a skin 130 and a grid of stiff-
ening ribs 140. Stated differently, the material of the metal
blank 110 may be extruded into the negative space be-
tween each of the protrusions 118 to form the ribs 140.
As the material of the metal blank 110 is extruded into
the negative space between each of the protrusions 118,
the material is pushed outside the initial profile of the
metal blank 110.
[0046] In various embodiments, the press-coined
thickness 292 of the skin 130 may be between 5% and
75% of the initial thickness 290 of the metal blank 110,
between 10% and 50% of the initial thickness 290 of the
metal blank 110, between 20% and 45% of the initial
thickness 290 of the metal blank 110, or between 35%
and 40% of the initial thickness 290 of the metal blank
110.
[0047] In various embodiments, the press-coined rib
height 294 of the ribs 140 is greater than the initial thick-
ness 290. In various embodiments, the press-coined rib
height 294 of the ribs 140 is between 100% and 200%
of the initial thickness 290 of the metal blank 110, be-
tween 125% and 200% of the initial thickness 290 of the
metal blank 110, between 145% and 180% of the initial
thickness 290 of the metal blank 110, or between 155%
and 170% of the initial thickness 290 of the metal blank
110.
[0048] Referring to FIG. 7A, an exemplary stiffened
panel 710 subsequent to being press coined using a
press coining tool of the present disclosure is illustrated,
in accordance with various embodiments. In various em-
bodiments, stiffened panel 710 may be an example of
metal blank 110 described herein with respect to FIG.
6C after being press coined into a stiffened panel. In var-
ious embodiments, the base of the ribs 740 may be
rounded near the skin (e.g., at the intersection of the skin
730 and the ribs 740 due to the rounded or tapered shape

of the protrusions (e.g., protrusions 118 of FIG. 6C).
[0049] In various embodiments, the rib width 786 is
directly related to the distance between adjacent protru-
sions (e.g., see distance 428 and/or distance 429 in FIG.
4A). In various embodiments, the ratio of rib width 786
to rib spacing 746 is between 1:5 and 1:35, between 1:10
and 1:25, or between 1:12 and 1:22. In various embod-
iments, the ratio of the rib height 784 to the skin thickness
782 is between 4:1 and 20:1, between 5:1 and 15:1, or
between 7:1 and 13:1.
[0050] Referring to FIG. 7B, if desired, the ribs 740
and/or skin 730 may be machined to remove material
therefrom to achieve a desired shape and/or size. FIG.
7B schematically illustrates a machining tool 745 (e.g.,
a mill, a grinding wheel, or the like) removing material
from stiffened panel 710 to achieve a desired shape
and/or size. FIG. 7B illustrates the machining tool 745
rotating about a centerline axis and translating along a
horizontal axis (i.e., to the right in FIG. 7B as illustrated
by the arrow). For example, the inner surface 732 of the
skin 730 may be machined to achieve a desired final
thickness 792. As a further example, the ends 742 of the
ribs 740 may be machined to achieve a desired final rib
height 794. As a further example, the sides 744 of the
ribs 740 may be machined to achieve a desired final rib
width 796.
[0051] Referring to FIG. 7C, if desired, the ribs 740
and/or skin 730 may be milled using an electro chemical
milling tool 770 to remove material therefrom to achieve
a desired shape and/or size. Electro chemical milling tool
770 may comprise a non-conductive coating 771. In this
manner, electrical current flow and/or conductive elec-
trolyte flow may be directed at the end 772 of the electro
chemical milling tool 770. A plunge force, illustrated by
arrows 773, may be applied to the electro chemical milling
tool 770 during the electro chemical milling process to
move the electro chemical milling tool 770 toward stiff-
ened panel 710 to remove material therefrom. In various
embodiments, the electro chemical milling tool 770 is
moved only along the longitudinal axis (e.g., parallel to
the direction of arrows 773 in FIG. 7C) during the electro
chemical milling process.
[0052] Referring to FIG. 8 and FIG. 9, if desired, the
stiffened panel 710 may undergo an upsetting process
whereby the ribs 740 are compressed with a flat tool 804
(e.g., similar to second die 104 of FIG. 1 except without
protrusions 118), in accordance with various embodi-
ments. The stiffened panel 710 is placed between a first
tool 802 and the second tool 804 to compress the ribs
740 to a desired rib height. By compressing the ribs 740,
at least two desired outcomes may be achieved. First,
the final rib height 894 of the ribs 740 is achieved in a
controllable and precise manner. Second, the ends 742
of the ribs 740 are flared, thereby achieving a generally
trapezoidal-shaped rib and benefiting from the structural
integrity of a trapezoidal stiffener (i.e., similar to a T-
shaped stiffener). In various embodiments, the upsetting
process causes the ribs 740 to distort into a trapezoidal
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shape with a flared end 742 that tapers toward the skin
730.
[0053] The press coining tool 100 and its components
202, 204 are described above using the terms "bottom"
and "top" with reference to exemplary orientations in the
drawings. The present disclosure, however, is not limited
to any particular formation system orientations. For ex-
ample, in other embodiments, the first die 202 may alter-
natively be configured as a top die and the second die
204 may alternatively be configured as a bottom die.
[0054] Benefits, other advantages, and solutions to
problems have been described herein with regard to spe-
cific embodiments. Furthermore, the connecting lines
shown in the various figures contained herein are intend-
ed to represent exemplary functional relationships and/or
physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be
present in a practical system. However, the benefits, ad-
vantages, solutions to problems, and any elements that
may cause any benefit, advantage, or solution to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be present in an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or A and B and C. Different cross-hatching is used
throughout the figures to denote different parts but not
necessarily to denote the same or different materials.
[0055] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
"one embodiment," "an embodiment," "various embodi-
ments," etc., indicate that the embodiment described
may include a particular feature, structure, or character-
istic, but every embodiment may not necessarily include
the particular feature, structure, or characteristic. More-
over, such phrases are not necessarily referring to the
same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with
an embodiment, it is submitted that it is within the knowl-
edge of one skilled in the art to affect such feature, struc-
ture, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading
the description, it will be apparent to one skilled in the
relevant art(s) how to implement the disclosure in alter-
native embodiments.
[0056] Numbers, percentages, or other values stated
herein are intended to include that value, and also other
values that are about or approximately equal to the stated

