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(54) METHOD OF MANUFACTURING A METAL INJECTION MOLDED PART

(57) Agreenmachining process comprises receiving
a green body (30) made of powder injection molding
material and engaging the green body (30) to a clamp
pad (50) engaged to a fixture member (42) of a retaining
fixture (40) of a machine tool. The clamp pad (50) has a
surface hardness smaller than that of the green body

(30). While the green body (30) is supported through the
engagement of the clamppad (50), the greenbody (30) is
machined using the machine tool to obtain a machined
green part. The machining operation may be followed by
a debinding and a sintering step.
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Description

TECHNICAL FIELD

[0001] The application relates generally to methods of
manufacturing a part made using powder injection mold-
ing and, more particularly, to green part(s) obtained by
metal injection molding.

BACKGROUND OF THE ART

[0002] Green machining involves the machining of
metal bodies in the green state prior to sintering. Metal
injectionmolded (MIM)parts in thegreenstateare fragile.
During green machining operation, the greenbody has to
beheld inplacewithenough load tohandle themachining
operation. However, because of its fragile state, there
may be a risk of breaking or damaging the green body
upon applying such load.
[0003] A standard process when machining a metallic
part is to use a retaining fixture to hold the part in place.
However, in some circumstances, the retaining fixture
may slip on the part and therefore may not hold firmly the
part in place which may result in either a scrap part or an
out of tolerance part.
[0004] Accordingly, improvements in manufacturing
methods for MIM parts are needed.

SUMMARY

[0005] In one aspect, there is provided a method of
manufacturing apart, comprising: receiving agreenbody
made of powder injection molding material, the powder
injection molding material including a binder and a me-
tallic powder material mixed with the binder, the green
body having a first surface hardness; engaging the green
body to a clamp pad engaged to a fixture member of a
retaining fixture of amachine tool, the clamppadhavinga
second surface hardness smaller than the first surface
hardness; while supporting the green body through the
engagement of the clamp pad, machining the green body
using the machine tool to obtain a machined green part;
and debinding and sintering the machined green part.
[0006] The method as defined above and described
herein may further include one or more of the following
features/steps, in whole or in part, and in any combina-
tion.
[0007] In anyof theaspectsor embodiments described
above and herein, the method may further comprise,
prior to debinding and sintering, disengaging the clamp
pad from the machined green part.
[0008] In anyof theaspectsor embodiments described
above and herein, engaging the green body to the clamp
pad may maintain the green body in a fixed position
during the machining.
[0009] In anyof theaspectsor embodiments described
aboveandherein,machining thegreenbodymay include
rotating the green body with the clamp padand the fixture

