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vide movement between the injection port of the injection device and the in-
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injection port and the inlet without using an intermediate conduit and thereby
preventing any feedstock from setting or dissociating between the injection
port and the inlet.
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A LOW-PRESSURE POWDER INJECTION MOLDING MACHINE, KIT AND

METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims benefit from the US provisional patent

application serial number 62/329,419 filed on April, 29, 2016, entire contents of

which are incorporated herein by reference.

TECHNICAL FIELD
[0002] The present invention relates to the field of low-pressure powder injection

molding, and more specifically to low-pressure powder injection molding machines,

kits and methods.

BACKGROUND
[0003] High-pressure powder injection molding (HPIM) is a manufacturing process

consisting in mixing metallic or ceramic powder with a molten polymeric binder to
obtain a feedstock which is injected at high pressure into a mold cavity to generate
a complex shape. Reciprocating screw molding machine is generally used to reach
the high pressure required in conventional power injection molding (PIM). During
debinding and sintering treatments, the binder is completely removed to obtain a
near-net shape dense metallic component. Key features of HPIM process are low
production costs, shape complexity, tight tolerances, applicability to several

materials, and high final properties.

[0004] Low-pressure powder injection molding (LPIM) is a variant of the
conventional HPIM process in which recent progress in feedstock formulations has
generated new opportunities for producing shapes of higher complexity that is yet
cost-effective, either in high or in low production volumes. A pneumatic molding
machine is generally used to fill a mold cavity with a powder-binder mixture. Initially
used in ceramics forming, the LPIM technology has quickly become attractive for

the development of high value-added metallic parts. A key to the successful
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injection of feedstock at low-pressure lies in the low-viscosity properties of the wax-
based binder. However, the relatively low feedstock viscosity may promote
segregation of powder-binder mixture. Segregation refers to the inhomogeneous
distribution of powder particles in feedstocks. Such segregation is mainly
generated by gravity, an improper mixing method, or a high-pressure gradient,
before or during the molding process. The latter must be minimized in order to
prevent distortions, cracks, voids, warping and heterogeneous shrinkage of the

sintered parts.

[0005] As presented in prior art Figure 1A, molding machines 10 for LPIM generally
have a mold 12, a feedstock tank 14 or container and an interconnecting injection
pipe 16 or injection channel. As feedstock or feedstock ingredients are introduced
in the tank 14, a mixer 18 of the tank constantly mixes the molten feedstock 20 in
order to prevent segregation in the feedstock. Moreover, heat is applied to the tank
14 as well as to the injection pipe 16 in order to maintain a desired feedstock
viscosity. When air pressure is introduced into the tank, the molten feedstock is
forced out of the tank through the interconnecting injection pipe 16 and into a cavity
22 of the mold 12.

[0006] For instance, US Patent No. 4,416,603 to Peltsman et al. shows such a
conventional low-pressure injection molding machine for metallic or ceramic
powder. However, with the conventional low-pressure injection molding machine,
trapped feedstock in the injection pipe 16 remains idle, between injections, since
mixing of the feedstock in the injection pipe 16 is not possible, as presented in the
prior art Figure 1. The idle feedstock within the injection pipe can deteriorate, for
instance, segregation of the feedstock in the injection pipe 16 can occur particularly
with feedstock having low viscosity and produce a feedstock that is inappropriate

for injecting into the mold.

[0007]1US Patent No. 5,795,601 to Yamada et al. describes a LPIM machine
having a system to prevent air from being entrapped in the feedstock during

injection. A proportional pump is connected to a discharge port of a feedstock tank

.
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for supplying the feedstock at a constant rate to a mold via a feeder pipe and a
cylinder. The cylinder opens into the mold and is connected to the proportional
pump through the feeder pipe for being supplied with the feedstock. Injection in the
mold cavity is performed by a plunger of the cylinder. However cleaning of this
system can be problematic, considering that powder can be trapped in joints and
contaminate following feedstocks. Also, problems can occur when used with low
viscosity feedstock, because dead time between each injection can cause

segregation of the feedstock in the interconnecting feeder pipe.

[0008] Therefore, there is a need for a LPIM that avoids contamination and
segregation of feedstocks between injections while still preventing air from being

entrapped in the feedstock during the mixing and the injection.

SUMMARY

[0009] According to one aspect there is a low-pressure powder injection molding
machine having a feedstock container adapted to contain mixed feedstock, a mold
and an injection device. The mold has an inlet and a cavity in which the feedstock
material can set. The injection device has an injection port for supplying the mixed
feedstock from the container to the mold by using pressure. The machine also has
a moveable platform adapted to provide movement between the injection port of
the injection device and the inlet of the mold in order to directly communicate the
feedstock between the injection port and the inlet without using an intermediate
conduit and thereby preventing any feedstock from setting or dissociating between

the injection port and the inlet.

[0010] According to one aspect there is a low-pressure powder injection molding
machine having a base structure, an injection device, a mold, a container and a
mixer. The base structure has a moveable platform that is displaceable along a
platform displacement path. The injection device is mounted on the moveable
platform and has an injection cylinder that is adapted to fill up, at least in part, with

a feedstock when in a container alignment position and that is adapted to inject the

-3-
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feedstock when in a mold alignment position according to a piston movement
within the injection cylinder. The mold is placeable on the moveable platform and
immobilized with respect to the base structure along the platform displacement
path when the injection device is in a mold alignment position, the mold has an
inlet and a cavity, the inlet is in communication with the cavity for transmitting the
feedstock from the injection cylinder to the cavity, the inlet being positioned to align
with the injection cylinder when in the mold alignment position. The container is
placeable on the moveable platform and immobilized with respect to the base
structure along the platform displacement path. The container defines a chamber
and an outlet that is in communication with the chamber. The outlet is positioned to
align with the injection cylinder when in the container alignment position. The
chamber is adapted to receive and contain at least one material to produce the
feedstock and is further adapted to receive a mixing tool of a mixer for mixing the
feedstock. The mixer is displaceably mounted on the base structure so as to
engage the container with the mixing tool. According to another aspect, there is a
low-pressure powder injection molding machine kit having a base structure, a
moveable platform and an injection device. The moveable platform is mountable on
the base. The platform defines a first side and an opposite second side and further
defines a cylinder passage from the first side to the second side. The platform is
moveable from a container alignment position to a mold alignment position in order
to align the cylinder passage with an outlet of a container when the container is
placed on the second side and with an inlet of a mold when the mold is placed on
the second side, respectively. The injection device is mountable on the moveable
platform at the first side. The injection device has a cylinder adapted to engage the
cylinder passage and adapted to hold feedstock therein. The cylinder has a piston
therein that is displaceable away from the moveable platform for admitting at least
part of the feedstock from the container into the cylinder when the cylinder is in the
container alignment position and displaceable toward the moveable platform for
ejecting at least part of the feedstock from the cylinder when the cylinder is in the

mold alignment position.
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[0011] According to yet another aspect, there is a method of producing a molded
part, the method consists of mixing a feedstock within a container, aligning an
injection cylinder with an outlet of the container, filing the injection cylinder with the
feedstock by displacing a piston of the cylinder away from the outlet, aligning the
injection cylinder with an inlet of a mold and injecting the feedstock into the inlet by
displacing the piston towards the inlet for transferring the feedstock within a mold
cavity. Following a hardening of the feedstock in the mold, the molded part is

retrieved for the mold.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Further features and advantages of the present invention will become

apparent from the following detailed description, taken in combination with the

appended drawings, in which:

[0013] Figure 1A, schematically illustrates a low-pressure powder injection molding

machine as found in the prior art;

[0014] Figure 1B, schematically illustrates a low-pressure powder injection molding
machine having an injection device in a feedstock container alignment position,

according to one embodiment;

[0015] Figure 1C, schematically illustrates the low-pressure powder injection
molding machine of Figure 1B having the injection device in a mold alignment

position, according to one embodiment;

[0016] Figure 2, illustrates an assembly of the low-pressure powder injection

molding machine of Figure 1B, according to one embodiment;

[0017] Figures 3a, illustrates an injection system of the molding machine of Figure

2, according to one embodiment;
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[0018] Figure 3b, illustrates a vacuum system and a vacuum controller connectable
to a feedstock container of the injection device of Figure 3a, according to one

embodiment;

[0019] Figure 4a, illustrates a partial section view of an injection cylinder of the

injection device of Figure 3a, according to one embodiment;

[0020] Figure 4b, illustrates a partial section view of the injection device of Figure
3a, with a removable injection cylinder, the injection device being configurable
according to a length of the removable injection cylinder, according to one

embodiment.

