- | - METHOD FOR MANUFACTURI NG ARTI CLE HAVI NG THI N PLATE STRUCTURE AND

| NTERVEDI ATE PRODUCT THEREOF 5TECHNI CAL FI ELD The present invention
relates to a forging method for manufacturing an article and in particular,
to a forging nmethod for manufacturing an article having a thin plate
structure and an internedi ate product nmade by the nethod. 10 BACKGROUND
Articles with thin plate structure are Used in many mechanical and

el ectroni c devices. For exanple in hard disk drives, parts such as danper
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di e casting process. D e- castTERMERIAEE BRG@)UUDWEEREQF por ous i n nature and

wi th high roughness in its surface. Due to the porousness which may lead to
acid seeping out after plating, die-casted parts are not suitable for EN
plating (El ectrol ess nickel plating) but instead to undergo el ectrical
platgng.rﬁgﬁﬂh@kggﬂﬂ§§ been conventionally used to nake parts which have a
rotatively nore dense structure and with higher strength and better surface
quality conpared to die-casted parts. However after failure of many
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conpl i catmetiusimaebphe saibd. parts, the tight structural and/or 25 di mensional
tol erance requirenents for such parts which exceed the capability of
conventional forging process. As a result, such parts are presently stil
made by BACKGROUNRYG process in spite of unsatisfactory performance. - 2 -
SUMVARY OF THE | NVENTI ON According to one aspect, enbodi nents of the
present invention provide an inproved forging nethod for manufacturing an
articl e whi ch Aagesavithihin plale stesére dppsed inping REFhapierd gnd ecipimeviges- dor

example in hard disk drives, parts such as damper plate, actuator arm and base plate have thin plate

15 structure and as the shapes are relatively more complicated, these parts are typically made by die
casting process. Die-casted parts are, however, porous in nature and with high roughness in its surface.
Due to the porousness which may lead to acid seeping out after plating, die-casted parts are not suitable

for EN plating (Electroless nickel plating) but instead to undergo electrical plating.

20 Forging has been conventionally used to make parts which have a relatively more dense
structure and with higher strength and better surface quality compared to die-casted parts. However
after failure of many attempts made, conventional forging process has been considered unsuitable for
manufacturing articles with thin plate structure such as the damper plate, actuator arm or base plate
used in hard disk drives, due to the complicated shape of such parts, the tight structural and/or

25 dimensional tolerance requirements for such parts which exceed the capability of conventional forging
process. As a result, such parts are presently still made by die casting process in spite of unsatisfactory

performance.



S5plastically deformable material, e.g. an alum num bar is placed between an
upper die and a | ower die. The upper die is noved towards the lower die to
press the blank, causing the blank to becone plastically deforned. The
defornmed blank flows into an inpression and a gutter forned in the upper
die and lower die. An internediate product is forned in which, the blank
material forms the thinner body, the ttficker body and a flash. The thinner
body is formed in a shallow trench of the inpression, 10the thicker body is
formed in_a dee er trench of the inpression, and the flash is forned in the
gutter SLﬁWﬁB‘ HT%I%%TI% trench and the deeper trench. The

i nt er medi at e product |s then extracted fromthe dies and the flash is
trimred to formt e.fl incl udes
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Appl yi ng @ EH&Pﬂe ﬁ%ﬁ%xﬂ&k&%r&hﬁeaﬁfmpd' ments of the present invention, a

hard di sk danper ate can be manufactured by forging in which, the main
thin plate body porti on has an even thickness to satisfy the 25t hi ckness
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pl ate; of the upper die and the lower die which corresponds to the second flash portion, and a third gutter area

20 of the upper die and the lower die which corresponds to the third flash portion. In this way, the
blocking effect to material flow caused by materials filled in the deeper trench is compromised and
compensated and accordingly, material flow at shallow trench is evenly distributed. Applying a
method according to the embodiments of the present invention, a hard disk damper plate can be
manufactured by forging in which, the main thin plate body portion has an even thickness to satisfy the

25 thickness requirements for use in a hard disk drive.

