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DESCRIPTION

APPARATUS AND METHOD FOR MELTING AND MOLDING METAL IN VACUUM

ENVIRCHNMENT

Technical Field

he present ilnvention generally relates tTo an

and method Zfor

and forming metal 1in a vacuum
snivireonment.,  More particularly, the preseont invention rolatoes
I X F

- -

te an apparatus and methed for melting and forming metal by

casting and forging The metal in a vacuum environment.

Background Art

Casting or forging apparatuzes for metal include a

g

horizontal die  casting machine, & vertical die casting
machine, a squeeze casling machine, a low-pressure casting
machine, a gravity dic casting machine, and the like. Thesce

=

apparatusesz melt metal in a melting

provided for a continucus process in the
metal ls openly exposed to air.

When metal is melted in the air, molten metal rapidly
oxidizes through contact with the air, and at the gzsame time,
impurities intrude into the moiten metal, thereby forming droses.
Although the dross insignificantly reduces the contact of the

molten metal with the alr, the dross ohstructs continuous
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stirring during melting of the metal, thorcby making it

In order to overcome this problem, apparatuses and methods

for melting and forming metal in vacuum environment were

i

proposed, examples of which include Korean Patent No., 10~

1144770 “APPARATUS FCOR MELTING LIGHT METAL IN VACUUM USING
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AND VACUUM MELTING

ent Ngo, 10-1123645 “METHOD AND APPARATIS FCOR

DIE CASTING METAL IN VACUUM ENVIRONMENT”, Forcan Patont

]

No. 10-1144767 “APPARATUS FOR MELTING LIGHT METAL IN VACUUM AND

VACUUM MELTING METHOD USING THE SAMEY, FKorean Patent No, 10-

1013207 “APPARATUS FOR MELTING LIGHT METAL IN VACUUM AND VACUUM

r-‘l

ING METHCD USING

Tent No. 10-0550144

157, Korean
“WVAQUUM DEVICE OF DIE CASTING APPARATUS”, ¥orean Fatent Ng, 10~

0572589 “APPAR

FOR FCORGING MOLTEN METAL IN VERTICAL VACUUM”,
Korean Fatent No, 10-0572581 “DIE CASTING APFARATUS UNDER

83 “PRODUCT FORMING

w

VACUDM GRAVITYY, FRorcan Patent No. 10-0572
METHOD AND AFPARATUS FQOR SEQUEEZE CASTING MACHINE IN VERTICAL

VAQUOM’, and the like,

Disclosure
Technical Problem

Accordingly, the presgent invention has been nade keeping
in mind the above problems occurring in the pricr art, and an

object of the present invention lg to further Iimprove an

[
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apparatus and methed for melting and forming metal in a vacuum
environment proposed in the related art that can realize a
high~level wvacuum environment using a simplified structure and

melt and form metal in the high-level wvacuum environment,

thereby producing high-quality precision metal products.

Technical Solution

In order to accomplish the above obie

fD

ct, the present
invention propoesces forming metal by melting the metal within a
metal-forming apparatus and filling the molten metal into a
meld cavity., The netal is melted and formed in a high-level
vacuum environment that is created in the apparatuz by drawing
alr from the apparatus in the state in which atmospheric air

¥

15 prevented Irom entering

o apparatus.

Advantagecus Effects

The apparatus for melting and forming metal in a vacuum

envirconment according to the invention can melt and form met
in a high-level wvacuum envircnment formed therein. It is
therefore possible to prevent the properties of molten metal
from changing through contact with the air. Debris produced
during the process of forming metal 1s separately accumulated
in a space formed in the rear of a pressing plunger. This can

consequently prevent the debris from mixing inte the metal,

thereby forming a high-quality precision metal product.