member.
[0010] In anyof theaspectsor embodiments described
above and herein, the method may further comprise
connecting the clamp pad to the fixture member by en-
gaging (e.g. by an interference fit or snuggly engaging)
first and second complementary locating features with
oneanother.Thefirst locating featuremaybeprovidedon
the clamp pad. The second locating feature may be
provided on the fixture member.
[0011] In anyof the aspects or embodiments described
above and herein, the method may further comprise
using a fastener to fasten the clamp pad to the fixture
member.
[0012] In anyof theaspectsor embodiments described
above and herein, the method may further comprise
selecting the clamp pad from a set of clamp pads having
different configurations of a green-body-engaging sur-
face, the clamp pad being selected based on the green-
body-engaging surface thereof andonasurfaceprofile of
the green body.
[0013] In anyof theaspectsor embodiments described
above and herein, the method may further comprise
selecting the clamp pad is based on a configuration of
at least one of the fixture member and the machine tool.
[0014] In anyof theaspectsor embodiments described
above and herein, during the supporting of the green
body through the engagement of the clamp pad, the
clamp pad may have a green-body-engaging surface
engaging a surface of the green body, and a fixture-
engaging surface engaging the fixture member. The
green-body-engaging surfacemayhaveafirst coefficient
of friction greater than a second coefficient of friction of
the surface of the green body engaging the green-body-
engaging surface of the clamp pad.
[0015] In anyof theaspectsor embodiments described
aboveandherein, thegreen-body-engagingsurfacemay
have a first coefficient of friction, the surface of the green
body may have a second coefficient of friction, and the
first coefficient of friction may be greater than the second
coefficient of friction.
[0016] In anyof theaspectsor embodiments described
above and herein, during the supporting of the green
body through the engagement of the clamp pad, the
clamp pad may spread a load applied by the fixture
member over the green-body-engaging surface of the
clamp pad.
[0017] In anyof theaspectsor embodiments described
above and herein, during the supporting of the green
body through the engagement of the clamp pad, the
clamp pad may conform to the surface of the green body
engaging the green-body-engaging surface.
[0018] In another aspect, there is provided an assem-
bly comprising: a green body made of powder injection
molding material, the powder injection molding material
including a binder and a metallic powder material mixed
with the binder, the green body having a first surface
hardness; a retaining fixture of a machine tool, the re-
taining fixture including a fixture member having a sec-
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ond surface hardness greater than the first surface hard-
ness; and a clamp pad having a fixture-engaging surface
engaged to the fixture member and a green-body-enga-
ging surface engaged to the green body, the fixture-
engaging surface having a third surface hardness smal-
ler than the second surface hardness, and the green-
body-engaging surface having a fourth surface hardness
smaller than the first surface hardness and the second
surface hardness.
[0019] The assembly or method defined above and
described herein may further include one or more of
the following features, in whole or in part, and in any
combination.
[0020] In anyof theaspectsor embodiments described
above and herein, the retaining fixture may be a clamp.
[0021] In anyof theaspectsor embodiments described
above and herein, the clamp pad may have the fixture-
engaging surface parallel to the green-body-engaging
surface.
[0022] In anyof theaspectsor embodiments described
above and herein, the fixture-engaging surface may be
skewed relative to (i.e. not parallel to) the green-body-
engaging surface.
[0023] In anyof theaspectsor embodiments described
above and herein, the retaining fixture may be a chuck
jaw including a plurality of fixture members and each
fixture member of the plurality of fixture members may
have a corresponding clamp pad connected thereto and
engaging the green body.
[0024] In anyof theaspectsor embodiments described
above and herein, the fixture member may define an
engagement surfaceembracing (conformally contacting)
a surface profile of the green body on a portion thereof
engaged by the green-body-engaging surface of the
clamp pad.
[0025] In anyof theaspectsor embodiments described
above and herein, the clamp pad may conform to (e.g.,
deform to or be conformal/complementary to) a surface
profile of the green body.
[0026] In anyof theaspectsor embodiments described
above and herein, the clamp pad may comprise a first
locating feature and the fixture member may comprise a
second locating feature. The second locating feature
may be complementary shaped to the first locating fea-
ture for locating the first locating feature upon engaging
(e.g. by an interference fit or snuggly engaging) the first
and second locating features with one another.
[0027] In anyof theaspectsor embodiments described
above and herein, a fastener may connect the clamp pad
to the fixture member.
[0028] In anyof theaspectsor embodiments described
above and herein, the green-body-engaging surface of
the clamp pad may have a first coefficient of friction
greater than a second coefficient of friction of a surface
of the green body engaged to the green-body-engaging
surface of the clamp pad.

DESCRIPTION OF THE DRAWINGS

[0029] Reference is now made to the accompanying
figures in which:

Fig. 1 is a perspective view of a retaining fixture
holding a MIM part in green state in accordance with
a first implementation;

Fig. 2 is a perspective view of a retaining fixture
holding a MIM part in green state in accordance with
a second implementation;

Fig. 3 is a side view of the retaining fixture and MIM
part of Fig. 2;

Fig. 4 is a front view of the retaining fixture and MIM
part of Fig. 2;

Fig. 5 is a perspective view of a retaining fixture
holding a MIM part in green state in accordance with
a third implementation;

Fig. 6 is a perspective view taken from a top, front,
right side of a retaining fixture holding a MIM part in
accordance with a fourth implementation;

Fig. 7 is a perspective view taken from a bottom,
front, left side of the retaining fixture of Fig. 6;

Fig. 8 is a flowchart of a method of manufacturing a
part in accordance with one implementation.