[0021] Figure 5, illustrates a front sectional view of a table of the injection device of

Figure 3a, according to one embodiment;

[0022] Figure 6, illustrates a top view of the table of Figure 5 where a sliding

platform is represented by a center line for clarity, according to one embodiment;

[0023] Figure 7, illustrates a base structure of the injection device of Figure 3a,

according to one embodiment;

[0024] Figure 8, illustrates a section view of a feedstock container of the injection

device of Figure 3a, according to one embodiment;

[0025] Figure 9a, illustrates a front sectional view of a mixer of the injection device

of Figure 3a, according to one embodiment;

[0026] Figure 9b, illustrates a side sectional view of a mixer of the injection device

of Figure 3a, according to one embodiment;

[0027] Figure 10, illustrates a controller for controlling a motor of the mixer of

Figures 9a and 9b, according to one embodiment;

[0028] Figure 11, illustrates an exploded view of a mold of the injection device of

Figure 3a, according to one embodiment;

-6 -
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[0029] Figure 12, illustrates a pneumatic system for feeding pneumatic cylinders of

the table of Figure 5 according to one embodiment;

[0030] Figure 13, illustrates a support table adapted to operatively support the

injection device of Figure 3a, according to one embodiment;

[0031] Figure 14, illustrates a snapshot of a user interface displayed by a monitor
of the low-pressure molding machine of Figure 2, the user interface being adapted
to allow an operator to monitor and input control commands for controlling the

injection device of Figure 3a, according to one embodiment;

[0032] Figure 15a to Figure 15h, illustrates a partial section view of the injection
device of Figure 3a, with the mixer of Figures 9a and 9b, a piston of the injection

cylinder of Figure 4a and the mold of Figure 11 in various operative positions;

[0033] Figure 16, illustrates a block diagram describing a method for producing a

molded piece, according to one embodiment;

[0034] Figure 17, illustrates a block diagram describing a method of mixing a

feedstock for producing a molded piece, according to one embodiment;

[0035] Figure 18, illustrates a block diagram describing a method of filing an

injection cylinder for producing a molded piece, according to one embodiment;

[0036] Figure 19, illustrates a block diagram describing a method of injecting a
feedstock into a mold for producing a molded piece, according to one embodiment;

and

[0037] Figure 20, illustrates a block diagram describing a method of emptying an

injection cylinder, according to one embodiment.

[0038] It will be noted that throughout the appended drawings, like features are

identified by like reference numerals.
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DETAILED DESCRIPTION
[0039] Figure 2 presents an assembly of a low-pressure powder injection molding

machine 100, according to one embodiment. The molding machine 100 is adapted
to produce parts by injecting into an adapted mold a molten viscous mixture of a
suitable powder and a suitable binder. Depending on the area of application and
the requirements for the part, the powder is a ceramic powder or metallic powder
and the binder is a polymeric binder such as a wax, a thermoplastic or a
thermosetting resin with other additives such as surfactants, thickening agents,

etc..

[0040] As further presented in Figure 2 according to one embodiment, the molding
machine 100 has a support table 106 adapted to support an injection system 102,
various electronic components 104 and a monitor/input interface 108 (hereinafter:
monitor 108) associated to a computer in order to allow a user to monitor and input

control commands for controlling the injection system 102.

[0041] A skilled reader would understand that the injection system 102, the
electronic components 104 and the monitor 108 could very well be positioned
differently on the support table 106 or by a plurality of dedicated support tables 106
depending on the available space and preferences of the user. Moreover, the
skilled reader will also understand that the electronic components 104 and the
monitor 108 could further be remotely located and that the support table 106 could

only be adapted to support the injection system 102.

[0042] It shall further be recognized that the injection system 102 can be supported
by any other suitable type of support such as a support attached to a ceiling
structure for suspending the injection system 102 or a rail structure providing

mobility to the injection system 102.

[0043] Presented in Figure 3a is a detailed view of the injection system 102.
According to one embodiment, the injection system 102 has a base structure 208

adapted to operatively support a table 206, a mixer 212 and a mold holder 215.

-8-
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The table 206 is fixedly mounted on the base structure 208 and has a fixed
platform 502 and an opposite sliding platform 504. In this embodiment the sliding
platform 504 is slidable from one position to another however other suitable
movements of the sliding platform 504 are possible, such as being rotatable about
a suitable axis from one position to another, without departing from the scope of

the present injection system 102.

[0044] Further presented in Figure 3a, the mixer 212 is slidably mounted on the
base structure 208 in order to engage the feedstock container 210 and also to
withdraw from the feedstock container 210. In Figure 3a, the mixer 212 is mounted
on the base structure 208 and is vertically displaceable from an engaged position
to a retracted position with respect to the feedstock container 210. A skilled person
will understand that any other suitable mechanism or structure for displacing the
mixer 212 from the engaged position to the retracted position with respect to the
feedstock container 210 is possible without departing from the spirit of the present

injection system 102

[0045] Further presented in Figure 3a, the mold holder 215 is an arm that is
slidably mounted on the base structure 208 and is vertically movable from a
holding position to a releasing position. When the arm 215 is in the holding
position, in cooperation with the sliding platform 504 of the table 206, pressure of
the arm 215 is exerted on the mold in order to hold it in place for injecting the
feedstock therein. In this embodiment, the arm 215 in cooperation with the sliding
platform 504 holds the mold in place by applying pressure at one end portion of the
mold, it shall however be recognized that the arm 215 could apply pressure to any
suitable portion of the mold in order to adequately hold the mold in place. When the
arm 215 is in the releasing position, the mold can be removed and opened for
retrieving the formed part therefrom. Note that any other suitable way of removably
placing, mounting or holding the mold 214 in place for injecting the feedstock
therein is possible. In an alternate embodiment, the mold 214 is mounted on the

table 206 and is displaceable from a mold filling position to a part releasing

-9-
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position. In yet another embodiment, the mold 214 is mounted on the mold holder

215 and is displaceable from a mold filling position to a part releasing position.

[0046] Note that the feedstock container 210 shall be interpreted as being any type
of suitable receptacle such as a tank or a chamber system that is adapted in
material, shape and size to receive and mix therein any suitable feedstock for
producing a feedstock that is suitable for injecting into the mold 214. For certainty,
the container 210 is adapted to receive either a pre-mixed feedstock or feedstock

ingredients that when mixed and heated produce the desired feedstock.

[0047] Further presented in Figure 3a the injection device 204 is mounted on the
sliding platform 504 such as to allow the injection device 204 to be displaced from
the feedstock container 210 to the mold 214. The sliding platform 504 is slidably
displaceable for displacing the injection device 204 and also for covering an outlet
of the container 210 as the injection device 204 is being displaced from a container
210 alignment position to a mold 214 alignment position. The injection device 204
is displaced from the container 210 alignment position for filling the injection device
204 with feedstock to a mold alignment position for injecting the feedstock into the
mold 214 and vice versa. The sliding platform 504 is slidably displaced with
respect to the container that is maintained in position by the pressure exerted by
the mixer 212 towards the sliding platform 504. As the sliding platform 504 is
slidably displaced, the outlet of the container 210 is obstructed or covered by a

surface of the sliding platform 504.

[0048] The sliding platform 504 not only acts a means for displacing the injection
device but also acts as a container outlet cover when the injection device 204 is
moved from the feedstock container 210 to the mold 214 and also when the
injection device 204 is in a mold alignment position. The sliding platform 504 is
adapted to prevent any feedstock to flow out of the container 210, without
necessitating a valve. Advantageously, since the container can be closed off or
capped without necessitating a valve, maintenance of the closing mechanism is

limited, cleanliness is simplified, and contamination of the feedstock within the

-10 -
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container is minimized. In conventional machines where a valve is used for closing
a container, feedstock often manages to enter the valve mechanism and the valve
must frequently be cleaned to function properly. Also, as feedstock often manages
to enter the valve mechanism, the valve mechanism exposes the content of the
container to solidified feedstock, segregated feedstock, or feedstock made from
other ingredients thereby promoting contamination of the feedstock within the

container.

[0049] Moreover, since the sliding platform 504 allows the injection device 204 to
move from the feedstock container 210 to the mold 214 and vice versa, a pipe or
channel connecting the container to the mold is not required. Therefore, idle
feedstock between injections is limited and feedstock segregation is limited as well.
The only feedstock that remains idle is the feedstock located within the injection
device 204 when filled with a limited amount of feedstock, which is promptly
injected into the mold. After the mold injection, any remaining feedstock within the

injection device 204 is promptly returned into the container 210 for further mixing.