Lok
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Description of Drawings

FIG., 1 1s an exemplary view conceptually illustrating the
schematic configuration of an apparatus for melting and
forming metal in a vacuum environment according to the present

invention;

FIG. 2 iz an exemplary view illustrating e operation of
loading metal by lowering a melting sleeve according to another
embodimernt of the present invention;

FIG. 3 1s an cxemplary wview illustrating a structurce of
cooiing a pressing piunger applied to the prezent inventlion;
8. 4 to 7 are exenplary views illustrating the proces
of meliting and forming metal in a vacuum environment using the
apparatus according to the present invention; and

FIGS, 8 to 11 are exemplary views conceptually
illustrating the schematic configurations of apparatuses for

melting and forming metal in a vacuum environment accoerding Lo

other cembediments the present invention.

Mede for Invention

he present inventicon proposes an apparatus and method
for melting and forming metal in a vacuum envirvonment in order
to create a high-level wvacuum environment within a metal-
forming mold apparatus and melt ard form metal in the high-
level wvacuum environment. The apparatus includes: a mold

having & mold cavity for forming metal; & hollow melting sleeve
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disposed below ard communicating with tThe mold cavity, tho
melting sleeve melting the metal loaded thereints; a pressing
plunger, wherein the pressing plunger moves forwards within the
meiting sleeve to puszh and £ill the moiten metal into the mold
cavity. The interior of the melting sleeve and the interior of
the moid cavity are maintained in a zea

communicating with the melting sleeve 1s formed in the rear of
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clunger such that atmozpheric air ls prevented
from cntering the space. The apparatus further includes an
exhaust unit that creates a wvacuum within the space, the mold
cavity, and the melting sleeve,

The present invention will now be described in greater
detall with reference to FIGS. 1 to 11,

FIGC. 1 ig an exemplary view conceptually illustrating the
svhematic configuration <f  an  apparatus  for melting and
forming metal in a vacuum environment according to the present
invention, FIG. 2 is an coxomplary wview dillustrating the

operation of leoading metal by lowering a melting slieeve, and

______ ructure of cocling
a pressing plunger applied to the present invention.

Az illustrated in the drawings, the apparatus for melting
and forming metal in a vacuum environment according to the
present invention includes a mold 300 having a mold cavity

ot
i

302, which 1s a space in which metal

s formed, a melting

sleave 400 that melbs the metal, and a pressing plunger 500



10

ressing and filling the metal melted by the wmelting slceve
400 into the mold 300.

The wmold 300 is divided into a movable moid 320 and a
fized moid 240. When the movable mold 220 movez upwards, the
mold cavity 302 is opened. Packing is disposed at an area in
which the movable mold 320 adjoins the fixed moid 24U, and
serves to cluse the wmold cavity 302 when the movable mold 320
adicinz the fixed mold 340,

The fixed mold 340 is fixedly disposcd on top of a plate-
shaped fixed platen Z00 having a preset area. The fixed platen

200 is at a presetb height from the bottom, supported on a body

The movable mold 320 moves upwards and downwards along a
tie bar 820, the lower end of which iz fixedly erected on the
fixed platen 200. A movable platen 800 1s disposed on the tie

har B20, and the movable mold 220 is fixed hto the movable
platen 800. In zresponsa to thoe wmovakhle platen 800 moving

upwards and downwards along the tie bar 820, the movable molid

The upward and downward movement o©of the movablile platen 800

is enabled by a mold opening/closing cviinder 900. The mold
opening/closing cylinder 900 is fixed to a cylinder support 920
fixed to the upper end of the tie har 820, and operates the
movabie piaten 200 through the forward and backward movement of

a cylinder rod 9310,



The movable mold 3220 is provided with an ojector plate 700

that removes a formed product out of the mold The

ejector plate 700 has ejector pins 710 that extend to the mold
cavity 302 through the movable moid 220. The ejector pins 710

can detach the product from the movable mold 320, the product

<<<<< a2

being formed in the molid cavity 30Z, while moving forward.

