ce3enr - CF6| TA): ~ Y a~7 r SHEET RETAI NER FOR PUNCHI NG CERAM C GREEN
SHEET AND PUNCHI NG APPARATUS FI ELD OF THE | NVENTI ON The resent i nvention
fel ates to a sh &J{Hi &l”ﬂﬁ”to be affixed to a punching t ‘[‘ @ﬁanng
fine through hol or wiring on a ceramc green sheel 't0 be used
for manufacturing a high-density wiring circuit board and the Iike and a

punchi ng apparatus provided with such a sheet retainer. BACKGROUND OF THE
| NVENTI ON Nurerically controlled die punching apparatus and the like are in

use for punchij 1 C_ar I t r

punchi ng appﬁﬁ%@fgﬁyﬁlgﬁ%ﬁ:ﬁﬁﬁgﬁkﬂ@ M‘ﬁﬁﬁq}gﬁt&ﬁ%f\om on
the tip of which a fine shaft-like or needle-like work pin with a dianeter
of several mmto | essSHEET ANDsP UNCHEN G PFSARAWTGSt o t he t hrough
hoI e to be punched Thr ough hol es are fornmed by punching a green sheet with

e work nth h the vertical noverment of the punching tool. It happens
that tmmﬂﬁw E&E is pulled up attached to the work pin that has just
punche et whenFpHLBJOIT Hio N VENTIOHh hol e. This causes
probl ens o*f‘ffekef orm ng the green sheet, cracking it, or deform ng the

t hrough hole. Al so, when the work pin punches the green sheet, the sheet
material that 31 The PresenPlinderdiciP fElates tocOhaét revhinr tthebevartixed Ko at
times slides off or noves, thus disturbing the formation of a through hoIe

at a corr rr

it timg. aRiHEOE RGP Bl Uik %%etét’ougﬁﬁhl%ﬁo%@c a5 13 ik At Bh G
sheet retainer called "stripper" for exanple, to the punching tool. A sheet
ret ai ner Bkeaidodielysed fop sanafasturing @ high Sm‘nwrmgdgxrqumtdbw |anidrtheHase

with approxi mately the same dianmeter enconpassing the outer peri phery of
the work gh# a‘ﬁﬁﬂ@hﬁ‘lfgfdpf)@ﬁbtﬁé)pﬁ)v@&%ﬁhtﬁ%ubﬁ@ sheRfaihéte work pin is noved
down to punch"a green sheet, the tip of the cylindrical sheet retainer
comes in contact with the surface of the green sheet. As the work pin is
further noved down, the sheet retainer is elastically deforned and keeps

pressing the green sh A J i i manuf acturi ng the
work pin is noved up gﬁhe%@#b‘?i’ngﬁ;%rg%m&;%iﬁﬁ el astically

def ornmed sheet retainer keeps pressi ng the green sheet from above until the
wor k pin has been sufficjeptly Hoa d from.the surface of ﬂe green sheet,
a lifting of the grbumesica yqogtrs it pHnching appasatyy and the hike arein vie a
sheet retainer is disclosed in Japanese Lai d-Open Patent Publication No.
HO9- 20526 %or pirechiipes ceragtiaighesn stectifiReeinbfter greeh Bheetjlocument is a
rubber - made cover call ed stri pper. The entire body is cylindrical in shape

with arelatively t 0,

(the portion which ‘(/h:l é@%rgﬂug livw% ?ivl%et&gg{r] we}e&}%t‘lllya&{g&%@%%s Hgo
slightly narrowing, to r the center, for the purpose of

prevent i néeQlanethgitip; pf whichha fm&ha@ahk%t/ Flﬁ@(llé'fhlﬁeh‘ém@? pEhWwitheediamster ofous
sheet retainers suffer problens of not being able to fully prevent lifting

of a greegewdtakinnbes &ssahah lamm iwpvided adreespoading t the thréuith hWeleko be
pressure on the green sheet, or conversely, deform ng or damagi ng the green

sheet punched. Through holes are formed by punching a green sheet with the work pin

through the vertical movement of the punching tool.

It happens that the green sheet is pulled up attached to the work pin
that has just punched a green sheet when pulled out from the through hole. This
causes problems of deforming the green sheet, cracking it, or deforming the through

hole. Also, when the work pin punches the green sheet, the sheet material that



31.J UL 2003 3 because of a too strong pressure. This is due to variations
of the pressure or pressing force against the green sheet @hchwgp@@@g on
t he hardness of the rubber material used as base nmaterial of the sSheet
retai ner and the shape of the sheet retainer. For instance, when a sheet
retai ner made of a rubber material which is too hard is overly pressed

agai nst a green sheet, it nmay cause a (‘2rack in or a deformation of the
green sheet. When the rubber material i“s too soft, the pressing force