DETAILED DESCRIPTION

[0030] In this description and the appended claims, the
singular forms "a," "an," and "the" are intended to include
the plural forms as well, unless the context clearly in-
dicates otherwise.
[0031] The present application discusses a method of
manufacturing a part made using metal injection molding
(hereinafter "MIM") techniques. It is an object of the
present technology to provide for a method of manufac-
turing a MIM part by which the MIM part is machined in
green state after being molded and before the debinding
and sintering steps are performed. The part in the green
state is held in place during the machining operation(s)
using a retaining fixture, and a clamp pad having a sur-
face hardness that is different than that of the MIM part.
Since the machining is carried out for the MIM part in the
green state, which is softer as compared with the finally
obtained sintered part, it is possible to carry out the
machining while the part is in green state, thereby en-
abling improvement in dimensional precision and en-
abling the machining of complex and intricate shapes.
[0032] As is typical in MIM, a suitable feedstock is
injected into a mold cavity to obtain a green part, also
referred to herein as "green body". Such a feedstock can
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include high temperature resistant powder metal alloys,
such as a nickel superalloy. Other high temperature
resistant material powders which may include one ma-
terial or a mix of materials could be used as well. The
feedstock is a mixture of the material powder and of a
binder which may include one or more binding materi-
al(s). In a particular implementation, the binder includes
an organic material which is molten above room tem-
perature (20°C) but solid or substantially solid at room
temperature. The binder may include various compo-
nents such as surfactants which are known to assist
the injection of the feedstock into the mold for production
of the green body. In a particular implementation, the
binder includes a mixture of binding materials, for exam-
ple including a lower melting temperature polymer, such
as a polymer having a melting temperature below 100°C
(e.g. paraffin wax, polyethylene glycol, microcrystalline
wax) and a higher melting temperature polymer or poly-
mers, such as a polymer or polymers having a melting
temperature above 100°C (e.g. polypropylene, polyethy-
lene, polystyrene, polyvinyl chloride). Different combina-
tions are also possible. In a particular implementation,
the material powder is mixed with the molten binder and
the suspension of injection powder and binder is injected
into the mold cavity and cooled to a temperature below
that of the melting point of the binder. "Green state",
"green part" or "green body" as discussed herein refers
to a molded part produced by the solidified binder that
holds the injection powder together.
[0033] Since the feedstock is wax and/or polymer
based, machining the green body can be performed with
cutting feeds and speeds that are higher and cutting
forces that are lower than typical feeds, speeds and
forces for the machining of solid metal (for example the
same metal as that found in powder form in the green
body), and even when compared with "soft" metals such
as aluminum. In a particular implementation, a machine
tool that is designed for machining wax and plastics (e.g.
small desktop CNC milling machine) is used to machine
thegreenbody. Inaparticular implementation, thecutting
feeds and speeds are similar to that used during the
machining of wax. In a particular implementation, the
metal powder present in the green body provides for
an increased material conductivity when compared to
the binder material alone, which may help dissipate heat
that may be generated during machining. When in the
greenstate, thegreenbodymayhaveasurfacehardness
that is smaller than the surface hardness of the sintered
part.
[0034] In a particular implementation, the method may
be used for the rapid-prototyping of powder injection
molding parts, for example to obtain a part for tests. This
may allow the final part to be manufactured within a
timeline in the order of days rather than months, allowing
for quicker manufacture of parts available for testing. For
example, shrinkage and deformations of the part until the
end of the sintering process can be observed and mea-
sured, and a new green body with different dimensions