Other aspects and advantages of the present invention will become apparent from the
following detailed description, illustrating by way of example the inventive concept of the present
invention.

30
BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the present invention will be described in detail with reference to
the accompanying drawings, in which:
35



Fig. 2 is a perspective view showng a |lower die for manufacturing a hard
di sk danper plate 5fromthe blank shown in Fig. | A or 1B; Fig. 31is
a perspective view show ng an internedi ate product nade by a net hod
according to one enbodi rent of the present invention; 10Fig. 4 is a parti al
cross sectional view of Fig. 3 along A-A; Fig. 5is a partial cross
sectional view of Fig. 3 along B-B; Figd—-6 is a perspective view showi ng a
finished article nade fromthe internedi ate product of 15Fig. 3;

Fig. 7 is a perspective view showi ng an internedi at rooduct according to
one embodi mentFigf 14 i |BraEsshspect Fi s iingttexglor @a‘]“g"‘c ripged RAbU YRS ew
showi ng gmtd; nt er nedi at e product according to anot her enbodi nent of the
present invention; Fig. 9is a flowchart show ng a nethod of

manuf acturing an article according to an enbodi nent of the present

i nvention. Fig. 2 i mgrspdOvd Wevashpeing p &ovter diefor newfshong nigerddisetimpormpéie

mat ey i al i.0R. O nks for formng thin plate article according
to agfurtfog{rthgﬁr%g%glﬁﬁ;énﬁﬁ@gf T‘?ﬁjel%f)resent invention. Fig. 11 is a perspective
view show ng form ng of blanks fromthe sectional material of Fig. 10.

Fig. 12 is a ffoWiChRFshecBNOMWNGoRinIBRE MREnacRIMME RGHLIEY 8o aBdotdit 6
according to an enbaodi rent of the present invention. TAI LED DESCRI PTI ON
OF PREFERREDIONSOm QUEITpSsent inyention| ank 10a, 10h of a plastically deformabl e
material e.g. an alum num bar, used to produce the hard di sk danper plate.
The, bl ank may be bent froma straight. al ym numbar wth various types of
croés) secti on,P?gf’ét‘Sai%gltagcﬁ%sése(%%‘aﬁ’é%“l?‘fﬁ%%%%@%ross section as shown in
Fig. A or a rectangular cross section as shown in Fig. 1B. The bent

al um num bar ]FanS(Psra pjchin S Q@%@Rie‘&pof%%. galgggr@@g ature suitable for hot

Fig. 6 is a perspective view showing a finished article made from the intermediate product of

15 Fig. 3;

Fig. 7 is a perspective view showing an intermediate product according to one embodiment of

the present invention;

20 Fig. 8 is a perspective view showing an intermediate product according to another embodiment

of the present invention;

Fig. 9 is a flow chart showing a method of manufacturing an article according to an

embodiment of the present invention.

25
Fig. 10 is a perspective view showing a sectional material for preparation of blanks for forming
thin plate article according to a further embodiment of the present invention.
Fig.11 is a perspective view showing forming of blanks from the sectional material of Fig. 10.
30
Fig. 12 is a flow chart showing a method of manufacturing an article according to an
embodiment of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
35

A method for manufacturing an article by forging process is provided. In the present

embodiment, the article is a hard disk damper plate having a thin plate structure. Figs. 1A and 1B show



5forging, and placed and pressed between an upper die and a | ower die. The
upper die and |l ower die have a conplenentary structure, shape and di nensi on
and therefore only the lower die 22 is showmn in Fig. 2 for illustration.
Lower die 22 includes an inpression formed of a shallow trench 220 and

t hree deeper trenches 10222, 224 and 226 connected to shallow trench 220. A
gutter 228 is forned surroundi ng shal oW trench 220 and deeper trenches

