Met hod and Apparatus for Forging Field of the

I nvention This invention relates to forging, in
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articles having conpl ex shapes and honogenous

structures. Background of the Invention Traditiona
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articles with a fine grained mcrostructure by

exerting a high pressure on at artially nolten
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cracking in an article, effects which arise due to

nmelt shrinkage during cooling. Such nelt shrinkage can
be c ensated for by. applying an oscillating squeeze
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Howewer teafiay & aradkplgein spharpels, affecisiiwhigh arise due to melt shrinkage

during cooling. Such melt shrinkage can be compensated for by applying an
20  oscillating squeeze pressure during solidification or by means of double acting

pressure to improve article strength and toughness.

The actual volume of the article obtained depends on the quantity of at least
partially molten metal supplied. To obtain articles having predetermined
25 dimensions regardiess of varying amounts of access of at least partially molten
metal, a compensating pressure can be exerted through the cavity base. This
compensating pressure allows excess material, which varies in volume from article
to article, to extend beyond actual article dimensions. After ejection of the article,

solidified excess material is trimmed off.



ti ghter dinensioning tolerances, which existing

techni ques are unable to achi eve. For exanple, thinner
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greater porosities in the thinner sections conpared to

the rest of the article, which |eads to a

non- honogenous structure. At the sanme tine, current

liquid forging or squeeze casting techni ques as yet
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t here prOV| an apparatus for formng an article.
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cavity to receive material, said material being at

l1eastregaity 4dhmlddypyrfagingn and at | east one punch adapted

to slidably engage the die cavity and to exert a

form ng pressure on naterial di sposed in the di e

cavit There is also at |east one pjn for form
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thick. This is important in small products such as, for example, the casings for

small disk drives.

20  Summary of the Invention

According to a first preferred aspect there is provided an apparatus for
forming an article. The apparatus comprises at least one die having a die cavity to
receive material, said material being at least partially molten and at  least  one

25 punch adapted to slidably engage the die cavity and to exert a forming pressure on
material disposed in the die cavity. There is also at least one pin for forming an
article feature. The pin is adapted to slidably engage the die and to contact the
material, the pin being further adapted to recede upon exertion of the forming

pressure and to exert a feature forming pressure when receded and thereby form



According to a second aspect there is provided a
nmet hod of formng an article having an article
wo e@b09R69 The net hod conprises: (a) |ocating apCT/eazi5/000200
one pin at a first positiomrelative to a die cavity;
(b) inserting into the die cavity a nolten material to
be used to formthe article; (c) noving a punch
relative to the die cavity to contact the nDIten

material to f th
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pin may be in contact with the punch when the nateri al
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surf 3&8ded out of the die cavity when the material solidifies.

The feature forming pressure may be less than the forming pressure; and the
movement of the at least one pin may be in consequence of the movement of the
20 punch. The punch may contact the at least one pin prior to the punch contacting
the molten material. When the punch contacts the at least one pin, the punch may
force the pin from a first position to a second position. Alternatively, or additionally,
the pin may be moved from the first position to the second position by the molien
material in consequence of a compressive force applied to the molten material by

25  the punch.

When the at least one pin is in the first position, an upper end of the at least one
pin may be substantially co-planar with a lower surface of the die cavity. When the
at least one pin is in the second position, the upper end of the pin may be recessed

30 below the lower surface.

Alternatively or additionally, when the at least one pin is in the first position and the
molten material is inserted in the die cavity, an upper end of the at least one pin
may be located above a top surface of the molten material.

35



Alternatively or additionally, when the at |east one
pinis in the first position and the nolten materi al
w0 200608852 ed in the die cavity, an upper end oPCT/R€2005/000200

| east one pin may be | ocated above a top surface of

the nolten material.Brief Description of the Draw ngs

In order that the present invention nmay be fully
understood and readily put into practical effect,

there shall now be descri bed by way of non-limtative

exanBlief Rascyptinnefdns REWNESodi nents” of the present

invention, the description being with reference to the
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pr i oPragtisaksfiert; there sl vt Ry IRSHEPep P Yy Plnonpimiaive esamile gniy
Ver t prefhre6 r @ftSodsemitsi ohatle pieaantc biverdispothdi depctimiofi lgpinge with
1 of the first i J ' 2xertion of the
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article formed according to the first enbodi nent;
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or

ng pressure; Figure 6 is a side view of an
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Figure 7 is a vertical cross - sectional view of a

t hi r dmbodyadit ety gxertiar ofttice fesoeing pressust, a f or mi ng
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Figure 5 is a view corresponding to Figure 4 of the second embodiment during
exertion of the forming pressure;,
Figure 6 is a side view of an article formed according to the second embodiment;
Figure 7 is a vertical cross - sectional view of a third embodiment prior to exertion
20  of a forming pressure;
Figure 8 is a view corresponding to Figure 7 of the third embodiment during
exertion of the forming pressure;
Figure 9 is a side view an article formed according to the third embodiment; and
Figure 10 is a flow chart of the process.