can be produced by machining if the desired final dimen-
sions are not obtained. Iterations in the green body de-
sign can thus be done by machining rather than by mold
modifications, which in a particular implementation sig-
nificantly reduces the development time and develop-
ment cost for the part. Once the final design has been
confirmed, a mold can be ordered for mass production.
[0035] In the following description, different assem-
blies 20, 120, 220, 320 adapted for the manufacturing
of a part will be described.
[0036] Referring to Fig. 1, an assembly 20 includes a
greenbody30havingasubstantially prismatic shape (i.e.
block shape). The assembly 20 further includes two
retaining fixtures 40, in the form of clamps, holding the
green body 30 in place for machining operation(s). Each
of the retaining fixtures 40 includes a fixture member 42
and a screw 44 adapted to engage a workbench (not
shown) or other suitable support structure. In this case,
screwing down the screws 44 cause the fixture members
42 to apply a downward load on the green body 30. Each
of the fixture members 42 has an engagement surface
42a for engaging indirectly the green body 30. The en-
gagement surface 42a has a surface hardness greater
than the surface hardness of the green body 30.
[0037] Aftermolding, thegreenbody30hasa relatively
low surface hardness provided by the powder material
mixed with the solidified binder. In addition, the green
body 30 is relatively fragile and brittle, but is rigid enough
to be able to maintain its shape and handle some manip-
ulation. In order to facilitate the machining thereof and in
order to prevent damaging the green body 30 during the
machining, the assembly 20 further includes a clamp pad
50 engaged to each of the retaining fixtures 40 and to the
green body 30. According to some embodiments, each
clamp pad 50 may have a fixture-engaging surface 52
engaged to the engagement surface 42a of the fixture
member 42, and a green-body-engaging surface 54 en-
gaged to the green body 30. The clamp pad 50 may be
connected to the fixture member 42 via a fastener 56. In
the present implementation, the fastener 56 is an adhe-
sive provided on the fixture-engaging surface 52 of the
clamp pad 50. Other fasteners 56, such as screws,
collars or braces are contemplated to be used in other
implementations for connecting the clamp pad 50 to the
corresponding fixture member 42. According to some
embodiments, no fastener may be used. In such cases,
the clamp pad can be simply placed between the green
part and the fixture and held in place by the clamping load
of the fixture.
[0038] In the illustrated implementation, the green
body 30 has a top surface 30a, and is held in place by
the engagement of the top surface 30a with the green-
body-engaging surface 54 of each clamp pad 50. The
green-body-engaging surface54hasasurfacehardness
that is smaller than the surface hardness of the engage-
ment surface 42a of the fixture member 42, and smaller
than the surface hardness of the top surface 30a of the
green body 30. The clamp pads 50 are made of a rela-
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tively soft and compliant material, such as a rubber-
based or a silicon-based material. The clamp pads 50
have a thickness ranging between 30 thousandth of an
inch (about 0.76 mm) and 3/8 inch (about 9.53mm). The
thickness of the clamp pad 50 depends, among other
factors, on the material forming the clamp pad 50 and on
the load needed to be applied by the retaining fixture 40
for holding the green body 30 in place during machining
operations.
[0039] Still referring toFig. 1, eachof theclamppads50
also has a prismatic shape. More particularly, the fixture-
engaging surface 52 and the green-body-engaging sur-
face 54 extend parallel to one another. Each of the clamp
pads 50 may assist in spreading the load applied by the
corresponding retaining fixture 40 over the top surface
30a of the green body 30. The material of the clamp pads
50 is also nonmarring and thus limits damages/prints
over the top surface 30a of the green body 30 when
the retaining fixtures 40 hold the green body 30 in place.
In some implementations, the surfaces 52, 54 of the
clamp pads 50 further have a coefficient of friction that
is greater than a coefficient of friction of the engagement
surface 42a of each of the fixture members 42 and/or of
the surface of the green body 30 engaged by the clamp
pad50. This causes the clamppad50 to grip on thegreen
body 30 and the corresponding fixture member 42, and
maintains the green body 30 in a fixed position during
machining operations without requiring to apply a clamp-
ing load with the retaining fixtures 40 that could damage
and/or form prints on the green body 30. Put differently,
the clamp pads 50 assist in limiting slipping movements
of the green body 30 relative to the retaining fixtures 40
during machining operations while protecting the surface
of the green body 30.
[0040] Referring now to Figs. 2 to 4, the assembly 120
will be described. The assembly 120 includes features
that are the same as or similar to those of the assembly
20. Therefore, for simplicity, featuresof the assembly 120
that are thesameasor similar to thoseof theassembly20
havebeen labeledwith thesame referencenumerals, but
in the 100 series (for example, green body 30 corre-
sponds to green body 130), and will not be described
again in detail.
[0041] The green body 130 has a top surface 130a that
is curved. The green body 130 has a wedge shape best
seen in Fig. 3. In order to support the green body 130 for
machiningoperations, awedge-shapedclamppad150 is
engaged between the top surface 130aof the green body
130 and the engagement surface 142a of the fixture
member 142, being part of the retaining fixture 140 which
is a clamp. Put differently, the clamp pad 150 has the
fixture-engaging surface 152 skewed relative to the
green-body-engaging surface 154, as best seen in Fig.
3. Hence, upon screwing down the screw 144, the retain-
ing fixture 140 applies a downward load on the clamp pad
150, and the clamp pad 150 transmits the downward load
to the green body 130. When the retaining fixture 140
applies the load and as best seen from double arrow 158

