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PERFORATED SUBSTRATE AND METHOD OF MANUFACTURE CROSS- REFERENCE TCWMMAFEERS
APPLI CATI ON The present application is a divisional application of U S
patent applieation Serial No. 08/572,184. 5 BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The presgn% invention generally relates to a
perforated substrate, and nore particularly, to a planar, electrically
conductive substrate provided wth 10 a nultiplicity of perforations.
Such a substrate is useful, for exanple, as a current collector in an

el ectrochem cal cell. 2. Prior Art 15 It is known to form
perforated substrates froma sheet of electrically conductive materi al
wherein the perfor $ERFORAIED BUEISATE AND#ETHDD O fANUEAdTURRO the
material fromone side only. U S. Patent No. 4,345,452 to Eberle describes

a punchi ng appar at 20 for tmng . a strip.Qf lLead alloy substrate
material into a baé§9§§'&FE§3E$%§nb9nBﬁpﬁﬁﬂgpﬁgpﬁgggT;ﬂgludes a support for
the substrate natemhalptesbatpappnedaaﬁdnbﬁasaddmumshonsnbapzlﬂésppsﬁd

ide. 25 ThBRPaR chrtent, abBlABRkdeh BRATabufeS BRYAZA R ne oppos

the opposite
side at each of the perforations introduce stress forces into the substrate

that causeg it | bow is renoved fromthe
perforate§ sUE?@?§§§b§§O%&ggﬁﬁﬁgﬁgéﬁTtheburrs. However, as the

L. Field of the Invention

The present invention generally relates to a
perforated substrate, and more particularly, to a
planaxr, electrically conductive substrate provided with

10 a multiplicity of perforations. Such a substrate is
ugeful, for example, as a current collector in an
electrochemical cell.

2. Prior Art
1S It is known to form perforated substrates from a
sheet of electrically conductive material wherein the
perforationsg are punched or otherwise introduced into
the material from one side only. U.S. Patent
No. 4,345,452 to Eberle describes a punching apparatus
20 for forming a strip of lead alloy substrate material
inre a battery grid. The punching apparatus includes a
support for the substrate material to be punched and
biased punch members disposed above the supported
material for perforating the substrate through one side.
25 The problem is that the resultant burrs formed on the
oppogite side at each of the perforations introduce
stress forces into the gubstrate that cause it to bow.
Conventionally, the bow is removed from the perforated
substrate by pressing out the burrs. However, as the
30 width oF the substrate becomes greater, the difficulty
of compengating for the bow is magnified.
During battery manufacture, it is extremely
eritical that the substrate current collector is as



30 wdth of the substrate becones greater, the difficulty of conpensating
for the bowis magnified. During battery manufacture, it is extrenely
critical, that the substrate current collector is as pl anar as possi bl e
to allow for high speed |am nation of the electrode active material onto
the substrate. However, it is often-di?fficult to adequately press out the
burrs to provide an acceptably planar substrate, and 5 press conpensati ng
to renove the bow froma perforated substrate adds an unnecessary step to

t he manufacturjn rocess. ,[Therefore, there is need fqr g perforated
substrate of %‘r%%‘?&%mﬁ%’dﬂcﬁﬁ? \Pgurfﬁ'l e?‘?ralhitﬂihtsl@‘frﬁ 3@&“’@&%:‘& ity
SDegi ficati o][ai)é @l@@&m&iﬁdtm,mal&riéprowrmi@ﬁdﬁsﬂx’%télomr ci al
-production o atteries. SUWARY CF, | NVENTI T resent invention
provi des a pefI¥HE%d i‘bb%? f%e‘é%l%fﬂbﬂyo@ r?%%etteﬂ'é’ PHFESW%ei n each
of 15 a copthedsuiis sto grrbeiderah regeeptsablvqramiy dubstidatia,atand S
provided with a simlar te rforatlo in t her
surface ih arf g??%r%%‘f‘?%zgg%%:héé]gﬁé a{%%&%gﬁéﬁreﬁm?)n%%oﬁft %%}%ﬁﬁ%@%t
per f orati ons sulbstrmee saddacen tunnécsaddey stepamhe manudfiacmsiring of
either of th es. Lfor alier ' ' in this
manner, the g?fgésésgﬁbr c%hsg%er%%%éd%%{r’éa%% %Zé%%?aﬁ}gné)g%%o?séen rally

substrate of electrically conductive material that

conforms to planarity specifications for commercial use,

10 for example, in the commercial production of batteries.