[0050] Figures 1B and 1C schematically illustrate the motion of the sliding platform
504. The sliding platform 504 provides lateral movement to the injection device 204
and allows the device 204 to align with an outlet of the feedstock container, as
presented in Figure 1B. When in the container alignment position, the device 204
can be charged with feedstock from the container 210. Once charged with
feedstock, the sliding platform 504 provides lateral movement to the injection
device 204 and allows the device 204 to align with an inlet of the mold, as
presented in Figure 1C. When in the mold alignment position, the device 204
discharges at least part of the feedstock into the mold. Remaining feedstock is
returned into the container by sliding the platform 504 in order to position the
injection device 204 into a container alignment position and discharges remaining

feedstock back into the container for further use.

[0051] As the sliding platform 504 moves the injection device 204 away from the

container alignment position, a contacting surface of the sliding platform prevents

-11 -
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feedstock to flow out from the container, since the contacting surface is adapted to
obstruct the outlet. This way, when the injection device 204 is in the mold
alignment position, the contacting surface plugs the outlet of the container, as
presented in Figure 1C. As the sliding platform moves the injection device 204
away from the mold alignment position, the contacting surface of the sliding
platform prevents feedstock from the mold that has been previously injected to flow
back out or prevents any dust or debris to enter the mold cavity. As presented in
Figure 1B, when the injection device 204 is in the container alignment position, the

contacting surface obstructs the inlet of the mold.

[0052] The sliding platform 504 has a dual purpose, it provides movement to the
injection device 204 and also provides a closing mechanism for the container outlet
as well as for the mold inlet. It shall however be recognized that the closing
mechanism function of the sliding platform 504 could be replaced or used in
combination with a valve located at the outlet of the container or with a valve

located at an inlet of the mold, without departing from the present system 102.

[0053] It shall further be recognized that the injection device 204 could be integral
with the container 210. In this case, the injection device 204 is part of the container
210 and the container 210 is mounted on the sliding platform in order to align with
the mold. The mold being placed on the sliding platform on an opposite side with
respect to the container. In one embodiment, the container is the injection cylinder
and has an integrated piston adapted to push feedstock out of the container via the
outlet when aligned with the inlet of the mold, in order to directly inject feedstock
into the mold. In an alternate embodiment, the container has an air intake to blow
air into the container and suitably push or propel the feedstock out of the container
via the outlet when in the mold alignment position. As the container or injection
device is moved away from the mold by the sliding platform, the opposite surface
of the sliding platform obstructs the inlet of the mold and prevents any injected
feedstock to flow out. In the container, any unused feedstock if remixed and the

outlet of the container is shaped to allow proper remixing of the feedstock. For
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instance, the container could have a tapered bottom portion defining the outlet in

order to facilitate the mixing of any remaining feedstock that is at the outlet.

[0054] It shall be recognized that in an alternate embodiment the injection device is
integral with the container and the mold is mounted on the sliding platform. The
container is placed on the sliding platform at an opposite side of the platform with
respect to the mold. The mold is moveable in order to align with the outlet of the

container and receive feedstock directly from the container.

[0055] Further presented in Figure 3a and concurrently presented in Figure 3b,
there is a vacuum system 202 connected to a control panel 218 via hose 300 and
to the feedstock container 210 via connectable hose 301, in order to remove air
from the feedstock container 210 during a mixing operation and reduce the amount
of air bubbles within the mixture. As presented in Figure 3b, the control panel has
two control valves 302 for controlling a vacuum pressure and a monometer 304 for

indicating the pressure within the vacuum system 202.

[0056] Moreover, in this embodiment, the valve 302 is user operated and a user
can directly control a vacuum pressure of the container 210, however it shall be
understood that the valve 302 can also be at least in part controlled by a computer

according to a user input or a predefined program.

[0057] It shall be understood that any other suitable means for controlling the
vacuum pressure other than with the control valves 302 is possible. For instance,

the vacuum pressure can be controlled electronically by a computer.

[0058] Moreover, a skilled person will understand that in some instances the
vacuum system 202 is not required when a certain amount of air bubbles within the
mixture is acceptable or when the mixing chamber 210 has an adapted shape that

suitably provides evacuation of surplus air with ease.

[0059] Presented in Figure 4a is a sectioned view of the injection device 204,

according to one embodiment. The injection device 204 has a cylinder 404 adapted

-13 -
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to receive a piston 402 for charging and discharging, as with a syringe, the
feedstock respectively from the feedstock container 210 to the mold 214. The
piston 402 is activated by the electrical cylinder 416 that is maintained in place by
rods 408, as concurrently presented in Figure 3a. A movement of the piston 402
within the cylinder 404 is monitored and controlled based on measurements

provided by a cable potentiometer 418 and a load cell 414.

[0060] A skilled person will recognize that other methods of monitoring and
controlling the movement of the piston 402 within the cylinder 404 are possible
such as using measurements provided by a Linear Variable Differential
Transformer (LVDT), a rotary or a linear encoder, etc., without departing from the

scope of the injection device 204.

[0061] Further presented in Figure 4a according to one embodiment, the injection
device 204 has a heating element 412 surrounding the cylinder 404 in order to
maintain an adequate temperature within the cylinder 404 and maintain adequate
rheological properties of the feedstock for preventing solidification of the feedstock
inside the cylinder 404. Moreover, in order to provide a better control of the
temperature within the cylinder 404, and also to maintain adequate rheological
properties of the feedstock, an insulator 410 can additionally be required. The
insulator 410 is adapted to surround the heating element 412 or the cylinder 404 in

order to prevent heat dissipation from the mixture.

[0062] In an alternate embodiment, when the feedstock has slow solidification rate
or when the mold injection process is sufficiently rapid, the cylinder 404 may not
require a heating element to maintain adequate rheological properties of the

feedstock and may only require the insulator 410, if necessary.

[0063] Presented in Figure 4b according to one embodiment, is the table 206 with
the injection device 204 attached thereto. The cylinder 404 of the injection device
204 is removeable. In one instance, the cylinder 404 is removeable to facilitate a

cleaning thereof. In another instance, the injection cylinder 404 is removeable and
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interchangeable for selecting the cylinder 404 having an adapted dimension
depending on a required amount of feedstock to be injected into the mold 214 or
according to a volume of the mold 214. In this embodiment, a support 422 of the
injection device 204 clips on notches 424 located on rod 408 for providing five

levels of cylinder length adjustments.

[0064] Figure 5 presents a detailed sectioned view of the table 206, according to
one embodiment. The table 206 has a fixed platform 502 and a sliding platform
504, as concurrently presented in Figure 4b. The sliding platform 504 is adapted to
displaceably support the injection device 204 from a feedstock loading position that
is aligned with the feedstock container 210 to a feedstock injection position that is
aligned with an inlet of the mold 214. The fixed platform 502 is adapted to support
a first pneumatic cylinder 506 that is for actuating the vertical displacement of the
mixer 212, as concurrently presented in Figure 3a. The fixed platform 502 is further
adapted to support a second pneumatic cylinder 508 that is for actuating the
vertical displacement of the mold holder 215, as concurrently presented in Figure
3a. Note that other means for actuating either one of the mixer 212 displacement
or the mold holder 215 displacement are possible, such as a manual displacement
or a displacement provided by an electric cylinder without departing from the

present injection system 102.

[0065] A skilled person will understand that the fixed platform 502 could be integral
or at least part of the base structure 208 without departing from the present

injection system 102.

[0066] From a top view of the table 206 as presented in Figure 6, the fixed platform
502 further has two latches 602 and 604 for positioning the sliding platform 504 -
herein represented by a center line - in either a feedstock container alignment
position via latch 602 or in a mold alignment position via latch 604. The fixed
platform 502 further has rails 606 that are adapted to guide the sliding platform 504

movement with respect to the fixed platform 502.

-15-



10

15

20

25

WO 2017/185189 PCT/CA2017/050526

[0067] Moreover, in case of feedstock residue leakage or buildup on the sliding
platform 504, additional heat can be required for maintaining an adequate
temperature at the sliding platform 504 to maintain the mixture residue in a molten
state. This way cleaning or wiping off the mixture residue from the sliding platform
504 can be accomplished with ease. According to one embodiment and as
presented in Figure 5, the sliding platform 504 has a heated band 514 and a
heated cable 510 for dissipating heat to the sliding platform 504 at a surface and
also at a junction of the cylinder 404 with the sliding platform 504, respectively. A
skilled person will recognize that any other means for heating the sliding platform
504 are possible without departing from the scope of the present table 206. It shall
further be recognized that such additional heating may not be required if the

ambient room conditions are suitable for maintaining a molten mixture.

