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WD 2005/ 057598 PCT/ US2004/ 040812 TI TLE POADER

COVPACTI ON PRESS AND METHOD FOR MANUFACTURI NG OF
WGCARAGETIOR ANODES TECHNI CAL FI ELD 5 [0001] ThPE€T/US2004/040812

invention relates to a powder conpaction press and a

met hod for naklng capaci t'BfTlaHodes. BACKGROUND OF THE

| NVENTI Qh
powder t Igg%ﬁ%%ﬁ? H B%ﬁt dﬁhe art
as eV|dence r [QR

. 10 Septenber 7, 1999 to T. Mal da et
Tlg?.ﬁﬂﬁor F{%pam tor Elenent for SoI id Electrolytic
[0@jaci This, idewtiare relatds Po o eswdén covbadtiog prags Sahe method for
ﬁé t he dJSC|O ure of U S. Patent 6,191,936 issued
CAPRGUIANO8PH1 to D. A Webber et al. for a

BAGRTROUNDOF THE IRYEwWEoNel | et and Method for
Maki ng Sane. [0003] Wen maki ng capacitor anodes by

[000pac Commastion af ventplowder valve; Bovettes itp arake] sapagiteraglements is
knﬁgzlgf %erﬂ? Cl%g[pg Cte{u%ence ﬁ\f\{ﬁé di F(ﬁmtehﬁ] Qﬁga?h‘}e 1{ 5@49%%9t1ssued

of surface the coirp
Segemitee 7, YI9o9 atbl'E/ Id[@lela g1ail. ﬁimd@apacaomﬂlefrmmﬁyr Sohd Electrolytlc
conmpact ed capacitor elenent. It has al sQ been fo

CZ\PH@}iOTt Revieapad PrqstSSefpéM@ktngﬁJa? Sgrae arthbate l%ipsmé)f U.S. Patent

o LS B Sy JOTSBRS, MUY BLER 9451 tvig

T$ﬁmﬁmPyHabmé®ﬂdhédﬁhamﬂmmgﬁmn@n to forma capacitor

I havi i(regular_exterior s eb . .
(0fFipac i PaLPS BRARIGE SIS B oI A e Wiy it ds desired
to Qfave Qﬁﬁ'ﬂ%ﬁﬁt dbdcBon NIHATReE WHRH RO ehpdchisy @lleﬁﬁﬁf‘has b irregular
is also an object of the invention to provid

extrviod esurfwap et wompmtms dewice Hypisaltyo rdeey mminpla)dtl@e @ uniformly
aci,tor ele l.ar .exter
CopHRER FaRRTioE P ol Nen E1se BptL e R SfRGAPRGR gt may be
da%ﬁigfz@ b?kﬁ&wﬁlcﬂdﬁﬁ%ﬁoﬁh@pﬁh&@ﬁﬁ@dﬁn forerd fivh eARREIdON
el enen The capacitor elenent 1s forned in a

SHMNIARY QF PHIsENBENIAON vertical press using opposed

oD 0 S PR S4B B0 lull PR LA ving o
irBglehegeAbiCsiEac 0§ ichinphcthg \Fal‘ideodeeﬂﬁtnsudhCHmaﬁ thian gae degree of

position, in which powder in the_conpressign chanbe
compagien ifeiformpt peisthe glemanhalt is glsoraniieci of ey invention to

r e 0 h e
prb e DOBEEE SO B te ek " BuReE oty “Compacr lement
haelirgramnirreghfat extetibearebwhichtdoes not damage the capacitor element when the

forming punches are withdrawn from the capacitor element.

[0005] The capacitor element is formed in a horizontal press or in a vertical press
using opposed rib punches and opposed channel punches arranged in interleaved
fashion. The opposed rib and channel punches are so positioned in their non
compacting position, in which powder in the compression chamber is not under
compression, that in traveling to their compression positions the powder will be
compressed to the same degree throughout the capacitor element. After the capacitor
element is formed, the opposed channel punches are withdrawn first to avoid friction
destruction of the element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]  Two embodiments of the invention are illustrated in the drawings in which
1
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el enment is forned, the opposed channel punches are
wi thdrawn first to avoid friction destruction of the
wel2ersat398 BRI EF DESCRI PTI ON OF THE DRAW NGS 35P{D@88(04/040812
Two enbodi nents of the invention are illustrated in
t heFidnmwl ixys tomvieki cfha fitst WO REOHLM51H588 form of a horizontal press
..PCT/ US2004/ 040 1@1 gitgqure 1is atop viewof a first
with REEPIRESR 2V WP BCYfSr i zontal press with
parkiguly 2keR AYRMaltdd od 1ihe'SL5 ahimgpPuRUT %ﬁ??értfbﬂ)‘k&ﬁ advay for
is aviewtaken on line 2-2 in Figure 1 with parts
illugrasloarpuamasys;f or il lustration purposes; 5 Figure 3 is
a vf[:.ewt ken.on.lLine iig’ in Flg,igurgl,l; Figure 4 is a
par VENT® 353 IS okSP Op e 3Ptk Figirerts v e 1 showing ri b
andrighiand @ a pRtACPSviéw of e pred Bf FoPeqtshowifoHb tandthannel
Figure 5 is atop viewsimlar to Figure.4 show ng
punsbesdiartheiepessPerBRACHAZ PPBLON onpr essi on chanber; 10
Figure 6:i. I W t ' s
shontefis 13 1o el SR o PAnfe AR HERALL hotRP WBhosited in the
conysrByami ¢haghbpnsi tions and the capacitor elenent in its
conpacted, condi.tion; Figure 7 is a .top, view of the
ConBIERESS Bt IRNBE O SRR T erh Ehadhler Shvingdbe ehaishannel
pulRHEE e Shdif RBpR&QiHEAPAGHIdR" ark] SHE Rbpacier RIGHER B 1t$ bc%mpacted

