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he present invention Is an apparatus for filing a multi-powder including a powder box (10) including a plurality of powder

chambers storing a plurality of powders whose constituent compositions differ in a divided manner, and a gas feed pipe (14)

disposed on the bottom side of the powder chamber and having an introducing hole for introducing a gas, wherein it can fill a
plurality of the powders into a cavity (24) at once through the bottom openings of the powder box by introdudcing a gas through the
Introducing hole to substantially equalize the respective flow resistances of a plurality of the powders. Thus, it Is possible to fill the

powders whose constituent compositions differ at once without disposing them in a mixed manner.
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The present 1nvention 1is an apparatus for filling a

multi-powder including a powder box (10) lncluding a plurality of

‘powder chambers storing a plurality of powders whose constituent

compositions differ in a divided manner, and a gas feed pipe (14)

disposed on the bottom side of the powder chamber and having an
introducing hole for introducing a gas, wherein it can fill a
plurality of the powders into a cavity (24) at once through the bottom
openings of the powder box by introducing a gas through the
introducing hole to substantially equalize the respective flow

resistances of a plurality of the powders. Thus, it is possible

to fill the powders whose constituent compositions differ at once

without disposing them in a mixed manner.
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DESCRIPTION

PROCESS FOR FILLING MULTI-POWDER AND APPARATUS FOR FILLING
MULTI-POWDER

AND

PROCESS FOR FORMING MULTI-POWDER AND APPARATUS FOR FORMING
MULTI-POWDER
Technical Field
[0001] The present invention relates to a process for filling a
multi-powder and an apparatus for filling a multi-powder as well
as a process for compacting a multi-powder and an apparatus for
compacting a multi-powder which make it possible to manufacture

members whose constituent composition differs for every section

with ease.

Background Art

[0002)] Even when mechanical component parts and the like are simple

members, the required mechanical characteristics, functions and so
forth often differ depending on sections. For example, when the
shape 1s determined first in view of the installability and so on,
there can be parts which cahn be of low strength and parts which can
be of high strength. In this instance, 1f high-strength materials
can be used for parts which can be of high strength and materials
with good machinability and the like can be used for parts which
can be of low strength, it is convenient because 1t is possible to
expand the degree of freedom in designing, to reduce the weight,
to 1mprove the productivity, and so forth.

[0003] Moreover, when functions as structural materials are
required on one of the opposite-end sides and functions such as a

sliding property, wear resistance and heat resistance are required
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on the other one of the opposite-end sides, or when functions as
magnetic materials are requlired on cne of the opposite-end sides

and functions as nonmagnetic materials are requlred on the other

one of the opposite-end sides, 1f 1t 1s possible to produce
multi-material segmented-part members comprising materials whose
constituent compositions satisfy the respective requirements, it
is preferable because it is possible to expand and the like the degree
of freedom in designing and the functionality.

[0004]) However, due to the convenience and the like in manufacturing,
simple members so far have been basically formed of identical
materials. In this case, the materlals are determined by
characteristics to which priority should be given, and the other
requlred characteristics might often be sacrificed. If materials
which satisfy both of the characteristics should have been used,
such materials are expensive 1in general so that it is difficult to
reduce the cost.

[0005] When different materials are cast around or deposited, or
when partial heat treatments and the like are carried out, it is
possible to provide simple members with different characteristics.
However, tThe number of processes 1ncreases accordingly and the
productivity degrades so that it is not possible to reduce the cost
and so forth of the members.

[0006] It has been carried out to manufacture members by sintering
compacts comprising powders whose constituent composition depends
on sectlions. However, when powders whose constituent compositions
differ are filled into a cavity at once, usually, a powder which
exhibits high flowability is first filled thereinto, or a plurality

of powders are disposed in a mixXxed manner. Hence, conventionally,
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phn
p—

the filling step has been carried out i1ndependently for each of

powders whose constituent compositions differ, or preliminary
compaction has been carried out every time one and only powder 1s

filled thereinto and 1t has been carried out repeatedly, thereby

manufacturing multi-material compacts.

[0007] Under such circumstances, it is needless to say that the
man-hour requirements 1ncrease as described above and the
productivity lowers so that i1t 1s difficult to reduce the cost of
members.

Disclosure of Invention

[0008)] The present invention has been done in view of such
circumstances. Namely, 1t 1s an object to provide a process for
filling a multi-powder and an apparatus for filling a multi-powder
which can fi1ll a plurality of powders into a cavity efficiently when
manufacturing green compacts and the like 1in which required
characteristics differ for every section.

[0009] Moreover, it is another object to provide a process for
forming a multi-powder and an apparatus for compacting a multi-
powder which can manufacture multi-powder compacts from the filled
multi-powders efficiently.

[0010] Hence, the present inventors have been studying earneStly
in order to solve this assignment, and have been repeated trials
and errors, as a result, have thought of carrying out a filling
process by introducing a gas through respective powder chambers in
which a plurality of powders are held to make the flow resistance
of the respective powders like~state, and have arrived at completing
the present invention.

(Process for Filling Multi-Powder)
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[0011] Namely, a process for filling a multi-—powdér according to

the present invention comprises the steps of: moving a powder box,

being disposed movably on a table and comprising a plurality of

powder chambers storing a plurality of powders whose constituent
compositions differ in a divided manner and having a bottom opening,
onto a compacting die capable of forming a cavity into which the
powders are filled; and filling a plurality of the powders into the

cavity at once through the bottom openings by introducing a gas 1nto

the powder chambers to substantially equalize the respective flow
resistances of a plurality of the powders, at least when the bottom

openings are positioned above the cavity by the powder box moving

step.
[0012] When the powder box is moved by the powder box moving step
onto the compacting die and the bottom openings of the respective
powder champers superimpose on the cavity, apluralityof the powders
drop 1nto the cavity through the bottom openings to fill 1it.
[0013] In thepresent invention, agas is introduced into the powder
chambers 1n the filling step to substantially equalize the
respective flow resistances of a plurality of the powders.