in Fig. 4, the clamp pad 150 conforms to the curved
surface profile of the top surface 130a of the green body
130 engaging the green-body-engaging surface 154. In
addition, the clamp pad 150 spreads the load applied by
the retaining fixture 140 over the green-body-engaging
surface154.This causes the clamppad150 togrip on the
green body 130, and maintains the green body 130 in a
fixed position during machining operations without re-
quiring to apply a clamping load with the retaining fixture
140 that could damage and/or form prints on the green
body 130. Put differently, the clamp pad 150 assists in
limiting slipping movements of the green body 130 re-
lative to the fixture member 142 during machining opera-
tions while protecting the surface of the green body 130.
[0042] Turning now to Fig. 5, the assembly 220 will be
described. The assembly 220 includes features that are
the same as or similar to those of the assembly 20.
Therefore, for simplicity, features of the assembly 220
that are thesameasor similar to thoseof theassembly20
havebeen labeledwith thesame referencenumerals, but
in the 200 series (for example, green body 30 corre-
sponds to green body 230), and will not be described
again in detail.
[0043] The green body 230 is cylindrically shaped, and
has a surface 230a that is cylindrical. In order to support
the green body 230 for machining operations, the retain-
ing fixture 240 is a chuck jaw having three fixture mem-
bers 242. The retaining fixture 240 is adapted to hold the
green body 230 while rotating, for example, on a lathe
during turning operations. The retaining fixture 240 is
also configured for having a longitudinal axis 230b of
the green body 230 coaxial with a central axis 240a of the
retaining fixture240.Oneachof thefixturemembers242,
a clamp pad 250 is engaged between the surface 230a of
the green body 230 and the engagement surface 242a of
the fixture member 242. A groove 246 is defined in the
engagement surface 242a of each fixture member 242.
The groove 246 extends parallel to the axes 230b, 240a.
A ridge 248 projects from the fixture-engaging surface
252 of each clamp pad 250. The groove 246 and ridge
248 define locating features complementarily shaped for
locatingoneanother uponengagement tooneanother. In
the implementation shown, the ridge 248 is a male locat-
ing featureprojectingaway from theclamppad250,and it
is snuggly engaged (e.g., by an interference fit) within a
corresponding female feature, e.g. the groove 246, de-
fined in the fixture member 242. More than one pair of
locating features may be used and/or the configurations
of the locating features may vary, but are configured to
allow for the clamp pad 250 to be engaged to the corre-
sponding fixture member 242 with a known location.
Other locating features, such as a pin and a complemen-
tarily shaped hole, are contemplated in other implemen-
tations. It is contemplated that in implementations having
locating features on the clamp pad 250 and the fixture
member 242, there is not necessarily a need for con-
necting the clamp pad 250 to the fixture member 242
using a fastener such as an adhesive.
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[0044] Still referring to Fig. 5, the clamp pads 250
conform to the surface 230a of the green body 230,
and spread the radially-applied load of the retaining
fixture 240 over their respective green-body-engaging
surface254.This causes the clamppad250 togrip on the
green body 230, and maintains the green body 230 in a
fixed position relative to the retaining fixture 240 during
machining operations without requiring to apply a clamp-
ing load with the fixture members 242 that could damage
and/or form prints on the green body 230. Put differently,
the clamp pads 250 assist in limiting slipping movements
of the green body 230 relative to the retaining fixture 240
during machining operations.
[0045] Referring now to Figs. 6 and 7, the assembly
320 will be described. The assembly 320 includes fea-
tures that are the same as or similar to those of the
assembly 20. Therefore, for simplicity, features of the
assembly 320 that are the same as or similar to those of
the assembly 20 have been labeled with the same re-
ference numerals, but in the 300 series (for example,
green body 30 corresponds to green body 330), and will
not be described again in detail.
[0046] The green body 330 has curved top surfaces
330a. In order to support the green body 330 for machin-
ing operations, arc-shaped clamp pads 350 are engaged
to the top surfaces 330a of the green body 330 and to the
engagement surface 342a of two arc-shaped fixture
members 342 of the retaining fixture 340, which is a
clamp. Each of the fixture members 342 has the engage-
ment surface 342a embracing a surface profile of a
corresponding one of the top surfaces 330a of the green
body 330.Hence, the fixture members 342 apply a down-
ward load on the clamp pads 350, and the clamp pads
350 transmit the downward load to the green body 330.
Having the fixture members 342 and the clamp pads 350
embracing the surface profile of the green body 330 on
the portion thereof that is engaged by the green-body-
engaging surface 354 of each clamp pad 350 may limit
stress concentration and assist in spreading the load
applied by the retaining fixture 340.
[0047] As is apparent from the description of the as-
semblies 20, 120, 220, 320, the clamp pad may take
different shapesandsizes. For example, the clamppad is
therefore selectable among a set of clamp pads having,
for example, different configurations of green-body-en-
gaging surface. The clamp pads of the set may also have
different configurations for usewith different fixturemem-
bers, retaining fixtures and/or different machine tools.
The selection of the clamp pad(s) can also be made
based on a surface profile of the green body that is to
be engaged by the clamp pad(s).
[0048] With reference to Figs. 1 and 8, an illustrative
scenario of a method 400 of manufacturing a part using
the assembly 20 will be described. At step 402, the green
body 30 made of powder injection molding material is
received. The greenbody 30 thus includes a binder and a
metallic powder material mixed with the binder. The
green body 30 has the top surface 30a having a relatively