RO LR RE B AEERMIL Ik SR AHIIE Sltlos AR o BENASRIGIARABRRE

retai ner on the punching tool s to be ins I cient.
present } 4 Lo | 10 pat | r associ at ed
W th conflen :?%)rlllla(frdsﬁ‘éé gl?é{){é}é%%rcgorgé%gpggﬁéﬁaagﬁe f(:Sllrllléeb'ta(r)ll%scg%ﬁe%yp';prevent
novi ng, deformatiopn, or d e_of r heet during punchin rk.
SUMMVARY OF THE | N&%NPF@SH ?ﬂ%%gg%l}tdg%%ﬁﬁﬁpg PG PLINEs 8@& %F‘“? ﬁiﬁe& a
i nvention, there i.s provided sheet retainer for keeping a sheet at.a
correct  BERRERdisRaen i i fishor TERiner Sallpd SoripBEY Gite fesmAe 15 the
bei ng corrpoojgd of elastic material and conprises: a support di sposed on one
end in tPGURGEEOQ)i rection and being thick walled in the radial direction:
31 JUL 20i 3a a contact disposed on_the other end in the axial direction,
bei ng thi nner wal | &cshieat teteinenis vsuallyreompenediafdrard mubberppnst is eidindrival and
having an outer diameter smaller than an outer dianmeter of the support
por t i on; inashépe withy spppxiaiatel p hesdanye diamester encompassing the caterpariphsry obn
within said sheet retainer to the opposite end. In accordance with a second
aspect othetwerk pirewhenraffiked te aipinghing well Whemthd wprk piaiamovetiatown
punching a through hole in a sheet, conprising: a base for |aying sheet; a
punchi ngtot moichpe grdedestheet, the tip oftthe cylsmdridad shéetretadndraromesginsaingact with
the surface of the green sheet. As the work pin is further moved down, the sheet
retainer is elastically deformed and keeps pressing the green sheet with its restoring
force. During manufacturing the work pin is moved up after punching a through
hole. As the elastically deformed sheet retainer keeps pressing the green sheet from
above until the work pin has been sufficiently removed from the surface of the
green sheet, a lifting of the green sheet is prevented.
A practical construction of a sheet retainer is disclosed in Japanese
Laid-Open Patent Publication No. H09-205265. The sheet retainer as described in
this document is a rubber-made cover called stripper. The entire body is cylindrical
in shape with a relatively thin uniform thickness with only the lower end portion
(the portion which comes in contact with the surface of a green sheet) slightly
narrowing toward the center. This was for the purpose of preventing lateral slide
and vertical moving of the green sheet.
Previous sheet retainers suffer problems of not being able to fully

prevent lifting of a green sheet because of an inappropriate pressure or a too weak

pressure on the green sheet, or conversely, deforming or damaging the green sheet



punchi ng and bei ng novabl e toward said base; and the above sheet retainer.
The sheet retainer may be for punching a ceram c green sheet and affixed to
a punching tool having a cutter section for punching a thrauthhﬂnggmga
ceram c green sheet. Preferably, the sheet retainer is made of a rubber
mat eri al having a hardness of 50 to 60 degrees (JI'S K 6301-1995) and
i ncludes a support portion to be engaged3to the punching tool, a contact
portion which cones in contact wwth a green sheet, and a housing hole for
housi ng the cutter secEion. Such a support portion maybe di sposed on one
end in t hQCBYSEOIFtPASHOBE PRFSSHIS, rel atively |arge outer dianeter and
thick-walled in the radial direction while the contact portion is disposed
on the ot her end i nThiwisadueab vdriations ofithei pressure et préssimigyfoscemadainsiithe
diameter and thin walled in the radial direction. 31 J UL 2003 4 A
ceram ¢ Ouref HEPHnENUdRtS Bl thhaldBLd GRthERIbBY: MicPalhSA & kA C

r subs t a

mul ti-Iay trate. e ceramc material, um na gl ass ceram c and

the like can b d., A green sheet is a nop-hardened sheet-form materi al
bef or e be%e@r‘ﬁgﬁ%ah?fﬂ?qameﬁ@nﬁﬂ%gﬂ%ﬂerﬂfotgﬁSgeqtd’?'tai‘ﬂ@rr- aspect of the
invention, there is provided a punching apparatus including a base for

| ayi ng a green sheefor ingpamehivhgn tacsheeth@raing made bf arublesrtmateriabwhinighi ng
and being novable toward the base, and a sheet retainer to be affixed to

t he punchi , i LGt e I feat ures.
The punchlwr}(gh%%ggro g%ﬂgp%}égﬁgéﬁigfﬁgéegnﬁ £ ﬁg%@ﬁ%gglg%laglt%?gééﬁfgs such as a
base for laying a green sheet, a&i‘;chi ng tool attachabl e/ detachable
mechani smdgtariagion qf the Bresnisheeto r Whign the subber aaterialds tee pold, the dressingn f or

novi ng the punching tool toward the base. The punching tool usefully may

have a nme¢hesiaghinkOthegreemghde vall betivbulficiea antl lseurfife o PtHeCsheBOretdinar at us.
The tip of the punching tool forns a thin axial or needle-like cutter

section caqrr i i te t he through hole to be punched.
The punchlghéﬁ$§§f}&kggt &st%g(ﬁsc&u&gﬁlﬁgiﬁcz%tixi ng a sheet retainer in an
attachabl e/ det achabl e manner. As a structure for affixing the sheet
retainer, a ridge Anobjectof the present invention is to eliminate the above described

problems associated with conventional sheet retainers and to enable one to surely

prevent moving, deformation, or damage of a green sheet during punching work.