25
Detailed Description of the Preferred Embodiments

According to one aspect, there is provided a forging apparatus for forming at least
one article. The article formed by this apparatus can comprise through holes and

30 thin sections while having a homogenous structure.



Det ai | ed Description of the Preferred Enbodi nents

According to one aspect, there is provided a forging
wappangdses for formng at | east one article. TPEI/SG2005/000200

article formed by this appa¥atus can conprise through

hol es and thin sections while having a honogenous

structure. Referring to the draw ngs, the apparatus 10

conprises a die 12 having a die cavity 14 to receive

material 16 that is at |east tiall I .. For,. .
exanp$ering Irehadiewips e gPpazIpSD rcg}“?fcﬁ‘%ﬁ%f%e AT cavity
a sem-solid ta . i. ' ' .
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cavity 14 wth a sliding but generally sealing fit,

and & lueKe e semi-Sd1d FMeRgicphassur e on material 16
di sposed in the die cavity 14. For exanple, the
fsorm ng pressure can be provided by neans of a

hydraul i c press. Th t 10 al [ '
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the di'e cavity he pin is also configured to

exergy@eggqﬁgm@y&maahgg pressure, and to be able for
forma feature in the noul ded product. In a first

enbodi ment, as shown in Figure 1, material 16 is
di sposed in the die cavity 14. Mterial 16 is inserted
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14. As the punch 20 approaches the material 16 and

exer bl%sid'ﬂ@, ah8 o Begledoreemus atutdia thewnaiided @ragioctt act and
applies a force to the pin 24 before contacting the
material 16. That force is sufficient to overcone the

force being
In a first embodiment, as shown in Figure 1, material 16 is disposed in the die

cavity 14. Material 16 is inserted into the die cavity 14 after pin 24 has been
extended until it contacts punch 20, or is at least above the anticipated surface
20 level 26 of the material 16. This is a first position of the pin 24. Therefore, the pin
24 initially extends above the surface level 26 of the material 16 when material 16
is inserted into cavity 14. As the punch 20 approaches the material 16 and exerts
the forming pressure, the punch 20 contact and applies a force to the pin 24 before
contacting the material 16. That force is sufficient to overcome the force being
25 applied to pin 24 to move and retain it in the extended or first position shown. The
pin 24 correspondingly recedes while exerting the feature forming pressure. The
feature forming pressure is typically less than the forming pressure, and can be

provided by the same hydraulic press, for example. Alternatively, it may be



applied to pin 24 to nove and retain it in the

extended or first position shown. The pin 24
waeorosesaendi ngly recedes whil e exerting the fer€T/8€2005/000200

form ng pressure. The feature form ng pressure is

typically I ess than the form ng pressure, and can be

provi ded by the sane hydraulic press, for exanple.

Alternatively, it nay besubstantial ly the same as the

formn ure. nch 20 cont ag t
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article 30, as shown in Figure 3. In the first

eénbodi nent the article feature is a through hole 32.
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circ ownér% E_gure %l '?1 tge fl ur at{h%‘h%n@%r%dgﬂi @Qtture is a through hole 32.
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desired shape of the through hole 32. In this way the
mat erdl@B2 kocirc@aRITAS pini 3udad hbar a differehf crossesettiopeen aplutatity of
enable the article features to be forned before

s®| i différentatrosersections aloso itrilenigin dereneing opj ek degired shape of the
premature solidification - i.e. before punch 20

appl theaighpeefdrce to material 16. This assists in
allowing the material 16 to adopt a nore uniform and
honbgenous structure, and to reduce grain size.
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was | nsert die cavity 14, may have to
penetLak& 18 b kdried BEBRGoMHicARINE i a’ﬂéo rhindizesURgriskad! ipteynature
14. Penetrating the skin may affect pin 24, the
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after solidification. After punch 20 contacts materia
16, tlvavingshematerial1® to @dpriiaf merg ugiArm angd APMagspogR siruckyre, and
thermal transfer to and through punch 26. In a second
embotf TREKE IBESZ8own in Figure 4, material 16 is

