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CARTRIDGE RECEIVING JAW FOR SURGICAL STAPLER AND ASSOCIATED
METHOD OF MANUFACTURE WITH STAMPING

BACKGROUND

[0001] Endoscopic surgical instruments may include a shaft between the end effector and
a handle portion, which is manipulated by the clinician. Such a shaft may enable
insertion through a trocar to a desired depth and rotation about the longitudinal axis of
the shaft, thereby facilitating positioning of the end effector within the patient.
Positioning of an end effector may be further facilitated through inclusion of one or more
articulation joints or features, enabling the end effector to be selectively articulated or

otherwise deflected relative to the longitudinal axis of the shaft.

[0002] Examples of endoscopic surgical instruments include surgical staplers. Some
such staplers are operable to clamp down on layers of tissue, cut through the clamped
layers of tissue, and drive staples through the layers of tissue to substantially seal the
severed layers of tissue together near the severed ends of the tissue layers. Merely
exemplary surgical staplers are disclosed in U.S. Pat. No. 7,380,696, entitled
“Articulating Surgical Stapling Instrument Incorporating a Two-Piece E-Beam Firing
Mechanism,” issued June 3, 2008; U.S. Pat. No. 8,408,439, entitled “Surgical Stapling
Instrument with An Articulatable End Effector,” issued April 2, 2013; and U.S. Pat. No.
8,453,914, entitled “Motor-Driven Surgical Cutting Instrument with Electric Actuator
Directional Control Assembly,” issued June 4, 2013. The disclosure of each of the
above-cited U.S. Patents and U.S. Patent Publications is incorporated by reference

herein.

[0003] Surgical staplers may also be used in open procedures and/or other non-
endoscopic procedures. By way of example only, a surgical stapler may be inserted
through a thoracotomy and thereby between a patient’s ribs to reach one or more organs

in a thoracic surgical procedure that does not use a trocar as a conduit for the stapler. For
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instance, the vessels leading to an organ may be severed and closed by a stapler before
removal of the organ from the thoracic cavity. Of course, surgical staplers may be used

in various other settings and procedures.

[0004] While various kinds of surgical stapling instruments and associated components
have been made and used, it is believed that no one prior to the inventor(s) has made or

used the invention described in the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are incorporated in and conslitute a part of
this specification, illustrate embodiments of the invention, and, together with the general
description of the invention given above, and the detailed description of the embodiments

given below, serve to explain the principles of the present invention.

[0006] FIG. 1 depicts a perspective view of a first exemplary surgical stapling

instrument;

[0007] FIG. 2 depicts a side view of the instrument of FIG. 1 with a first exemplary end

cffector;

[0008] FIG. 3 depicts a perspective view of the end effector of the instrument of FIG. 1

in an open configuration;

[0009] FIG. 4A depicts a side cross-sectional view of the end effector of FIG. 3, taken

along line 4-4 of FIG. 3, with the firing beam in a proximal position;

[00010] FIG. 4B depicts a side cross-sectional view of the end effector of FIG. 3, taken
along line 4-4 of FIG. 3, with the firing beam in a distal position;

[00011] FIG. 5 depicts an end cross-sectional view of the end effector of FIG. 3, taken
along line 5-5 of FIG. 3;

[00012] FIG. 6 depicts an exploded perspective view of the end effector of FIG. 3;

[00013] FIG. 7 depicts a bottom perspective view of an exemplary lower jaw blank after
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being formed to include a U-shaped body portion and first and second outwardly

extending flanges, before being further processed to remove the flanges;

[00014] FIG. 8 depicts a top perspective view of lower jaw blank of FIG. 7;

[00015] FIG. 9 depicts a bottom view of the lower jaw blank of FIG. 7;

[00016] FIG. 10 dcpicts a top vicw of the lower jaw blank of FIG. 7;

[00017] FIG. 11 depicts a left side view of the lower jaw blank of FIG. 7,

[00018] FIG. 12 depicts a distal end view of the lower jaw blank of FIG. 7;

[00019] FIG. 13 depicts a bottom perspective view of a lower jaw formed from the lower

jaw blank of FIG. 7 after being machined;

[00020] FIG. 14 depicts a top perspective view of the lower jaw of FIG. 13;

[00021] FIG. 15 depicts a bottom view of the lower jaw of FIG. 13;

[00022] FIG. 16 depicts a top view of the lower jaw of FIG. 13;

[00023] FIG. 17 depicts a left side view of the lower jaw of FIG. 13 including a distal

cutout and a proximal aperture;

[00024] FIG. 18A depicts a detailed view of the proximal aperture similar to FIG. 17 after

being formed but prior to being machined;

[00025] FIG. 18B depicts a detailed view of the proximal aperture of FIG. 17 after being
machined;
[00026] FIG. 19A depicts a detailed view of the distal cutout similar to FIG. 17, after

being formed but prior to being machined;

[00027] FIG. 19B depicts a detailed view of the distal cutout of FIG. 17 after being

machined;

[00028] FIG. 20A depicts a top perspective view of a second exemplary lower jaw and a
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back member prior to being coupled together;

[00029] FIG. 20B depicts a top perspective view of the lower jaw and the back member of
FIG. 20A, after being coupled together;

[00030] FIG. 21 depicts a first exemplary method of manufacturing a lower jaw; and
[00031] FIG. 22 dcpicts a sccond cxemplary method of manufacturing a lower jaw.
[00032] The drawings are not intended to be limiting in any way, and it is contemplated

that various embodiments of the invention may be carried out in a variety of other ways,
including those not necessarily depicted in the drawings. The accompanying drawings
incorporated in and forming a part of the specification illustrate several aspects of the
present invention, and together with the description serve to explain the principles of the
invention; it being understood, however, that this invention is not limited to the precise

arrangements shown.
DETAILED DESCRIPTION

[00033] The following description of certain examples of the technology should not be
used to limit its scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contemplated for
carrying out the technology. As will be realized, the technology described herein is
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.

[00034] It is further understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.
The following-described teachings, expressions, embodiments, examples, etc. should

therefore not be viewed in isolation relative to each other. Various suitable ways in
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which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations are

intended to be included within the scope of the claims.