[0068] According to one embodiment and as presented in Figures 2 and 7, the
base structure 208 is adapted for attaching the table 206 thereon. The table 206 is
positioned such as to allow the first pneumatic cylinder 506 to align with a mixer
displacement slider 702 and to allow the second pneumatic cylinder 508 to align
with a mold displacement slider 704 in order to activate the sliders (702 and 704).
Note, that some variations in the alignment of the displacement sliders (702 and
704) with the respective pneumatic cylinders (506 and 508) are possible depending
on the configuration of the base structure 208. Moreover in this embodiment, the
mixer displacement sliders 702 and 704 are double sliders that are adapted to slide
along two vertical members of the base structure 208. However, any other type of
suitable sliders (702 or 704) can be used with the base structure 208, without

departing from the present injection system 102.

[0069] According to one embodiment and as further presented in Figure 7, a mold
holder 215 is mounted on the displacement slider 704. In operation, when the
second pneumatic cylinder 508 activates the displacement slider 704, the mold
holder 215 is displaced accordingly, thereby providing enough space for placing

and removing the mold 214 from the sliding platform 504. According to one
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embodiment, a rod 708 is positioned on the base structure 208 in order to limit the
displacement movement of the slider 704 and prevent the mold holder 215 from

being displaced too far away from the table 206.

[0070]1t shall be understood that any other suitable means of removeably
immobilising or placing the mold 214 on the sliding platform 504 are possible

without departing from the scope of the present injection system 102.

[0071] The base structure 208 presented in Figure 7 is made from extruded
aluminum however the base 208 can be made from any other suitable material that
is strong enough to support the various components of the injection system 102
Moreover the base structure 208 can have any other suitable shape or
configuration that is adapted for operatively supporting with adequate stability, be it

in combination or individually, the various components of the injection system 102.

[0072] Presented in Figure 8 is a sectional view of the container 210, according to
one embodiment. As can be seen in Figure 3a, the container 210 is removeably
placed onto the sliding platform 504 of the table 206 and is immobilized by the
engaged mixer 212. The container 210 has a chamber 800 that defines an inlet
801 and an outlet 803. The inlet 801 is adapted for inserting the various powder
and binder elements required for creating a desired feedstock. Also the inlet 801 is
adapted for introducing a mixing tool of the mixer 212 into the chamber 800. The
outlet 803 is adapted for allowing passage of the feedstock from the container 210
to the cylinder 404 and vice versa. Moreover, the outlet 803 is also adapted for
allowing passage of the piston 402 up to an internal wall 812 of the chamber 800.
The container 210 also has joints (802 and 810) respectively positioned near the
inlet 801 and outlet 803 in order to prevent air infiltration into the chamber 800.
According to an alternate embodiment, the joints (802 and 810) prevent unwanted

feedstock leakage from the chamber 800.

[0073] For certainty, it shall be understood that the feedstock is produced from the

mixing of feedstock ingredients within the chamber 800 or with any other mixing
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system. Any reference to the term “feedstock” shall be interpreted as any mixture
of ingredients having the suitable properties for being injected into the mold and
form a desired part and shall also be interpreted as being ingredients that are yet
to be mixed or further mixed in order to produce a suitable mixture for injecting into

the mold.

[0074] Moreover, as further presented in Figure 8, the container 210 has heating
elements (804 and 808) strategically positioned to provide heat to the chamber 800
and also to the outlet 803. Heat provided to the chamber 800 and to the outlet 803
prevents the solidification of the feedstock within the chamber 800 and the outlet
803. A skilled person will understand that depending on the feedstock composition,
heating elements (804 or 808) may not be required if the setting time of the
feedstock is prolonged or if the injection system 102 is adapted to produce molded
parts rapidly enough and prevent the feedstock from solidifying within the chamber
800 or outlet 803.

[0075] Also according to one embodiment, the container 210 has an insulation
material 806 adapted to surround the chamber 800 for preventing heat dissipation

from the chamber and maintaining a suitable feedstock fluidity or viscosity.

[0076] In an alternate embodiment (not shown), the container 210 has an additional
insulation material adapted to surround the outlet 803 for preventing, at least in
part, heat dissipation from the outlet and maintaining a suitable feedstock fluidity or

viscosity.

[0077] A skilled person will recognize that the container 210 can have any suitable
dimension, shape or form and the location and number of heating elements such
as heating elements 804 and 808 can differs from one embodiment to another.
Moreover the skilled person will recognize that the location or number of any
suitable insulation materials or combination thereof for, at least in part, preventing
heat dissipation from the chamber 800 can differ from one embodiment to another.

It shall further be recognized that such additional heating or insulation may not be
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required if, for instance, the ambient conditions are suitable for maintaining the

feedstock in molten state.

[0078] Presented in Figure 9a is a front sectional view of the mixer 212 and
presented in Figure 9b is a side sectional view of the mixer 212, according to one
embodiment. The mixer 212 is a planetary mixer, the mixer 212 has a removeable
mixing tool 902 for engaging the container 210 and is adapted to mix a content
thereof with a rotating motion around a mixing tool axis 906 and also around a
common axis 914. As can be noticed, the mixing tool axis 906 is decentralized with
respect to the common axis 914. Moreover, a removeable scrapper tool 904 is
adapted to rotate around the common axis 914, as well. The scrapper tool 904 is
adapted to scrappingly contact or at least sweep in proximity , at least in part, the
interior wall 812 of the container 210 in order to prevent feedstock from settling
onto the interior wall 812, as concurrently presented in Figure 8. In this
embodiment, the mixing tool 902 and the scrapper tool 904 are rotatably activated
around the mixing tool axis 906 and the common axis 914 by a single motor 910,

such as a brushless motor.

[0079] A skilled person will however understand that the mixing and scrapping tools
(902 and 904) could be independently activated by dedicated motors, without
departing from the scope of the present mixer 212. Moreover, depending of the
feedstock to be mixed or the shape of the chamber 800, the scrapping tool may not
be required and only the mixing tool 902 may suffice. Also, the mixing tool 902 may
have a shape adapted to provide a dual function: a mixing function and a scrapping
function, in this case the scrapping tool may not be necessary. For certainty, it shall
be recognized that the mixing tool 902 or the scrapping tool 904 can be replaced

by any other suitable tool or plurality of tools.

[0080] A skilled person will further understand that the planetary mixer 212 can be
replaced altogether by any other suitable type of mixer for mixing the content of the

container 210 without departing from the scope of the present machine 100.
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[0081] According to one embodiment, as presented in Figures 2, 9a and 9b, the
motor 910 is decentralized with respect to the common axis 914 in order to provide
space for an inspection shaft 920 that is aligned with a center portion of the
feedstock container210 and consequently also aligned with the common axis 914.
The inspection shaft 914 is adapted for inserting a camera, a probe, a microphone
or any other suitable inspection tool that might be useful for monitoring, inspecting
or even sampling the content of the mixing chamber 210. Since the mixing
chamber 210 is maintained under vacuum to prevent the formation or air bubbles
within the feedstock, a cap 908 is adapted to plug the inspection shaft 920 in order
to prevent as much as possible air from entering into the mixing chamber 210 or
hermetically seal the inspection shaft 920. A skilled person, will understand that
the cap 908 can further be adapted to prevent dust or debris from entering the

mixing chamber 210.

[0082] In an alternate embodiment, the inspection shaft 920 defines a sealed
opening for positioning a desired inspection device into the chamber 800. The
sealed opening being adapted to suitably prevent air from entering into the

chamber 800 or hermetically seal the inspection shaft 920.

[0083] As presented in Figures 2 and 10, a command panel 1000 has a controller
1002 for adjusting the direction and speed of the motor 910. According to one
embodiment, the controller 1002 is user operated. In an alternate embodiment, the
controller 1002 is preprogrammed or is connected to a programming module and is
adapted to execute instructions according to a user defined program. In Figure 3a,
the command panel 1000 is attached to the injection system 102. However, it shall
be understood that the command panel 100 can be located in any suitable location
for controlling the motor 910 and that the command panel 1000 can have any
suitable shape or form. For example, the command panel 1000 can be replaced by
a software command module that is adapted to send instructions to a command

interface of the motor 910.
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[0084] Presented in Figure 11, is an exploded view of an embodiment of the mold
214. In this embodiment, the mold parts are detachably connected with screws in
order to easily remove a resulting molded piece therefrom. The mold 214 has an
entry part 1102 defining an injection inlet 1103 configured to receive the feedstock
from the injection device 204. The mold 214 further has base plates 1106 and 1112
to which are attached interchangeable form plates such as form plates 1104, 1108
and 1110 that define a cavity according to a desired part shape to be molded.
Notice that the cavity defined by the base plates and form plates are in
communication with the injection inlet 1103 to allow free passage of the feedstock

from the injection inlet 1103 to the cavity.