top view of the c ression chanber show ng the ri
comdiitbnghannel  punches wit hdrawn fromthe capacitor

elepgent; _Figure 9 is top vi ew showi,ng w t.hdra of

o pEEt g6 8\ viewit B Ret e ocd Bl E AR et of the
chahfell prnBh&SFdnh 812 @packoPEleMEntar t press show ng powder in

a conpression 20 chanber prior to conpaction; Figure

11 Figuee § éca taprview ofithegconimee grinn phasmbef showwingrthe ribaand channel
ess. Figure.10 in. their conpaction position;
pur%ﬁaqugﬁa&wing%ogl &E&FP%’“’E%SWH t he punches of the
Pri Bigudd 19 Y &S fopMvidid isBuRink evithdidgalcofMRaphRdside walls of the
capacitor elenent; 25 Figure 13 is a perspective view

comppressiopEItebr el enent with a single |ead wire;

W
chamber prior to compaction;

Fi ?ﬁfg[%ﬁerlg% ' 25ebiior BE ?tﬂrfﬁ? ¥ PO shBwRAPBGVES in®h SBBession

Figure 11 is a section showing the punches of the prior art press of Figure 10 in
their compaction position;

Figure 12 is a section showing the punches of the prior art press withdrawn from
the compacted capacitor element;

Figure 13 is a perspective view of a capacitor element with a single lead wire;

Figure 14 is a perspective view of a capacitor element with three lead wires;

Figure 15 is a perspective view showing a modified capacitor element;

Figure 16 is a view taken on line 16 — 16 in Figure 15;

Figure 17 is a side view of a second embodiment in the form of a vertical press
with parts broken away for illustration purposes;

Figure 18 is a view taken on the line 18 — 18 in Figure 17;

Figure 19 is a partial side view with parts broken away to show a compaction

chamber filled with powder;
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Figure 15 is a perspective view showi ng a nodified
capacitor elenent; Figure 16 is a view taken on |line
wQ@005/05&98n Figure 15; Figure 17 is a side vi eRCOUS2004/040812
second enbodinment in the formof a vertical press 30
wi t Figpier20sis larpmkidel salaasiew showing mppenatib and ghampet penches lowered
igure 18.1s a view tgken on the line 18 - 18 in
to trﬁ—‘? &Brogtheﬁlﬁqgi oERacyep a?ng’ebar_ti al side viewwith parts
br Ofi8Rre2¥E3¥ alRiripd) Qe &GP SRAGME A rib Al RBAnel E{n@qle%azmsted to
powder; 2 WD 2005/ 057598 PCT/ US2004/ 040812 igure 20
a d¢sired preacanpdction gesitiorewndhowi ng upper rib and channel

o, LRI Prish ok oo BBoine' 88 718 opE RpERET Bibbdn thei
conipdetifd fosificnal tidaphamr aldhient Rditd €ompPactiRisdongition.

re-conpaction position, and 5 Figure 22 is a parti al
DEFATLER DESCRATION 0F THE INGENRERE! punches i n thei r

ac{ i [ :anaci.t or. . al: ty il
0092( DA% 1RRBRE bbite A3% pORIARRRGPIn FERR ' b3 An
eloi_lwl I \Eﬁn@tﬂeigﬁﬂﬁ'}l F]a.mhem d')fzmmfl ifodun qglagﬂhlj&erp]rc&les s%6ttid>rgis formed by a

illustra in ures 1, and. 3. . An onga i
bota%wa@s@it & Fpm b a7t SHpoRt 2§nﬁfpa}rrﬁfqm?éau$|%«{1€gwaﬁs ¢ 1o3% having

g , Lo
corfflihg et AfIRA Metfbes I Ot MEMR cadrding BpWREdE Tom the
uphadiyngciog winfanetdfige wapat L8 land etop wall 3Suravingeslatfbottguaturface

. hei ght extendin wardly f.rom t.he pwardl y. facing .

in Sigefelbe ot s CBEr OBl 8T C5p U TS hatd ndt get of six
i f ' Sed\ehdhnkh ag7'

o3 USROS 004 4 1 SRIRISTRO R 3057 e

inte ppreséd opebepdsnethibe ca@presgon gshambersit.  $he fipearlorssingeenble rib

chanpel h 37 VA tend 15 4 nt ' .
RIS HRSE PR B LD AR PREL R FRFS: i et
in pR6é BhAB&RYE stirfdee dTURE RRE WAILRH Thagne :prdébl FeHes9 Jhich has a

are interleaved flat plates. The top wall 33 is held

vertigally axtending tapening s forf agcemprodaiing s3 dergdf| misgied gpough an
by a f [ ' in

ord ISP SRR e AFEHR Wt

[0008] oudtbuapoweieedririvg MethamistbE 1] SN 5% 88 nanchtédd theharpport

powder. conpressi on, chanber 27. 20 [0008] Four powered
28.q L he drivompIn S 151113{31393, ansejectty e %ﬂ%ﬁ’@& 191 fgport 28 and
driZing ROdrizoR8ily oSt KRWEE RANLSRSds tﬂfddéggastgﬁ%éded opening 58

ctric notor 56 secured to the support
in altlirustibdock 39or Theothtwest blpckliSe has e d-bar ®wg6s anvh groiove xomregsion 60

.t hrough readed epin 8, dyn a thrust bl ock.59.
widp b o B P ST MG sl ol Tated H e firdcton of the
scrERHT8FRenARe &@ew is rotated by the motor 56. The thrust block 59 includes a pair
of cantilever arms 61 which are connected to the rib punches 36 by thrust bars 62. The

drive mechanism 52 includes a powered driver in the form of an electric motor 66
having an output screw 67 in threaded engagement with an internally threaded opening
68 through a thrust block 69. The thrust block 69 has a T-bar tongue and groove
connection with the support 28. The thrust block 69 includes a cantilever arm 71 which
is connected to the channel punches 37 by thrust bars 72.