[00035] For clarity of disclosure, the terms “proximal” and “distal” are defined herein
relative to a human or robotic operator of the surgical instrument. The term “proximal”
refers the position of an element closer to the human or robotic operator of the surgical
instrument and further away from the surgical end effector of the surgical instrument.
The term “distal” refers to the position of an element closer to the surgical end effector of
the surgical instrument and further away from the human or robotic operator of the
surgical instrument. In addition, the terms “upper,” “lower,” “lateral,” “transverse,”

EE RT3

“bottom,” “top,” are relative terms to provide additional clarity to the figure descriptions

PR3

provided below. The terms “upper,” “lower,” “lateral,” “transverse,” “bottom,” “top,”

are thus not intended to unnecessarily limit the invention described herein.

[00036] In addition, the terms “first” and “second” are used herein to distinguish one or
more portions of the surgical instrument. For example, a first assembly and a second
assembly may be alternatively and respectively described as a second assembly and a
first assembly. The terms “first” and “second” and other numerical designations are
merely exemplary of such terminology and are not intended to unnecessarily limit the

invention described herein.

[00037] L First Exemplary Surgical Instrument Having a First Exemplary End
Effector
[00038] FIGS. 1-6 depict a first exemplary surgical stapling and severing instrument (10)

that is sized for insertion through a trocar cannula or an incision (e.g., thoracotomy, etc.)
to a surgical site in a patient for performing a surgical procedure. Instrument (10) of the
present example includes a handle portion (20) connected to a shaft (22), which distally
terminates in an articulation joint (11), which is further coupled with a first exemplary
end effector (12). Shaft (22) may be constructed in accordance with at least some of the

teachings of U.S. Pat. No. 9,795,379, entitled “Surgical Instrument with Multi-Diameter
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Shaft,” issued October 24, 2017, the disclosure of which is incorporated by reference

herein.

[00039] Once articulation joint (11) and end effector (12) are inserted through the cannula
passageway of a trocar, articulation joint (11) may be remotely articulated, as depicted in
phantom in FIG. 1, by an articulation control (13), such that end effector (12) may be
deflected from the longitudinal axis (LA) of shaft (22) at a desired angle ().
Articulation joint (11) and/or articulation control (13) may be constructed and operable in
accordance with at least some of the teachings of U.S. Pat. No. 9,186,142, entitled
“Surgical Instrument End Effector Articulation Drive with Pinion and Opposing Racks,”
issued on November 17, 2015, the disclosure of which is incorporated by reference
herein; and/or U.S. Pat. No. 9,795,379, the disclosure of which is incorporated by

reference herein.

[00040] End effector (12) of the present example includes a lower jaw (16) and a pivotable
anvil (18). Lower jaw (16) may be constructed in accordance with at least some of the
teachings of U.S. Pat. No. 9,808,248, entitled “Installation Features for Surgical
Instrument End Effector Cartridge,” issued November 7, 2017, the disclosure of which is
incorporated by reference herein. Anvil (18) may be constructed in accordance with at
least some of the teachings of U.S. Pat. No. 9,517,065, entitled “Integrated Tissue
Positioning and Jaw Alignment Features for Surgical Stapler,” issued December 13,
2016, the disclosure of which is incorporated by reference herein; U.S. Pat. No.
9,839,421, entitled “Jaw Closure Feature for End Effector of Surgical Instrument,” issued
December 12, 2017, the disclosure of which is incorporated by reference herein; and/or
U.S. Pub. No. 2014/0239037, entitled “Staple Forming Features for Surgical Stapling
Instrument,” published on August 28, 2014, the disclosure of which is incorporated by

reference herein.

[00041] Handle portion (20) includes a pistol grip (24) and a closure trigger (26). Closure
trigger (26) is pivotable toward pistol grip (24) to cause clamping, or closing, of the anvil

(18) toward lower jaw (16) of end effector (12). Such closing of anvil (18) is provided
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through a closure tube (32) and a closure ring (33), which both longitudinally translate
relative to handle portion (20) in response to pivoting of closure trigger (26) relative to
pistol grip (24). Closure tube (32) extends along the length of shaft (22); and closure ring
(33) is positioned distal to articulation joint (11). Articulation joint (11) is operable to
communicate/transmit longitudinal movement from closure tube (32) to closure ring (33).
Handle portion (20) also includes a firing trigger (28) (shown in FIG. 2). An elongate
member (not shown) longitudinally extends through shaft (22) and communicates a
longitudinal firing motion from handle portion (20) to a firing beam (14) in response to
actuation of firing trigger (28). This distal translation of firing beam (14) causes the
stapling and severing of clamped tissue in end effector (12), as will be described in

greater detail below.

[00042] FIGS. 3-6 depict end effector (12) employing an E-beam form of firing beam
(14). As best seen in FIGS. 4A-4B, firing beam (14) includes a transversely oriented
upper pin (38), a firing beam cap (44), a transversely oriented middle pin (46), and a
distally presented cutting edge (48). Upper pin (38) is positioned and translatable within
a longitudinal anvil slot (42) of anvil (18). Firing beam cap (44) slidably engages a lower
surface of lower jaw (16) by having firing beam (14) extend through lower jaw slot (45)
(shown in FIG. 4B) that is formed through lower jaw (16). Middle pin (46) slidingly
engages a top surface of lower jaw (16), cooperating with firing beam cap (44). Firing
beam (14) and/or associated lockout features may be constructed and operable in
accordance with at least some of the teachings of U.S. Pat. No. 9,717,497, entitled
“Lockout Feature for Movable Cutting Member of Surgical Instrument,” issued August

1, 2017, the disclosure of which is incorporated by reference herein.