SUMMARY OF THE INVENTION
The present invention provides a perforated
substrate and method of making the same wherein each of

15 a coplanar first and second major surfaces- of the
substrate is provided with a similar pattern of
perforations extending to the other surface in an
alternating configuration between immediately adjacent
perforations from one surface to the other along any

20 direction of either of the surfaces. By uniformly
alternating the perforations in this manner, the stress
forces produced at each perforation are essentially
cancelled by the adjacent perforation formed through the
opposite major surface of the substrate and the

25 substrate maintains an extremely planar shape. The
foregoing is accomplished by a compound punching
techmique wherein half the perforations are formed from
one side of the substrate and the other half are formed
from the opposite side.

30 Such a perforated substrate is useful, for example,
as a current collector of an electrode in an
electrochemical cell, and the planar characteristic of
the thusgly perforated substrate is very desirable for
use in commercial battery manufacturing.

35 These and other aspects of the present invention
will become more apparent to those of ordinary skill in



. cancel l ed by the adjacent perforation fornmed through the opposite ngjor
surface of the substrate and the 25 substrate nmai ntains an extrenely

pl anar .shape. The foregoing is acconplished by a conpound punchi ng
technlque wherein half the perforat|%g§ are formed fromone side of the
substrate and the other half are formed fromthe opposite side. 30

Such a perforated substrate is useful, for exanple, as a current collector
of an electrode in an el ectrochem cal cell, and the planar characteristic

of the thusl r YhshLat QQEI{ I cQmmer ci al
battery manuract ur?ng eggf & t'ﬁi?wseé/?;\(ydut erga?’se%égslﬁ' 3?)%[ ﬁ'r‘]‘dp(r%esent
i nvention wifhe FBre apparent to those of ordinary skill in - 3-

the art by reference to the follomnng descrlptlon and to the draw ngs.
BRI EF DESCRI PT1 ON OF THE DRAW Fig. 1is a partial, plan view

of a perfora?%%ﬂ%%?&?@'r:&%o?al?%ﬁt%mﬁesent invention. Fig. 2 is a
cross-segtional vigy, aiopg é.'ﬁ&r@:a?l Oofp - vilew R0.a pdrEoratad i al,

T o arcy ARkt Bt dhedh Ak (EOTEE BES MR BB w1 e 0
Fig. 2 is a cross- sectional view along line 2-2 of
Fig. 1. ‘
Fig. 3 is a partial, cross-sectional view of a
10 compound punching apparatus for forming a perforated
substrate according to the present invention with the
punch members in an upstroke position.
Fig. 4 is a partial, crogs-sectional view of the
compound punching apparatus shown in Fig. 3, but with
15 the punch members in a downstroke position.

DETAILED DESCRIPTION OF THE INVENTION )
Referring now to the drawings, Figs. 1 and 2 show a
perforated substrate 10, preferably of an electrically
20 conductive material, and formed using the compound
- punching apparatus 12 of the present invention shown in
Figs. 3 and 4. The compound punching apparatus 12
includes a first plate 14 and a second plate 16 in
gpaced apart relation. While not shown in the drawings,
25 it is understood that the perforated substrate 10 begins
as a roll of unperferated or unapertured sheet material
20 (Figs. 3 and 4) and that upon being unrolled agsumes
a generally planar shape having its first and second
major surfaces 22 and 24 disposed parallel to each
30 other. The sheet af substrate material 20, for example
mild steel subgtrate, travels along the intermediate
space 26 formed betwcen the plates 14,16 by the pulling
force of two eccentxic rollexs 28,30 located adjacent to
an end of the regpective plates. Other suitable
35 materials for the sheet material 20 include copper,



.punch nenbers in an upstroke position. Fig. 4 is a partial,
cross-sectional view of the conpound punchi ng apparatus shown in Fig. 3,
but with 15 - the punch nmenbers in a downstroke position. DETAILED
DESCRI PTI ON OF THE | NVENTION Referring pow to the drawings, Figs. 1 and 2
show a perforated substrate 10, preferably of an electrically 20
conductive material, and fornmed using the conpound punching apparatus 12 of
t he present invention shown in Figs. 3 and 4. The conpound punchi ng

apparat us 12ai aaliudes arbnrshlakane #dnandeacancond ptaisldésigesppced
apart relation. mﬂékw in the draw ngs, 25 It is understood that
t he perforat@ﬁd 8 gins as a roll of unperforated or unapertured