[0085] The illustrated mold 214 embodiment of Figure 11 is formed with plates
adapted to produce a desired molded shape when attached with screws. However,
a skilled person will recognize that the mold 214 can have any other suitable form
or configuration and that the mold plates or the mold screws can be replaced by
any other suitable type of plates or attachment that are adapted to define a cavity
for producing a desired shape. Moreover, it shall further be recognized that the
mold 214 can be made from a single piece without requiring plates or attachment

SCrews.

[0086] Presented in Figure 12 is the pneumatic system 216 according to one
embodiment and as concurrently presented in Figure 3a. The pneumatic system
216 has a mounting plate 1202 that is attachable to the base structure 208 of the
injection system 102, as shown in Figure 3a. Attached to the mounting plate are
pneumatic valves 1204a and 1204b respectively adapted to control the first and
second pneumatic cylinders 506 and 508 of Figure 5 for actuating the mixer

displacement and the mold holder displacement.

[0087] A skilled person will understand that the mounting plate 1202 can be
replaced by any other suitable means of providing the various valves for activating
the pneumatic cylinders 506 and 508. In this embodiment, the valves 1204a, 1204b

are controlled by a computer according to a predefined program, however it shall
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be understood that those valves could also be at least in part user operated or

controlled by a computer according to a user input.

[0088] Presented in Figure 13 according to one embodiment, the support table 106,
as concurrently presented in Figure 3a has an elevation member 1302 adapted to
elevate the injection system 102 off from the ground. Notice that if the support table
106 is high enough or if the injection system 102 is short enough, the elevation

member 1302 may not be required.

[0089] According to another aspect, presented in Figure 14 is a user interface 1400
provided by the monitor 108, according to one embodiment. The user interface
1400, allows a user to control the various components of the injection system 102
and also to monitor the various states of the injection system 102. For example,
according to one embodiment, the user interface 1400 has a vacuum pump control
switch 1402 adapted to allow a user to activate and deactivate the vacuum system
202 of the injection system 102. The user interface 1400 has temperature setting
fields 1404a each adapted to set a heating temperature of an associated
component of the injection system 102 such as for setting the temperature of the
cylinder 404, the container 210, the table 206 or an auxiliary thermocouple socket
for cleaning purposes. The auxiliary thermocouple socket can be used by the
container 210 or the cylinder 404 when unmounted or by a replacement container
or a replacement cylinder when cleaning of such components is required without
interrupting an injection cycle. Moreover, the user interface 1400 has temperature
monitoring windows 1404b each adapted to present to the operator a temperature
reading of an associated component of the injection system 102 such as a
temperature reading of the cylinder 404, the container 210, the table 206 or the
auxiliary thermocouple socket for cleaning purposes. Moreover the user interface
1400 has a table position indicator 1412 such as to indicate to the operator if the

table is aligned with the feedstock container or if the table is aligned with the mold.

[0090] Also the user interface 1400 has a cylinder position controlling interface

1406 for an operator to control a position of the first pneumatic cylinder 506 and a
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position of the second pneumatic cylinder 508. The user interface 1400 further has
a piston position controlling interface 1416 and a piston position monitoring
interface 1410 for an operator to control and monitor a position of the piston 402
within cylinder 404. In addition, the user interface 1400 has a pressure indicator
1414 for indicating to the operator a pressure or force applied by the piston 402

within the cylinder 404 during injection into the mold.

[0091] When a camera is used as an inspection tool to monitor the content of the
feedstock container 210, the user interface 1400 has a display region 1408 for

presenting to the operator an image acquired by the camera.

[0092] A skilled person will understand that the user interface 1400 can be
presented differently to the operator and yet provide similar information for
monitoring and controlling the various components of the injection system 102.
Moreover additional monitoring and controlling information can be provided via the
interface 1400 such as a mixing speed of the mixer 212 or any other information

that can be considered beneficial for producing a molded part with accuracy.

[0093] In order to better understand the operations of the injection system 102,
Figures 15a to 15h visually present the various states of the injection system 102
according to a method for producing a molded part 1600, as concurrently
presented in Figure 16. The method 1600 requires mixing a feedstock 1602, filing
an injection cylinder 1604 and injecting feedstock into a mold 1606. Once filed
1604, the complete content of the injection cylinder is fully injected into the mold
1606 or if not fully injected into the mold 1606, the remaining content of the
injection cylinder is returned and emptied 1608 into the container for further mixing.
This way, there is no residual mixture or feedstock that remains idle within the
injection cylinder and thereby contamination or segregation of feedstock between

injection cycles is avoided.

[0094] In more detail, Figure 17 presents according to one embodiment, the

method of mixing a feedstock 1602. The method 1602 consists of retracting the
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mixer 1702 away from the container in order to provide enough space for inserting
the feedstock or the feedstock ingredients (i.e.powder and binder) into the
container, aligning the injection cylinder with the container outlet 1704 and
positioning the piston of the injection cylinder in order to plug the container outlet
1706, as concurrently presented in Figure 15a. Once the container is accessible
and plugged at its outlet, feedstock or the feedstock ingredients are inserted into
the container 1708, heat is then applied to the container at least up to or above a
melting point of the binder 1710 and the mixer is then engaged into the container
1712 for mixing the content of the container 1714, as concurrently presented in
Figure 15b. During the mixing 1714, a vacuum is applied to the container 1716, at
least for a certain period in order to remove excess air from the container and

prevent air bubble formation within the feedstock.

[0095] It shall be recognized that in the method of mixing a feedstock 1602, various
steps can take place simultaneously without departing from the scope of the
method 1602. For instance, the retracting mixer 1702, the aligning injection
cylinder 1704 and the positioning piston in container plug position 1706 can take
place simultaneously. Also, the heating container 1710, the mixing content 1714

and the applying vacuum 1716 can take place simultaneously.

[0096] Figure 18 presents according to one embodiment, the method of filling the
injection cylinder 1604. The method 1604 consists of first removing the vacuum
from the container 1802 and stopping the mixing of the content of the container
1804 before retracting the piston from the container plug position 1806 in order to
fill the injection cylinder 1808 with some feedstock up to a desired or
predetermined level, as concurrently presented in Figure 15¢c. The vacuum is
removed from the container 1802 before filling the injection cylinder 1808 to allow
filling of the injection cylinder with greater ease since the injection cylinder is filled
with a suction force that is applied by a displacement or retraction of the piston
within the injection cylinder away from the container outlet, in this case, a lowering

of the piston within the injection cylinder 1806.
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[0097] It shall be recognized that in the method of filling the injection cylinder 1604,
various steps can take place simultaneously without departing from the scope of
the method 1604. For instance, the removing vacuum 1802 and the stopping
mixing 1804 can take place simultaneously. Also, the retracting piston 1806 and

filling injection cylinder 1808 can take place simultaneously.

[0098] Figure 19 presents according to one embodiment, the method of injecting
the feedstock into a mold 1606. The method 1606 consists of aligning the injection
cylinder with an inlet of the mold 1902 by displacing the injection cylinder from a
container alignment position to a mold alignment position as concurrently
presented in Figures 15¢, 15d and 15e. During the aligning with an inlet of the mold
1902 and as the injection cylinder is displaced away from the container alignment
position, as illustrated in Figure 15e, the sliding platform of the table is conjunctly
displaced such as to cover the container outlet 1904. Covering the container outlet
1904 prevents any remaining content of the container from flowing out of the
container or contaminants from entering the container, without necessitating a
valve at the outlet. Once the container outlet is covered, mixing of the content
container 1906 is restarted to prevent feedstock deterioration or segregation.
During the mixing 1906, the vacuum to the container is applied 1908. Following the
alignment of the injection cylinder with the mold inlet 1902 , the piston of the
injection cylinder is displaced towards the mold inlet 1910 in order to inject
feedstock therein. Once the feedstock is solidified within the mold, the resulting

part is retrieved from the mold 1914.