value, as would be appreciated by one of ordinary skill
in the art encompassed by various embodiments of the
present disclosure. A stated value should therefore be
interpreted broadly enough to encompass values that are
at least close enough to the stated value to perform a
desired function or achieve a desired result. The stated
values include at least the variation to be expected in a
suitable industrial process, and may include values that
are within 10%, within 5%, within 1%, within 0.1%, or
within 0.01% of a stated value. Additionally, the terms
"substantially," "about" or "approximately" as used herein
represent an amount close to the stated amount that still
performs a desired function or achieves a desired result.
For example, the term "substantially," "about" or "approx-
imately" may refer to an amount that is within 10% of,
within 5% of, within 1% of, within 0.1% of, and within
0.01% of a stated amount or value.
[0057] Furthermore, no element, component, or meth-
od step in the present disclosure is intended to be dedi-
cated to the public regardless of whether the element,
component, or method step is explicitly recited in the
claims. No claim element herein is intended to invoke 35
U.S.C. 112(f) unless the element is expressly recited us-
ing the phrase "means for." As used herein, the terms
"comprises," "comprising," or any other variation thereof,
are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises
a list of elements does not include only those elements
but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus.
[0058] Finally, it should be understood that any of the
above described concepts can be used alone or in com-
bination with any or all of the other above described con-
cepts. Although various embodiments have been dis-
closed and described, one of ordinary skill in this art
would recognize that certain modifications would come
within the scope of this disclosure. Accordingly, the de-
scription is not intended to be exhaustive or to limit the
principles described or illustrated herein to any precise
form. Many modifications and variations are possible in
light of the above teaching.

Claims

1. A system for press coining a metal blank, comprising:

a first die configured to receive the metal blank;
a second die configured to move toward the first
die to compress the metal blank therebetween;
and
a plurality of discrete protrusions extending from
a base surface of the second die and forming a
grid structure in a negative space therebetween.