[00043] FIG. 3 shows firing beam (14) of the present example proximally positioned and
anvil (18) pivoted to an open position, allowing an unspent staple cartridge (37) to be
removably installed into a channel of lower jaw (16). As best seen in FIGS. 5-6, staple
cartridge (37) of this example includes a cartridge body (70), which presents an upper
deck (72) and is coupled with a lower cartridge tray (74). As best seen in FIG. 3, a
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vertical slot (49) is formed through part of staple cartridge (37). As also best seen in
FIG. 3, three rows of staple apertures (51) are formed through upper deck (72) on one
side of vertical slot (49), with another set of three rows of staple apertures (51) being
formed through upper deck (72) on the other side of vertical slot (49). As shown in
FIGS. 4A-6, a wedge sled (41) and a plurality of staple drivers (43) are captured between
cartridge body (70) and cartridge tray (74), with wedge sled (41) being located proximal
to staple drivers (43). Wedge sled (41) is movable longitudinally within staple cartridge
(37); while staple drivers (43) are movable vertically within staple cartridge (37). Staples
(47) are also positioned within cartridge body (70), above corresponding staple drivers
(43). Each staple (47) is driven vertically within cartridge body (70) by a staple driver
(43) to drive staple (47) out through an associated staple aperture (51). As best seen in
FIGS. 4A-4B and 6, wedge sled (41) presents inclined cam surfaces that urge staple
drivers (43) upwardly as wedge sled (41) is driven distally through staple cartridge (37).
Staple cartridge (37) may be constructed and operable in accordance with at least some
of the teachings of U.S. Pat. No. 9,517,065, the disclosure of which is incorporated by
reference herein; and/or U.S. Pat. No. 9,808,248, the disclosure of which is incorporated

by reference herein.

[00044] With end effector (12) closed as depicted in FIGS. 4A-4B by distally advancing
closure tube (32) and closure ring (33), firing beam (14) is then advanced in engagement
with anvil (18) by having upper pin (38) enter longitudinal anvil slot (42). A pusher
block (80) (shown in FIG. 5) is located at the distal end of firing beam (14) and pushes
wedge sled (41) as firing beam (14) is advanced distally through staple cartridge (37)
when firing trigger (28) is actuated. During such firing, cutting edge (48) of firing beam
(14) enters vertical slot (49) of staple cartridge (37), severing tissue clamped between
staple cartridge (37) and anvil (18). As shown in FIGS. 4A-4B, middle pin (46) and
pusher block (80) together actuate staple cartridge (37) by entering into vertical slot (49)
within staple cartridge (37), driving wedge sled (41) into upward camming contact with
staple drivers (43), which in turn drive staples (47) out through staple apertures (51) and

into forming contact with staple forming pockets (53) (shown in FIG. 3) on the inner
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surface of anvil (18). FIG. 4B depicts firing beam (14) fully distally translated after
completing severing and stapling of tissue. Staple forming pockets (53) are intentionally
omitted from the view in FIGS. 4A-4B; but are shown in FIG. 3. Anvil (18) is
intentionally omitted from the view in FIG. 5. In some versions, anvil (18) pivots about
an axis that is defined by a pin (or similar feature) that slides along an elongate slot or
channel as anvil (18) moves toward lower jaw (16). In such versions, the pivot axis
translates along the path defined by the slot or channel while anvil (18) simultaneously

pivots about that axis.

[00045] Instrument (10) may otherwise be configured and operable in accordance with
any of the teachings of any of the patent references cited herein. Additional exemplary
modifications that may be provided for instrument (10) will be described in greater detail
below. The below teachings are not limited to instrument (10) or devices taught in the
patents cited herein. The below teachings may be readily applied to various other kinds
of instruments, including instruments that would not be classified as surgical staplers.
Various other suitable devices and settings in which the below teachings may be applied

will be apparent to those of ordinary skill in the art in view of the teachings herein.
[00046] 1I. Exemplary Lower Jaws and Methods of Manufacture

[00047] In some conventional manufacturing processes, lower jaw (16) of instrument (10)
may be machined from a single solid block of material (e.g. metal). As a result, this
machining of lower jaw (16) may be time consuming and expensive, both of which are
undesirable. Conventional machining techniques, being reductive in nature, may also be
considered as being inefficient since they may create waste in the material that is
removed from the single solid block of material. Additionally, in some instances,
considerable machining may impart undesirable stresses into lower jaw (16). As a result,
it is desirable to manufacture lower jaw (16) using a faster, more efficient, and more cost-
cffective process or system of processcs to further enhance lower jaw (16). Additionally,
it may be desirable that specific portions and features of lower jaw (16) have tight

tolerances to aid in the use of instrument (10), while other specific portions and features
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of lower jaw (16) may have looser tolerances where the precise dimensions are of lesser
significance. As such, it is desirable to manufacture an exemplary lower jaw (210, 310)
that is efficient, cost effective, and sufficiently robust to interchangeably function with

end effector (12) of instrument (10) described above.

[00048] As described below, lower jaw (210, 310) may be used in place of lower jaw (16)
of instrument (10). Similar to the operation of instrument (10), where anvil (18) pivots
relative to lower jaw (16), anvil (18) pivots relative to lower jaw (210, 310). As such,
anvil (18) and lower jaw (210, 310) may clamp tissue similarly to the clamping
performed by anvil (18) and lower jaw (16) shown in FIG. 1. Similar to lower jaw (16),
lower jaw (210, 310) is also configured to receive a staple cartridge, similar to staple
cartridge (37) shown in FIG. 3. Additional details of lower jaw (210, 310) are described

below with reference to the following figures.

[00049] A. Exemplary Lower Jaw Blank

[00050] FIGS. 7-12 show an exemplary lower jaw blank (110) that is configured to be
transformed into a lower jaw (210, 310) shown in FIGS. 13-19B and FIGS. 20A-20B
respectively, through one or more manufacturing processes as described below. Lower
jaw (210, 310) is similar to lower jaw (16) of end effector (12), with notable differences
indicated below. As previously indicated, instrument (10) includes a body (shown as
handle portion (20)), shaft (22) extending from the body, and end effector (12) in
communication with shaft (22). End effector (12) is operable to compress, staple, and cut
tissue. Lower jaw blank (110), once transformed into lower jaw (210, 310) is configured
to be used in place of another lower jaw (e.g. lower jaw (16)) to form a portion of end

effector (12).