[0009] The drive mechanisms 53, 54 in a similar manner include electric drive
motors 76, 77, screws 78, 79 and screw blocks 81, 82 connected to the rib and channel

punches 36', 37' by thrust arms 83, 84 and thrust bars 86, 87.

3
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with the support 28 permtting the thrust block 59 to

nmove in the axial direction of the 25 screw 57 when
wOheos®sT8v i s rotated by the notor 56. The t hr Bet/uskmaek40812

59 includes a pair of cantilever arns 61 which are
[00t@innedligde #ds tattep vielw plilarcémpty 26mipyession whantbar 37 62 theTpress 26

it iy G 38 S BE o0 SBeEo G 8 gk 27 i
read®y/ td Bt HIKERARYaRE PBE-EE NEhentid %@&ahﬂél%ﬁéhés%d ri’»"6e a6es have
dpening 68 through a thrust block 69. The thrust

beehladjpiste@ 3o hppropridte man-compgumgam @og'd@dvedlsg positioas td anhieve the

dosited fpdrad of RRobof i e LOMHEioR PR ADreRfiol 37 i example

illustred @8 F8oury 41-n9 Ubdre Hafas3 2.1 EdHRRTiod hetigr i Migure 5 shows the
mechani sns 53, 54 in a simlar nmanner include electric

compactien chasabst dillpd withyvaleeqronydst 88 Theotopyeplk mos shoswvm dx placed on

B 36 GBI 10, 05554 8,29 AUABE) AL e ggims

the 26}9%[15385&(? RGO UTFHE Oxlit O 4D &ltRen E}&&?}d&ﬁbaﬁl Eqﬂlﬂ@rfa“’ ﬁepih into the
p view of a ty corrpressmnca er.27 of the
po‘*pcf 8. 2810 RpvHer B 19 BpV gy 9sbearRmpankdptEe @ fapgeitaggelement.
C [ r
DR, ST SRS LAIRAL BE5 3 20N (Bn i e
distafice Bétweer 7he Bp'pdsad!endsbeﬁmhead]) meelnbsti’(ﬁ Fupraogrtheteeis a 3 to 1
red}:l(ﬁig)nglol’ﬂ Ctl er{hg qug Ié{tlgtgg ns tg %gl %\% during
corﬁ;ls}gﬁ?&{ ' ”Pl'ihsp&ﬁﬁ ﬁleqfib 2Red Ald @B Welbrhrédg%eﬁ%@é'{pih% opposed channels

ustrated in Figures 4 - 9 there is a
wilt berpaurtiymompagssesd, tFit gscempresadiis thmmma:dmgxactor extent. Figure 6
ch erf'.led th va Jhe top wal not
shofy3fip Eombteliot e e smbRtsish B Fdhe PRl R o Rpr08ss in Rfich the
1ib bhA@ cRaSBpiRAts 38,3603, $NUWe béeh R6RAGBthER cbﬂ%acung position.
against the to ‘wal | 33, not shown. The wire 42 is
The Rerches asraeedaiFom phsibpen-eerapagting Ar Fhamparteadipg pesitier shown

in Iﬁg ured %0k g\é? ?ﬂensforﬁﬁa&ff%&s?t?oqy stb@nlf F ‘1: %Catt %ﬁeéd@ &)9op%rt1onal |

acl tor ressi

to the |d1ls3ﬁﬂoa§ debyesaveptrom thee rr@nloﬁ)rr@re%smg pbsmeiﬁlg @b ithdir témpressing
t he d| st ance betvveen t he ogaposed ends_of the rjb

posiisnekhezb pypehes 3@, Phcpave sigr shangthe chapgl dtunghes; 37, 37' and
bot%?@ts%ﬁ)h@&fé? aﬂﬁ;evgﬁﬁﬁ‘ltéxﬁgus@fgﬁh fc&ﬂgrt ﬁﬁ@tﬁ {03 Ico PAGRESpositions

ring conpression. e r| area
shosmdint Fugumedb Eheaﬂwbetwﬁeavntpmgtmpgbﬁxedno&dﬁm neltse tib anedsl of the

be egual .y co IS, CO to th ne .
clogigyf B8 o HecSrEngS TR g6 e SIS T <bY5 g CPPOsitely
dlsﬁ&@d CRARRMR H M S1EBENtI9. lﬁﬁtﬂﬁﬂg&ﬁﬁﬁé&lbﬂ%ﬂ %?ﬁﬁclﬁé@ spaced at

which the rib and channél punches 36,

distances prepertinnaleld the finkshed wi che mg qsxdsWﬁb aweas ofhige capacitor

clef DTSR it e RSB R B brRdfoRal to he
diseaoRasiveRd dpfifk toaPreSionyaniclnfon89 6f ¢hifirnS 8GRHS is produced.