SUMMARY OF THE INVENTION
In accordance with a first aspect of the invention, there is provided a
sheet retainer for keeping a sheet at a correct position during manufacturing of the
sheet, said sheet retainer being composed of elastic material and comprises:
a support disposed on one end in the axial direction and being thick-

walled in the radial direction;



or a groove, or an uneven shape such as pits and projections is provided
around the punching tool. 31 J U~ ~~~3 4a The sheet retaqiqne f

present invention is preferably made of an elastic nmateri £1sd'lutamober
and is affixed to the punching tool in an attachabl e/ detachabl e manner. As
the elastic material, synthetic rubber such as silicone rubber and

synthetic resin may be used in addition3yo natural rubber. The hardness of
t he 31 JUL QV03 5 elastic material may be adjusted such that pressing of

a green sheet can be ad t el er f.or ned. bber material. with a high
shape-restoring facf‘(‘}f:’nf%g%j PBPM‘B‘? {ah,e &ﬁﬁr ?ﬁ&:’é}@Fiaéfgl\dnieﬁ{lﬁn’smﬁg-ﬂi“.gg?%ri ng
factor of substantially 100% toward the | oad applied while in use is

pr ef er abl wall¢thén theamadial fditeletion st theesuipport ipontagn bad hawingyanbmitendighieger
cylindrical as a whole, and its one end in the axial direction has a

SUPPOT . _PRRIENHEA'A i liaheRa "o SubaRl peAbrdEngngaged and the ot her end

in the axia rection has a contact n that cones in contact with a
green sheet. A housi hol e for housing the_cutter section extepnds axially
fromthe contact pof pring ol axialy sxtending Gom &d spntagkperiigsovithifosaid on
and the outer dianeter of the contact portion are conpared, the outer

di amet er glieet betaisiep potie gppdsiterends nmade | arger. Al so, when the wall
t hi ckness of the cylindrical sheet retainer is measured in radial direction

support porti on ndisRaapheeObith ASEAY Bl Bl Hediverdor Tupe e Rribala' e

support portigon is hard to be deforned and the thin-walled contact portion
i s easy tBupchingppparatis forpunchiag atheguahdioledsy asheetapMBESIEOM t he support
portion toward the contact portion. The dianmeter nay be changed by snall
steps. A conbi nati on bake f@nayingghas stepping nay al so be allowed. The
rati o between the wall thickness T1 in the radial direction at the

a punching tool provided with a cutter section for performing said
punching and being movable toward said base; and

the above sheet retainer.

The sheet retainer may be for punching a ceramic green sheet and
affixed to a punching tool having a cutter section for punching a through hole on a
ceramic green sheet. Preferably, the sheet retainer is made of a rubber material
having a hardness of 50 to 60 degrees (JIS K 6301-1995) and includes a support
portion to be engaged to the punching tool, a contact portion which comes in contact
with a green sheet, and a housing hole for housing the cutter section. Such a support
portion may _be disposed on one end in the axial direction with a relatively large outer
diameter and thick-walled in the radial direction while the contact portion is disposed
on the other end in the axial direction with a relatively small outer diameter and thin-

walled in the radial direction.



contact portion and the maxi mumwall thickness Tmax in the radial direction
my ~ '~ JUG Z33 6 be kept at T 1 /Tmax = 0.1 to 0.69. The maxi mum val ue
Trmax of the wall thickness generally is at or in proximty Lﬁnjmemrt
portion. The greater Tnmax becones, the greater the rigidi ts of
t he support portion becones, and the smaller T1 becones, the easier elastic

deformati on on the side of the contact pprtion becones. However, when
T1/ Tmax is too small naking deformation on the side of the contact portion

too easy, the pressing abi.lity against th reen.sheet . becone .
nsuf 11 ¢] ent . BRI EFADRSARIIBTERGR CPNOPLES ARG WIEd. Folg FODFGAHOR BF gt Olifonal
view of a sheet retainer for punching and punchi ng apparatus in a first
exenpl ar y cembtdimelti-layer shibstrate s ést thenearamio matéiial, aliminaaghuse serangict andnal
view of the sheet retainer for punching and the punching apparatus while
punchi ng e IiE@ chh'5d u%"ﬂ gf‘é’enegﬁ&fi 'i%“ﬁon-ﬁhﬂien@d Ishet-forRS Atab&tdl | 6te

vi ew of the sheet retalner r punching and the punchi ng apparatus after
return in the first exenplary enbodinment. Fig. 4 is a cross-sectional view
of a sheepeﬁnét%rﬂ%e‘fwgg‘ﬁﬂchi ng and punching apparatus in a second

exenpl ary enbodi nent, DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fi r st