[00051] As shown in the perspective views of FIGS. 7 and 8, lower jaw blank (110)
includes a U-shaped body portion (112) and outwardly cxtending flanges (114, 116)
extending outwardly from U-shaped body portion (112). U-shaped body portion (112)
includes a bottom wall (118) interposed between opposing side walls (120, 122). Side
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walls (120, 122) taper outwardly at outwardly tapering portions (124, 126). As shown,
side walls (120, 122) do not include any apertures or cutouts at this manufacturing stage.
More specifically, FIGS. 9-12 show respective top, bottom, left side, and distal end views
of lower jaw blank (110) prior to any features being formed into opposing side walls
(120, 122). As shown, bottom wall (118) includes a proximal aperture (128) and a distal
elongated aperture (130) that extend completely through inner and outer surfaces (132,
134) of bottom wall (118).

[00052] As shown in the distal end view of FIG. 12, side walls (120, 122) extend
vertically at right angles from bottom wall (118), which is horizontally oriented.
However, other angles between bottom wall (118) and side walls (120, 122) are also
envisioned. More specifically, outwardly extending flange (114) extends from side wall
(120) and includes opposing upper and lower planar surfaces (136, 138) shown in FIG.
12.  Similarly, outwardly extending flange (116) extends from side wall (122) and
includes opposing upper and lower planar surfaces (140, 142). As shown in FIG. 12,
thickness (t) of lower jaw blank (110) is generally constant. However, thickness (t) may
vary if desired. One or more stamping operations may be used to impart one or more
additional features in bottom wall (118) and side walls (120, 122) as will be described in

greater detail below.

[00053] While not shown, lower jaw blank (110) may be initially transformed [rom an
initial flat planar sheet into U-shaped body portion (112) and outwardly extending
flanges (114, 116) using onc or morc manufacturing proccsscs (c.g. onc or morc
sequential stamping operations). Instead of or in addition to one or more stamping
operations, lower jaw blank (110) may be formed using additive manufacturing, selective
laser melting, direct metal laser sintering, and/or metal injection molding. Certain
manufacturing processes (stamping, additive manufacturing, selective laser melting,
direct metal laser sintering, and/or metal injection molding) may result in looser

tolerances than desired. In view of the tight tolerances desired for manufacture of
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instrument (10), it is desirable to refine at least certain specific portions of lower jaw

blank (110) to improve the dimensional accuracy of lower jaw blank (110).
[00054] B. First Exemplary Lower Jaw

[00055] FIGS. 13-19 show an exemplary lower jaw (210) after at least one manufacturing
process is performed to lower jaw blank (110). As shown in the perspective views of
FIGS. 13-14, outwardly extending flanges (114, 116) have been removed using at least
one manufacturing process (e.g. one or more stamping operations). Lower jaw (210)
includes a U-shaped body portion (212) that includes a bottom wall (218) interposed
between opposing side walls (220, 222). The inside of U-shaped body portion (212)
forms a channel configured to receive a staple cartridge. Side walls (220, 222) taper
outwardly at outwardly tapering portions (224, 226). Additionally, bottom wall (218)
includes a proximal aperture (228) and a distal elongated aperture (230) that extend
completely through inner and outer surfaces (232, 234) of bottom wall (218). Proximal
aperture (228) and distal elongated aperture (230) are connected by a longitudinally
extending channel (229).

[00056] Side walls (220, 222) include one or more apertures and cutouts. As shown in
FIGS. 13-14 and 16-17, side wall (220) includes a proximal aperture (236) and a distal
cutout (238). Similarly, side wall (222) includes a proximal aperture (240) and a distal
cutout (242). One or more manufacturing processes (e.g. one or more stamping
operations) may be performed to impart proximal apertures (236, 240) and distal cutouts
(238, 242) to the intermediate state of the lower jaw, where the intermediate state occurs
at a point in time between lower jaw blank (110) and lower jaw (210)). Additionally, as
shown, side walls (220, 222) also include inwardly tapering portions (244, 246), recessed
portions (248, 250), and apertures (252, 254).

[00057] FIG. 17 shows a left side view of lower jaw (210) including proximal aperture
(236) and distal cutout (238), with proximal aperture (240) and distal cutout (242) being

mirror images thereof. Proximal aperture (236) is described in detail below; however,
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the principles and accompanying features apply equally to proximal aperture (240). FIG.
18A shows a detailed view of proximal aperture (236) after being formed but prior to be
machined, while FIG. 18B shows a detailed view of proximal aperture (236) of FIG. 17
after having been machined. Proximal aperture (236) is generally kidney shaped. As
shown in FIG. 18A, proximal aperture (236) has a near net shape with an initial area (A1)
defined by the continuous solid line. As used herein, “near net shape” means that the
initial forming operations create an intermediate (near net) shape that is very close to the
final (net) shape, which reduces the need and associated cost of significant surface
finishing. These initial forming operations may include, for example, stamping, additive
manufacturing, selective laser melting, direct metal laser sintering, and/or metal injection

molding.

[00058] As shown in FIG. 18B, proximal aperture (236) has a machined shape with a
machined area (A2) defined by the continuous solid line, with the dashed line denoting
the near net shape shown in FIG. 18A. As shown, only distal portions of proximal
aperture (236) are machined, such that the remainder of proximal aperture (236) is not
machined. As shown in FIG. 18A-18B, only upper, middle, and lower distal surfaces
(2564, 258a, 260a) are machined which results in upper, middle, and lower distal surfaces
(256b, 258b, 260b) after the machining operation(s). As shown in FIG. 18B, proximal
aperture (236) has a machined area (A2) that is greater than initial area (Al), since
malterial is removed (rom upper, middle, and lower distal surfaces (256a, 258a, 260a) Lo
form upper, middle, and lower distal surfaces (256b, 258b, 260b). However, it is also
cnvisioned that the cntire initial perimeter (P1) of the proximal aperture (236) may be
machined if desired to produce a machined perimeter (P2). For example, this may be

beneficial if tighter tolerances are required for desired operation.