[0099] It shall be recognized that in the method of injecting the feedstock into a
mold 1606, various steps can take place simultaneously without departing from the
scope of the method 1606. For instance, the aligning 1902 and the covering 1904
can take place simultaneously. Also, the mixing 1906 and applying vacuum 1908
can take place simultaneously. Moreover, the mixing 1906 and the displacing
piston 1910 can also take place simultaneously. Moreover, the displacing piston

1910 and the injecting feedstock 1912 can also take place simultaneously.
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[00100] Figure 20 presents a method for emptying the injection cylinder of
residual feedstock 1608. The method 1608 consists of removing the vacuum from
the container 2002 and stopping the mixing of the content of the container 2004.
The method 1608 further consists of aligning the cylinder with the container 2006,
from a mold alignment position to a container alignment position, as concurrently
presented in Figure 15f. Then injecting the residual feedstock into the container
2008 by returning the piston of the injection cylinder into the original container
plugging position 2010, as concurrently presented in Figures 15g and 15h. This
way, any residual feedstock within the injection cylinder can be mixed again and
used at a later time or in a next injection cycle. For a next injection cycle, the
method 1608 further consists of restarting mixing of the content of the container

2012 and applying the vacuum to the container 2014.

[00101] It shall be recognized that in the method for emptying the injection
cylinder of residual feedstock 1608, various steps can take place simultaneously
without departing from the scope of the method 1608. For instance, the removing
vacuum 2002 and the stopping mixing 2004 can take place simultaneously. Also,
the stopping mixing 2004 and the aligning cylinder 2006 can take place
simultaneously. Moreover, the injecting residual feedstock 2008 and the returning
piston 2010 can take place simultaneously. Moreover, the restarting mixing 2012

and the applying vacuum 2014 can take place simultaneously.

[00102] It shall further be understood that in the methods of mixing feedstock
1602, filing the injection cylinder 1604, injecting feedstock into the mold 1606 and
emptying the injection cylinder 1608, the application or removal of the vacuum at
steps 1716, 1802, 1908, 2002 and 2014 is optional depending at least in part on
the type or quantity of feedstock, the shape and size of the container 210, the
shape and size of the mixing tool 902 or the level of air bubble acceptance
threshold.

[00103] It shall also be understood that in the methods of filling the injection
cylinder 1604, injecting feedstock into the mold 1606 and emptying the injection
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cylinder 1608, the mixing of the content of the container or the stopping thereof at
steps 1804, 2004 or 2012 is optional depending at least in part on the type or
quantity of feedstock, the shape and size of the container 210, the shape and size

of the mixing tool 902 or the level of air bubble acceptance threshold.

[00104] In this embodiment, as can be noticed with Figures 15d and 15f, it is
the injection cylinder that is displaced from a container alignment position to a mold
alignment position and vice versa. However it is very well possible in an alternate
embodiment, that the injection cylinder remains fixed and that the container and
mold are displaced accordingly in an injection cylinder alignment position for
respectively filling the injection cylinder 1812, injecting the feedstock into the mold

1906 and injecting the feedstock back into the container 2004.

[00105] Moreover as can be noticed in Figures 15a and 15b, in this
embodiment, it is the piston of the injection cylinder that serves as a plug to the
container during the mixing 1714. However it shall be understood that in an
alternate embodiment, the sliding platform serves as a plug as shown in Figure 15d
and 15f, for instance. Indeed, during mixing 1714 the injection cylinder need not be
aligned with the container and the piston need not be in a container plugging
position. In fact, the mixing 1714 can continue to take place even while the

injection cylinder is being displaced as in Figures 15d and 15f.

[00106] Moreover as can be noticed in Figures 15a, the mixer is retracted
1702 for allowing insertion of powder and binder into the container. However it
shall be understood that the powder and binder can be inserted by any other
suitable means, without requiring the retraction of the mixer. For instance, the
container can be filled with powder and binder from the outlet or by a dedicated

channel that can be plugged or removed during the mixing 1714.

[00107] The above description embodiments are meant to be exemplary only,
and the skilled person in the art will recognize that changes may be made to the

embodiments described without departing from the scope of the invention
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disclosed. For instance, the above described embodiments may be operative
disregarding the dimension, shape and orientation of the various components in

the molding machine 100.

[00108] For instance, although the above embodiments describe a low-
pressure powder injection molding machine, it shall be recognized that the
feedstock could be injected into the mold with any suitable pressure such as a
moderate pressure or a high pressure depending of the mold shape and size,

without departing from the claimed injection molding machine.
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CLAIMS:

1. A low-pressure powder injection molding machine comprising a feedstock
container adapted to contain a mixed feedstock material, a mold having an inlet in
which said feedstock material can set and an injection device having an injection
port for supplying said mixed feedstock material from said container to said mold
by using pressure, wherein said machine further comprises a moveable platform
providing relative movement between said injection port of said injection device
and said inlet of said mold so that said feedstock is communicated directly between

said injection port and said inlet without an intermediary conduit.

2. The low-pressure powder injection molding machine as defined in claim 1,
wherein said container comprises an outlet, and wherein said moveable platform
provides movement of said injection device between said outlet and said inlet of

said mold.

3. The low-pressure powder injection molding machine as defined in claim 2,
wherein said moveable platform has a flange adapted to contact the outlet and seal

the outlet in order to prevent feedstock from flowing out.

4. The low-pressure powder injection molding machine as defined in claim 1, 2

or 3, wherein said moveable platform provides a linear movement.

5. The low-pressure powder injection molding machine as defined in any one
of claims 1 to 4, wherein:

said moveable platform is mounted on a base structure, the moveable
platform being displaceable with respect to the base structure, along a platform
displacement path;

said injection device is adapted to be mounted on the moveable platform,

the injection device having an injection cylinder that is adapted to fill up, at least in
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part, with a feedstock when in a container alignment position and that is adapted to
inject the feedstock when in a mold alignment position according to a propulsion
system within the injection cylinder,;

said mold is adapted to be placed on the moveable platform and
immobilized with respect to the base structure along the platform displacement
path when the injection device is in a mold alignment position, the mold defining a
cavity and the inlet, the cavity being for receiving the feedstock and forming a part
according to a desired shape, the inlet being in communication with the cavity for
transmitting the feedstock from the injection device to the cavity, the inlet being
positioned to align with the injection device when in the mold alignment position;

said container adapted to be placed on the moveable platform and
immobilized with respect to the base structure along the platform displacement
path, the container defining a chamber and the outlet that is in communication with
the chamber, the chamber being adapted to receive at least one material to
produce the feedstock, the chamber being further adapted to receive a mixing tool
and also adapted to contain the feedstock therein, the outlet being positioned to
align with the injection cylinder when in the container alignment position; and

said container further comprises a mixer having the mixing tool, the mixer
being adapted to be displaceably mounted on the base structure so as to engage

the container with the mixing tool.

6. The low-pressure powder injection molding machine of claim 5 wherein the

propulsion system is a piston.

7. The low-pressure powder injection molding machine of claim 6 wherein the
piston is adapted to plug the outlet of the container when in the container alignment

position.

8. The low-pressure powder injection molding machine of claim anyone of

claims 1 to 7 wherein the injection device is integral with the container.
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9. The low-pressure powder injection molding machine of any one of claims 5

to 7 wherein the container is immobilized by the engaged mixer.

10.  The low-pressure powder injection molding machine of any one of claims 3,
to 9 wherein the moveable platform is heated in order to maintain feedstock

residue in a molten state.

11.  The low-pressure powder injection molding machine of any one of claims 5
to 10 wherein the mixer defines an inspection shaft that is aligned with a center

portion of the feedstock container.

12.  The low-pressure powder injection molding machine of claim 11 wherein the

inspection shaft is adapted to provide passage for an inspection tool.

13.  The low-pressure powder injection molding machine of any one of claims 5

to 12 wherein the injection cylinder is removeable.

14.  The low-pressure powder injection molding machine of claim 13 wherein the

injection cylinder is interchangeable.

15.  The low-pressure powder injection molding machine of any one of claims 5
to 14 further comprising a control system having at least one of the group
consisting of:

an injection device displacement controller adapted to control a
displacement of the moveable platform along the platform displacement path;

an injection cylinder controller adapted to control a displacement of the
piston for filling the injection cylinder with feedstock and for injecting feedstock;

a mixer controller adapted to control a displacement of the mixer from a
container withdrawn position to a container engaging position;

a mixing tool controller adapted to control the mixing tool when the mixer is

in the container engaging position; and

- 31 -



WO 2017/185189 PCT/CA2017/050526

a mold controller adapted to immobilize the mold on the moveable platform

and to release the mold from the moveable platform.