[00'11)1 Oporﬁlltﬁg glext manufacturing step, shown in Figure 7, the channel punches 37,
37" are withdrawn from the channels formed in the element 89 and for operational
purposes may be withdrawn to their powder loading positions shown in Figures 4 and 5.
By keeping the rib punches 36, 36' in their compacting position while the channel
punches 37, 37" are withdrawn, breakdown of the edges of the formed element 89 are

avoided.
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20 to the distances they nove fromtheir
non- conpressing positions to their conpressing
weasistosTaes. The rib punches 36, 36' nove fast ePCrhamo4/040812
t he channel punches 37, 37' and both sets of punches
[0032} i veAsshownt iartégure Bythatribt fmichesonp6'dmye daemwithdrawn and may
conpact.i.o osi tion shown.in Figure 6. Thys th at.e
be BoStRaMRIAR B ChAmRe Lo REdRII 4R THEM P gpERd i Tndn the next
stef® b RREf288rd, ShéWE IS BiFBreds _tﬁéﬂﬁregﬁfo@t 99 aR@MRADIWA BN are raised
the web between the oppositely 25 di sposed channels in

and He dileveails Ho 32Bye seavedilatgratlyniyeast from ane Bnether to completely
DI ABRERE B a7 bR REERP AUy ByblFor e sces o

theebpaait89r el ement 89 and by noving the punches during
conpression at speeds proportional to the distances .
[00d3 by e Hagurgsi 10nd Lcapke $BOW R DHAT ATtRFEHt NEOUECIUTAIG & Gapacitor

[ ' ; f '
clofBAE Allr e CORPLEEE charsbld ) blma ot N VENK ST 3R Al not
sho3vti, aad eppoted truavhes 98 pPd, tik €lled avithepsvdenr aseshomm inH&igure 10, and

el enent .89 and for operational oses be . .
the P AL D SR FOPRBIGP eGP e b3S ERQIS Bt pqmpection
poditiGHY @9 wh RNelgmre 11BYSiKEERIeNGalil® f5inkinP WARD ST (RO punes 93, 94

in their conpacting position while the channel
mope tihrameditsta®ee’ as dheerilforgirgmants, the sedbdoeas betwednethe dhamels are

of the forned el enent. 89 ar avoi ded. 4. .
corSIgER a5 i TEID DU [ BB 7R ATLEHBPmRpction of the
elemleft!IsehiShlyt ilesitddldPHom NESapdbitordfualiBAMen AR, WiNREtB¥Punches

and may Dbe positioned in their chanber |oading
93, € relenssh onvithdrapingas showa inddguse 12.partiensnefithe elamegat tend to
breglfc ét({t%ﬂtege?%%slé&g? P?eg%‘{‘@ of ﬁleFécgﬁeé?%tegh%Pt\fc%g Q&lﬁlﬁﬁ tLg %f)rsxélgef of the

an are rars e wal

- purtBef i grentée thanathe elslly sasipyh bf e @ngpaated! élemeht0 The foregoing

conpletely 5 release the el enent 89, which may now be
deficaersigs dinvine HB bty 1S Hrth BOBflert (ennerers pegss arpgemedied by the

herS} ed]?d%seﬁ?nvefngpﬂrﬂ Figures 10, 11 and 12 show a prior
art press nanufacturing a capacitor elenent. After

[000HE cdfipaet 13013 «hanipetive Viewneltheycapadier widrhentRBD, fRided dy the
bottomwal I, not shown, and o se unches 93, .94,

prepe 24 Flediesdd %owamepa}wag ersRRSS Wi v i aniyfSiss 15 and

16 tsH@wtaQQaﬂé@it&r_ L18mEhoPE GrhichNieis CRBR F6EndaU %&ﬁﬁin%?*to_ fifs ffvention,
noved to their conpaction positions shown in Figure

using a s®ighecpait ¢lopphsadnidl punghesi ang tyampeis of bpposed phawied pusdies.
e th di, st t.h i b.f ' t.S,,.
0glAL waEweege SRLTs R AETy e e el Enptiment of

theding&BAME" FOXL fiertd@fivd RRchdilisins TOB 1030-104NI106" secured to a
conpaction of the elenment is highly undesirable from

verticelgyaport selld@dland ¢ velvgmapdeneommastion champernld¥ds famed by the
sl i 308, SEL5RBET: 1L A PSTgH0 B HIRUA 48,508 1, 116
and sets of opposed channel punches 117, 117" which are supported in guide blocks 121,
122 mounted on the vertical wall 107. The side walls 111, 112, 113 are releasably held
in place by press feet 131, 132, 133. Drive screws 136, 137, 138, 139 driven by electric
motors 141, 142, 143, 144, threadingly engage threaded openings in thrust blocks 146,
147, 148, 149 which have siding tongue and groove connections with the wall 107

similar to that provided for the embodiment of the invention shown in Figures 1 — 3.
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break away because the pressure of the conpacted

powder within the confines of the punches is greater
woheos/osest ensil e strength of the conpacted el eaemiS2004/040812

The foregoing deficiencies in the illustrated prior
Theasuppprivwial 1¢bhraart bpening &6 thaoeglr whisli ;echpbgitortweire 162 can be

erei n disclosed i.nv . 20 [0014] Figure 13 is a
mS%S@F‘é’b‘Qéﬁ?%“Rﬁc P glang élggpam tor el ement 89 formed by

[oome mi@ﬁé 138howd &iéf ellﬁbqiﬁﬁmsau%a&a%é appe@lcﬁaiﬁm Phches
with three wires and 'Figures 15 and 16 show a

1 17cwﬁhdreworfr®m éreeqommssion diambers 1 GeaTiciontisety, paamiioialven gowder
o 0P Y on BB P08 AL o, SEREISNT L and

lowkef @hbindFipguéies W&, and’ ke posidomdd &abtcwldd thesdds&te@ a@ount of
vertical ﬁress 101 enbodi nent of the inventi