[0014] Accordingly, the flow resistance difference disappears

between the respective powders substantially, the respective raw

materials are hardly present in a mixed manner virtually, and they
are being fillled into the cavity. And, in the cavity, the respective
powders form a desired boundary so that they are put into an

orderly-filled state substantially.

[0015] As a result, it is possible to reduce the overall man-hour

requirements because the filling of a plurality of the powders into

the cavity (multi-powder filling) 1s carried out 1in a single step
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securely. And, 1t results 1n 1improving the productivity and
reducing the cost when manufacturing multl-powder compacts.
[0016] Here, the introducing amount of the gas can be changed and
adjusted appropriately depending on using powders. When the
introducing amount is adjusted, 1t 1s posslble to adjust the flow
resistance of powders.

[ 0017 ] The above-described “to substantially equalize the

respective flow resistances of a plurality of the powders” means
that the respective powders are not disposed 1n a mixXed manner
virtually, and 1t is not needed to strictly equalize the respective

flow resistances.

[0018] Moreover, the above-described “filling a plurality of the

powders 1nto the cavity at once through the bottom openings” can
be satisfactory when at least two or more powders are filled
substantially simultaneously, and does not preclude to carry out
the present process for filling a multl-powder repeatedly.

[0019] Inaddition, the “multi-powder” means aplurality of powders,
and 13 used 1in the present specification regardless of before or
after powders are filled.

[0020] Incidentally, in the present filling process, since the raw
materlals are filled by introducing the gas into the powder chambers,
the alr substitutes for the powders more easily in the cavity than
the case where no gas 1s introduced. Accordingly, it is possible

Lo shorten the filling time. Moreover, fine powders and the like

are i1nhibited from socaring and so forth so that it is possible to
carry out uniform and high-density filling in which the segregation

and so on of the components and particle sizes hardly occur.

[0021] Moreover, when a compacting step is carried out after the
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filling, 1t 1s possible to net-shape products, and 1in
addition it 1s ©possible to 1inhibit the weight from
fluctuating so that it is possible to obtain products with
high accuracy. Therefore, i1t 1s possible as well to reduce
the man-hour requirements for the subsegquent working.

[0022] Note that to fill powders by introducing a gas
per se had been applied already by the present applicants.
For example, the details are disclosed in Japanese Patent
No. 2,952,190 and No. 3,434,182,

(Apparatus for Filling Multi-Powder)

[0023] Not 1imited to the above-described process for
filling a multi-powder, the present invention can be
adapted for an apparatus which can realize the process.

{0024] Namely, the present 1nvention can be adapted for
an apparatus for filling a multi-powder, comprising: a
powder box being disposed movably on a table, and
comprising a plurality of powder chambers storing a
plurality of powders whose constituent compositions differ
1in a divided manner and having bottom openings; a gas feed
pipe for feeding a gas to be introduced into the powder
chambers; and an actuator for moving the powder box onto a
compacting die capable of forming a cavity into which the
powders are filled; wherein it can fill a plurality of the
powders 1nto the cavity at once through the bottom openings
by 1introducing a gas through an introducing hole of the gas
feed pipe to substantially equalize the respective flow
resistances of a plurality of the powders, at least when
the bottom openings are positioned above the cavity.

[0025] In this case as well, the aforementioned
descriptions on the process for filling a multi-powder are
applicable.
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(Process for Compacting Multi-Powder)

[0026] Moreover, not limited to filling powders, the present

invention can be adapted for carrying out a compactlng step
subsequently.

[0027] Namely, the present invention can be adapted for a process
for compacting a multi-powder, comprising the steps of: moving a
powder box, being disposed movably on a table and comprising a
plurality of powder chambers storing a plurality of powders whose
constituent compositions differ in a divided manner and having a
bottom opening, onto a compacting die capable of forming a cavity
into which the powders ére filled; filling a plurality of the powders
into the cavity at once through the bottom openings by introduéing
a gas 1nto the powder chambers to substantially equalize the
respective flow resistances of a plurality of the powders, at least
when the bottom openings are positioned above the cavity by the
powder box moving step; and producling a multi-powder compact by
pressurizing a multi-powder comprising a plurality of the powders
after the filling step.

[0028] In this case as well, the aforementioned descriptions on
the process for filling a multi-powder are applicable.

(Apparatus for Compacting Multi-Powder)

[0029)] In addition, not limited to the above-described process for
compacting a multi-powder, the presen.t invention can be adapted for
an apparatus which can realize the process.

[0030] Namely, the present invention can be adapted for an apparatus
for compacting a multi-powder, comprising: a powder box being
disposed movably on a table, and comprising a plurality of powder

chambers storing a plurality of powders whose constituent
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compositions differ in a divided manner and having a bottom opening;
a gas feed pipe for feeding a gas to be introduced into the powder
chambers; a compacting die capable of forming a cavity into which

the powders are filled; an actuator for moving the powder box onto

the compacting die; and compacting means for pressurizing a
multi-powder, comprising a plurality of the powders which are filled
into the cavity at once through the bottom openings by introducing
a gas through an 1introducing hole of the gas feed pipe to

substantially equalize the respective flow resistances of a

plurality of the powders, at least when the bottom openings are
positioned above the cavity, to make a multi-powder compact.

[0031] In this case as well, the aforementioned descriptions on

the process for filling a multi-powder are applicable.
Brief De lption ¢ ne Drawlng

[0032] Fig. 1A is a cross-sectional view for 1llustrating an

apparatus for compacting a multi-powder according to Example No.