H

The melting sleeve 400 ig in the shape of a plpe having a

hollow interior. In addition,

formed of an insulator, such as a ceramic. The melting sleeve

400 has arn induction heating coll 410 wound on the outer

cireur induction heating coil 410 can

directly heat metal within the meiting zleeve 400 by inducti
heating. The melting sleeve 400 is configqured such that the

-

-ends through the fixed platen 200, with

meiting siseve 400 ex
the upper end thereof adjolining the lower portion of the fixed

=4

mold 240, Thus, the interior of

s
T
[

melting sleeve 400
cormunicates with the mold cavity 202,  Hore, the packing must,

of courze, be dispesed in order te close the area in which the
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00 adjoins the underlying mold 300,

The melting sieeve 400 may he configured such that the
melting sleeve 400 moves upwards and downwards as illustrated
in FIG. 2. A sleeve support 4600 is provided to support the

lower end of the melting sleeve 400, and 1s configured such

that the upward and downward movement of the upper end of the

sleeve suppcort 460 following a support rod 470 fixed to the
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fixed plater 200 causes the melting sleove 400 to move upwards

and downwards. Ac¢cording to this configuration, it 1s possibie

Lo load metal To be me
lowering the wmelting sieeve 400,

The lower end of the melting sleeve 400 iz closed. The
zleeve support 460 has a recess intc which the lower end of the
0 can be fitted. The lower end of the melting
zleeve 400 is stuck into the recesz of the sleeve support 460,
A hole corwmenicating with tThe interior of the melting slocva
400 extends through the sleeve support 460, As the lower end

of this hole i1z closed, the lower end of the meliing sleeve 400

)

{

is clozed. Accordingly, in the state in which the upper end of
the mellting sleeve 400 adjeoining the fixed mold 340 1s closed,
the melting sleeve 400 can be closed such that air does not
enter the interior of the melting sleave 400.

It iz preferable that the size of the hole be identical to
the inrcr diamcter of the melting slicewve 400, bhut this is not
intended to be limiting,

The hole carn be c¢iosed using a cleosing fliange 480. The
closing flange 480 is fixed to close the lower end of the hole
formed in the sleeve support 460. Here, a plunger rod 510,
which wiil be described later, extends through the closing
filange 480, The packing is disposed on the portion in which
the zleeve gupport 460 adjoins the closing flange 480 and the

portion in which the pluonger rod 510 extends through the
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closing flange 480, thereby maximizing closing performance.
The preszing plunger 500 is in a piston shape that moves

forwards and backwards within the siesve 400, The

pressing plunger 500 iz dizpozed on the upper end of fthe

U]

piunger rocd 510 such that the pressing plunger 500 moves
forwards and backwards. The plunger rod 510 can be connected
to the cylinder rod by means of a coupling, the cylinder rod
being moved forwards and backwards by a cylinder.

When metal loaded into the melting sleove 400 melts, thoe

pressing plunger 500 movez forwards to push

with the molten metal. A space 402 having a preszel volume iz
formed in the rear of the pressing pilunger 500. The space 402
is formed such that the pressing piunger 500 does not touch the
closing flange 480 even 1f the pressing plunger 500 moves
backwards to the rearmost posibtion. Metal debris dropping
threough the gap betweoen the pressing plunger 500 and thoe inner

wall surface of in the space

during the p Conseguently, the
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metal debris does not mix into the metal that is being formed.
A cooling means ls provided to cool the pressing plunger

500. For this, a cooling contiguration as illustrated in FIG.

3 can be employed. According to the cooling configuration,

~

he plunger rod 510 and the interior of

the interior of

the pressing plunger 530 are formed hellow, and a pipe extends
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Chrough the hollow interiors, such that coolant can boe input

through the pipe. However, this iz not intended tc be limiting,

and any other means can be e

According to the present invention, an exhaust unit 600
for evacuating the interior of the above-described apparatus
for forming metal is provided. The exhaust unit ©00 draws air
from the interior of the mold cavity 30Z, the interior of the
melting sleeve 400, and the zpace 402 formed in the rear of bLhe
pressing plunger 500 throvgh a plurality of coxhauvst pipes 610.
Since the mold cavity 302 and the melting slesve 400
communicates  with each other, the air 1s drawn from the
interior of the mold cavity 30Z and the interior of the melting
sieeve 400 through one of the exhaust plipes 010 communicating
with the moid cavity 30Z, and the air is drawn from the space
402  through the other one o©f the exhaosgt pilpes 010