16.

The low-pressure powder injection molding machine of claim 15 wherein the

control system is associated to a user interface adapted to display a status of the

molding machine and receive input to control the molding machine.

17.

18.

A low-pressure powder injection molding machine kit comprising:

A base structure;

A moveable platform mountable on the base, the platform defining a
first side and an opposite second side, the platform further defining a
cylinder passage from the first side to the second side, the platform being
moveable from a container alignment position to a mold alignment position
in order to align the cylinder passage with an outlet of a container when the
container is placed on the second side and with an inlet of a mold when the
mold is placed on the second side, respectively; and

An injection device mountable on the moveable platform at the first
side, the injection device having a cylinder adapted to engage the cylinder
passage and adapted to hold feedstock therein, the cylinder having a piston
therein that is displaceable away from the moveable platform for admitting at
least part of the feedstock from the container into the cylinder when the
cylinder is in the container alignment position and displaceable toward the
moveable platform for ejecting at least part of the feedstock from the

cylinder when the cylinder is in the mold alignment position.

A method of producing a molded part, the method comprising:

mixing a feedstock within a container;

aligning an injection cylinder with an outlet of the container;

filing the injection cylinder with the feedstock by displacing a piston of
the cylinder away from the outlet;

aligning the injection cylinder with an inlet of a mold; and
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injecting the feedstock into the inlet by displacing the piston towards
the inlet for transferring the feedstock within a mold cavity;
hardening of the feedstock within the mold cavity; and

retrieving the hardened feedstock from the mold.

19.  The method of claim 18 wherein the aligning the injection cylinder with the
outlet of the container further comprises plugging the outlet of the container with a

piston of the injection cylinder.

20.  The method of claim 18 wherein the aligning the injection cylinder with the

outlet of the container is performed prior to the mixing.

21.  The method of any one of claims 18 to 20 further comprising aligning the
injection cylinder with the outlet of the container and injecting unused feedstock

back into the container.

22. The method of any one of claims 18 to 20 wherein the injecting the

feedstock into the inlet is performed with low pressure.

- 33 -



WO 2017/185189

PCT/CA2017/050526

10

S

Air |, | Mowr | 1 Vacuum

IS

2 |

It
//////// 12

22

N

PRIOR ART

Fig. 1A

1/26



WO 2017/185189

PCT/CA2017/050526

7
7

A

7

214
22

o I —

Fig. 1B

2/26



WO 2017/185189 PCT/CA2017/050526

NE
210
212//_\
20 /& _ ///////\214

Fig. 1C

3/26



WO 2017/185189 PCT/CA2017/050526

100

106 108

Fig. 2

4/26



PCT/CA2017/050526

WO 2017/185189

910

920

-

216

300
202

Fig. 3a

5/26



PCT/CA2017/050526

WO 2017/185189

218

304

300

302

301

Fig. 3b

6/26



PCT/CA2017/050526

WO 2017/185189

204

402 404 406

408
410
412

Ny

414

5|

S

o

Y
%

e e

ey

Fig. 4a

7/26



WO 2017/185189 PCT/CA2017/050526

e,
£
4
I I
502 |
I i
\\‘1
504 \
<04 404
\\\
G
&~
>

8/26



WO 2017/185189

206

T

PCT/CA2017/050526

14

506

502

514

Fig. 5

9/26



WO 2017/185189 PCT/CA2017/050526

206

602 606 604

10/26




PCT/CA2017/050526

WO 2017/185189

Fig. 7

11/26



WO 2017/185189 PCT/CA2017/050526

N
a
o

800

802

804

W;j -
_\\
B

N

AN NNNVNNAN

806

i

)
A
8 8 E{\
///// \\?T\\\\\\\\\

808

810 812

12/26



PCT/CA2017/050526

WO 2017/185189

212

(@]
-—
(o))

908
914
920
912
902

A s

vn\\\..‘.,,z.]

-

.
AT

\\E
\u LY
PP,

\S\. FN.M_ ’

iy
x\%ﬁ?\

SN/

S
,—

.l'.'.

Z

.

III
\%\

\
AW\
=

904

Fig. 9a

13/26



PCT/CA2017/050526

WO 2017/185189

212

910

y N

2

W

- o

- -

AT LA =
AR

NN .._“_s\\.‘m\“\%\\hﬂ 4

’l

L

- .
o

w Zzl=
R Sea
=N =

o

\h
w

4

g

e e A

<
-—
[*)]

Fig. 9b

14/26



WO 2017/185189 PCT/CA2017/050526

1000

®
ofcl==C=c0

Q 1002

Fig. 10

15/26



WO 2017/185189 PCT/CA2017/050526

1112

16/26



WO 2017/185189

216

1204a

1204b

Fig. 12

17/26

PCT/CA2017/050526



Fig. 13

18/26



PCT/CA2017/050526

WO 2017/185189

9ilvi

vl 614

\ o0vi

a0yl

eyovl

\

\

Ispuiha plapw

FBPUTIAD yuER]

(]

® HO

Joentput Buneay g

05 _ _

GoT

{3} dway
Ry

I
() dumr D
panssg ug

PIOW el

uolysinbse adewy

juawaoejdsip [enuepy

Aseqxnyg - uoisinboe flosuos aunjesadwa)

[ 1 onwuosamsssug

(edw) Banssaid xew ()

L] Y
{wius) Buipas vonisogd @
mmp.;,wco;u UO1 504

[ vonesn

ETEL R RE O

Bugsies uoisig (&)
Bupmog uoisig &
3585 uonsalu]

E uAOQ
[V)en

=

o5

QT

@ 3O

Joyesipur Bunesy @

| | ¥

{3,) “dwa
|enyoy

(0.) dwar (X

paisag iTg]

ajqeL - vosnbae/fjosuos sanjesadway

JO3EpUI
uaiysod ajqeL

-

HO

o5y
d
@

uo

je1una
dwnd wnnoep

|
|
|
|

Eﬂﬂ@ﬁ @ @ HO
— TR vopoatur & || F° oo By (D
JaguINU ¥o0ispaay sod BpuiD @ os MN
] sequinu sapulih) sodajger (9 | | | | Y
[ ] +=qwnupjow ‘sod yuep &) cot (D) dwsy {2,} dwsy ®
u0Ialu] | SJUBWIA0W NIEWOITY |Bngoy pansag ug

O3S - [D4IUCS UoIso Jaujeluos - uoiusinbae/josuos aunjesadway Joyesipul

» doys Asuadiaw

— | ke s 5 e

{edin) sunssaig - ieieatpul SUREEH @
L1, =L JJC_1¢8 dots

] ) DES |l Daewm | prem @
(N} 30404 uois0d [erioy pansag  up

JapuyAs - uosmboef|oawos aunjesadway Iwey Jasn

uojusinbae 32404 \uo3siy - uoIsINbIE UDIUSOY /

A}
w:EumE/m:_ﬁ_waE mo_uummgc._wugen ainssaid-mo| Joj uonisinbie puesjoijuo)

vivi

|

Oivi

4842

vl

oovi

19/26



WO 2017/185189 PCT/CA2017/050526

BIEES D N S N S N NS N Y
= ’ S —

20/26



WO 2017/185189 PCT/CA2017/050526

] N
q
3 . <
_)@ : — <~ q 0
o2 o)
i d i
q [
q H
(==

=
=

0 g . 3
0 h‘_
- t <. d . 2
. o ST i
q 1
!
d
=/
i !
- N
5]
— 8 2
- ()]
L i —
d
g =53]

21/26



WO 2017/185189 PCT/CA2017/050526

1600

/

Mixing feedstock
1602

Filing injection

cylinder
1604
Injecting Emotvin
feedstock into e Pty g
injection cylinder
mold 1608
1606 —

Fig. 16

22/26



WO 2017/185189 PCT/CA2017/050526

I
I
. I
Retracting mixer | Applying vacuum
from container 1 tocontainer |
I
! :

1702 1716
l_____T _____
Aligning injection Mixing content of
cylinder with container
container oulet 1714
1704 _

T

Positionion piston Engaging mixer
in container plug into container
position 1712

1706 -
Inserting feedstock or Heating container
powder and binder above melting

into container point of binder
1708 1710

Fig. 17

23/26



WO 2017/185189 PCT/CA2017/050526

I
I
Remove vacuum
from container :
I
I

1802

e - — _l _____
F====T====" I
1 Stopmixing 1
| contentof |
: container |
| 1804 ;
N