1 of the present invention, and shows when a powder box is not above
a compacting die.

[0033] Fig. 1B shows the powder box is above the compacting die.
[0034] Fig. 2A is an enlarged planar cross-sectional view of the

prowder box.

[0035] Fig. 2B is an enlarged lateral cross-sectional view of the

powder box.

[0036] Fig. 3 is a diagram for illustrating how powders are filled

into a cavity from the powder box in the example.

[0037] Fig. 4isa graph for 1llustrating the relationships between

the aeration values and flow resistances of three powders used in

the example.
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[0038] Fig. 5A is a schematic cross-sectional diagram of a

multi—-powder compact, and shows when it was filled by introducing
a gas into powder chambers.

[0039] Fig. 5B shows when it was filled without intrdducing a gas

into the powder chambers.

[0040)] Fig. 6A is a diagram for illustrating the shape of a
transverse test piece according to Example No. 2 of the present
invention, and the measurement positions.

[0041] Fig 6B is abar graph for illustrating the dimensional change

proportions at the respective measurement positions 1in the

transverse test piece.

[0042] Fig. 7 is a graph for illustrating the variation of the

hardness 1n the vicinity of the boundary in the transverse test

plece.

[0043] Fig. 8A is a diagram for explaining a 4-point bending

transverse test, a transverse test for it.

[0044] Fig. 8B 1s a bar graph for comparing the strength of the

boundary portion with the strength of the other portions.

[0045] Fig. 9A is a schematic diagram of a disposition in powder

chambers 1n which powders used in Example No. 3 of the present

invention are held.

[0046] Fig. 9B is a schematic diagram for 1llustrating a compact,

a connecting rod comprising the powders (a multi-powder).

[0047] Fig. 10 is a schematic diagram for i1llustrating a part of

the connecting rod from which a tensile test piece was cut out.
B e Mode fg > Relollle ne _Inventilon
A. Mode for Carryiling Out

[0048] Subsequently, the present invention will be described more
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specifically while naming embodiment modes. Note that the details
described hereinafter are applicable to the process for filling a
multi-powder, the apparatus for filling amulti-powder, the process
for compacting a multi-powder and the apparatus for compacting a

nmulti-powder appropriately.

(1) Raw Material Powders

[0049] The powders can be metallic powders such as iron-based
powders, aluminum-based powders, tTiltanium-based powders and
copper-based powders in which Fe, Al, Ti and Cu are the major
component, and additionally can be ceramlc powders, dgraphite
powders and lubricant powders, and can further be mixture powders
of them. Note that the “powders whose constituent compositions
differ” referred to in the present 1nvention are not limited to
powders of the same system (for example, ilron-based powders whose
alloying components differ), but can be powders of different system
(for instance, metallic powders and ceramic powders).

[0050] The particle diameter of the powders is not limited, but
can be particle diameters which do not cause to clog and the like
the introducing hole of the gas feed plpe. Moreover, in view of
the handleability, fillabilty, formability, sinterability and so
forth, 1t 1s advisable to select the particle diameter of the
powders.

(2) Aeration Value

[0051] The inherent flow resistance of the powders depends on the

type of the powders. Therefore, 1t 1s necessary to appropriately

adjust the flow of the gas to be introduced into the powder chambers
depending on the type and the like of the powders. As an index

correlating with the flow reslistance, the present 1nventors

10
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confirmed that it is possible to use the aeration wvalue. The
aeration value is a ratio Vg/Vp (1/s) of a gas flow Vg (mL/s) to
be introduced into a powder chamber with respect to a volume Vp (mL)

of a powder 1n the powder chamber.

[0052] When the aeration value is too small, it is difficult to

adjust the fluidity between the powders, and the respective powders
cannot be filled into the cavity without disposing them 1n a mixed
manner. When the aeration value 1s too large, bubbling occurs from
the top surface of the powders 1n the powder chambers to soar fine
powders and the like, and 1t 1s not possible to carry out filling
the powders uniformly. Therefore, 1t 1s advisable to set the
aeration value within a range in which no such circumstances occur.
Appropriate aeration vwvalues can be related not only to the
composition of the powders but also to the particle diameter.

[0053] For example, when the powders are ferrous powders in which

lron 1s a major component and whose average particle diameter 1is

250 umor less, further preferably from 50 to 200 ym, 1t i1s sultable

to set the aeration value Vg/Vp from 0.05 to 0.4 (1/s).

[0054] Anyway, it is necessary to adjust the aeration wvalue
depending on the type of the powders. Hence, 1t 1s better that the
gas flow which 1s supplied from a gas supply source to the gas feed
pipe can be adjusted, for instance. Namely, it 1s suitable to
dispose flow regulating means capable of regulating a gas flow
introduced through the introducing hole independently for each of
the powder chambers.

[0055] The flow regulating means is manual or automatic flow
regulating valves, for example. When it is automatic, 1t 1is

advisable to dispose flow resistance measuring means in the powder
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chambers so that the introducing amount through the introducing hole
can be regulated automatically depending on the outputs. The flow
resistance measuring means 1s disclosed 1n Japanese Unexamlned
Patent Publication (KOKAI) No. 11-104,893 which the present
applicants had applied already.

[0056] Note the gas to be introduced into the powder chambers can
preferably be gases, such as dry alir and inert gases (N,, He, Ar
and the like), which do not oxidize the powders. Moreover, 1t 1is
advisable to appropriately spout a heated gas to heat or warm the

powders at a desired temperature.