&

cormunicating with the zpace 402. Since air is zimultaneously
drawn in this manner, acceording to thoe prosent invention, 1t is
possibie to rapidliy evacuate the intericor of the apparatus for
melting and forming metal in a vacuum environment,

Since it 1ls possible to completely close the interior of
the apparatus for melting and forming metal in a vacuum
environment according to the present invention as described

above, metal iz melted and formed in the state in which a high

level of wvacuum i3 created in the interior of the apparatus.

k-1

noaddition, i1t is possible to collect metal debris by forming
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while praeventing the metal debris from mixing into the metal.

Reference will now made to procezs of meiting and

i

forming metal in a vacuum environment using the above-described

apparatus for meiting and forming metal in a vacuum environment

vl

avcording to the present invention. FIGS. to 7 are exemplary
views lllustrating the procesz of melting and forming metal in

a vacuum cenvironment using the apparatus according to the

Pirst, metal to be meited is loaded into the melting
sleeve J The mold cavity 302 is opened by moving upwards

the movable mold 220 illilustrated in FIG. 4, the interior of the

L

mold cavaly 302 is cleaned by Dblowing high-pressure air
thereints, and & releasing agent and a  lubricant  are

zubzequently injected thereinto. Afterwards, the pressing
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plunger 500 iz moved uvpwards to a slightly lower than

the entrance of the melting sleeve 400, and the metal to be

melted is placed on the pressing plunger 500, Since the
pressing plenger 500 iz moved upwards, it iz possikle to

o o

prevent the pressing plunger 500

piacing the metal on the top surface of the pressing plunger
500.

Thereafter, as :illustrated in FIG. 5, the pressing plunger

F
o
¥
&

500 1is moved downwards, and the loaded metal starts
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heatod. At the same time, the movable mold 32 is moved
downwards and 1is assembled with the fixed mold 340, thereby
closing the mold cavity 30Z. The pressing plunger 500 is moved
downwards to a position in which electromagnebic indugtion
force is easily transferred to the metal. AL the same time,
air iz drawn simultaneously from the mold cavity 302, the
melting sleeve 400, and the space 407 formed in the rear of the
prezsing plunger 500 through the exhauzt plipes 630 by operating
the coxhavst unit €0
Zince the air is drawn in this manner, there iz no
preszurs difference or a very insignificant pressure difference
between the interiors of the mold cavity 302 and the melting
sieeve 400 and the space 402 formed in the rear of the pressing

B v

plunger 500. This consequently prevents metal debris inciuding

: N

impurities that would otherwise accumolate in the space 40Z
formed in the rear of the preszirg plurnger 500 from being
suckoed in the dircction of The melting slceve 400 through tho

pl

gap between the inrner wall surface of the melting sleeve 400

and the pressing plunger 500.  Accordingly, th
including impurities is prevented from mixing into the metal
that will be melted within the melting sleesve 400, theraby
producing high~guality molten metal.

When the loaded metal is suificiently heated to melt, as

iliustrated in FIG. o, e pressing plunger 500 1is moved

upwards, thereby £illing the melten metal into the mold cavity



G2, Afterwards, the melten metal is left fto ceool in this
state for a preset time, such that a metal product iz formed in
the shape of the mold cavity Z02Z.

When the cool

ing is completed, az illusztrated in FIG., 7,

the movable mold 320 is moved upwards. At this time

o
-
oy
ol

formed product is moved upwards, attached to the movable mold
320,  The formed produoct is removed from the mnovable mold 320
through the ejector pins 710 by moving the presszing plunger 50
backwards and subscqguently moving the cjector plate 700
downwards. Afterwards, the product 1s finished through a post
Lreatment process, such as polishing or paining.