exenpl ary enbodi menAcéowdisg rto pd ifarthes lakpdet of vien imvertiopythérenss pppdded ws in
a first exenplary enbodi nent of the present invention. The punching

appar at us Ll i i i 1de i .
heet 1 ot Bundink o3 fStdinglsBase Jof Ryt REHESHRL Al AR ndding”
steel and the |ike and a green sheet 20 conposed of a ceram c material is

| ai d on i esuftensections (oE pungiagpaddeine mvag&/ﬁ%@ddm hasen and aphieet setaipers 2
for punched scrap 22 to be ejected after punching. The punching tool 30 is
i nstal | edté tbeaaffixedeto s ghmﬁhg o0 aht esheet Fethigepdrivii thidabbas eledétibedd
mai n shaft 3 8 supported by a driving nmechani sm (not shown) has, on its
tip, an aﬂgﬂhﬁ% engagenent ridge 36 projecting around its outer periphery.
At the | ower end of the engagenent ridge 36 a columar support shaft 34 is
provi ded which has a dianeter smaller than those of the engagenent ridge 36
and the main shaft FBe panching pppasatusnmapfbe peovddgshsrith anigal structures
section 32 is provided having a dianmeter smaller than that of the support
shaft 34. séie aQUA Ehaseli ﬁffeldsﬂin%)fa ighgerC Yhé@! as pahtiig 3ot odttRARBIRARtdchablee
aperture of the through hol'e to be punched, and the length of the cutter
section is skightl er than the | ength of the through.,hole to be .
sunched,  Tsergisn sl BB, fOF ersiitknntd s Al AACspaBisth o fainao
is affixed around the outer periphery of the punching tool 30. The sheet
retai ner 4 punchingetasfl tewardthedasabber and is of tapered cylindrical shape.
An annul ar engagenent groove 44 is provided on the inner periphery of the

sheet retainer 40. The ;ﬁiﬁ;@ﬁtngrmiu%efqlgorﬂa? ﬁwaqﬁeaﬁhgm%rwhg%_éml
30 by inserting the punching tool 30 into fhe sheet retainer 40 and fitting

and engagi ng.the en engnt _ridge 3 6 into.fhe e enent. groqgve 44. The
ipper  ond TSBAE BWASHTOH e RubtIE ARpRiars; oThe G od e BUAShing ol orgF Bg0 44
is a thick-walled support portion 46 with a large outer diameter D 1. This
portion hasiah oninghdletlikalcutyerasedtian lconesporgding da dherdinmeien of thetthrougls boler el vy
fit and engage with the engagenent ridge 36. g1J UL 200 s The outer

di anet er @gbébgth retainer 40 is tapering fromthe support portion 46

toward the lower end side, and the front end forns a relatively deformabl e
t hi n-wal | ed cont act

tiop.42 w.th t di D2 | ler.th D .
In the center of thzﬁg[@k{%ﬂ}‘ﬁ qugﬂel?as?lg e reeé‘??gr%ﬁg{nfgr Brﬁ%Fn%eréélﬁ‘BB?{‘] an

attachable/detachable manner. As a structure for affixing the sheet retainer, a ridge

or a groove, or an uneven shape such as pits and projections is provided around the

punching tool.



portion 46 to the contact portion 42, a housing hole 48 is provided in
whi ch the support shaft 34 and the cutter section 32 of thegpgqgw n I
30 are to be housed. The dianeter D3 of the housing hole 48%i JgﬁﬁHEP

| arger than the outer dianmeter of the cutter section 32 and the support
shaft 34. To be nore specific, the dianeter D3 of the housing hole 48 is
set to be inthe range 2.0 to 6.0 mm Inathe state in which the sheet
retainer 40 is affixed to the punching tool 30, the tip of the cutter
section 32 is so disposgd. that it is at a position,higher, than,the front
ond surface of the IBRSAC eI of e presndRyerudhis hrilkhlviRaisofat no ho o
48. Next, a description will be given on the punching process.

i |'lustrat ethstioc Fageridl, saclyr aenrubbeptaD iss affaxedl do the mashidd. todhein an
punching tool 30 affixed with the sheet retainer 40 is di sposed above the
green she tng tool 30 is noved down as illustrated in
Fig. 2 in%Fﬁégﬁ?¥gggfgﬂﬁggﬂgﬁggm1100, the sheet retainer 40 cones in
contact with the surface of the green sheet, 20. \When t he punchi ng tool 30
s moved down furt hetS thenglastie deatesiah systhetis” rubbar sueh Gl fijcors suked and t he
direction of arrows 101. As that portion of the sheet retainer 40 which is
cl ose to khethetotmsin pryt boruséd imnadditiohrtonhatteal hdben | Dhe rHagdlisk yofatiek i s
easily deformable, mainly this portion is deforned, and the posterior
portion close to the support portion 46 is not much defornmed because of a
high rigidity. Also, the sheet retainer 40 is deforned in such a manner
that the front 31 J UL 200 9 end side having the contact portion 42 with
a small outer dianeter swells to outside thus assuring that the housing
hole 48 in the center will not be narrowed excessively. The cutter section
32 of the punching tool 30 punches the green sheet 20 to forma through
hol e 24. The punched scrap 22 produced by punching the through hole 24
drops fromthe exhaust hole 12 and is collected. In this state, the

el astically defornmed sheet retainer 40 is pressing from above the periphery
of that part of the green sheet 20 where the through hole 24 is forned