[0057] The gas is required to be being introduced when the powders

are filled into the cavity from the powder chambers. Hence, when

the introducing timing i1is set only at their filling into the cavity,

1t 1s possible to save the using gas flow. Meanwhile, when it 1is

introduced always, 1t is easy to control the introducing of the gas.
(3) Powder BoX

[0058] The powder box comprises a plurality of powder chambers

storing a plurality of powders whose constituent compositions

differ 1in a divided manner, and having a bottom opening.

[0059] The shape, size and the like of the powder chambers and powder

box are determined by taking the shape, size and so forth of the

compacting dile and cavity 1into consideration. Therefore, the

powder box 1s not limited to squared shapes, either, however, when
the powder box is formed as squared shapes, it is possible to form
a plurality of powder chambers with ease by disposing partitions
at proper intervals. Naturally, aplurality of powder boxes storing

a single type of powders can be collected to make the “powder box”

referred to in the present invention.

12
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[0060] The opening formed in the bottom of the powder chambers is

determined as well by taking the shape of the powder box and powder

chambers and further the shape of the cavity into consideration.

Indeed, it 1s advisable to fully open the bottom surface of the
squared powder box or powder chambers simply. Since the powder box
is disposed on a table, no powders fall. When the powder box moves

on a table and the bottom openings come above the cavity, the powders

are filled into the cavity. Moreover, when the powder box moves,
the so-called leveling of the powders 1s carried out.

[0061] When the powder box is formed as squared shapes, it is
preferred that a powder-chamber partition (partition plate) can be
disposed parallel to the moving direction. Thus, the respective
powders are more lilkely to be filled into the cavity substantially
simultaneously. And, when the respective powders are filled into
the cavity substantially simultaneously, the respective powders are

more likely to be suppressed or inhibited from existing in a mixed

manner.

[0062] Note that the replenishingof the powders into the respective

powder chambers can be carried out by a hopper and the 1like

continuously. Accordingly, 1t is possible to fill the powders into
the cavity continuously.

(4) Gas Feed Pipe
[0063] The gas feed pipe feeds the gas into the powder chambers.

The form (shape, quantity and the like) and disposing position can

be selected appropriately depending on the type of the powders, the

powder chamber shape, the cavity shape and so forth.

[0064] For example, the outer cross-sectional shape of the gas feed

plpe canbe circular shapes, ellipse shapes, slot shapes, streamline

13
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shapes, and the like. When it is formed as streamline shapes, the
powders can fall into the cavity smoothly. Moreover, when 1t 1s
formed as circular shapes, it is possible to produce less expensively
because commercially available pipes can be utilized therefor. It
is possible to appropriately select the diameter, disposing
quantity, disposing intervals, disposing order (parallelly or
~alternately), andso forth. For instance, when round plpes are used,
the outside diameter “D” of the gas feed pipe can be 1 mm = “D”

<= 3 mm. And, representative gas feed pipes can be the pipes

v

provided with introducing holes on the outer-peripheral side of
these pipes.

[0065] Moreover, the disposing position of the gas feed pipe can

be at one’s will, however, when the gas feed pipe 1s disposed on
the bottom side of the powder chambers, for example, it 1s preferable
because 1t 1s possible to control the flow resistance of the powders
in the powder chambers efficiently and easily. When the gas feed
pipe 1s disposed on the bottom side of the powder chambers, 1t 1is
advisable to set the disposing height “h” with respect to the height

“H” of the powder chambers so as to be 0.01 = “h”/”H” = 0.3, for

instance.

[0066] The disposing direction of the gas feed pipe can be either

prarallel or vertical to the moving direction of the powder box.

[0067] The material of the gas feed pipe can preferably be metals,
resins and the like which can be worked with ease. Especlally, 1in
view of inhibiting rusts, securing strength and so forth, 1t 1s
preferable to use stalnless steels.

[0068] It is advisable similarly todetermine the shape and quantity

of the introducing hole by taking the size and shape of the powder

14
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chambers, +the required aeration value and the 1like 1nto

consideration. For example, the introducing hole can be directed

in the up and down directions of the gas feed pipe, can be directed
in the right and left directions, or can be directed 1in the oblique
direction (for instance, in a direction inclined by from 30° to 60°
approximately from the top).

[0069] The interval “w” between the introducing holes can be at

intervals of from 3 to 10 mm, for example, moreover, can be set with

respect to the powder chamber width “W” so as to be 0.02 = “w"’/”"W”

= 0.3.

[0070] The diameter of the introducing holes can be set so that
the introducing hole diameter “d” is 10 um = “d” = 200 um, for
example. It i1s advisable to appropriately combine the introducing
holes having different diameters, to change the introducing hole
diameter or disposing quantity depending on the disposing positions
of the gas feed plpe. Such introducing holes can be processed by
machining (drilling) or laser processing and the 1like, for instance.
However, when materials (for example, meshed materials and so forth)
exhiblting permeabllity are used, boring can be obviated.

(5) Compacting Die
[0071] The compacting die forms the cavity into which the powders

are filled. Moreover, the compacting dlie can constitute compacting

medrns.

[0072] The compacting die comprises a die, a lower punch and an

upper punch, for example, the cavity 1s formed by the die and the
lower punch, and the compacting means comprises the upper punch for

pressing a multi-powder in the cavity.

[0073] Naturally, the shapes and dividing manners of the punch and

15
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die can be selected appropriately depending on the shapes of desired
compacts.

[0074] Note that the manner of filling the powders into the cavity
can be either so-called filling by gravityor filling by suctioning.
Moreover, it can be filling by pushing upward. The filling by
pushing upward is a method of filling 1n which 1s the lower punch
is made dividable; both of the punches are descended temporarily
to form a provisional cavity; a powder is filled thereinto; and
thereafter one of the divided punches is pushed upward while keeping
the powder being filled, thereby turning the cavity shape 1into
deslred shapes.