222, 224 and 226. \Wen being pressed betmeen t he upper and | ower dies,
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218. The thin plate ustrated in the present odinment refers to a

body st r Uyt @rrwé?meﬁ@%%ttcmr% Ritesad digpegtienpnd ferefosbodt tha logerfis 329s $i080 iim  and
w th a thrigkressdsw@hh ratio ranging fromabout 0.1 to 0.7. 20Further
referring to Figs. 4 and 5, flash 218 includes a first flash portion 2181,
a second flash portion 2182 and a third flash portion 2183. First flash
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2283. -5-- 2282 and third gutter area 2283. In this way, the bl ocking
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portion
25 thlckness 2181a greater than a second flash thickness 2182a of second flash portion 2182. First flash

thickness 2181a is also greater than the third flash thickness 2183a of third flash portion 2183.

To form flash 218 with the above-described structure and dimensions, the upper die and lower
die are provided with corresponding gutter structure and dimensions as illustrated in Fig. 2. As shown,
30 gutter 228 has a first gutter area 2281 closer to deeper trench 222, a second gutter area 2282 away from
deeper trench 222, and a third gutter area 2283 located at an opposite side of shallow trench 220 with
respect to deeper trench 222. First gutter area 2281 has a depth greater than that of the second gutter
area 2282 and third gutter area 2283.

35 During the process of pressing blank 10a or 10b to form intermediate product 20, first gutter

area 2281 allows more material to flow through to form first flash portion 2181 than second gutter area



As a result, a plate body 210 is obtained with an even thickness 210a

t hr oughout the whol e area. In the present enbodi nent, internediate
product 20 is to forma danper plate 20" for hard disk drive, after flash
218 is trimred off, as shown in Fig. 6. An internediate product 30 is

manuf actured 10by a nethod of the present invention to forma danper plate,
as shown in Fig. 7. Intermediate product~ 30 is partially ring-shaped having
a first end 30a, a second end 30b and a m ddle portion 30c between first

end 30a and second end 3 i rst 312, .a Seco nd a third
pad 316 a%zg ?“5?'?1@&“%363‘@%828%5? [”S W’brq{égg%lﬂn%‘ffﬁgrm mf‘tSrmggg\‘?éauééﬁ’g @T’ ‘ew mount
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better material flow control durlng t he pressing process and as a result,
the main body 310 can be forned with evendgglck
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for machi'ni n e pads e pads machined on this basis will al so possess
nec&sary di rrenS| onal and positioning accuracy for use as screw support to

mount the danighn alternative embodiment as shown in Fig. 8, and intermediate product 40 for a hard disk
damper plate may be formed with first, second and third pads 412, 414 and 416 having different shape,
dimension and mass. For instance, first pad 412 may have a mass greater than second pad 414. In this
embodiment, a first flash portion 4181 closer to first pad 412 is thicker than a second flash portion 4182
25 closer to second pad 414. By configuring the flash thickness in this manner, first flash portion 4181
and second flash portion 4182 assist in better material flow control during the pressing process and as a

result, the main body 410 can be formed with even thickness.

According to a method provided by the present embodiment, a hard disk damper plate is
30 formed by an improved hot -forging process, the damper plate has a main body with thickness tolerance

meeting the structural and dimensional requirements for use in hard disk drives.

A damper plate formed with the plate body complies with the dimensional tolerance
requirements, and also has the advantage in that, the plate body may also serve as a clamping portion
35 and positional/dimensional reference for machining the pads. The pads machined on this basis will also

possess necessary dimensional and positioning accuracy for use as screw support to mount the damper



- 6 - plate to a hard di sk base plate. After the pads are nmachined to the
desired shape/ di nensi on he surface of the thinner body and the thicker body
may be treated with el ectroless nickel plating. Fig. 9 is a flow chart
showi ng a net hod 900 of manufacturing an article according to an

5enbodi ment of the present invention. At step 902, a blank is heated up to
a tenperature suitable for hot forging:9At step 904, the blank is placed
bet ween an upper die and a lower die. At step 906, the upper die is noved
towards the |lower die to pr t he bl ank, and cause the bl ank t
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formed by stamping the sectional material 1000, each blank 1020 has a contour dimension slightly

greater than the final dimension of the hard disk damper plate. The blank 1020 can then be further
pressed by the molding process similar to that illustrated hereinabove, to form the hard disk damper

30 plate.