(i ndi cated by open arrows 102). Therefore, neither the working position of
the green sheet 20 will nove nor a slantingly directed resistive force is
exerted on the cutter section 32 thereby enabling smooth punching of a
through hole at an accurate position with an accurate shape. Furthernore,
as the pressing force exerted by the sheet retainer 40 to the green sheet
20 has been set to a noderate sh~ength by proper setting of the materi al
and shape of the sheet retainer 40, no excessive force able to damage the
green sheet 20 is exerted. Next, as illustrated in Fig. 3, the punching
tool 30 is noved up in the direction of arrow 103. As the sheet retainer 40
keeps pressing the green sheet 20 while being elastically deformed until
the cutter section 32 is pulled out fromthe green sheet 20, lifting of the
green sheet 20 together with noving up the cutter section 32 can be
prevented. When the punching tool 30 returns to its original position, the
abovedescribed state of Fig. 1 is restored and the elastic deformation of
the sheet retainer 40 is also restored. A practical sanple of the sheet
retai ner of the present invention was fabricated and its performance was
eval uat ed. 31 J UL 2003 10 Practical specifications of the punching tool
30 and the sheet retainer 40 are as follows. Quter diameter D 1 of the
support portion 46 = 14.0 mm Quter dianeter D2 of the contact portion 42 =
10.0 mm I nner diameter D3 of the housing hole 48 = 5.0 nmWall thickness T1
of the contact portion 42 = (D2 - D3)/2 = 2.5 nm Maxi mum val ue Tnax of wal |
thickness = (D1 - D3)/2 = 4.5 mm T1/ Tmax = 0.56 Di stance L between the
support portion 46 and the contact portion 42 = 10.0 mm Wr ki ng di anet er of
the cutter section 32 = 0.1 to 2.5 nm Material of the sheet retainer 40:
silicone rubber (hardness 60 degrees based on JIS K 6301-1995; shape
restoring factor 100%



Usi ng the punching tool 30 of the above specifications, punching was
performed on a green sheet 20. Green sheet: glass ceram c {125-mm square,
235 pmthick) Through holes: 1.5-mmferr], 72 hol es/sheet Punchi ng appar at us
used: nunerically controlled die punching apparatus No agfqrgﬂulfzppgs
observed on any of the through holes 24 on the green she 2 h
punchi ng had been conpl eted, and no danage of the green sheet 20 such as
crack or defornmation was observed. No abnormality was observed on the
cutter section 32,,either. &%ﬁcﬁingiq% the conpgsition of the siljcone
rubber coRsticapateral mayde admsiedsuchidat pressingnfia green shept can beragdeduatslyso
with different hardness were 11 fabricated and their perfornmance was

eval uat ed.peffopmed 1 Rubbes nidieridlewithta highebhapelresnig! fadedraisngreferable, and a
40Har dnessEval uati on170 degreesCracks and deformation remarkabl e265

ccoF necag ey Pt SR el B el o s R BRE TR TR RGN ol € 4

show, when the hardness of the sheet retainer 40 was 65 degrees or greater,
cracks andvhils isrusgtip prefeeble.pl ace at the same tine, while, when the
har dness was 48 degrees or smaller, the green sheet 20 stuck to the sheet

retainer 40 meki ng FWBGRapEofekshesPREShEH hay YASIDallY Be PighI ¢ 2§ lin@scalmstde
range 50 to 60 degrees, the green sheet 20 was finely processéd, suggesting

that the opti,mum haydness qf. t e sheet,.ref.ainer 40 is in the r.ange .50 to 60
dogr ees. NANIE TRACPRS ndinufe BHEF git5Elioh Mok, & abaert rortion By Fuich 4
strippers nmade by varying degrees of hardness of the material. Wth the

except i on pahchisigrigoh cay beremigaged anddhe other aindein thietaxial rdisgspiooriaset ebytache
sane di aneter over the entire body, punching was perfornmed under the sane

condi ti ongopGortleRAT EdMES AP B¥RactTRAHOA eg‘r&fh Ohdegr &ilﬁi@lrﬁ]héfe tehaRasE the

retainer was the sanme 14.0 nmover the entire | ength, e outer dianeter D2
of the cont act rtion s 13,0.mmas th ottom end had been chanfered.
The. mat or iHRb1Setinn Sfenif iy B 38 LoBfact BOHEM: ubber A phural i Ly of
conventional exanples was fabricated by changing the material hardness and
their performance wd¥éhavtieuater diahadibe of tlehavpporthpontienwdndsthe outer diameter

of the contact portion are compared, the outer diameter of the support portion is
made larger. Also, when the wall thickness of the cylindrical sheet retainer is
measured in radial direction for the support portion and for the contact portion, it is
greater for the support portion and smaller for the contact portion. The thick-walled
support portion is hard to be deformed and the thin-walled contact portion is easy to
be deformed.