sheet materi al ZOA(Eﬁgtaxitgndf4f1aBd pathupenbBekng2 UaLe! £ Ed-8§SLNES a
generally Pl 3nas aBRRg (AY,H e AL AR"oRESRAR, TR hpabifages, 72 g 2
for exanpl e Anl tthet fdirssulpdtet a4 .t r Thel £iasbngunbh mambensdmzte space 26
ol lers 26, 3000805, Bi¥et i BonBLrk"3clU ol EBolne bARRFERC 1)
sui tabl e 35 moNEted a:nsaf sotakabdec camrdrdveashadti aal-ud@neopmplete - 4-
al um num i1 eReaigiflof £HEC cald b2k Mbnalte! 38€88uBkECthe cam
members 36 to reciprocate through a complete punch cycle
10 to move the first punch members 32 inside the openings
34 between an upstroke position (Fig. 3) and =
downstroke {(Fig. 4) and then back to the upstroke
position. In the downstroke pogition, the ro;ation of
the cam drive shaft 38 has caused the cam members 36 to
15 push the first punch members 32 through the openings 34
in the first plate 14 towards the unperforated
substrate 20 until they pierce the sheet material
supported on the opposing face of the second plate 16.
Chutes 40 are provided in the second plate 16 in
20 registry with the first punch openings 32 and serve as
rassages through which blanks 42 (Fig. 4) cut from the
substrate by the punch members pass to a collection
location {not shown).
In a similar manner, the second plate 16 has a
25 plurality of cylindrical openings 44 into which slidable
second punch members 46 are fitted. As is the case with
the first punch members 32 of the first plate 14, the
second punch members 46 engage gecond cam members 48
which are eccentrically mounted on a second rotatable
30 cam drive shaft 50. One complete rotation of the drive
shaft 50 reciprocatés the cam menmbers 48 through a
complete punch cycle to move the second punch members 46
inside the openings 44 between an upstroke pogition
{Fig. 3) to a downstroke position (Fig. 4) and then back
35 to the upstroke position. In the downstroke position,
the ‘'rotation of the cam drive shaft 50 has caused the



and alloys thereof. A plurality of first punch nmenbers 32 are fitted in a
slidable relationship inside cylindrical openings 34 5 in the first plate
14. The:first punch nmenbers 32 engage first cam nenbers 36 which are
eccentrically nounted on a rotatable_cgnldrive shaft 38. One conplete
rotation of the camdrive shaft 38 causSeS the cam nmenbers 36 to reciprocate
t hrough a conpl ete punch cycle 10 to nove the first punch nenbers 32

i nside the openings 34 between an upstroke position (Fig. 3) and a

downst r oke (Fi Bondd 0 e r:0 sption. In_the
downst r oke pos“%ﬂ on, tq:est ??ﬁ?rﬁ‘st& t:t %esc%%%h r@‘g@ghg‘%{“g?gshgg caused the
cam nenbers 3Ghzeuph thespamiangs Mdt toupdencentbes sBeethmabghiahe20peni ngs
34 in the firsyditedbd M Ek%q RO 2! efleS ik til they
pi erce the sheegﬂLatef?al suppg§>e éﬁpthe opposiﬁ ?a%e g§a§%eggécond
plate 16. Chut@Wtes &% afoRrmtided dre thecdiass mlateslnninoregislrytry
W th the fg rstyiitn heORAIUGHIP ptéc Gpedfivys2 140285 2eadveNbeaRe B ch bl anks
42 (Fig. 4) cut fron1tg§15u strate by ,the punch penbers pass to a
col I ection | ot dFqh %r??mﬂ_ t materialnidabynkhfe EECORE BEBERA plate 16
has a 25  pl uiedbens afo @Hd reblicaic ke nictati4h i(hot Whowh)s! | dabkaagecond
punch nmenbers 46 are fitted. As is t ase th the first pgnch menbers 32
of the first pJiiRSE, Jt%e"%é&ﬁ#tfrpﬁ?gﬁ CREPONG BUBLRIAY cam
menber s 48 whiappaaratier dehtof did prasented nvern iorc disd postiatiahkd such
10 that the first and second plates 14,16 are oriented to
allow gravity to move the blanks 42,54 through the
chutes 40,52. Thus, the plates 14,16 are preferably
disposed in a side-by-side orientation instead of being
oriented one above the other.
15 One aspect of the present invention is that both
the first and second punch cycles are preferably
actuated in unison so that the punch members 32,46
subgtantially simultanecusly pierce through the sheet of
substrate material 20 during the downstroke phase of the
20 punching cycle. It is also anticipated by the scope of
the present invention that the first and second punch
cycles are actuated sequentially to pierce through the
sheet of substrate material 20. In thig latter aspect
of the present. invention, the term sequential means that
25 either of the punch members 32 orx 46 pierces through the
substrate material followed by the other punch membex
with a discernable period of time in the interim between
the respective punching events. The period of time can
range from a fraction of a second to poussibly a seperate
30 production run for piercing each side of the substrate.
Whether the punch members 22,46 are substantially
simultaneously or sequentially actuated to pierxce the
substrate material 20, the resulting compound punching
technique introduces equal and opposite stress forces
35 into the substrate at each thusly formed perforation
that essentially cancel each other and maintain the