di sposed in the die

Furthermore, if pin 24 were moved after material 16 was inserted into die cavity 14,
20 it may have to penetrate a skin formed on material 16 around cavity 14.
Penetrating the skin may affect pin 24, the article feature, and the structure of the
material 16 after solidification. After punch 20 contacts material 16, the material 16

solidifies quite rapidly due to thermal transfer to and through punch 26.

25 In a second embodiment, as shown in Figure 4, material 16 is disposed in the die
cavity 14. Before material 16 is inserted into die cavity 14, the pin 24 is initially
flush with a lower surface 36 of the die cavity 14 and does not extend into the die

cavity 14. This is the first position of the pin 24. When material 16 is inserted into



cavity 14. Before material 16 is inserted into die

cavity 14, the pin 24 is initially flush with a | ower
wWaobagR686 of the die cavity 14 and does not BXI/BGZH05/000200

into the die cavity 14. This is the first position of

the pin 24. Wen material 16 is inserted intodie

cavity 14, and referring to Figure 5 as the punch 20

exerts a forning pressure on the material 16,

pressuri z 6 causes
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receded, position (Figure 5). By maintaining t

Db es Herseae3treepysiy Ocsqu*éty\/%%ﬁm ﬁﬂrﬁ)e@@ PRSI rY&'PPFbee pin 24
thefeMUrels cr

to t hes MPeher B ‘?92’43‘%5%‘%‘“3( H‘eStﬂBﬁ 8? f]f%Fe‘i"f‘? | ?rgrﬁc%%gep"ﬂfm
| s hg._m)LQGe EOL%ynl)ﬁ% %1@ Eghé’ r? rggtgrlzfr% Eétbv@len a1ﬁ 24 and punch
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Figure 6. In the second enbodinent, the article
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thin cross-section such that the neck 44 is a thin
géction. Problens associated with premature
solidification of the neck 44 are reduced, sin
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20
In a third embodiment, the apparatus 10 includes two pins 46, 48, as shown in
Figure 7. In the third embodiment, one of the pins 46 is configured and operates
according to the pin 24 of the first embodiment, while the other pin 48 is configured
and operates according to the pin 24 of the second embodiment. Upon exertion of
25  the forming pressure by the punch 20 on material 16 disposed in the die cavity 14,
solidification of the material 16, as shown in Figure 8, results in the formation of an
article 50, as shown in Figure 9. In the third embodiment, two article features, a

through hole 52 and neck 54, are formed. In the third embodiment, the article 50



the form ng pressure by the punch 20 on material 16

di sposed in the die cavity 14, solidification of the
woradoendmb9 16, as shown in Figure 8, results inP€8G2005/000200

formation of an article 50,8as shown in Figure 9. In

the third enbodinent, two article features, a through

hol e 52 and neck 54, are forned. In the third

enbodi ment, the article 50conbi nes the features and

processes of rst enbo
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one RHRA d one die, other enbodi nents mhlch conblne

a varied plurality of dies, punches and pins

configured simlarly to the enbodi nents earlier

descri bed can be provided to forma plurality of

art i @ltesughatié regnbadintenpsl desariied cliepidt eateupewh Jrivesee die, other

features may be hol es, protrusions, necks, recesses,
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ha
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ve surface treatnents to

furt rﬁ?tﬁmsngr%nnécﬁ’(§ @Ees%@é%@‘d%m&ﬁé‘t‘dﬁrtﬁstheng | Sidh @rtidlds and article
illustrates the processes descri bed above. The pin 24