Metal iz melted and formed by repeating the above-
described process, during which metal debris dropping through
the gap between the pressing plunger 500 and the inner wall

surface of the melting sleeve 400 accumulates in the space 402,

o

Accordingly, the space 402 is pericdically cleared to remove

the accumulated metal debris

Reference will now made to a variety of embodiments
according to the principle of the present invention. FIGS. 8

to 11 are exemplary views conceptually illustrating the

schematic conficuraticns of apparatuses for wmelting and
forming metal in a vacuum envirocnment according to other

embodiments the present invention.
in the state in which the mold 300 s assembled as

iillustrated in IG. 2, the melting sleeve 400 1z moved
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downwards to he scparated from the mold 300, arnd metal to he

melted 1s loaded into the melting =zleeve 400, Afterwards,

melting sleeve 400 is moved upwards to be close to the mol

A high-level wvacuum envi

-

302, the melting sleeve

rear of the pressing plh

400, and the space 402 formed in

nger 500 by drawing air therefrom,

1 300

cavity

the

and

fhe metal 1s simultanecusly heated. Afterwards, the pressing

plunger 500 is moved upwards,

nto the mold cavity 302,

Az 1lliustrated in FIG. 8, the mold cavity 30Z and

melting slee

s

which the mold cavity

e 400 are disposed upper and lower positions
line inclined with respect to a horizon. That is, the line

302 and the melting sleeve 400

disposed is inclined with respect to the horizon.

confliguration ig employed

thereby filling the molten metal

the

onoa

are

This

in order to fill molten metal along

the inclined iine into the mold cavity 202.

& illvstrated 1n FIG,

400 is provided. Each of

makes it possible to melt

the

9, a plurality of melting sleoves

metal using the plurality of melting

sleeves 400 and subseguently fill the molten metal into

mold cavity 202, thereby
iz formed. In addition
formed 1is large, it i=

greater amount of metal.

7

increasing the rate at which the m

the

etal

when the size of a product to be

3
: 5

q

funt
M

Accordingly, & varlety of products
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can be convenicently formed.,

Ags illustrated in FIG. 10, the space

rear of the pressing plunger 500 may be

402

formed in the

implerented as a

bellows 420. The bellows 420 is in the shape of a corrugated

pipe, with the upper end thereof being firmly a

fastened to the sleeve support 460, and the

beiny closed. The plunger rod 510 extends

402, the space 402 has a sufficicont size

Lower

through

% the bellows 420. Sirce the bellows 420

=N

significant amount of metal debris. Since

expands and contracts in re

the plunge

end therect

Ll

nd closely

~

the lower

forms the space

able to

the b

r

rod 510 moving

upwards and downwards, the friction between the bellowz 420 and

the outer clrcumference of the plunger rod 5.0 can be

Az illustrated in FIG. 11, the present

applicable Lo an apparatus for melting and

vacuumn environment., In this caze, the movable

provided with a punching part 322. When molt

~
-l

M

minimized

invention is

forging metal in a

2 o~ P " L3
mold 3220 is

metal is moved

upwards on the pressing plunger 500, the movabie mold

moves

downwards such that the punching part 222 forms the melten

metal by applying pressure therebo., At this tim

N

o

plunger 500 is subjected to a significant amount

which causes force of pushing the pressing

backwards. A support hlock 520 is employec

firmly supporting the pressing plunger 500.

For example, the plunger rod 510 can be

&)
Nt

oh

the pressing

-~

A

-

pressure,

plunger 500

nec

means  for

ted to the



cylinder rod by mearns of a coupling, the cylinder rod being
moved forwards and backwards by a cyilnder, such that the
plunger rod 510 can move forwards and backwards. The support

block 520 has a U-zhaped recess t

.'
-
}

hat supportz the lower portion

.

of the coupling while covering the cylinder rod.

When metal is forged as above, Lhe punching part 322 andg
pe ¥ pe

500 may simultaneously press the molten

metal.