30 camdrive shaft 50. One conplete rotation of the drive shaft 50

‘reci procates the cam nenbers 48 through a conplete punch cycle to nove the
second punch nenbers 46 inside the openings 44 between an upstroke position
(Fig. 3) to a downstroke position (Fi 4) and then back 35 to the
upstroke ‘position. In the domnstrokéq%déition, the rotation of the cam
drive shaft 50 has caused the cam nenbers 48 to push the second punch
menbers 46 through the openings 44 to pierce the sheet material 20

supported on fac first plate 14. utes, 52 are
provided in tégg?gg Sigﬂ? ﬁa9%°£%§+%?}§s583;§9$t9ﬁ5é?] QRAGRE punch openi ngs
44 to renove auAaz:ase t¢at fromthe sheet nmaterial 20 by the second punch
menbers to the col [ (n S
preferred that thehég%p %ﬁ iﬁg%% o) g%page¥€stﬁé£ 4P?%e‘§ﬁ§§§%? |nvent|on
i s positionedfd¥eh ponchi members 32r%ﬂdahhlexécﬁimp®tmre$ plates & e oriented
to allow gravity;t goloue alascbisgésslﬁ%ééawr REGHi A0 £ P e dneNUS,

Sl y- Si

the plates 14,16 are preferab gose In a e orien Ion
i nstead of befRgoBd; puaueh @ﬁ@bassvé t handt Hee sqcsond platexks dwpeta of the

present Inventsuﬁmai tbabebaLbibhe fwﬁat SEE1C3H Gy AT
preferably actuated in ynison,so that th unc prenbers 32, 46 substantially
si mul t aneous| $PpFRLEESE r88§ﬁlPHe5§he%tb%@Y portion 58 and a cutting

portion 60. The enlarged portion 56 is sized to fit in

10 a slidable and closely spaced relationship within a
large bore portion 62 of the opening 34 that extends to
a ledge 64 forming a stepped portion 66. The stepped
portion 66 opens into the intermediate space 26 betweaen
the plates 14,16 and it has a cross-sectional dimension

15 1less than the enlaryed portion 56 and sized to receive
the body portion 58 of the punch member 32 in a c¢losely
spaced relationship. The ledge 64 forms a seat for
biasing a spring 68 which is captured around the body
portion 58 of the punch member 32 by the enlarged

20 portion 56 of the punch. Each biasing spring 68 forces
its associated punch member continucusly away from the
intermediate space 26 between the plates 14,16. Punch
stops 70 aré mounted on the outer surface of the plate
14 to partially close the large boure portion 62 of the

25 openings 34 so that the firgt punch members 32 are
prevented from being biased out of their openings 34 due
to the force of the springs 68. The punch stops 70 are
preferably removable to provide for replacing the punch
members 32 at guch time as they become worm.

30 Similarly, the second punch members 46 include an
enlarged portion 72, a body portion 74 and a cutting
portion 76. The enlarged portion 72 glidably fits in a
clogely spaced relationship within a large bore portion
78 of the opening 44 and the large bore portion 78

35 extends to a ledge 80 forming a stepped portion 82 which
in turn opens into the intermediate space 26 between the