[00059] FIGS. 19A-19B show distal cutout (238). More specifically, FIG. 19A shows a
detailed view of distal cutout (238) after being formed but prior to be machined, while
FIG. 19B shows a detailed view of distal cutout (238) after being machined. Similar to

proximal aperture (236, 240), distal cutout (242) is a mirror image of distal cutout (238).
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As a result, the principles and accompanying features described for distal cutout (238)
apply equally to distal cutout (242). As shown in FIGS. 19A-19B, distal cutout (238)
includes a bottom wall (262a), a proximal wall (264a), and a distal wall (266a), forming a
generally rectangular shape. As shown in FIG. 19A, distal cutout (238) has near net
shape with an obtuse interior angle (61). More specifically, near net shapes produce an
obtuse angle between bottom and proximal walls (262a, 264a) and an obtuse angle (61)

between bottom and distal walls (262a, 266a).

[00060] As shown in FIG. 19B, distal cutout (238) has a machined shape with

[00061]

[00062]

[00063]

approximately 90-degree interior angles (62). In other words, the near net shape of distal
cutout (238) with obtuse interior angles (01) obtained using at least one stamping
process, are machined into machined shapes with approximately 90-degree interior
angles (02). More specifically, distal cutout (238) is machined to have a 90-degree angle
(62) between bottom and proximal walls (262b, 264b) and 90-degree angle (02) between
bottom and distal walls (262b, 266b). Additionally, top edges (268a, 270a) of FIG. 19A
surrounding distal cutout (242) are machined to top edges (268b, 270b) of FIG. 19B. As
shown, the machined shape is the finalized shape, however more manufacturing

operations may be performed if desired.
C. Second Exemplary Lower Jaw

FIGS. 20A-20B show a second exemplary lower jaw (310). Lower jaw (310)
comprises a U-shaped body portion (312), a bottom wall (318), opposing side walls (320,
322), a tapering portion (324), a proximal aperture (328), inner and outer surfaces (332,
334) of bottom wall (318), proximal apertures (336, 340), an inwardly tapering portion
(344), and an aperture (352). Proximal apertures (336, 340) are formed and subsequently
machined using a method similar to that described with respect to proximal apertures

(236, 240).

As shown in FIGS. 20A-20B, lower jaw (310) does not include distal cutouts,

similar to distal cutouts (238, 242) described above with respect to lower jaw (210).
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However, if desired, distal cutouts may be imparted similar to distal cutouts (238, 242) of
lower jaw (210). As shown in FIG. 20A, outer surface (334) of bottom wall (318)
includes a recessed portion (368) that extends longitudinally. Recessed portion (368)

terminates proximally at proximal aperture (328) and distally at a distal wall (370).

[00064] Recessed portion (368) is configured to receive a lower longitudinally extending
back member (372) having proximal and distal ends (374, 376). Projections (378, 380)
of lower longitudinally extending back member (372) extend distally from distal end
(376) of lower longitudinally extending back member (372). Lower longitudinally
extending back member (372) is configured to provide additional support for bottom wall
(318). Outer surface (382) of lower longitudinally extending back member (372) may
extend flush with outer surface (334) of bottom wall (318). Lower longitudinally
extending member (372) may be coupled to outer surface (334) of bottom wall (318)
before, during, or after machining of the at least one feature (e.g. proximal apertures
(336, 340)). For example, lower longitudinally extending back member (372) may be
welded to outer surface (334) of bottom wall (318).

[00065] D. First Excmplary Mcthod of Manufacturc

[00066] FIG. 21 shows a method (410) of manufacturing lower jaw (210, 310) of end
ellector (12) of surgical instrument (10) that includes at least three steps (412, 414, 416).
As shown, at step (412), the method includes providing a lower jaw blank (110) that
includes U-shaped body portion (112). U-shaped body portion (112) includes bottom
wall (118) interposed between opposing side walls (120, 122). As previously described,
lower jaw blank (110) may be formed using one or more manufacturing processes (e.g.
one or more sequential stamping operations performed by a stamping machine). Instead
of or in addition to one or more stamping operations, lower jaw blank (110) may be
formed using additive manufacturing, selective laser melting, direct metal laser sintering,

and/or metal injection molding.
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[00067] At step (414), the method also includes forming the at least one feature (e.g.
proximal apertures (236, 240, 336) and/or distal cutouts (238, 242)) into at least one of
side walls (120, 122). The feature (e.g. proximal apertures (236, 240, 336)) and/or distal
cutouts (238, 242)) has a near net shape. The feature (e.g. proximal apertures (236, 240,
336) and/or distal cutouts (238, 242)) may be formed using a variety of manufacturing
processes, (e.g. one or more sequential stamping operations performed by a stamping
machine (418)). The manufacturing processes used to form the at least one feature (e.g.
proximal apertures (236, 240, 336) and/or distal cutouts (238, 242)) into at least one of
side walls (120, 122) may be the same or different.

[00068] At step (416), the method includes subsequently machining the feature (e.g.
proximal apertures (236, 240, 336) and/or distal cutouts (238, 242)) to have a machined
shape. If two or more features are imparted, the features may be imparted
simultaneously or sequentially. For example, a first feature may be formed in the first
side wall through a first manufacturing process, and subsequently a second feature may
be formed in the second side wall through a second manufacturing process. Non-
machined portions of lower jaw (210, 310) have a first surface finish and machined
portions of lower jaw (210, 310) have a second surface finish. The second surface finish
is finer than the first surface finish. For example, the second surface finish may be
substantially finer than the first surface finish. Step (416) may be performed using a
variety ol machining tools, for example, using a lathe (420), which may be manually

operated or automated.

[00069] E. Second Exemplary Method of Manufacture

[00070] FIG. 22 shows a method (510) of manufacturing lower jaw (210, 310) of end
effector (12) of surgical instrument (10) that includes at least four steps (512, 514, 516,
518). At step (512), the method includes stamping lower jaw blank (110) to include a U-
shaped body portion (112). U-shaped body portion (112) of lower jaw blank (110)
includes bottom wall (118) and opposing side walls (120, 122). As previously described,

U-shaped body portion (112) may be formed using one or more manufacturing processes
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(e.g. one or more sequential stamping operations performed by a stamping machine
(520)). Instead of or in addition to one or more stamping operations, U-shaped body
portion (112) may be formed using additive manufacturing, selective laser melting, direct

metal laser sintering, and/or metal injection molding.