low surface hardness. At step 404, the clamp pads50 are
selected from a set of clamp pads including, and not
limited to, clamppads50, 150,250, 350describedabove.
The clamp pads 50 are selected based on their substan-
tially flat green-body-engaging surface 54 in view of the
prismatic shape of the green body 30 and the substan-
tially flat surfaceprofile of the top surface30aof the green
body. The clamp pads 50 are also selected based on the
configuration of the fixture members 42 and the machine
tool that will be used for machining the green body 30. At
step 406, each of the clamp pads 50 is connected to the
engagement surface 42a of the corresponding fixture
member 42 using the adhesive 56. At step 408, the green
body30 isengaged to theclamppads50.Thegreenbody
30 is engaged to the clamp pads 50 upon screwing down
the screws 44, thus applying a clamping load on the
green body 30 that is spread over the green-body-enga-
ging surface 54 of the clamp pads 50. At step 410, while
supporting the green body 30 through the engagement of
the clamp pads 50, the green body 30 is machined using
the machine tool to obtain a machined green part. Put
differently, machining operations are performed until the
desired shape defining the machined green part is ob-
tained. Different machining operations, such as drilling,
boring, reaming, and milling are contemplated to be
performed while the green body 30 is supported through
the engagement of the clamp pads 50. In a particular
implementation, the machining step 410 includes per-
forming a firstmachining operation, then disengaging the
machinedgreenbody from the retaining fixture 40and re-
engaging the machined green body in a different relative
position and/or orientation before performing another
machining operation using the same or a different tool,
and/or using the same or a different retaining fixture. At
step 412, the screws 44 are unscrewed and the clamp
pads50aredisengaged from themachinedgreenpart.At
step 414, the machined green part undergoes debinding
and sintering operations. The debinding operation re-
moves most or all of the binder. The machined green
part can be debound using various debinding solutions
and/or heat treatments known in theart, to obtain abrown
part. After the debinding operations, the brown part is
sintered. The sintering operation can be done in an inert
gas environment, a reducing atmosphere (H2 for exam-
ple), or a vacuum environment depending on the com-
position of material to be obtained. In a particular imple-
mentation, sintering is followed by a heat treatment also
definedby the requirements of thematerial of the finished
part. In some cases, it may be followed with hot isostatic
pressing (HIP). Coining may also be performed to further
refine the profile of the part. It is understood that the
parametersof thesinteringoperationcanvarydepending
on the composition of the feedstock, on the method of
debinding and on the configuration of the part.
[0049] Although in the implementations shown the
molded green body 30 is depicted as a block shape,
i.e. having none of the features of the desired final shape
for the part which are thus all obtained by machining, it is
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understood that in other implementations the green body
may be molded having some of the features of the
desired final shape such that only part of the green body
is machined, or with an intermediate shape between the
block shape and the desired final shape, for example a
rough shape approximating and larger than the desired
final shape. Themethod400mayalsobeused toperform
secondary machining operations on molded parts in the
green state, including the removal of gates created by the
molding process, testing new/modified features on al-
ready molded parts (as opposed to directly molding the
modifiedpart usinganew/modifiedmold), andmachining
difficult to mold features with easier to mold features
being directly obtained in the molding step.
[0050] Themethod400maybeused to shapeany type
of part that may be obtained by a metallic powder injec-
tion molding process, including, but not limited to, gas
turbine engine elements such as pieces of fuel nozzles,
combustor panels, brackets, vanes, vane segments,
vane rings, heat shields, combustion air swirlers, shroud
segments, bosses, flanges, tube fittings, adaptors, air-
foils, blades, levers, etc.
[0051] It is understood that the machined green part
may be assembled to one or more other green part(s)
(whether machined or directly molded to shape) prior to
debinding, and these parts may be assembled in their
green state, connected using any type of suitable non-
detachable connections or detachable connections, and
debound and sintered to fuse them together to form the
final element. In a particular implementation, the parts
are fusedduring the debinding step. Alternately, the parts
are joined after the debinding step and prior to the sinter-
ing step.
[0052] The implementations described in this docu-
ment provide non-limiting examples of possible imple-
mentations of the present invention. Upon review of the
present disclosure, a person of ordinary skill in the art will
recognize that changes may be made to the implementa-
tions described herein without departing from the scope
of the present technology. Yet further modifications could
be implemented by a person of ordinary skill in the art in
viewof thepresent disclosure,whichmodificationswould
be within the scope of the claims.