Fig. 12 is a flow chart showing a method 1200 of manufacturing an article according to an

embodiment of the present invention. At step 1202, a blank is provided, for instance, by stamping a
sectional material. The sectional material is shaped and dimensioned suitable for being plastically

35 deformed by cold-forging to form the required thin plate part i.e., without heating. At step 1204, the

blank is placed between an upper die and a lower die. At step 1206, the upper die is moved towards the



| ower die to press the blank, and cause the blank to plastically deform and
to fill in an inpression and a gutter forned in the upper die and | ower

die. An internediate product is formed in which, the blank material forns

t he thinner body, the thicker body and a flash. The thinner body is forned
in a shallow trench of the inpression, the thicker body is formed in a
deeper trench of the inpression, and the flash 5is formed in the gutter. An
i nternedi ate product is forned in which, the bl ank material forns the
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20 -8-- ¢ hy§k A nmethod for manufacturing an article having a thinner

body and a t er body, the method conprising: 5providing a blank; placing

the bl ank between an upper die and a | ower die, the upper and | ower dies

include an i MYI@SSh@MbAMHer cﬂ%tp%ensiﬂ{fé'nﬁémw@&eﬁ @stialeR kS juflion wmvtheg t he

upper die towards the | ower dje t ess thelglank therglg%meen 6éiereln
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substitutions without departmg from the spirit of the invention as set forth and recited by the following

claims.

20



trimmng the flash, wherein the flash includes a first flash portion closer
to the thicker body and a second flash portion away fromthe thicker body,
the first flash portion has a first flash thickness 15and the second fl ash
portion has a second flash thickness, and wherein the first flash thickness
is greater than the second flash thlckness 2. The nethod of claima1,
wherein the article is a hard di sk danger plate, the thinner body is a main
body of the hard di sk danper plate and the thicker body is one or nore pads
for 20nDunt| the hard di sk danper plate to a hard disk base. 3. The

met hod ofCle} Qﬁ%ﬂ 2, wherein the hard disk danper plate is partially
ring-shaped having a first end, a second end and a mddle portion between
the first end and. t cl udi mo&rSt pad

adj acent to t hAém?tfl?ﬁg %ﬂlﬁgdamégea&?ﬁlﬁgggdngacfﬁlgr(’:eénoc{y ané)? ﬁlcgeigs é’c&g §°eéhd, and a

third pad fornadmaMgnlddle portion at a position closer to the first pad
t han. t he second @%Qdi §mﬁ!n a thickness of a first mddle flash portion
between the firs second pads is greater than a thickness of a second
m ddl e flash por placirg tbfeltlwéié)ntwpﬁeanslemgld apgrrdoydiidiedthparpst and tpveriies ingdtdsod of

claim 2, wherein tQﬁlaﬂ?&s%ﬁsnda%&ér@&}rdumglm@apﬁesadnr st pad and a second pad
spaced apart fromeach other, the first a aV|qg a nmass reater t han the

second pad, wher BPY{ngthe ﬁﬂ%%ﬁ@@gmﬁ?m%bWF g Lo pregsdhe %*FF&W“@ seberginythe e
first pad is great @fank R@pms@alldetHness fifin @e Bpeedich dnll asRupsd rotfb@nthelhoaar to

t he, second pad. 35 h d ,of cI onpr i
triHﬁlng t he flash%o£?§ﬁgﬁ%ﬁr(ﬂ%m9€1 ﬂboé?“%n Hmeq}g?mM§¥ﬂ%umr%x§am-9- 6.
The met hod of cIalﬁmﬁmdWHMhemm&mmumﬂﬁwﬁg$naﬁMGwmmmebNWngithe pads,
treating a surfag { Qﬁmﬁhlnner body and the thicker body with

P

el ectrol ess nicke fatin 7. Thc method of claim1l, wherein providing the
bl ank i ncl udes pwb;qggrp ihp @a 1@@@@' adig Iflasieppion glpser to the thicker body and a second flash

portion away from the thicker body, the first flash portion has a first flash thickness
15 and the second flash portion has a second flash thickness, and

wherein the first flash thickness is greater than the second flash thickness.