[00071] At step (514), the method also includes stamping proximal aperture (236, 336) of
side wall (220, 320). Proximal aperture (236, 336) has a near net shape with first area
(Al). One or more sequential stamping operations may be performed by a stamping
machine (522), that may be the same or different from stamping machines (520). A
variety of other manufacturing processes may be used instead of, or in addition to,

stamping.

[00072] At step (516), the method also includes stamping side wall (222, 322) to include
proximal aperture (240, 340). Proximal aperture (240, 340) has a near net shape with
first area (Al). Stamping proximal aperture (240, 340) may happen before,
simultaneously with, or after, the stamping of proximal aperture (236, 336). For
example, a first feature (e.g. proximal aperture (236, 336)) may be formed in side wall
(220, 320) through a first manufacturing process, and subscquently a sccond feature (c.g.
proximal aperture (240, 340)) may be formed in the side wall (222, 322) through a
second manufacturing process. The first and second manufacturing processes may be the
same or different. One or more sequential stamping operations performed by a stamping
machine (524), that may be the same or different from stamping machines (520, 522). A
varicty of other manufacturing proccsses may be uscd instcad of or in addition to

stamping of proximal aperture (240, 340).

[00073] At step (518), the method also includes subsequently machining proximal
apertures (236, 240, 336, 340) to have machined shapes with second areas. Second area
(A2) 1s less than first area (Al). As shown, only distal portions (e.g. distal surfaces
(256a, 258a, 260a) of proximal apertures (236, 240, 336, 340) are machined into distal
portions (e.g. distal surfaces (256b, 258b, 260b)) such that remainder of proximal

apertures (236, 240) are not machined. It is envisioned that the machining of proximal
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aperture (240) may happen before, simultaneously with, or after the machining of
proximal aperture (236). Non-machined portions of lower jaw (210, 310) have a first
surface finish and machined portions of lower jaw (210, 310) have a second surface
finish. The second surface finish is finer than the first surface finish. For example, the
second surface finish may be substantially finer than the first surface finish. Step (518)
may be performed using a variety of machining tools, for example, using a lathe (526),

which may be manually operated or automated.

[00074] While method (510) is described with respect stamping and subsequent machining
of proximal apertures (236, 240, 336, 340), these principles apply equally to distal
cutouts (238, 242) and other features, where improved tolerances are desired. The
exemplary methods (410, 510) using near net shapes reduce the need for costly

machining by providing lower jaw (210, 310) already having one or more features

already imparted.
[00075] 1I1. Exemplary Combinations
[00076] The following examples relate to various non-exhaustive ways in which the

teachings herein may be combined or applied. It should be understood that the following
examples are not intended to restrict the coverage of any claims that may be presented at
any time in this application or in subsequent filings of this application. No disclaimer is
intended. The following examples are being provided for nothing more than merely
illustrative purposes. It is contemplated that the various teachings herein may be
arranged and applied in numerous other ways. It is also contemplated that some
variations may omit certain features referred to in the below examples. Therefore, none
of the aspects or features referred to below should be deemed critical unless otherwise
explicitly indicated as such at a later date by the inventors or by a successor in interest to
the inventors. If any claims arc presented in this application or in subscquent filings
related to this application that include additional features beyond those referred to below,

those additional features shall not be presumed to have been added for any reason



WO 2020/141402 PCT/IB2019/061248

-19-
relating to patentability.
[00077] Example 1
[00078] A method of manufacturing a lower jaw of an end effector of a surgical

instrument, the method comprising: (a) providing a lower jaw that includes a U-shaped
body portion, wherein the U-shaped body portion includes a bottom wall interposed
between first and second opposing side walls; (b) forming at least one feature into at least
one of the first and second side walls, wherein the at least one feature has a near net

shape; and (c) subsequently machining the at least one feature to have a machined shape.
[00079] Example 2

[00080] The method of Example 1, wherein forming the at least one feature comprises
performing at least one stamping process to form the at least one feature after providing

the lower jaw.
[00081] Example 3

[00082] The method of Example 1 or Example 2, wherein forming the at least one feature
further comprises forming a first feature in the first side wall through a first
manufacturing process, and subsequently forming a second feature in the second side

wall through a second manufacturing process.
[00083] Example 4

[00084] The method of any one or more of Examples 1 through 3, wherein non-machined
portions of the lower jaw have a first surface finish and machined portions of the lower
jaw have a second surface finish, wherein the second surface finish is finer than the first

surface finish.
[00085] Example 5

[00086] The method of any one or more of Examples 1 through 4, wherein the at least one

feature comprises a first distal cutout in the first side wall and a second distal cutout in
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the second side wall, wherein the first and second distal cutouts are configured to align a
staple cartridge, wherein the at least one feature comprises a first distal cutout in the first

side wall and a second distal cutout in the second side wall.
[00087] Example 6

[00088] The method of any one or more of Examples 1 through 5, wherein the at least one
feature comprises a first proximal aperture in the first side wall and a second proximal

aperture in the second side wall.
[00089] Example 7

[00090] The method of Example 6, wherein only distal portions of the first and second
proximal apertures are machined such that the remainder of the first and second proximal

apertures are not machined.
[00091] Example 8

[00092] The method of Example 6 or Example 7, wherein the near net shapes of the first
and second proximal apertures have a first area, wherein the machined shapes of the first

and second proximal apertures have a second area that is greater than the first area.
[00093] Example 9

[00094] The method of any one or more of Examples 1 through 8, wherein providing the
lower jaw comprises forming the lower jaw to include the U-shaped body portion with
first and second outwardly extending flanges, wherein the first outwardly extending
flange extends from the first side wall and the second outwardly extending flange extends

from the second side wall.
[00095] Example 10

[00096] The method of Example 9, wherein forming the lower jaw comprises a first
stamping process to form the U-shaped body portion and the first and second outwardly

extending flanges, wherein forming at least one feature includes a second subsequent
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[00097] Example 11