Claims

1. A method of manufacturing a part, comprising:

receivingagreenbody (30; 130; 230; 330)made
ofpowder injectionmoldingmaterial, thepowder
injectionmoldingmaterial including abinder and
ametallic powdermaterialmixedwith thebinder,
the green body (30; 130; 230; 330) having a first
surface hardness;
engaging thegreenbody (30; 130; 230; 330) to a
clamp pad (50; 150; 250; 350) engaged to a
fixture member (42; 142; 242; 342) of a retaining

fixture (40; 140; 240; 340) of a machine tool, the
clamp pad (50; 150; 250; 350) having a second
surface hardness smaller than the first surface
hardness;
while supporting the green body (30; 130; 230;
330) through the engagement of the clamp pad
(50; 150; 250; 350), machining the green body
(30; 130; 230; 330) using the machine tool to
obtain a machined green part; and
debinding and sintering the machined green
part.

2. The method of claim 1, further comprising, prior to
debinding and sintering, disengaging the clamp pad
(50; 150; 250; 350) from the machined green part.

3. The method of any preceding claim, wherein enga-
ging the green body (30; 130; 230; 330) to the clamp
pad (50; 150; 250; 350) maintains the green body
(30; 130; 230; 330) in a fixed position during the
machining.

4. The method of any preceding claim, wherein ma-
chining the green body (30; 130; 230; 330) includes
rotating the green body (30; 130; 230; 330) with the
clamp pad (50; 150; 250; 350) and the fixture mem-
ber (42; 142; 242; 342).

5. The method of any preceding claim, further compris-
ing connecting the clamp pad (50; 150; 250; 350) to
the fixture member (42; 142; 242; 342) by:

engagingfirst andsecondcomplementary locat-
ing features with one another, the first locating
feature being provided on the clamp pad (50;
150; 250; 350) and the second locating feature
being provided on the fixture member (42; 142;
242; 342); and/or
usinga fastener (56) to fasten theclamppad (50;
150; 250; 350) to the fixture member (42; 142;
242).

6. The method of any of the preceding claims, further
comprising selecting the clamp pad (50; 150; 250;
350) from a set of clamp pads (50; 150; 250; 350)
having different configurations of a green-body-en-
gaging surface (54; 154; 254; 354), the clamp pad
(50; 150; 250; 350) being selected based on the
green-body-engaging surface (54; 154; 254; 354)
thereof and on a surface profile of the green body
(30; 130; 230; 330), optionally wherein:
selecting the clamp pad (50; 150; 250; 350) is based
on a configuration of at least one of the fixture mem-
ber (42; 142; 242; 342) and the machine tool.