2. The method of claim 1, wherein the article is a hard disk damper plate, the thinner body is a
main body of the hard disk damper plate and the thicker body is one or more pads for

20 mounting the hard disk damper plate to a hard disk base.

3. The method of claim 2, wherein the hard disk damper plate is partially ring-shaped having a
first end, a second end and a middle portion between the first end and the second end, the
thicker portion including a first pad adjacent to the first end, a second pad adjacent to the

25 second end, and a third pad formed at middle portion at a position closer to the first pad than
the second pad, wherein a thickness of a first middle flash portion between the first and second
pads is greater than a thickness of a second middle flash portion between the second and third

pads.

30 4, The method of claim 2, wherein the thicker portion includes a first pad and a second pad
spaced apart from each other, the first pad having a mass greater than the second pad, wherein
a thickness of a first flash portion closer to the first pad is greater than a thickness of a second

flash portion closer to the second pad.

35 5. The method of claim 1 further comprising, after trimming the flash, clamping the main body

and machining the pads.



5and stanping the sectional material to formthe blank. 8. An internediate
product conprising: a thinner body; a thicker body formed integral to the

t hi nner portion; 10a flash forned integral to and surroundi ng the thinner
body and the thicker body; wherein the flash including a first flash
portion closer to the thicker body and a second flash portion away fromthe
t hi cker body, the first flash portion-having a first flash thickness and
the second flash portion having a second flash thickness, and wherein the
first flash thickness is greater than the second flash thickness. 15 9. The
i nt er medi @t e pFhsdisehod of clamgifrhgr copresing pler achininethfaidy Bepnhagiriaeeqf they  eng,
a second end affing bBdyddh Be KL Ay bRE WeEBleds ARk phasdg. end and the second end,
the thicker body includes a first pad adjacent to the first end, a second
pad adjacent to the second end, and a third pad forned at m ddle portion at
a position cl oBermethad bheaimhill stergagtotitiagntht blenksedweiadprgadng aveeiopil matdniel,

t hi ckness of 20a first . mddle flas t etween the first and second
padsgis greaté? f%gwn%ﬁg“%ﬁr%kﬁgggng<9§t%§%gﬁd m ddl e flash portion between
the second and third pads. 10. The internedi ate product of claim@8, wherein
t he thick&r boslyiniemoddistbgsodacticomgtsingad and a second pad spaced apart from
each other, the Bhﬁﬁ%rﬁﬁg havi ng a nass greater than the second pad,
25wherein a thickness of“’a first flash portion closer to the first pad is
greater than a t hilddadndy tofmes infegrd taithe theser pBIPRi on cl oser to the second

padjg a flash formed integral to and surrounding the thinner body and the thicker body;
wherein the flash including a first flash portion closer to the thicker body and a second
flash portion away from the thicker body, the first flash portion having a first flash
thickness and the second flash portion having a second flash thickness, and
wherein the first flash thickness is greater than the second flash thickness.
15
9. The intermediate product of claim 8, wherein the thinner body has a first end, a second end and
a middle portion between the first end and the second end, the thicker body includes a first pad
adjacent to the first end, a second pad adjacent to the second end, and a third pad formed at
middle portion at a position closer to the first pad than the second pad, wherein the thickness of
20 a first middle flash portion between the first and second pads is greater than the thickness of a

second middle flash portion between the second and third pads.

10. The intermediate product of claim 8, wherein the thicker body includes a first pad and a second
pad spaced apart from each other, the first pad having a mass greater than the second pad,
25 wherein a thickness of a first flash portion closer to the first pad is greater than a thickness of a

second flash portion closer to the second pad.