Povrdsiirl 5 hétidhe lerentte bdemaad whan thzezhanim loﬁmlleﬂde Tig-eop. The
upp%? &graﬁg chfhnBl ﬁﬁ%ﬁéé ﬁ%h%) Eﬁ%g%énl I\Q@erlred]tg §10§€ ﬂ}eﬁcgﬁf @f)éﬂ?ng of the

er conpa lon ¢c or me
conm&:tsmﬂhamﬁbﬂlmzshewﬂmﬂmszmll 112, 113 and sets

opposed rib unc 116, and, sets of o ed
[Ooihanneﬁ‘s WaH &‘ir‘? 1 tho upipey aa% lower & E%h?ﬁf)]g?ﬁi g]e7 are
nex?lal gﬁi‘éi%d]tg Ixtend 28 ézlgh'ln&%n&nnﬁ&ﬁlevﬁfrﬁaﬂrgﬁ onv\ﬂllalnbgno YOS Thenis is
side walls 111, 112, 113

are rel eas
accpinptishadybypsiesdtafeasly s veridg Zhe 1GRr aDddeelsdraamsl mﬁﬁ;hes 117,

117} s st AP MG SR hoF R s L be noted
thaf tRE Wife 18208 kntrbfi§ localdtifin rdi4fon thAHe }SGW&& 1|341\f@bé? b&hﬁ& ssed, the

t ongue and groove connections with the wal
pur@hm 1 by andb1{hare m@d clenl fdmtantwﬁefrewb@hbmﬁal @ﬂalleHéZ through

the o Eial 95, S OB b Wufithed 1170 11T A Sisf aBaef SR clisgances

froth6the tHoriooighl Whhe |I1523\ qhBatdrh@t 168 rsBowdn (FilglubQZ is formed by a
inserted into the conpactlon chanber 108.

thres; igueme coopsersing afiibe ppwder ¥5lp Igunibererords élea%ram]wéoetween the

oo BEESHBRIS BB, 0Ty LIEEOD L OMARS cpe iy i e

co n stbp.t d.ikewvipd deedistance bﬁweem]ﬂreespposed clirmntlepurtfes 117,

h pet.. ends. Qf the r rib a d Lower channe
117Tl§ﬁew§én Figawe T3y alsa.r%c{ua%@rq s s ppgRssiopgtep.  In order
to Qﬁédt e eRAP KA o?fconﬁi’é’é@%ﬁ i Sthe frﬂ; aﬂdlevesla%@ruf the eb&nem the

for ned en the chanber 108 is filled to the top.
oppogpd ribrpunckesdl 16h d holelre proved dswardeoneldnpther dastdrethan the channel

I he t
Pl EDER 119658 R e BB Pl o B AR S e
1ib | dhdFéHAnE pdnch&ienieRBah @8 dohipaBtior BRPNS|eqRMNGNER Ao of the
117" are 'next adjusted to extend an equal distance

distapees seifetil andoehasnssl W@mmﬁldﬁo&g thgh¢agnpastion step. An eqdual rate
of og{(}:é 18% §Eﬁ1§l p%\gvd%f' ﬁg@g ?@ﬁgasé a¥1d tﬁ%f) Dfkal Qéatwlégﬁ) e Altnels is

effected, thus avoiding lateral shifting of the powder during compaction. A uniform
compaction density of the element 153 is achieved.

[0018] Following the compaction step illustrated by Figure 22 the channel punches
117, 117" are retracted by the drive mechanisms 102, 103, 104, 106 from the element
153 and next the rib punches 116, 116' are retracted to a non-compacting position. Then
the side walls 111, 112 and 113 are moved away from the element 153 to permit the

element 153 to be removed without burnishing its surfaces. This retraction of the

6



117" the sane distance. The press is now ready for the
conpaction step. It wll be noted that the wire 162
wOo0s@mital |y | ocated in relation to the powdePCTA$2(08/040812
be conpressed, the 15 punches 116 and 116" are spaced
punehgsal 16dild6'ant g sl If7t emd shifinrg afotht aidephalsels BhRilarhoothg procedure
the center af the wire 162 and the punches 117, .117
empipgecpderig e et 42 09 4 bt oo bR T oG FaREF 1 —
[00Pd1aN€ The herelh 8isElo ST rizbRA1 PROVWG hitl fhie GftRaPprek$ 101 carry out
formed by a three to one conpression of the powder _
a megnd afrmamtfestuning o sapasitor tlemgnicwhish triediees high qymbits eepacitor

ri unches..116 and 116'., shown i.n Fi e 2l ds
clehils BRASE GGE piRfg R oDV 30 s o Gpfidis e of defeets
Li kewi se the di stance between the opposed channel
punches 117, 117" shown in Figure 21, is also reduced
to one third in the conpression step. In order to
effect an equal rate of conpression in the rib and web
areas of the elenent, the opposed rib punches 116,
116' are noved toward one another faster than the
channel punches 117, 117' are noved toward one
another. The ratio of the speeds at which the 25 rib
and channel punches nove in the conpaction step is
equal to the ratio of the distances said rib and
channel punches nove during the conpaction step. An
equal rate of conpaction of the powder in the rib
areas and the web areas between the channels is
effected, thus avoiding lateral shifting of the powder
during conpaction. A uniform conpaction density of
the el enment 153 is achieved. 30 [0018] Follow ng the
conpaction step illustrated by Figure 22 the channe
punches 117, 117' are retracted by the drive
mechani snms 102, 103, 104, 106 fromthe el enent 153
and next the rib punches 116, 116' are retracted to a
non- conpacti ng position. Then the side walls 111, 112
and 113 are noved away fromthe elenent 153 to permt
the elenent 153 to be renoved wi thout burnishing its
surfaces. This retraction of the 6 W 2005/057598
PCT/ US2004/ 040812 punches 116, 116', 117, 117' and
shifting of the side walls is simlar to the procedure
enpl oyed in fabricating the elenment .92 by the
hori zontal press shown in Figures 1 - 9. [0019] The
herei n di scl osed hori zontal press 26 and the vertica
press 101 carry out a nmethod of manufacturing a
capaci tor el ement which produces high quality
capacitor 5 el enments having uni form conpaction density
and unburni shed surfaces free of defects. 7 WO
2005/ 057598 PCT/ US2004/ 040812 What is clained is:
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1. Apress for formng a capacitor element fromvalve
powder conprising: walls form ng an el ongated
woanprss®s on chanber of uni form section havi ngCT/US2004/040812
openings at its opposite ends, 5 a set of opposed rib
Whatischésedist endi ng t hrough said openings and linearly
recj proc tabl§ |én sai d chanber, a fifgst gli st ange c
bet heen 4 PFoH IUJRPEEE 25aPACHBLTIEMEN LTy ValvE BRYSE: omyprising:
posi ti ongalfs BehingfanAPRRERE coRPREGON BhHRHRe Sf lhifQ#T dek¥tion
reci procatabl e in said chanber a second distance
havingtopepings anitronpositaetdsng posi ti on and a conpacti ng