7. The method of any of the preceding claims, wherein,
during the supporting of the green body (30; 130;
230; 330) through the engagement of the clamp pad
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(50; 150; 250; 350), the clamp pad (50; 150; 250;
350) has a or the green-body-engaging surface (54;
154; 254; 354) engaging a surface (30a; 130a; 230a;
330a) of thegreenbody (30; 130; 230; 330), a fixture-
engaging surface (52; 152; 252) engaging the fixture
member (42; 142; 242; 342), and the green-body-
engaging surface (54; 154; 254; 354) has a first
coefficient of friction greater than a second coeffi-
cient of frictionof thesurface (30a; 130a;230a;330a)
of the green body (30; 130; 230; 330) engaging the
green-body-engaging surface (54; 154; 254; 354) of
the clamp pad (50; 150; 250; 350).

8. The method of claim 7, wherein, during the support-
ing of the green body (30; 130; 230; 330) through the
engagement of the clamp pad (50; 150; 250; 350):

theclamppad (50;150; 250;350) spreadsa load
applied by the fixture member (42; 142; 242;
342) over the green-body-engaging surface
(54; 154; 254; 354) of the clamp pad (50; 150;
250; 350); and/or
the clamp pad (50; 150; 250; 350) conforms to
the surface (30a; 130a; 230a; 330a) of the green
body (30; 130; 230; 330) engaging the green-
body-engaging surface (54; 154; 254; 354).

9. An assembly (20; 120; 220; 320) comprising:

a green body (30; 130; 230; 330) made of pow-
der injection molding material, wherein the pow-
der injection molding material includes a binder
and a metallic powder material mixed with the
binder, and the green body (30; 130; 230; 330)
has a first surface hardness;
a retaining fixture (40; 140; 240; 340) of a ma-
chine tool, wherein the retaining fixture (40; 140;
240; 340) includes a fixture member (42; 142;
242; 342) having a second surface hardness
greater than the first surface hardness; and
a clamp pad (50; 150; 250; 350) having a fixture-
engaging surface (52; 152; 252) engaged to the
fixture member (42; 142; 242; 342) and a green-
body-engaging surface (54; 154; 254; 354) en-
gaged to the green body (30; 130; 230; 330),
wherein the fixture-engaging surface (52; 152;
252) has a third surface hardness smaller than
the second surface hardness, and the green-
body-engaging surface (54; 154; 254; 354) has
a fourth surface hardness smaller than the first
surface hardness and the second surface hard-
ness.

10. Theassembly (20; 120; 220; 320) of claim9,wherein
the retaining fixture (40; 140; 240; 340) is a clamp,
and the fixture-engaging surface (52; 152; 252) is:

parallel to the green-body-engaging surface

(54; 154; 254; 354); or
skewed relative to the green-body-engaging
surface (54; 154; 254; 354).

11. The assembly (220) of claim 9 or 10, wherein the
retaining fixture (240) is a chuck jaw including a
plurality of fixture members (242), and each fixture
member (242) of the plurality of fixture members
(242) has a corresponding clamp pad (250) con-
nected thereto and engaging the green body (230).

12. The assembly (20; 120; 220; 320) of any of claims 9
to 11, wherein the fixture member (42; 142; 242)
defines an engagement surface (42a; 142a; 242a;
342a) embracing a surface profile of the green body
(30; 130; 230; 330) on a portion thereof engaged by
the green-body-engaging surface (54; 154; 254;
354) of the clamp pad (50; 150; 250; 350).

13. The assembly (20; 120; 220; 320) of any of claims 9
to 12, wherein the clamp pad (50; 150; 250; 350)
conforms to a surface profile of the green body (30;
130; 230; 330).

14. The assembly (220) of any of claims 9 to 13, wherein
theclamppad (250) comprisesafirst locating feature
(248) and the fixture member (242) comprises a
second, complementary shaped, locating feature
(246) for locating the first locating feature (248) upon
engaging the first and second complementary locat-
ing features (246; 248) with one another, and option-
ally wherein:
a fastener connects the clamppad (250) to the fixture
member (242).

15. The assembly (20; 120; 220; 320) of any of claims 9
to14,wherein thegreen-body-engagingsurface (54;
154; 254; 354) of the clamp pad (50; 150; 250; 350)
has a first coefficient of friction greater than a second
coefficient of friction of a surface (30a; 130a; 230a;
330a) of the greenbody (30; 130; 230; 330) engaged
to the green-body-engaging surface (54; 154; 254;
354) of the clamp pad (50; 150; 250; 350).
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