I S | Reaturéd €51 bP @S ivhridaB shbpdshdsdiast Adfklet v cpmplexe $Bapes and
(101). This will be the position shown in Figures 1, 4
and homégmmonsstmciugds cai thus be feemed. sstherstbre, 1B23urfaged of pies 24,
punch 20 noved (103 If the punch 20 contacts pin 24
bef o6, Hheriqr gunche? ma&éhaVﬁSgtﬁ?C@s"eftm%“%to from B"t@ﬁ)f complex or
(104), the nch 20 noves pin 16 to the second

posi PBROYE 8§T"§%d conpresses the material 16 (106) to
formthe article and the article feature (107). If t he
punch 20 contacts material 16 first (108)_(Fig 4

to 6 Figpre 60 dstatesc gppraceseas daserinedtaovel T(hfdy) 2t1 ds in a first
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If the punch 20 contacts pin 24 before material 16 (i.e. Figures 1 to 3, 7 to 9) (104),
the punch 20 moves pin 16 to the second position (105) and compresses the
material 16 (106) to form the article and the article feature (107). If the punch 20
20  contacts material 16 first (108) (Figures 4 to 6, 7 to 9) it compresses the material
(109) to force the pin 24 to the second position (110) to form the article and the

article feature (107).

Whilst there has been described in the foregoing description preferred
25  embodiments of the present invention, it will be understood by those skilled in the
technology concerned that many variations or modifications in details of design or

construction may be made without departing from the present invention.



enbodi nents of the present invention, it will be
under st ood by those skilled in the technol ogy
w@omemred that many variations or nodificati oPST/86G2005/000200
details of design or construction nay be nmade wi t hout
departing fromthe present invention. THE CLAIMS 1. An
apparatus for formng an article, said apparatus
conprising: (a) at least one die having a die cavity
to recei terial, said material being at |east
partiﬁEF%Sﬂﬂgten; (b) at |east one punch adapted to
slidably engage the die cavity and to exert a form ng
presgure QR JLhGaIBbEfolRihg WSk RaldiBpathies EsMbrising: and
(c) at least one pin for formng an article feature,
the pin being adepkeek die halingadib yavtyn@agecitcheateish saind
to contact the material, the at | east one pin being
f 8ir t heterialdefrigetletsy pat@lly nogien: exerti on of the form ng

pressure and to exert a feature form ng pressure when
receded afdl t hétledsy opOPYRCH AERPHY P ElidabIK 509396 thede cavity and to

article feature when the terial splidifies d th
f or ¥t ?ﬁ%&@% PrEssuE O”fﬂ%mg% 'Qrwﬁeﬂénstg%g'gf AP %2_ glr ai me
L. wher i fyt 1 ofibad: B8Hin Rl orhind oh S8 iEANE AR pitbbify t e
at | east e punc?w en the material solidifies. 3.

The 2RRAEAD YAd-BGAGHIE AR di®akd tBicHAtdat tHathgaterial) thd leatt one pin
| east one pin is receded out of the die cavity when

tihe meihgfurtaér siaptedliofmas updn exErien aptpafoarning peesswe dindtg exest a
any one of clainms 1 to 3, wherein the feature form ng

pr es faatuse fosmise preesuesiwigngrsadae apg HeeLioms thetartigy heping the

| ess than the fornin% pressu{e, ngg}he,sane as the

f or nPfiiglefpalye yhen thg m Jﬁ’i‘a'asﬁbdéfeét“ﬂger RIMGREESSUP- any of
claims 1 to 4, wherein the novenent of the at | east

one pin is in consequence of the novenent of the at

| easty one 1RYRELraté acBdRERAEARMUS whseif kit dTRest dhepinad i
5, wherein the at | east one punch contacts the at

l18as tcoRB& with et le8dt oh®pilitt whkn the asdteriansligifigac h
contacting the material.7. An apparatus as clained in
claim6, wherein after the at | east one punch

3. The apparatus according to claim 1, wherein the at least one pin is

receded out of the die cavity when the material solidifies.

20 4. The apparatus according to any one of claims 1 to 3, wherein the feature
forming pressure is selected from the group consisting of: less than the forming

pressure, and the same as the forming pressure.

5. An apparatus as claimed in any of claims 1 to 4, wherein the movement of

25  the at least one pin is in consequence of the movement of the at least one punch.

6. An apparatus as claimed in claim 5, wherein the at least one punch

contacts the at least one pin prior to the at least one punch contacting the material.



contacts the at |east one pin, the at |east one punch

forces the at | east one pin froma first position to a
W@ ewonB4pdsi tion. 8. An apparatus as clai med i PCT/BG2005/000200