(6) Multi-Material Component

[0075] When the present invention is used, it is possible to
efficlently produce components which have different
characteristics for every section. The components can be used as
compacted products per se, or the compacts are sintered to use them
as silintered products. Moreover, they can be subjected to sinter
forging to use them as sinter-forged products.

[ 0076] For example, in functional component parts, powders
(magnetic powders and non-magnhetic  powders) whose magnetic

characteristics differ are compacted to make magnetic cores

(compacted products). In mechanical component parts, compacts of
multl-powders are sintered to secure strength. Moreover, 1like
connecting rods and so forth, when they are required to exhibit
higher strength, fatigue resistance and so on, they are made into

sinter forged products.

[0077] Not limited to these, the present invention can be utilized

for producing all members comprising multi-powders.
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B. Examples

[0078) Subsequently, while giving examples, the present invention

will be described in more detail.

(Example No. 1)

(1) Apparatus for Forming Multi-Powder

[0079] Figs. 1 through 3 illustrate a multi-powder compacting

apparatus 100, Example No. 1 according to the present invention.
[0080] Fig. 1 is an overall cross-sectional view of the multi-
powder compacting apparatus 100; Fig. 1A illustrates the multi-
powder compacting apparatus 100 before a step of moving a powder
box; and Fig. 1B shows the multi-powder compacting apparatus 100
in a filling step. Fig. 2 illustrates a cross-sectional view of
a later-described powder box 10; Fig. 2A shows a planar cross-
sectional viewof the powder box 10; and Fi1g. 2B illustrates a lateral

cross—sectional view.

[0081] As can be seen from the filling step shown in Fig. 3, the

multi-powder compacting apparatus 100 can fill three powders “A,”
“B” and “C,” whose constituent compositions differ, into a cavity
24 substantially free of disposing them 1n a mlixed manner.
Hereinafter, the respective arrangements of the multi-powder

compacting apparatus 100 will be described in detail.

[0082] Themulti-powder compacting apparatus 100 comprises a table

8, a powder box 10 disposed on the table 8, a hopper 18 for supplying

a powder 1 to the powder box 10, a pipe 14 disposed 1n the powder
box 10, a gas supply source 16 for supplying a gas to the pipe 14,
an actuator 19 for reciprocating the powder box 18 on the table 8,

and a compacting die 20 disposed continuously from the table 8.

[0083] The powder box 10 comprises a housing which is formed as
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a laterally-long square-shaped frame with respect to the moving

directions. As can be seen from Fig. 2A, the powder box 10 1s divided

into three powder chambers 10a, 10b and 10c by two partition plates

11 which are fixed to the inside. And, the powders "A,” “B” and
“C” are stored 1n the powder chambers 10a, 10b and 10c so as not
to exist 1n a mixXed manner. In the present example, the partition
plates 11 are disposed parallel to the moving directions of the
rowder box 10.

[0084] The upper side of the powder box 10 is covered with a cover
12, and is communicated with the outside through an exhaust hole
12a which 1s disposed in the cover 12. The lower side of the powder
box 10, namely, the bottom of the powder chambers 10a, 10b and 10c
1s opened, and accordingly forms the bottom opening set forth in
the present invention. Indeed, as ca® be seen from Fig. 2B, the
front view, the powders “A,” “B” and “C” stored in the powder box
10 contact with the top surface of the table 8, and are held by the
top surface.

[0085] The powder 1 comprises the powders “A,” “B” and “C” whose
constituent compositions differ as described above. The powder “A”
is a commercially available alloy powder (produced by Hégands AB.)
whose particle diameter is 250 um or less, which comprises Fe-
4N1-2Cu-1.5Mo~-0.6C + 0.8ZnSt, and which 1is subjected to a
segregation prevention treatment; the powder “"B” is a commercially
available alloy powder (produced by HOgands AB.) whose particle
diameter 1s 250 um or less, which comprises Fe-2Cu-0.9C + 0.8Lub,
and which 1s subjected to a segregation prevention treatment; and
powder Y“C” 1s a powder 1in which a commercially available

partial-diffusion alloy powder (produced by HOganads AB.), whose
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particle diameter is 250 um or less and which comprises Fe-10Cu,

ismixedwith 0.8% ZnSt. Moreover, the proportion of the respective
elements 1s expressed 1in percentage by mass (being the same
hereinafter).

[0086] The hopper 18 supplies the powders “A,” “B” and “C” being
the powder 1 into the powder chambers 10a, 10b and 10c through the
supply hose 13, respectively. Although the details are not
1llustrated, the hopper 18 and the supply hose 13 are demarcated
so that the respective powders “A,” “B” and “C” do not exist in a
mixed manner.

[0087] The pipe 14 corresponds to the gas feed pipe set forth in
the present 1nvention, and 1s disposed in the vicinity of the bottom
of the powder chambers 10a, 10b and 10c in the powder box 10,

respectively. One of the opposite ends is fixed to the frame of

the powder box 10 to close. The other one of the opposite ends is

fixed to a supporting plate 31 which has a gas passage therein. The
gas passage 1s formed for each of the powder chambers 10a, 10b and
10c, and the respective gas passages connect with the pipe 14 of
the respective powder chambers. The pipe 14 is an outside diameter
¢ 1.26 mm X inside diameter ¢ 0.9 mm pipe made of stainless steel,
and is disposed in a quantity of four for each of the powder chambers
10a, 10b and 10c. Moreover, 1in the respective pipe 14, micro
introducing holes 1l4a whose hole diameter is ¢ 50 um are formed
at 1ntervals of 5mm in three directions. In the case of the present
example, the i1nside shape of the respective powder chambers 10a,
10b and 10c 1s identical, and has 20 in width X 20 in length X 60
mm 1n height. The pipes 14 are disposed at a position of 6 mm off

the bottom surface (the top surface of the table 8) parallel to the
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moving directions of the powder box 10.