2. The system of claim 1, wherein the grid structure
comprises at least one of an isogrid or an orthogrid.
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3. The system of claim 1 or 2, wherein a side cross-
section of each protrusion of the plurality of discrete
protrusions comprises at least one of a tapered ge-
ometry or a rounded geometry.

4. The system of any preceding claim, wherein a trans-
verse cross-section of each protrusion of the plurality
of discrete protrusions comprises at least one of a
quadrilateral geometry or a triangular geometry,
and/or,
wherein the base surface is a planar surface.

5. The system of any preceding claim, wherein the plu-
rality of discrete protrusions comprises:

a first row of discrete protrusions;
a second row of discrete protrusions spaced
apart from the first row of discrete protrusions
by a first distance; and
a third row of discrete protrusions spaced apart
from the second row of discrete protrusions by
a second distance, wherein the first distance is
equal to the second distance, wherein optional-
ly,
a ratio of the first distance and a width of a dis-
crete protrusion of the plurality of discrete pro-
trusions is between 1: 10 and 1:30.

6. The system of any preceding claim, wherein:

the first die comprises a die recess extending
into the first die from a top surface of the first die
to a recess surface of the first die; and
the metal blank is configured to be received at
least partially into the die recess.

7. The system of claim 6, wherein:

the top surface extends around a perimeter of
the first die;
the die recess extends longitudinally within the
first die between opposing longitudinal sides of
the recess surface; and
the die recess extends laterally within the first
die between opposing lateral sides of the recess
surface.

8. A method for forming a stiffened panel, the method
comprising:

moving a metal blank over a first die, wherein
the metal blank comprises an initial thickness;
moving a second die toward the second die;
compressing the metal blank between the first
die and the second die, wherein the second die
comprises a plurality of discrete protrusions ex-
tending from a base surface of the second die
and forming a grid structure in a negative space

therebetween; and
moving material of the metal blank from between
the plurality of discrete protrusions and the first
die to the grid structure, thereby forming the stiff-
ened panel comprising a skin and a grid of stiff-
ening ribs;
wherein the skin has a skin thickness which is
less than the initial thickness; and
the grid of stiffening ribs has a rib height which
is greater than the initial thickness.

9. The method of claim 8, wherein the metal blank is a
planar sheet prior to being compressed between the
first die and the second die.

10. The method of claim 8 or 9, wherein the initial thick-
ness is between 0.05 inches and 0.50 inches, and/or,
the method further comprising heating the metal
blank to a forging temperature prior to moving the
metal blank over the first die.

11. The method of any of claims 8 to 10, further com-
prising, subsequent to compressing the metal blank
between the first die and the second die, removing
material from the metal blank to achieve at least one
of a desired rib width of the grid of stiffening ribs or
a desired thickness of the skin.

12. The method of claim 11, further comprising, subse-
quent to removing material from the metal blank,
compressing the grid of stiffening ribs to flare an end
of each stiffening rib of the grid of stiffening ribs.

13. A method for forming a stiffened panel, the method
comprising:

press coining a metal blank with a first die and
a second die to form a skin and a grid of stiffening
ribs extending from the skin;
removing material from the metal blank to
achieve at least one of a desired rib width of the
grid of stiffening ribs or a desired thickness of
the skin; and
compressing the grid of stiffening ribs to flare an
end of each stiffening rib of the grid of stiffening
ribs;
wherein, prior to the press coining, the metal
blank comprises an initial thickness; and
after the press coining and prior to removing the
material, the skin has a skin thickness which is
less than the initial thickness and the grid of stiff-
ening ribs has a rib height which is greater than
the initial thickness.

14. The method of claim 13, further comprising heating
the metal blank to a forging temperature prior to
press coining the metal blank, and/or,
wherein the grid of stiffening ribs are compressed
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with a hydraulic press.

15. The method of any of claims 8 to 12 or the method
of claim 13 or 14, wherein the metal blank comprises
an austenitic nickel-chromium-based alloy.
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