position Q.said osed set.s of ni . C

punches bt R SR ePRRRDERCS P afie MR ang
linehfly fRYStositle il i ch@ilRs a g WBeMmct Bétivee @ Aon COMPASInEON

position and their conpaction position at a first
pospioadad arcempastingieasifion, second drive neans operable to

nove sai m%g o aal

conpact ia(.lgsne(E ggs |S%cﬁ an af%“g?%e\é@lg‘ﬁ%ryg‘t%}’@ﬁ&%%? |let 1Inos%1dacthar§ber
a sesenddigtapcetitivesma n@dconimctpgpekitidrhndraatongpaocfing position,

Speod bPHLOBINH oL HRBHS PuEIFE PP E TS hnce.
to said ﬁlﬁ?@’i‘% ﬁEeftfsS)‘iB&%ble%‘% | @Eiﬁ‘i’ib?tﬁi@ﬁés%&ﬁeetﬂheir non-
cause sal irst and second drive neans to
conspaction positinrsing theiy eompaction phsitiomlatehinsteledgemuhesspeedm
T T T R i
nor€ @8 tonlfekitidaladd teisdonasiiBsRAdNGE h ¥€ondPasiRtcRhithed

1
operabl e to cause said sécond drive neans to nove said
speebannel punches fromtheir conpacting position to

their nop-c ti osktion and S n .

A L e b e
spebdBéihg 6QURD &S thetGtideBdald Bist disahdeetb said3bedidntigaitepdid ng

position. 3. The press of claim1 wherein the ratio of

t he |i neegntiglsstoparablende viesase saidd firghp gBd etpcpndy Filsepesgns to
ot 305 A GOTFO 544 aROSILLAR . HAS Ao poscions
to theinpaapadiigg positibhon bei ng the same as the ratio of the

| i near distance between sai d Qppose han, unches .
in theirl ar.emf;ém g e Forss fogs S?ﬂ?ﬂfﬁp Fdgpcond drive
meéﬂssél*@rlﬁ)%régfé WEEMisS bl CRAMNGlivP HRERER vt REIN channel punches

conmpacting position. 4. The press of claim3 wherein
fromahelr compaating pbsitios &b theirinosicompectigqonitiod and subsegeantly cause

soi 555 N S LORE S RN FORONHE GO PG e SEE PR o ol

nod-SorhPRting POAtieRMPact i ng position and subsequently
cause

3. The press of claim 1 wherein the ratio of the linear distance between said

opposed rib punches in their non-compacting position to the linear distance between
said opposed rib punches in their compacting position being the same as the ratio of the
linear distance between said opposed channel punches in their non-compacting position
to the linear distance between said channel punches in their compacting position.

4, The press of claim 3 wherein said controls for said first and second drive
means are operable to cause said second drive means to move said channel punches

from their compacting position to their non-compacting position and subsequently cause
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8 WO 2005/ 057598 PCT/ US2004/ 040812 said first drive
means to nove said rib punches fromtheir conpacting
weasistosTrest o t heir  non-conpacti ng position. 5PCThS2004/040812
press of claim1l wherein said set of rib punches
said ﬁrst ddes ntehnet® move sqpdinblpesches fopp deadcanpagting positiit to their
hr ee other rib punches, and wherein said set of 5
noncqpm fngPORHY¥s i ncl ude two channel punches in opposed

al i gnmenthdvbichs bRBlaRh NeWhersinaARBet R HNSEnchEs inthfles three rib
press of claim5 wherein said punches are interl eaved

punghest insopppsedrpbigipness svight thgpapihen ripheunehes, and ovearejncaist set of
I I
e BB P LoP, e 5. MR MRS D66 ot
chaghépanthesormed in 10 sald press w t hout burnishing
contact with said walls, 8, A press for_ formng a
glg platgs

capci t ofh %préwﬁwlmméﬁvb%mméawe%mﬂ&aﬁ
stag ' onagjy, e];gﬂé@cﬁr cIlalﬂxaf’Wﬂ eth e{ !: gp@ﬁé }éa‘?ln(gtﬁ% ﬂe shliftable

faci'ng sur a palr ara equa
awdyefrgitthe ethict wgllothesbgt fmhtaﬁnig regnovapefia dzigaci‘tasmahmem dormed in

ing.surface of . ai. sypport, 15 said side
sai ep%wfg{x @H%P %:YﬂWEI%Wﬂt% ﬁ’éa:fgi l el vertical
surgac eSA?pres@ rf&df%hﬁfn?arb%ﬂac@d& LRAGR: ARRNaIRR ISP A Hsing:

top surfaces parall to said flat horizontal surtface
of sai d sstpparaty supprsiviagladlat bpmmltal upward@cmgfsméace

surface in en e nt. th.sa ace of s
o de v # S0 AR sitills BE et it el Stending
upv&eh‘@]@f‘ﬂdm sﬁﬁ'u@wﬁﬁf‘ﬁa&ﬁ tshﬂ&:e\fﬁ’@élﬁ%ﬁf)porﬁurfaces of said
dé walls and said flat surface of said top wall

defl ni ngsaé %ﬁfo gg%H;Se@reShmmgz @nnﬁwntyilge)pa@ﬂdl rigrtical surfaces a
prefSERHREE LERELATRE L ofARr L AAAL FAEHL 80 8l Agrizontal