[0088] The gas supply source 16 is a 0.4 MPa compressed air source.
Specifically, it is air piping which 1s laid in plants. Naturally,
independent air compressors can be adapted for the gas supply source
14, or nitrogen gas cylinders and the like can be adapted for the
gas supply source 16 1n addition to air.

[0089] When compressed air is supplied to the respective gas
passages 1n the supporting plate 31 from the gas supply source 16
by way of a flexible hose 15, the air 1s i1ntroduced through the

introducing holes 14a of the pipe 14. In this 1instance, the

introducing amount can be regulated by flow regulating valves 40

which are disposed on an upstream side of the supporting plate 31.

[0090] Moreover, themulti-powder forming apparatus 100 is provided
with flow—-resistance measuring devices 50 which can measure the flow
resistance in the respective powder chambers 10a, 10b and 10c
independently, as illustrated in Fig. 2B. The flow-resistance
measuring devices 50 comprise a load cell which is provided with
a probe with a strain gage. When the load cells are vibrated while

the respective probes are fitted into the powders “A,” “B” and “C”

by 10 mm approximately, the probes are deformed depending on flow

reslistances. The stralns are converted into electric signals by
the strain gages. The electric signals are taken 1n by a
later-described control apparatus, and accordingly the flow

resistances 1n the respective powders “A,” “B” and “C” are detected.

In accordance with the thus detected flow resistances, the control
apparatus controls the flow regulating wvalves 40 so as to

substantially equalize the flow resistances in the powder chambers

10a, 10b and 10c. Since the flow resistances can fluctuate when
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operating the multi-powder compacting apparatus 100, 1t 1s
preferable to carry out controlling the flow resistances
continuously or at predetermined intervals by the control apparatus.

Note that the flow-resistance measuring devices correspond to the

flow-resistance measuring means, and the control apparatus and the
flow regulating valves 40 constitute the flow regulating means.
[0091] The compacting die 20 comprises a squared-annular die 21,
a lower punch 22 fitted into the inner side and being ascendable
from below and descendable, and an upper punch 23 fitted into the

inner side and beling ascendable and descendable from above, as

illustrated in Fig. 1 and Fig. 3. The die 21 1s fixed to the table
8 by a die holder 17. The top surface and the top surface of the
table 8 form a continuous plane. When the lower punch 22 descends

in the die 21, a parallelepiped-shaped cavity 24 1s formed.

[0092] The actuator 19 is an air cylinder reciprocating between

stoppers which are disposed at a retract-end position (Fig. 1A) and
an advance-end position (Fig. 1B). The actuator 19 can be hydraulic
cylinders or driving motors, however, it is possible to utilize air
priplng 1n plants when 1t 1s alr cylinders.

[0093] When the powder box 10 is driven by the actuator 19 and each
of the bottom opening of the powder chambers 10a, 10b and 10c comes
above the cavity 24, the powders “A,” “B” and “C” whose constituent
compositions differ are filled into the cavity 24 without being
disposed in a mixed manner as illustrated in Fig. 3.

[0094] After the powders “A,” “B” and “C” are filled, the powder
box 10 returns, and the upper punch 23 descends from above the
compacting dlie 20 to pressurize the resulting multi-powder. The

pressurilizing with the upper punch 23 i1s carried out by a not-shown

21



CA 02445514 2003-10-27

hydraulic pressing machine. The upper punch 23 and hydraulic

pressing machine make the compacting means.

[0095] Note that the control apparatus comprising a not-shown
computer performs to control the ascending and descending of the
lower punch 22 and upper punch 23, the flow regulating valve 40,

the actuator 19, and the 1like.

(2) Aeration Value

[0096] The correlation between the aeration values and flow
resistances which related to the above-described powders “A,” “B”
and “C” was examlned by using the multi-powder compacting apparatus
100, Fig. 4 1llustrates the results.

[0097] From Fig. 4, regardless of the type of powders, it was
confirmed that the respective flow resistances become identical
substantially when the aeration value was from 0.1 to 0.3 (1/s).
Therefore, when the aeration values are set within the range and
the fi1lling of powders is carried out, the powders “A,” “B” and “C”
are filled without disposing them in a mixed manner as illustrated
in Fig. 3.

(3) Multi-powder Compact

[0098] The multi-powder compacting apparatus 100 was used, the
aeration values were set in common to 0.15 (1/s), and the
above-described powders “A,” “"B” and “"C” were filled into the cavity
24 (a filling step).

[0099] The thus filled multi-powder was pressurized at 588 MPa by
using the upper punch 23, thereby manufacturing a multi—powder
compact (a compacting step). Fig. 5A shows it. Note that Fig. 5B
shows one which was made by filling the powders “A,” “B” and “C”

at oncewlthout introducing the air through thepipe 14 (specifically,
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by setting the aeration values to 0) and by forming under the same

conditions.

[0100] When the flow resistances in the powders “A,” “B” and “C”

were equalized substantially by setting the aeration wvalues

appropriately, a multi-powder compact was produced which had an
explicit boundary for the respective compositions. On the other
hand, when the aeration values were set to 0, a compact was produced
in which powders exhibiting a small flow resistance (specifically,
powders exhibiting high fluidity) were diffused downward as
illustrated in Fig. 5B. Therefore, 1t is understood that 1t is very
difficult to let only desired regions have desired compositions when

air is not introduced in filling powders.