[00098] The method of Example 9, wherein forming the lower jaw comprises forming the
lower jaw using at least one of additive manufacturing, selective laser melting, direct

metal laser sintering, or metal injection molding.
[00099] Example 12

[000100] The method of Example 9 or Example 10, wherein the method further comprises

providing a flat body prior to forming the lower jaw to include a U-shaped body portion.
[000101] Example 13

[000102] The method of any one or more of Examples 9 through 12, further comprising
removing the first and second outwardly extending flanges using at least one

manufacturing process.
[000103] Example 14

[000104] The method of any one or more of Examples 9 through 13, wherein forming the

lower jaw comprises stamping at least one aperture into the bottom wall.
[000105] Example 15

[000106] The method of any one or more of Examples 1 through 14, wherein after
machining the at least one feature, the method further comprises coupling a lower

longitudinally extending back to a bottom surface of the bottom wall.
[000107] Example 16

[000108] A method of manufacturing a lower jaw of an end effector of a surgical
instrument, the method comprising: (a) stamping a lower jaw of an end effector of the
surgical instrument to include a U-shaped body portion, wherein the U-shaped body

portion includes a bottom wall and opposing first and second side walls; (b) stamping the
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first wall to includes a first proximal aperture, wherein the first proximal aperture has a
near net shape with a first area; (c) stamping the second wall to include a second
proximal aperture, wherein the second proximal aperture has a near net shape with the
first area; and (d) subsequently machining the first and second proximal apertures to have
machined shapes with second areas, wherein the second areas are greater than the first

areas.
[000109] Example 17

[000110] The method of Example 16, subsequently machining only distal portions of the
first and second proximal apertures such that the remainder of the first and second

proximal apertures are not machined.
[000111] Example 18

[000112] An instrument, comprising: (a) a body; (b) a shaft extending from the body; and
(c) an end effector in communication with the shaft, wherein the end effector is operable
to compress, staple, and cut tissue, wherein the end effector includes a lower jaw,
wherein the lower jaw comprises: (i) a bottom wall, (i1) a first sidc wall cxtending from
the bottom wall, wherein the first side wall includes a first feature having a first machined
shape produced by machining a first initial near net shape, and (iii) a second side wall
extending [rom the bottom wall and disposed opposite the [irst side wall, wherein the
second side wall includes a second feature having a second machined shape produced by

machining a second initial near net shape.
[000113] Example 19

[000114] The instrument of Example 18, wherein the first feature includes a first proximal
aperture and the second feature includes a second proximal aperture, wherein the first and
second proximal apertures have machined shapes with machined areas that are greater
than initial areas produced by the first and second initial near net shapes of the first and

second proximal apertures.

[000115] Example 20
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[000116] The instrument of Example 18 or Example 19, wherein the first feature includes a
first distal cutout in the first side wall and the second feature includes a second distal
cutout in the second side wall, wherein the first and second distal cutouts are configured
to align a staple cartridge, wherein the machined shapes of the first and second distal
cutouts produce 90-degree interior angles that are initially formed in the first and second

initial near net shapes as obtuse interior angles using at least one stamping process.
[000117] Example 21

[000118] The instrument of any one or more of Examples 18 through 20, wherein at least

one of the first and second features is formed using at least one stamping process.
[000119] Example 22

[000120] The instrument of any one or more of Examples 18 through 21, wherein the first
feature is formed in the first side wall using a first manufacturing process, and the second

feature is formed in the second side wall using a second manufacturing process.
[000121] Example 23

[000122] The instrument of any one or more of Examples 18 through 22, wherein non-
machined portions of the lower jaw have a first surface finish and machined portions of
the lower jaw have a second surface finish, wherein the second surface finish is finer than

the first surface finish.
[000123] Example 24

[000124] The instrument of any one or more of Examples 18 through 19 and Examples 21
through 22, wherein the first feature includes a first distal cutout in the first side wall,
wherein the second feature includes a second distal cutout in the second side wall,
wherein the first and second distal cutouts are configured to align a staple cartridge,
wherein the first and second initial near net shapes produce obtuse interior angles,

wherein the first and second machined shapes produce 90-degree interior angles.
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[000125] Example 25

[000126] The instrument of any one or more of Example 18 and Examples 20 through 24,
wherein the first feature includes a first proximal aperture in the first side wall, wherein

the second feature includes a second proximal aperture in the second side wall.
[000127] Example 26

[000128] The instrument of Example 19 or Example 25, wherein only distal portions of the
first and second proximal apertures are machined such that the remainder of the first and

second proximal apertures are nol machined.
[000129] Example 27

[000130] The instrument of any one or more of Examples 18 through 26, wherein the first
and second initial near net shapes have a first area, wherein the first and second machined

shapes have a second area that is greater than the first area.
[000131] Example 28

[000132] The instrument of any one or more of Examples 18 through 27, wherein the lower
jaw is formed through a first stamping process to form the U-shaped body portion and

first and second outwardly extending flanges.
[000133] Example 29

[000134] The instrument of any one or more of Examples 18 through 28, wherein the lower
jaw is formed using at least one of additive manufacturing, selective laser melting, direct

melal laser sintering, or metal injection molding.
[000135] Example 30

[000136] The instrument of Example 28, wherein the first and second outwardly extending

flanges are configured to be removed using at least one manufacturing process.

[000137] Example 31
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[000138] The instrument of any one or more of Examples 18 through 30, wherein the lower

jaw includes at least one aperture stamped into the bottom wall.
[000139] Example 32

[000140] The instrument of any one or more of Examples 18 through 31, wherein the
instrument further comprises a lower longitudinally extending back coupled with a

bottom surface of the bottom wall.
[000141] 1v. Miscellaneous

[000142] It should be understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.
The above-described teachings, expressions, embodiments, examples, etc. should
therefore not be viewed in isolation relative to each other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art in view of the teachings herein. Such modifications and variations are

intended to be included within the scope of the claims.

[000143] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
herein only to the extent that the incorporated material does not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any material, or portion thereof,
that is said to be incorporated by reference herein, but which conflicts with existing
definitions, statements, or other disclosure material set forth herein will only be
incorporated to the extent that no conflict arises between that incorporated material and

the cxisting disclosurc matcrial.