OpposI a se oppose
muﬁwaahgﬁdgqﬁ@ﬂglng t hrough sai d chanber openings 25
shiftable horlzontall toward and away, from one

anot her # ferpoably @ﬁg”é%lbba‘ﬂ% adlt SHF e in SARMESRIGARDE said top
Surﬁ@g}gfgpd @d@%@tﬁ?r | oadi ng position and a conpacting
posi ?

ion, a set” of opposed channel punches extendi ng
t hr ough sad dipsasdriisring tsméadenqﬁ saithi suppdudt,esdid rdonfrotalg yertical

wa away. fr on her .in the el ongated
iSO 10 P s g AR D oS bqsw@il de85ia¢ 7y clongated
hor%ﬁ‘catll'y%ﬁteiﬁ ﬁ%oﬁfﬁ%ﬁ%h'cﬁ&nﬁ&%fﬁ'u%ﬂate%@ s8@iofl Hab g ¥Pbhings at
channél punches being interl eaved
its opposite ends,

a set of opposed rib punches extending through said chamber openings
shiftable horizontally toward and away from one another in the elongated direction of
said chamber between a powder loading position and a compacting position,

a set of opposed channel punches extending through said chamber
openings shiftable horizontally toward and away from one another in the elongated
direction of said chamber between a powder loading position and a compacting position,
said rib and channel punches being interleaved,

the ratio of the linear distance between said opposed rib punches in their

loading pc;sition to the linear distance between said opposed rib punches in their

compacting position being the same as the ratio of the linear distance between said
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the ratio of the |inear distance between said opposed
rib punches in their |oading position to the |linear
wdi2etsaates bet ween sai d opposed ri b punches in POEIUS2004/040812
conpacting position being the sane as the ratio of the
op;io'sabdtandélspmnh@ hleﬁlﬂifdnacﬁn’g dosifion® f#@051e85T588ce between said
/ US2004/ 040812 o q channel punches in their
PR SR S™PEC qu $8af"Yi st ance between said

channel panghiemehns B}E&hﬂle G6 RAGKAnREBuIPP MdveORid AB%nd channel
actuat or neans operable to sinultaneously nove said

pumhts faord tlaﬁma]@n@llng Ppﬁlﬁ@h tstheir @ﬁmphfémg Hoéiadn ng position

hei r act i.n i tion, ress of c
or e TROBREF S fiROT THela shigrstehll B inGes Sefd b and
chaﬁhan@mbh@uacmswpmﬂna@g% PRIOSHIC k1@ off cuipteRsith ot Ridpowder
conpressi on of said powder throughout said elenment.

throqughogteidplemsentot claim 8 wherein at |east one of said
d | f
S' | dfg v ’Irf[i k)t:essf g%%f\;/agﬁ Lpndeia 1&&%’%5{ 6f Qah% %fde%eﬁfé d&’%ﬂﬂable

an el enent Torne
aw:m ﬁsm thél&thadrlsideAwpll &s facilivate tamonah gf @n elepertti fbMechhesaidrﬁress.

fro val ye po conpri sin verti cal Ils formn
t e Inr?sgdrof‘? thedt “@Bﬁ‘a&’& t‘ﬂ%‘feﬁ%’" de, pRmpRfisiRe:
quadrl | apshigd V%ng fd?ﬂu@q DAY LM ? 418 e&0n chamber of

openi ngs, a set of opposed upper an i b punches
unitent quadtilayeraleseé oot lalving tomandboettbne hpantmgs 15 a set

of opposed upper and | ower, chann e rtical .

Fecent ochteai OopRsed PO GuE 16 anhets periet Phes satabte n
sai®Bhdighek Nt erl eaved with sai d upper channel punches,

said |ower rib punches being interleaved with said

| ower chanpssl of20ppesad happeramdddlewss rebanns! cpuebes evertically

pune rable to position said punches in
recgprsgﬁﬁbg? qs&é%%}?én%gg’& tion in which said upper rib and
channel gdclygsr afte mmshdsi osiagd interlaedde tdthrisaidd upper channel

di stance above said top opening and said lower rib and
purdighinel punches extend through said bottom opening,

25 sai d gy VRIPaRs 19?1';:@%} ggilﬁgaﬁﬁﬁl %?emg] $8iq9 18} channel

and chanhé punches I ng position
puriches apd econpr essi on position and to sinultaneously

Tove Sal g upher, At LOUPT, LLD and channsl  PURGRSS. I Qs
in a powder loading position in which said upper rib and channel punches are positioned
a predetermined distance above said top opening and said lower rib and channel punches
extend through said bottom opening,

said drive means being operable to move said rib and channel punches
from said powder loading position to a precompressmn position and to simultaneously
move said upper and lower rib and channel punches from said precompression positions
to element forming compression positions at speeds proportional to the distances said
rib and channel punches travel in moving from their precompression positions to their
compression positions, whereby said element is uniformly compacted.
12.  The press of claim 11 having four side walls defining a compression
chamber having a rectangular cross section and wherein an adjacent pair of said side

walls are movable to facilitate removal of a capacitor element formed by said press.