(Example No. 2)
(1) Production of Transverse Test Pilece

[0101] A similar apparatus was used in which the shape and the like
of the powder box 10 and compacting die 20 of the multi-powder
compacting apparatus 100 were varied, and transverse test pileces
l1llustrated in Fig. 6A were manufactured whose size was 55 1n length
X 10 in width X 5 mm 1n thickness. In the present example, an
Fe-2Cu-0.6C powder (herelinafter referred to as “powder A’”) and an
Fe-2Cu-0.8C powder (herelnafter referred to as “powder “"B’"”) were
packed 1n thé respect powder chambers which were demarcated by a
partition plate at the middle of the powder box, the respective
powders were filled 1nto a cavity, and thereafter the transverse

test pleces were manufactured via the respective steps of forming

and sintering.

[0102] The powder “A’” and powder “B’“ weremixture powders 1nwhich

an Fe powder, an Fe-10Cu powder and a graphite powder were mixed
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so that the overall compositions were Fe-2Cu-0.6C and Fe-2Cu-0.8C,
respectively. The Fe powder and Fe-10Cu powder which were used

herein were commercially available powders whose particle diameter

was 250 um or less and which were produced by HOganas AB.,

respectively. The graphite power was a commerclally avallable

powder whose particle diameter was 10 pum or less and which was

produced by Nihon Kokuen Co., Ltad.

[0103] The filling step was carried out by suction filling, and

bottled nitrogen was injected with an aeration value of 0.15 (1/s).

[0104] The forming step was carried out by setting the compacting

pressure to 588 MPa. In the compacting, zinc stearate (ZnSt) being
a lubricant was added to the respective powders in an amount of 0.8%

by mass.

[0105] The sintering step was carried out in a nitrogen atmosphere

at 1,150 C for 30 minutes. Thereafter, they were cooled at a rate
of 100 C/min.

[0106] The density of the transverse test pieces comprising the
thus produced sintered bodies was 7.05 X 10° kg/m’ (7.05 g/cm’).
(2) Assessment on Transverse Test Plece
[0107] (D Thewidth-wise dimensional changes of the transverse test
pieces before and after the sintering were examined at 3 locations

illustrated in Fig. 6A. Fig. 6B i1llustrates the results.

[0108] The dimensional change of the boundary portion (between the
powders Y“YA” and “B”) at which the powders having different
composlitions contacted w.as an 1ntermediate wvalue between the
dimensional change of the Fe-2Cu-0.6C material portion and the

dimensional change of the Fe-2Cu-0.8C material portion.

[0109] @ The hardness distribution was measured in the vicinity
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of the boundary portion. Fig. 7 illustrates the results. It 1s
understood that the hardness varled remarkably within a range of
1 mm-opposite sides in which the boundary between the Fe-2Z2Cu-0.6C

layer and the Fe-2Cu-0.8C layer 1s placed.

[0110] This resulted from the fact that the Fe-2Cu-0.6C layer and

the Fe-2Cu-0.8C layer differed 1n terms of the carbon content only,

and that carbon was diffused from the high-concentration side to
the low-concentration side by sintering, and that hardness

distributions appeared depending on the concentration distribution

of the carbon content.

[0111] B The transverse test pieces were subjected to a 4-point
bending transverse test illustrated in Fig. 8A. The 4-point bending
transverse test was designed so that a uniform stress could be
applied between fulcrums with the above-described boundary portion
interposed therebetween. Fig. 8B 1llustrates not only the
transverse rupture strength at the boundary portion but also the
transverse rupture strength at the Fe-2Cu-0.6C single material and
the transverse rupture strength at the Fe-2Cu-0.8C single material.

[0112] It isunderstoodthat the boundaryportion secured a strength
equivalent to that of the Fe-2Cu-0.6C single material at‘ least. On
the contrary, since the strength of the boundary portion was
substantially i1dentical with the strength of the Fe-2Cu-0.0C, 1t
18 believed that an explicit boundary was formed.

(Example No. 3)
(1) Production of Connecting Rod

[0113] O A similar apparatus was used in which the shape and the

like of the powder box 10 and compacting die 20 of the multi-powder

forming apparatus 100 were varied, and sinter forged connecting rods
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were manufactured whose size was ¢ 55 mm in big-end diameter X ¢

22 mm 1in small-end diameter X 160 mm 1n center distance.

Specifically, as illustrated in Fig. 9A, the above-described powder

“A’” and powder “B’” were packed in the respective powder chambers

alternately, these were filled into a cavity, and thereafter sinter

forged connecting rods illustrated in Fig. 9B were manufactured via

the respective steps such as compacting, sintering and forglng.

[0114] In the case of the present example, the inner shape of the
respective chambers were 120 in width X 200 in length X 60 mm in
height, 80 in width X 200 in length X 60 mm in height and 60 1in

width X 200 in length X 60 mm in height in this order from the

major—-end side. In the respective powder chambers, the pipe being.
the gas feed pipe was disposed in a quantity of 11 pieces, 7 pleces
and 5 pieces in the order from the major-end side. The shape,
disposition height and the like of the pipe and introducing hole
were the same as those of Example No. 1.

[0115] The filling stepwas carriedout bygravity filling. During
the filling, air piping of a plant was used as a supply source, air
was flown with an aeration value of 0.15 (1/s) into the respective
prowder chambers through the respective pipes.

[0116] The forming step was carried out in the same manner as Example
No. 2. Specifically, the compacting pressure was set at 588 MPa,
and zinc stearate was added to the respective powders 1n an amount

of 0.8% by mass.

[0117] The sintering and forging steps were carried out at 1,150 C
for 15 minutes in an RX gas (an H,-4CN,-20CO mixture gas) 1n order

to inhibit decarburization. While being thus heated, they were

subjected to hot forging with an average pressure of 800 MPa, and
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thereafter were left.to cool 1n air.
[0118] @ On the other hand, sintered connecting rods were
manufactured which were subjected to the above-described sintering

but were not subjected to the forging. In this case, theywere cooled

at a rate of 100 C/min. after they were sintered in said RX

atmosphere.