[000144] Versions of the devices described above may have application in conventional

medical treatments and procedures conducted by a medical professional, as well as
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application in robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system

such as the DAVINCI™ system by Intuitive Surgical, Inc., of Sunnyvale, California.

[000145] Versions of the devices described above may be designed to be disposed of after a
single use, or they can be designed to be used multiple times. Versions may, in either or
both cases, be reconditioned for reuse after at least one use. Reconditioning may include
any combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly. In particular, some
versions of the device may be disassembled, and any number of the particular pieces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by a user
immediately prior to a procedure. Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

[000146] By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and sealed container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy electrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later use. A device may also be sterilized using any other technique known in the art,

including but not limited to beta or gamma radiation, ethylene oxide, or steam.

[000147] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the

scope of the present invention. Several of such potential modifications have been
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mentioned, and others will be apparent to those skilled in the art. For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required. Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not to be limited to the details of structure and operation shown and described in the

specification and drawings.
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I/'We Claim:
1. A method of manufacturing a lower jaw of an end effector of a surgical
instrument, the method comprising:
(a) providing a lower jaw that includes a U-shaped body portion, wherein the

U-shaped body portion includes a bottom wall interposed between first
and second opposing side walls;

(b) forming at least one feature into at least one of the first and second side
walls, wherein the at least one feature has a near net shape; and

(c) subsequently machining the at least one feature to have a machined shape.

2. The method of claim 1, wherein forming the at least one feature comprises
performing at least one stamping process to form the at least one feature after providing the

lower jaw.

3. The method of claim 1, wherein forming the at least one feature further comprises
forming a first feature in the first side wall through a first manufacturing process, and
subscquently forming a sccond fcaturc in the sccond side wall through a sccond manufacturing

Process.

4. The method of claim 1, wherein non-machined portions of the lower jaw have a
first surface finish and machined portions of the lower jaw have a second surface finish, wherein

the second surface finish is finer than the first surface finish.

5. The method of claim 1, wherein the at least one feature comprises a first distal
cutout in the first side wall and a second distal cutout in the second side wall, wherein the first
and second distal cutouts are configured to align a staple cartridge, wherein the near net shapes
of the first and second distal cutouts produce obtuse interior angles, wherein the machined

shapes of the first and second distal cutouts produce 90-degree interior angles.
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6. The method of claim 1, wherein the at least one feature comprises a first proximal

aperture in the first side wall and a second proximal aperture in the second side wall.

7. The method of claim 6, wherein only distal portions of the first and second
proximal apertures are machined such that the remainder of the first and second proximal

apertures are not machined.

8. The method of claim 6, wherein the near net shapes of the first and second
proximal apertures have a first area, wherein the machined shapes of the first and second

proximal apertures have a second area that is greater than the first area.

9. The method of claim 1, wherein providing the lower jaw comprises forming the
lower jaw to include the U-shaped body portion with first and second outwardly extending
flanges, wherein the first outwardly extending flange extends from the first side wall and the

second outwardly extending flange extends from the second side wall.

10. The method of claim 9, wherein forming the lower jaw comprises a first stamping
process to form the U-shaped body portion and the first and second outwardly extending flanges,
wherein forming at least one feature includes a second subsequent stamping process to impart the

at least one feature.

11. The method of claim 9, wherein forming the lower jaw comprises forming the
lower jaw using at lcast onc of additive manufacturing, sclective laser melting, dircct metal laser

sintering, or metal injection molding.

12. The method of claim 9, wherein the method (urther comprises providing a [lat

body prior to forming the lower jaw to include a U-shaped body portion.
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13. The method of claim 9, further comprising removing the first and second

outwardly extending flanges using at least one manufacturing process.

14. The method of claim 9, wherein forming the lower jaw comprises stamping at

least one aperture into the bottom wall.

15. The method of claim 1, wherein after machining the at least one feature, the
method further comprises coupling a lower longitudinally extending back to a bottom surface of

the bottom wall.

16. A method of manufacturing a lower jaw of an end effector of a surgical
instrument, the method comprising:

(a) stamping a lower jaw of an end effector of the surgical instrument to
include a U-shaped body portion, wherein the U-shaped body portion
includes a bottom wall and opposing first and second side walls;

(b) stamping the first wall to includes a first proximal aperture, wherein the
first proximal aperture has a near net shape with a first area;

(c) stamping the second wall to include a second proximal aperture, wherein
the second proximal aperture has a near net shape with the first area; and

(d) subsequently machining the first and second proximal apertures to have
machined shapes with second areas, wherein the second areas are greater

than the first areas.

17. The method of claim 16, subsequently machining only distal portions of the first
and second proximal apertures such that the remainder of the first and second proximal apertures

are not machined.
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18. An instrument, comprising:
(a) a body;
(b) a shaft extending from the body; and
(c) an end effector in communication with the shaft, wherein the end effector
is operable to compress, staple, and cut tissue, wherein the end effector
includes a lower jaw, wherein the lower jaw comprises:

1) a bottom wall,

(i1) a first side wall extending from the bottom wall, wherein the first
side wall includes a first feature having a first machined shape
produced by machining a first initial near net shape, and

(iili)  a second side wall extending from the bottom wall and disposed
opposite the first side wall, wherein the second side wall includes a
second feature having a second machined shape produced by

machining a second initial near net shape.

19. The instrument of claim 18, wherein the first feature includes a first proximal
aperture and the second feature includes a second proximal aperture, wherein the first and second
proximal apertures have machined shapes with machined areas that are greater than initial areas
produced by the first and second initial near net shapes of the first and second proximal

apertures.

20. The instrument of claim 18, wherein the first feature includes a first distal cutout
in the first side wall and the sccond featurc includes a sccond distal cutout in the sccond side
wall, wherein the first and second distal cutouts are configured to align a staple cartridge,
wherein the machined shapes of the first and second distal cutouts produce 90-degree interior
angles that are initially [ormed in the (irst and second initial near net shapes as obtuse interior

angles using at least one stamping process.
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