!
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to el enent form ng conpression positions at speeds
proportional to the distances said rib and channel
woumshesssravel in noving fromtheir preconpreBeTmIS2004/040812
positions to their 30 conpression positions, whereby
saild.el ehfentpréss ofidlanmily ehepactsadl dize Fieengprieswperdble to

cl al 11 h VI g.four side walls. I ni r.essi on
sequarAl 1o paRisl Sl 0 P b s iR dhein o apation
(Bgﬁnadjacent pair of said side walls are novable to
facilitate renoval of a capacitor elenment formed by
sai . pr eésmeﬂl@l viDN2005 AcETEer FanensidoapBedivdentations in its
ai d_drive, means
otef P e ShesileRne et P PEbReR S RER phimces

and sai dprobidinpuachies Witk thaplesGomeashba) a msdft(bp'pﬂsed 1ib
14. A nethod of making a capacitor elenment wt

punchgp asead afrmpeasask hepsel punches intorlpayed, with yaléprﬁwm@es shiftable
b

bem%{;ﬁ* ﬁén-@%g& gg&ae[nd c%n@aguﬁedalﬂglg%parngi s;gﬂ%%e; %%%Q%E&aﬁ% $83nove

said §ﬁhchl=fs tpweseshid inon-cotpedtig, and Sehpaofing ppsites, charmiel of the

punches interl eaved th said rib, punches shiftab]e
dlStaB@? WeBreeRosud oppated m% RYRERSE o BIEHT BN %%H’QCPB%’OS’&‘HH to the

dlstaﬂeg\'gém%%ﬁ@ﬁldo oSt fib fr'g)gjﬁﬂ&“?n R gongyia ogﬁ&‘f‘%ﬁlﬂg equal to

non- conpdcti ng and conpacti ng
the mtid iob thef distapcelbetdiest said epﬂmtdrve]mnslaplmchq:ﬁomshcir nmh}compactmg

unches .in t i I non ctin aQsition to e ..
posifibfetic disueRgetvoEnrad Sppas Lt TR st et apsition
conpacti ﬁ‘ﬁn? Qs toWer Qﬁ’éaﬁﬂ t6 Eé@ﬁoﬂ Said tdﬂ)ﬁoie@t it pﬁﬁch%@ @nd said
di stance between sai d opposed channel "punches in their

oppased champhpuriches ingbeit norccpmpﬁctmgp@m‘s@rance bet ween sai d
channel nche i helr c gsition, using
sai d pomﬁﬁmﬁégg ﬁr‘g]lﬂ? %ﬁ P%Té{go%ed ri b punches
and sai dusid®s4e @)@S&ﬂ nfébﬁeﬂt@&ionﬁj#éb@ hekl valvd feial powder to form a
non- conpacti ng position, f||||ng said chanber Wi th

capagips,lemgntahy § neougléf i Aging paid shawnel punches aryl stdpibaamches

ron B B AT 18y S BB L T on

to saicil tioutisthiees tHayom\tmalmenmglsardmhaamm agd positions t o
t heir conpacting positions at eeds proportio
to said HORE G RAMER B iR gesh éalarpurlsb%‘% 36 cofmpacting
pos1ﬁln?§7t%%e1¥ &ﬁg n%%bgnplpwer neans to retract said
rom t

punches npacting positions to their

nontEonpébe mm;;hcplbsf tcladm. 141 & w‘hhél seed lvbahnet pohetiematel rétracted
b fv\,hl ch, sai d Enel t?1uncheg re ret r ct eﬁ before said
efpiesajs| pl R fi 8tR PLIFUGF m}ge%aF & sai d

punghes. A method of making a capacitor element having opposed indentations in

its laterally opposite sides defining ribs, oppositely disposed channels and at least one
web between said oppositely disposed channels comprising the steps of:

providing a compression chamber,

placing a predetermined amount of valve powder in said compression

chamber,

compacting said powder with interleaved sets of opposed rib and channel
punches to form said ribs and channels by moving said punches from non-compacting
positions to compacting position producing the same degree of compaction in said ribs

as in said web between said channels and

11
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25 16. A nethod of meking a capacitor el enent having

opposed indentations in its laterally opposite sides
wdebosmsrgsri bs, oppositely di sposed channel s ardTas2004/040812

| east one web between said oppositely di sposed

channel swithdpwirg sagl puvehsst eps of : provi ding a

co essi.pn _cha .pl aci.ng .a .predet er m ned,anount .

OO = KR PRI, ol 16 0 SRR ShSrt DTS B
frofQaiabhdltbr SRhfén 96 WithidPvialbesdi@ A PnaRES Of

opposed rib and channel punches to formsaid ribs and

chabhel sThymethod g cloin d7 prherdie thefrpidorpfitin destanse betiviegn said rib

I I e T e e
theRebipactigopdbitihan ied snang Ad rafo FABS 4R3MAd&Bbetween said channel

PCT/ US2004/ 040812 _wi t hdrawi ng sai d punches. 17. The
puncheshigdtheir nep-gprpadingposfiion o & distepeembrivegsuisichehanaglepunches

- AM . aid capacitor elenment prior to
nl%%%ﬁ%%ﬁmalgg%ggg?d ri b punches. 18. The net hod of
cl al9n 17Thbhatetiod dfhdaimal § avhefein keid ditsimhelanbe tpu@elits move at
S ig rib 5 punches in their_ non-conpacting position .
spepds fyngIarmaivlian e pislife & Aimiform Bais U eEYapten ¢hi¢ powder in
saiCAPPAM dAPWwRO ST {diPYeinind e same as the ratio of the
di stances between said channel punches in their
non- conpacti ng position to the di stance between said
channel punches in their conpacting position. 19. The
met hod of claim 18 wherein said rib and channe
punches nove at 10 speeds during conpaction to
produce a uniformrate of conpaction of said powder in
said ribs and said web of said elenent. 12
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