The outer diameter may be tapered from the support portion toward the
contact portion. The diameter may be changed by small steps. A combination of
tapering and stepping may also be allowed.

The ratio between the wall thickness T1 in the radial direction at the

contact portion and the maximum wall thickness Tmax in the radial direction may



« ' Tabl e 2. 31 ~~ ~J L 2el13 12 StripperHardnessEval uati onl165 degreesCracks
and deformati on260 degreesCracks and deformati on355 degreesCracks and

‘def or mat i on450 de reesCracks and deformation; sheet stuck548 degrees ~Sheet
stuck It can be found fromthe results of Table 2 that, vxa;fu ‘ﬁmnal
strippers, fine results are not obtainable even by changi t al
har dness. From the above, technical signifficance of enploying a sheet

retai ner vin ific nstwrAycti-pn_and specific.hard S . i h

recent | 1 Mokt THITELS GRIF PIe, TRERRPORES e ARk RS il Bidenpss,
the preferability.of the rati.o.be en the wall. thigkness T1 in the radial
i et on SRR E5At LM BEPHITUR (8 T BBREOR ISt FBF ERAEH T EoTeh
contact with a green sheet and_the maximum val ue Tmax of the wal] thickness
“nthe radihg eranicedbs Sidity B thaide o supporighortign; becosagss gnd dhe gmaller

m ni mumval ue of T 1 /Trmax, when the ratio was 0.1 or snaller, deformation
of the strTppeecomes, ribaacasaty elagtie defepvaiemiire the side afutheecontact ipontice
came sonetimes in contact with the deforned sheet retainer 40 thus breaking
t he work pbeconws hHowgser wient Bié/Traak mutoovsahale naking deformationsan fhersids of t
was 0.69 or greater, the stripper becane hard to be deforned thus suffering
a probl em the Gmtact partionatolocedsy, thenptressifgeabititye zgaipktithe grdendslreethbecomes
Referring to Fig. 4, a description will be given on a second exenpl ary
enbodi nentingfiffecientnchi ng apparatus of the present invention. The outer

di aneter of the portion between a support portion 46 and a 31 JUL ~00~ 13
contact portion 42 of a sheet retainer 40 is a conbination of a tapering
portion and a portion where the dianmeter decreases stepw se. A description
of the renmuining strBRIEE BDESCRIPTIONIOF THE DRAWENGSS in the
first exenplary enbodinent. In conpliance with the first exenplary

enbodi nent, the punching apparatus is configured in such a manner that the
support portion 46 iRBigdilsjsos etossrseationsindieiwn of laestaeet abtatlier efor ippmchigsard
relatively large dianmeter and is thick-walled in the radial direction,

whi | e the pwithieg apparatuerindfitss exérdphsg dmbodientasfithe peesént invicheioaxi al
direction, has a snaller outer dianeter than that of the support portion 46
and is thin-walled iFigl heisraagiogt-sedticial vdWw of the sheet retainer for punching and

the punching apparatus while punching in the first exemplary embodiment.

Fig. 3 is a cross-sectional view of the sheet retainer for punching and
the punching apparatus after return in the first exemplary embodiment.

Fig. 4 is a cross-sectional view of a sheet retainer for punching and

punching apparatus in a second exemplary embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First exemplary embodiment

A description will be given on a punching apparatus in a first
exemplary embodiment of the present invention. The punching apparatuses as
illustrated in Figs. 1 to 3 include a punching tool 30, a sheet retainer 40, and a base

10.



.'As' has been descri bed above, the outer dianmeter of the portion between the
support portion and the contact portion of the sheet retai ng 1t qﬂl?t] 20
‘enpl oyed in the punching apparatus of the present-invention s not 11 d
to the shapes illustrated in Fig. 1 and Fig. 4. It is sufficient that the
di anet er decreases fromthe support portion towards the contact portion.
The sheet retainer for punching a ceramnm & green sheet and the punching
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sheet retainer between said support portion (46) and said contact portion
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s. A punchi'ng apparatus Tor punching a
COMPTT ST NGthe cutter section 32 corresponds to the aperture of the through hole to be punched,

U

and the length of the cutter section is slightly longer than the length of the through
hole to be punched, namely, the thickness of the green sheet 20.

A sheet retainer 40 is affixed around the outer periphery of the
punching tool 30.

The sheet retainer 40 is made of silicone rubber and is of tapered
cylindrical shape. "An annular engagement groove 44 is provided on the inner
periphery of the sheet retainer 40. The sheet retainer 40 is secured onto the
pum‘;hing tool 30 by inserting the punching tool 30 into the sheet retainer 40 and
fitting and engaging the engagement ridge 36 into the engagement groove 44.