-

Retracting piston
from a container
plug position
1806

Filling injection
cylinder
1808

Fig. 18

24/26



WO 2017/185189 PCT/CA2017/050526

1606

Aligning injection
cylinder with
mold
1902

Covering
container outlet Retrieving formed
with sliding part from mold

platform 1914
1904

|
|
.. I e .
: Mixing content of Injecting Mixture
I container ! into Mold
| |
: I

1906 1912
- - - _J _____
G :
: Applying vacuum Displacing piston
| tocontainer : »| toward mold inlet
! 1908 | 1910
b e e e e

25/26



WO 2017/185189 PCT/CA2017/050526

1608
[ - I \/
, Removing 1
I vacuum from :
: container 1
! 2002 :

; [
| Stoping mixing : ! Applying vacuum ,
I content of : | to container :
: container I : 2014 I
! 2004 : .

e -

[T B

I
1 . . e
Aligning cylinder I Restarting mixing :
; : I content of
with container I container :
I
2006 | 2012 ;

I

Injecting residual . .
J & Returning piston

mixture into . .
. in plug position
container 2010
2008 E—

Fig. 20

26/26



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2017/050526

A CLASSIFICATION OF SUBJECT MATTER

IPC: B29C 45/17 (2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: B29C (2006.01), B29B (2006.01), B32D (2006.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

mix* and vacuum*

Electronic database(s) consulted during the international search (name of database(s) and, where practicable, search terms used)

Questel-Orbit (Fampat) with key words, such as: low pressure, powder, mold*, mould*, container, feed stock, inject*, platform, base, support,

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2011/0189440 A1 (APPLEBY, M. et al.) 4 August 2011 (04-08-2011) 1-22
*whole document™
Y US 4734237 A (FANELLI A. J. et al.) 29 March 1988 (29-03-1988) 1-22
*whole document*
Y WO 2005/102663 A1 (POLK, D, E. Jr. et al.) 3 November 2005 (03-11-2005) 1-22
*figs. 1-2; para. 0060*
A US 5121329 A (CRUMP, S. S.) 9 June 1992 (09-06-1992) 1-22
*whole document*

See patent family annex.

'W Further documents are listed in the continuation of Box C.
* |Special categories of cited documents:

“A” |document defining the general state of the art which is not considered
to be of particular relevance

“E” |earlier application or patent but published on or after the international
filing date

“L” |document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” |document referring to an oral disclosure, use, exhibition or other means

“P” |document published prior to the international filing date but later than
the priority date claimed

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

wy?

oy

g

Date of the actual completion of the international search
18 August 2017 (18-08-2017)

Date of mailing of the international search report
18 August 2017 (18-08-2017)

Name and mailing address of the ISA/CA
Canadian Intellectual Property Office

Place du Portage 1, C114 - 1st Floor, Box PCT
50 Victoria Street

Gatineau, Quebec K1A 0C9

Facsimile No.: 819-953-2476

Authorized officer

Pengfei Zhang (819) 639-7928

Form PCT/ISA/210 (second sheet ) (January 2015)

Page 2 of 4




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/CA2017/050526

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

US 2011/0189440 A1 04 August 2011 (04-08-2011)  US2011189440A1 04 August 2011 (04-08-2011)
US9315663B2 19 April 2016 (19-04-2016)
EP2362822A2 07 September 2011 (07-09-2011)
EP2559533A2 20 February 2013 (20-02-2013)
EP2559533A3 07 September 2016 (07-09-2016)
EP2559534A2 20 February 2013 (20-02-2013)
EP2559534A3 07 September 2016 (07-09-2016)
EP2559535A2 20 February 2013 (20-02-2013)
EP2559535A3 07 September 2016 (07-09-2016)
US2013338267A1 19 December 2013 (19-12-2013)
US9206309B2 08 December 2015 (08-12-2015)
US2016082502A1 24 March 2016 (24-03-2016)
W02010036801A2 01 April 2010 (01-04-2010)
WO02010036801A3 27 May 2010 (27-05-2010)

US 4734237 A 29 March 1988 (29-03-1988) US4734237A 29 March 1988 (29-03-1988)
DE3786300D1 29 July 1993 (29-07-1993)
DE37863007T2 30 September 1993 (30-09-1993)
EP0246438A2 25 November 1987 (25-11-1987)
EP0246438A3 26 July 1989 (26-07-1989)
EP0246438B1 23 June 1993 (23-06-1993)
IPS62270457A 24 November 1987 (24-11-1987)
IP2604592B2 30 April 1997 (30-04-1997)

Form PCT/ISA/210 (patent family annex ) (January 2015)

Page 3 of 4




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CA2017/050526

Patent Document Publication Patent Family Publication

Cited in Search Report Date Member(s) Date

WO 2005/102663 Al 03 November 2005 (03-11-2005) W02005102663A1 03 November 2005 (03-11-2005)
AU2003287632A1 03 June 2004 (03-06-2004)
AU2003287632B2 08 May 2008 {(08-05-2008)
AU2005235546A1 03 November 2005 (03-11-2005)
AU2005235546B2 13 December 2007 (13-12-2007)
BRO316221A 27 September 2005 (27-09-2005)
BRPI0509511A 11 September 2007 (11-09-2007)
CA2507040A1 27 May 2004 (27-05-2004)
CA2507040C 10 July 2012 (10-07-2012)
CA2562110A1 03 November 2005 (03-11-2005)
CA2562110C 09 September 2008 (09-09-2008)
CN1816443A 09 August 2006 (09-08-2006)
CN100374285C 12 March 2008 (12-03-2008)
CN1938142A 28 March 2007 (28-03-2007)
CN1938142B 10 November 2010 (10-11-2010)
EP1569789A1 07 September 2005 (07-09-2005)
EP1569789A4 28 March 2012 (28-03-2012)
EP1569789B1 10 August 2016 (10-08-2016)
EP1729947A1 13 December 2006 (13-12-2006)
HK1090329A1 20 June 2008 (20-06-2008)
HKI1101371A1 04 March 2011 (04-03-2011)
JP2006315418A 24 November 2006 (24-11-2006)
TP2006327214A 07 December 2006 (07-12-2006)
TP2006509648A 23 March 2006 (23-03-2006)
JP2007530326A 01 November 2007 (01-11-2007)
KR20070004003A 05 January 2007 (05-01-2007)
KR100779209B1 28 November 2007 (28-11-2007)
KR20050111305A 24 November 2005 (24-11-2005)
MXPA05005204A 08 March 2006 (08-03-2006)
MXPA06010721A 08 March 2007 (08-03-2007)
SG174625A1 28 October 2011 (28-10-2011)
US2002098256A1 25 July 2002 (25-07-2002)
US6719551B2 13 April 2004 (13-04-2004)
US2003232176A1 18 December 2003 (18-12-2003)
US6869558B2 22 March 2005 (22-03-2005)
US2004241386A1 02 December 2004 (02-12-2004)
US6900547B2 31 May 2005 (31-05-2005)
US2004253429A1 16 December 2004 (16-12-2004)
UST208219B2 24 April 2007 (24-04-2007)
US2006008967A1 12 January 2006 (12-01-2006)
US8192664B2 05 June 2012 (05-06-2012)
US2004253430A1 16 December 2004 (16-12-2004)
US2012211919A1 23 August 2012 (23-08-2012)
W02004043686A1 27 May 2004 (27-05-2004)

US5121329A 09 June 1992 (09-06-1992) US5121329A 09 June 1992 (09-06-1992)
AT205944T 15 October 2001 (15-10-2001)
CA2027731A1 01 May 1991 (01-05-1991)
CA2027731C 05 September 1995 (05-09-1995)
DE69033809D1 25 October 2001 (25-10-2001)
DE69033809712 25 April 2002 (25-04-2002)
EP0426363A2 08 May 1991 (08-05-1991)
EP0426363A3 06 October 1993 (06-10-1993)
EP0833237A2 01 April 1998 (01-04-1998)
EP0833237A3 22 April 1998 (22-04-1998)
EP0833237B1 19 September 2001 (19-09-2001)
JPH03158228A 08 July 1991 (08-07-1991)
JPH082598B2 17 January 1996 (17-01-1996)
US5340433A 23 August 1994 (23-08-1994)

Form PCT/ISA/210 (extra sheet) (January 2015)

Page 4 of 4




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - wo-search-report
	Page 63 - wo-search-report
	Page 64 - wo-search-report