5, wherein the pin is novedofroma first position to a

second position by the material in consequence of the

formng pressure applied to the material by the at

| east one punch. 9. An apparatus as clained in claim

8, wherein when the at | east on inis ipnthe first
posi t'i on, AGFPAPRLF a%ﬁa'msg'“t m affe: "‘F'S'gg‘ta%‘érntge 5{]?133} gne punch
substcamadtathk pt lesst phapiarthevitidastoriequoch foges the et lodst phepin

di e ¢3¥id st pbSiior 18 23BRAL pbdtnas cl aimed claim 8 or
claim9 , wherein when the at least one pinis in the

second position the upper end of the pin is recessed
bgl 0. t he Ancippsratie b daiged hlclainAB, aereain &teypd iamogedironed first

in 7, r.ei . I InNereS of ;

v oPoRE Ep3ai ol AR Tine FiEel PRSRGrd of e tiifine
cavi tPjessiyn appiige fo tp patsrial o dhept lepslpdie PURRE- pin i s

|OCﬁtgd above a top surface of the material. 12. A

met of formng an article havi . ' L
foatare. (haPRaensd: samss ffou® pabtefidnd bhal Epstonegp i
dfle piefirsttpositign, pe upRsoeidtdl e at lepeiang @intipsulstgntially ggrplerar with

(b) inskdrkirgteloning dleht@vi§l € cavity a nolten material to
be used to formthe article; (c) noving at |east one

punch relative to the die cavity to contact the nolten
mat ertbal  tAm dppanatus e claimed clai 8 andeific) whessin miyen the agleast one

| eas LindO R tRé BocbRd aos?i@g %@?Rﬂé?%ﬂ bQRe Fiﬁ lis3bdadSed 21w B Bnr

cavity, the novenen e at | east one pin being
P orsUfaesol i dification of the nolten material .

11. An apparatus as claimed in 7, wherein when the at least one pin is in the
first position and the material is inserted in the die cavity, an upper end of the at
least one pin is located above a top surface of the material.
20
12. A method of forming an article having an article feature, the method
comprising:
(a) locating at least one pin at a first position relative to a die cavity;
(b) inserting into the die cavity a molten material to be used to form the
25 article;
(c) moving at least one punch relative to the die cavity to contact the
molten material to form the article; and
(d) moving the at least one pin to a second position relative to the die
cavity, the movement of the at least one pin being prior to solidification

30 of the molten material.

13. A method as claimed in claim 12, wherein the movement of the at least

one pin is a consequence of the movement of the at least one punch.

35 14 A method as claimed in claim 13, wherein the at least one punch contacts

the at least one pin prior to the at least one punch contacting the molten material.



13. A nethod as clainmed in claim 12, wherein the
movenent of the at |east one pin is a consequence of
wo b@ooessenent of the at | east one punch. 14. AP@ESGEHS/000200
as claimed in claim13, whdtein the at | east one punch
contacts the at |east one pin prior to the at |east
one punch contacting the nolten material.15. A nethod
as claimed in claim14, wherein after the at |east one
punch_contacts the at | east gne pi.n, .the | east one
punch®-f or £&€thoA &S ﬁ'iawﬁdﬁfbﬂ?'{“ﬂg: ‘f'ri'%;%'{‘ aB%rgt?et %&ﬁ?s’&o& CPHEN
seconthtqoeshd atdenst dr@. pinAthest lvesl ons poheti farsds tha pinl freimihd st
V\herEg)sri}ioL h@L&ohSpdMibRd fromthe first position to
the second position by the nolten material in
consequence of a formng pressure applied to the
ol t em napefdiald abylatnie@ ipdaici.3, WiereiA thegtinie dhnosed fodnathedicst
in clail 6 | Qs b df S fdrfhi
the. PRED Ene FtBhEbdhuihBgfhe e gl RN S B o8 ecing
pi n Presshanrhiett tp 4)e ryoliep Nistesialdy tha RS | ower surface of
the die cavity. 18. A nethod as clained claim17,

wher eji n, en the at |east. one DiN i.S | s
ooy ., VS R Shr el e d SRR
ihe et pesitioh.zanaipparend Af e etHeast are RN i sybyiantigllycopiapar with

15, WiRkeLiacobrare dibgavey. | east one pin is in the first
position and the nolten naterial is inserted in the

die cavity, an upper end of the at |east one pinis
| ocatied abowethaal o ofainsadrdiain 47,0fheteire wireh therat ieasteng gin js in the

second position, the upper end of the pin is receded below the lower surface.

15
19. A method as claimed in claim 15, wherein, when the at least one pin is in
the first position and the molten material is inserted in the die cavity, an upper end

of the at least one pin is located above a top surface of the molten material.

20