[01189] ® Moreover, as comparative examples, sinter forged
connecting rods and sintered connecting rods which comprised the
powder “A’” or the powder “B’” only were manufactured similarly by
using the above-described process, respectively.

(2) Assessment on Connecting Rod

[0120] @ The various connecting rods thus manufactured were

subjected to a tensile test. Test pieces for the tensile test were

collected from the portion i1llustrated in Fig. 10. The test pieces

had a ¢ 4X 20 mm parallel portion, and M8 chucks. Table 1 sets

forth the results of the respective tests.

[ 0121] ©Note that, regarding the connecting rods which were
manufactured by the powder “A’” and the powder “B’,” the test-piece
central portion was made as the boundary portion between both the
powders, a strailn gage was bonded to the powder “A’” (low-C powder)

side and the powder “B’” (high-C powder) side, respectively, and

then the tensile test was carried out.

[0122] @ The following are apparent fromthe test results set forth
in Table 1.

[0123] Namely, inall of the connecting rods which were manufactured
by the powder “A’” and the powder “B’,” the 0.2% proof stress at

the respective portions was substantially identical with that of

the connecting rods comprising only the powder which was used for
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the respective portions. The breaking stress was virtually the same
as that of the connecting rods comprising the low-strength low-
carbon powder (powder “A’'”").

[0124] Therefore, it 1is understood that the connecting rods
manufactured by using the process according to the present 1nvention
was such that a variety of the powders did not exist in a mixed manner
at the respective portions, distinct boundaries were formed, and
the respective portions were formed with a desired composition.

[0125] ® Subsequently, regarding the sinter forged connecting

rods, the actual fatigue strength was examined. Table 1 sets forth
the test results as well.

[0126] The actual fatigue strengthof said sinter forged connecting
rods which were made by multi-material was 1dentical with that otf
the sinter forged connecting rods comprising the high—-carbon powder
(powder “YB’”) only. This is belileved to result from the fact that,
although the sinter forged connecting rods which were made by
multi-material had portions comprising only the low—-carbon powder
(powder “A’”) at the blig end or the small end, the column adjacent
to the small-end side to be a dominant breaking section of connecting

rods was formed of the high-carbon powder.

[0127)] As can be understood from the present example, it was
possible to make the strength and the processability or cost
reduction compatible in one and only connecting rod by making the
big end and small end which require processability with a composition
with a reduced carbon content and making the column which requires
high strength with a composition with an enlarged carbon content.

[0128] Thus, in accordance with the present process for filling

a multi-powder or apparatus for filling a multi-powder, 1t 1s
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possible to £ill powders whose constituent compositions differ 1nto

a cavity at once without disposing them in a mixed manner.

[0129] Moreover, in accordance with the present process for forming

a multi-powder or apparatus for compacting a multi-powder, 1t 1s

possible to efficiently produce compacts whose constilituent

compositions depends on the sections by usihg multi-powders after

the filling.
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CLATMS

1. A process for filling a multi-powder into a cavity,
comprising the steps of:

moving a powder box, being disposed movably on a table
and comprising a plurality of powder chambers storing a
plurality of powders whose constituent compositions and
respective flow resistances differ, said powder chambers
having Dbottom openings, onto a compacting die capable of
forming the cavity into which the powders are filled;

a gas supply means 1s disposed 1in each powder chamber,
whereby a gas flow i1s introduced into and regulated in each
powder chamber independently; and

filling the plurality of the powders into the cavity
at once through the bottom openings by introducing the gas
flow into the powder chambers to substantially equalize the
respective flow resistances of the plurality of the
powders, at least when the bottom openings are positioned
above the cavity by the powder box moving step.

2. The process for filling a multi-powder into a cavity

as set forth in c¢laim 1, wherein

sald powders are ferrous powders whose major component
1s 1ron and average particle diameter is 250 um or less;
and the gas flow has an aeration value ratio of Vg/Vp,
wherein Vg 1s a gas flow in mL/s to be introduced into said
powder chambers and Vp 1s a ratio with respect to the
volume Vp 1in mL of the powders in the powder chambers, of
from 0.05 to 0.4.

3. The process for filling a multi-powder into a cavity
as set forth in claim 1, wherein said gas is introduced
through an 1introducing hole disposed on the outer
peripheral side of a gas feed pipe for feeding the gas into
sald powder chambers.
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4 . The process for filling a multi-powder 1into a cavity
as set forth in claim 3, wherein said gas feed pipe 1is
disposed on the bottom side of said powder chambers.

5. An apparatus for filling a multi-powder into a cavity,
comprising: a powder box being disposed movably on a table,
and comprising a plurality of powder chambers having bottom
openings storing a plurality of powders whose constituent
compositions differ;

a gas feed pipe for feeding a gas flow to be
introduced into each powder chamber whereby gas flow 1is
regulated in each powder chamber i1ndependently; and

an actuator for moving the powder box onto a
compacting die capable of forming the cavity into which the
powders are filled;

wherein the plurality of the powders can be filled
into the cavity at once through the bottom openings by
introducing the gas through an introducing hole of the gas
feed pipe to substantially equalize the respective flow
resistances of the plurality of the powders, at least when
the bottom openings are positioned above the cavity.

6. The apparatus for filling a mufti-powder into a cavity
as set forth in claim 5 further comprising flow regulating
means capable of regulating a gas flow introduced through

the introducing hole independently for each of said powder
chambers.

7. A process for compacting a multi-powder into a cavity,
comprising the steps of:

moving a powder box, being di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>