The upper end portion of the sheet retainer 40 having the engagement
groove 44 is a thick-walled support portion 46 with a large outer diameter D1. This
portion has a high rigidity and allows the engagement groove 44 to securely fit and

engage with the engagement ridge 36.



a cutter section (32) for perform ng said punching and being qﬁ)

‘said base (10); and a sheet retainer (40) according to any of ainms 1to
4. 6. A sheet retainer according to claims, wherein the elastic materi al
has a hardness from sO degrees to 60 degrees (JI'S K 630l -1995).
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.‘a base (10) for laying said sheet (20); a punching tool (30) provided M
M Lﬁ_Md
c

Next, a description will be given on the punching process. As
illustrated in Fig. 1, a green sheet 20 is laid on the base 10. The punching tool 30
affixed with the sheet retainer 40 is disposed above the green sheet 20.

When the punching tool 30 is moved down as illustrated in Fig. 2 in
the direction of arrow 100, the sheet retainer 40 comes in contact with the surface of
the green sheet 20. When the punching tool 30 is moved down further, the sheet
retainer 40 is elastically deformed in the direction of arrows 101. As that portion of
the sheet retainer 40 which is close to the contact portion 42 on the front end has a
low rigidity and is easily deformable, mainly this portion is deformed, and the
posterior portion close to the support portion 46 is not much deformed because of a

high rigidity. Also, the sheet retainer 40 is deformed in such a manner that the front
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thus assuring that the housing hole 48 in the center will not be narrowed
excessively.

The cutter section 32 of the punching tool 30 punches the green sheet
20 to form a through hole 24. The punched scrap 22 produced by punching the
through hole 24 drops from the exhaust hole 12 and is collected.

In this state, the elastically deformed sheet retainer 40 is pressing from
above the periphery of that part of the green sheet 20 where the through hole 24 is
formed (indicated by open arrows 102). Therefore, neither the working position of
the green sheet 20 will move nor a slantingly directed resistive force is exerted on
the cutter section 32 thereby enabling smooth punching of a through hole at an
accurate position with an accurate shape. Furthermore, as the pressing force exerted
by the sheet retainer 40 to the green sheet 20 has been set to a moderate strength by
proper setting of the material and shape of the sheet retainer 40, no excessive force
able to damage the green sheet 20 is exerted.

Next, as illustrated in Fig. 3, the punching tool 30 is moved up in the
direction of arrow 103. As the sheet retainer 40 keeps pressing the green sheet 20
while being elastically deformed until the cutter section 32 is pulled out from the
green sheet 20, lifting of the green sheet 20 together with moving up the cutter
section 32 can be prevented.

When the punching tool 30 returns to its original position, the above-
described state of Fig. 1 is restored and the elastic deformation of the sheet retainer
40 is also restored.

A practical sample of the sheet retainer of the present invention was

fabricated and its performance was evaluated.
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40 are as follows.

Outer diameter D1 of the support portion 46 = 14.0 mm

QOuter diameter D2 of the contact portion 42 = 10.0 mm

Inner diameter D3 of the housing hole 48 = 5.0 mm

Wall thickness T1 of the contact portion 42 = (D2 - D3)/2 =2.5 mm

Maximum value Tmax of wall thickness = (D1 - D3)/2 = 4.5 mm

T1/Tmax = 0.56

Distance L between the support portion 46 and the contact portion 42
=10.0 mm

Working diameter of the cutter section 32 = 0.1 to 2.5 mm

Material of the sheet retainer 40: silicone rubber (hardness 60 degrees
based on JIS K 6301-1995; shape restoring factor 100%)

Using the punching tool 30 of the above specifications, punching was
performed on a green sheet 20.

Green sheet: glass ceramic (125-mm square, 235 pm thick)

Through holes: 1.5-mm®, 72 holes/sheet

Punching apparatus used: numerically controlled die punching
apparatus

No abnormality was observed on any of the through holes 24 on the
green sheet 20 on which punching had been completed, and no damage of the green
sheet 20 such as crack or deformation was observed. No abnormality was observed
on the cutter section 32, either.

By changing the composition of the silicone rubber composing the

sheet retainer 40, a plurality of sheet retainers 40 with different hardness were
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Table 1.
Sheet Retainer 40 Hardness Evaluation
1 70 degrees Cracks and deformation remarkable
65 degrees Cracks and deformation took place

60 degrees Fine
55 degrees Fine
50 degrees Fine
48 degrees Green sheet stuck; unworkable

A= {WIN

As the results in Table 1 show, when the hardness of the sheet retainer
40 was 65 degrees or greater, cracks and deformation took place at the same time,
while, when the hardness was 48 degrees or smaller, the green sheet 20 stuck to the
sheet retainer 40 making punching work impossible. When the hardness was in the
range 50 to 60 degrees, the green sheet 20 was finely processed, suggesting that the

optimum hardness of the sheet retainer 40 is in the range 50 to 60 degrees.

Next, a description will be given on examples of conventional
strippers made by varying degrees of hardness of the material.