—
b=



CLAIMS

[

Ar. apparatus for melting and forming metal in a

»

vacuum environment, comprizing:

a neld having a mold cavity (302) for forming metal;

a hollow melting sleeve (40U)  disposed below and
cormenicating with the wmold cavity (302), the melting sleev
(403} meltirg the metal lcaded thereinto;

a prossing plunger (500), wherein the pressing plunger
(500} iz pushed by plunger rod (510} to move forwards within
The melting sleeve 400 such tThat the pressing plunger (500)

the molten metal into the molid cavity (302);

whereli a space (402) commenicalting  wi the melting
gleeve (400) is formed in a rear of the pressing piunger (500),
such  That metal debris dropping throsgh a gap between the
prezsing plunger (500) and an inner wall surface of the melting
sleeve (400) accumulates in the space (40Z2) during a process of
forming the metal

wherein an interior of the mel iting sieeve (400} and the
mold cavity (202) are maintained in a sealed stabte, and air is
preventad from entering the space (402); and

an  exhaust unit  (e00) having exhaust pipes  (¢10)
respectively communicating with the mold cavity (302) and the

wherein the exhaust unit (600) draws air from the

mold cavity (2021, the melting sleeve (400), and the space
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2 The apparatus according to claim 1, wherein the mold
cavity (202) and the melting sleeve (400) are dispozed on upper
and lower positions on a line inclined with respect to a

horizon.,

3. The apparatuz according to claim 1, wherein the
melting slceve (400) compriscs a plurality of melting sleoves
{400} each of which melts the metal, which ls then filled into
the mold cavity {(202).

4, The apparatus according to claim 1, wherein the space

(40Z) comprises a bellows (420).

5. The apparatus according to clazim 1, wherein the
moelting sleove (400) is provided scparable from the mold (300),
wherein the metal to be melted is loaded into the melting
sleeve (400} in a state in which the melting slieeve (400) is

geparated from the mold {(300).

6. The apparatus according to claim 1, wherein the
movable mold (320) is provided with a punching part (322} that
forges the moliten metal by applying pressure thereto,

the apparatus further comprising & support block (520}

18
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3

supporting the plunger rod (510), whercin a load is supported

-~

by the support block (520},

7. The apparatuz accerding to c¢laim o, whereln, when the
punching part (32Z) applies pressure to the molten metal, the

pressing plunger (50U) moves upwards and appiles pressure to

the molten metal together with the punching part (32Z).

8. A mothod of melting ard forming metal in a wvacuum
environment, comprizing:

praparing an apparaitus for melting and forming metal in a
vacuum environment, wherein the apparatuz includes: a mold
having a mold cavity (30Z2) for forming metal; a hollow melting
sleeve (400) disposed below and communicating with the wmwold
cavity (202}, the melting sleeve (400) melting the metal loaded
thereinto; a pressing plunger (500), wherein the preszsing

plunger (500) is pushed by a plunger rod (510) To move forwazrds

within Tthe mel

zleeve 400 such that the preszing plunger

(202); and a space (402) formed in a rear of the pressing
plunger (500) to commenicate with the melting sleeve (400,
such  that metal debris dropping through a gap hetween the

pressing plunger (500) and an inner wall surface of the melting

{7
1

sleeve (400) accumulates in the zpace (402) during a process ¢

forming the metal;
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loading the metal to ko melted into the melting sloove
(400} by opening the meiting sleeve (400);

&

assembling The mold (300) after completing ©

of loading the metal to be melted into the melting =zleeve

creating a wvacuum within the mold cavity (302), the

melting sieeve (400), and

space (402) by simultaneously

=y

drawing alr there

Ton.

9. The method according to claim 8, whereln the metal to
be meited into The melting sleeve (400) comprises moving the
pressing plunger (500) forwards fto a position c<lose to an

entrance of the melting sieeve (400}, placing the metal to be

meited on top of the pressing plunger (500), and moving th

£
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