With the exception of using a cylindrical sheet retainer with an
approximately the same diameter over the entire body, punching was performed
under the same conditions as described above. Though the outer diameter of the
sheet retainer was the same 14.0 mm over the entire length, the outer diameter D2
of the contact portion was 13.0 mm as the bottom end had been chamfered. The
material of the sheet retainer was silicone rubber.

A plurality of conventional examples was fabricated by changing the

material hardness and their performance was evaluated. Table 2 shows the results.

Table 2.



. 10<F7" 10%<& () - 4TL09%& () - 2109%& ()- 90#109%& ()- USVAL(n())!*A<mbC

10""1'Y" 109%& ()-M Y" 109%&' ()- M Y" 10%& () - MLO%&' () - Y" 109%& () - F

S100& ()-!****+++++} 0aSs 1, #GLO%&' ()-Y 10 10 31 JUL 2003
101 Y3" 109%&' () -, 0: 10%&' () - - 10%&' ()-!Y" 10% () - M+, - X- / 40z[ 9aS4

111" 109 ()-51 " 109 ()-s!|"10988& ()-f!1"10% ()-F!1"109% ()-fS10% ()-40m0
1222222r S4° 15" 109 ()-# 109 ()- 10 10 !

101Y *" 109 [( ) - SHippanv& | ) - ! Harnhe®8&' ()| s23) 33345dkabdation

1s' 10F" 109 [()- " Chackb 50 W dhdtiol0YE ()-

Il
—109%& () -F 10W8 dohrdes 1078
5556666 7dEI"S4“T’5\_§ﬁFT&”‘T <
"109& () - F" 10%&: iy B0degrees. T hCracks O

0@ ()2 100g: )+ PRAFETCES @ 4Hackyg .
10 10FS, " 109 () - 8*- 100@l () - SEgegrerg (- Crackpsndyeformation
1Y3(" 10% ()|- | E* 104PP&' () | SF" 50%RatdesS! YV CoRBaL HofonattdyEhedtstuck

YY" 10%: () - '[70 CORCEET A S 1- JWgkdesL 10R8Kaet Back0& () - Y 10 10

m 10

It can be found from the results of Table 2 that, with conventional
strippers, fine results are not obtainable even by changing the material hardness.

From the above, technical significance of employing a sheet retainer
having a specific construction and specific hardness in the present invention has
been verified.

Next, a description will be given on the preferability of the ratio
between the wall thickness T1 in the radial direction at the contact portion of the
sheet retainer 40 that comes in contact with a green sheet and the maximum value
Tmax of the wall thickness in the radial direction be T1/Tmax = 0.1 to 0.69. With
regard to the minimum value of T1/Tmax, when the ratio was 0.1 or smaller,
deformation of the stripper was remarkable and unacceptable as the cutter section
32 came sometimes in contact with the deformed sheet retainer 40 thus breaking the
work pin. With regard to the maximum value of T1/Tmax, so far as it was 0.69 or
greater, the stripper became hard to be deformed thus suffering a problem of

becoming unable to punch.

Second exemplary embodiment

Referring to Fig. 4, a description will be given on a second exemplary
embodiment of a punching apparatus of the present invention.

The outer diameter of the portion between a support portion 46 and a
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As has been described above, the outer diameter of the portion
between the support portion and the contact portion of the sheet retainer to be
employed in the punching apparatus of the present invention is not limited to the
shapes illustrated in Fig. 1 and Fig. 4. It is sufficient that the diameter decreases
from the support portion towards the contact portion.

The sheet retainer for punching a ceramic green sheet and the
punching apparatus in accordance with the present invention are capable of keeping
a green sheet properly retained during punching work, performing accurate and
smooth punching work, as well as preventing cracks and deformation of the green

sheet and damage to the cutter.
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manufacturing of the sheet, said sheet retainer being composed of

elastic material and comprises:

a support portion (46) disposed on one end in the axial direction and

being thick-walled in the radial direction;

a contact portion (42) disposed on the other end in the axial
direction, being thinner-walled in the radial direction than the
support portion (46) and having an outer diameter (D2) smaller than

an outer diameter (D1) of the support portion (46); and

a housing hole (48) axially extending from said contact portion (42)

within said sheet retainer to the opposite end.

2. A sheet retainer according to claim 1, wherein the outer diameter of
the sheet retainer between said support portion (46) and said contact

portion (42) is at least one of taperedly and stepwisely decreased.

3. A sheet retainer according to claim 1 or 2, wherein the ratio of the
wall thickness T1 in the radial direction of said contact portion (42)
of said sheet retainer and the maximum value Tmax of the wall
thickness in the radial direction is expressed as T1/Tmax = 0.1 to

0.69.

4, A sheet retainer according to any of claims 1 to 3, wherein the

elastic material has a hardness from 50 degrees to 60 degrees (JIS
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comprising:
a base (10) for laying said sheet (20);

a punching tool (30) provided with a cutter section (32) for
performing said punching and being movable toward said base (10);

and
a sheet retainer (40) according to any of claims 1 to 4.

6. A sheet retainer according to claim 5, wherein the elastic material

has a hardness from 50 degrees to 60 degrees (JIS K 6301-1995).