_Substrate material 20 during the downstroke phase of the 20 punchi ng
cycle. It is also anticipated by the scope of the present invention that
the first and second punch cycles are actuated sequentially to pierce
through the sheet of substrate material, 20. In this latter aspect of the
present.invention, the term sequential "neans that 25 ei ther of the punch
menbers 32 or 46 pierces through the substrate material followed by the

ot her punch nenber with a discernable period of tinme in the interimbetween

the respectivgiguaehieg:@/enihe Figppell ireich' 88 £8"s5208%S 0M a
fraction of a"secqond to possibly a_g perate 8 productron run for
pi erci ng eachT&cgd Vel thiee bodys poatdon\iét REr thaeppunbhmembers si@2in6aar e
substanti al | ¥ clo@yRpRlsy ra1a2q88RIpAhI18CtHA! 28050 8bCEGEms N

substrate materi al he rquItlng conmmpound punchi ng™techni que i ntroduces
equal and opp&&fte £OXr @s Pipgings spring; At capEusggsaravedathedeedy husl y

formed pemsf or poir®d onala 95 ehel @nl¥rgBACBbredeh 9bheE 6RE paaBhai N the
desired planar. characteristics tqQ thé perforated substrate 10. Mre
particularly, ngFr@étGP@sth€§6h38P°FHétP r BUREHNRRTRREBef€ 32 and their

supporting pl ziontifiously lawago\iriem daecinketdmedidetaspali@eps nghine i nd
e on VAR RS sh By, PAFcTALED cRhlocdd BaVge Sy
portion 78 of the openings 44 to prevent the second
10 punch members 46 from being biased out of their openings
44 by the springs.

Fig. 3 shows the punch members 32 and 46 supported
by the respective first and second plates 14 and 16 at
the zenith of their upstroke position wherein they are

15 not punching through the unperforated sheet material 20.
In this position, the cam members 36,48 eccentrically
mounted on the cam drive shafts 38,50 are at their
shortest distance between the shaft and the punch
members. As the eccentric cams 36,48 rotate on the

20 shafts 38,50, the punch members 36,46 are forced against
the biasing force of the springs 68,84 to punch through
the unperforated sheet material 20 to form the
perforated substrate 10 (Figs. 1, 2 and 4). As the
shafts 38,50 continue to rotate, the distance across the

25 cams 36,48 to the shafts 38,50 decreases and the upward
force of the biasing springs 68,84 cause the punch
members 32,46 to move away from the intermediate
space 26 following the trace of the cam members 36,48.

As previously discussed, an important asgpect of the

30 present invention resides in the compound punching of
the sheet material 20 by the punch members 32,46
disposed on either side thereof. Then upon completion
of a punch cycle, whether the punching is substantially
simultaneous or sequential, the punch members 32,46 are

35 withdrawn from the perforated substrate 10 as the drive
shafts 38,50 rotate to position the cam members 36,48 at



.an enl arged portion 56, a body portion 58 and a cutting portion 60. The
enl arged portion 56 is sized to fit in 10 a slidable and cl osely spaced
relationship-within a | arge bore portion 62 of the opening 34 that extends
to a ledge 64 form ng a stepped portion 66. The stepped portion 66 opens
into the internediate space 26 betweeff the plates 14,16 and it has a
cross-sectional dinension 15 | ess than the enlarged portion 56 and si zed
to receive the body portion 58 of the punch nenber 32 in a closely spaced

relatlonshlp The 64 for a sea or si_ng spring 68 which is

captured ar ofiftf <¥3§¥%Pﬁﬁmﬂqs 5&?‘5& %ﬁ? Bﬁﬁf eﬁﬁnﬂgPtgﬁcﬁy gﬁ@ enl ar ged
20 portionﬁi&pﬂbul&o;nh&ﬂsh&insm biThe shegr istyisofosubstraseassoci at ed
punch menber Y r di p bet ween t he

pl ates 14, 16"%gt§nllcjh st ops t’%? ﬁﬁe&e%ﬁ] %& %R%P% %&f 55% of the plate
14 to part i aléqcentnsiec t!rmllleirsgeﬁ&)(iﬁemdrl & Gheomexitte pRAchingeni ngs 34 so
that the d %ggmh menbers 32 are prevented from bei ng biased out of

their openlngs due to the force of the springs 68. The punch stops 70
are preferably rer@aing the gampand gunchiing iofy thiee sheeshmasapdad 32 at

such tinme as Jy{ihdieGHe Psichindf is subst%d‘exa%rl'yysihkﬁti%%g B¥nch
menbers 46 include an edgarged portiaq q'72 a ﬁﬁ& portion 74 and a cutting
portion 76. THRAWSMG: ok | it thcad hyy ARRE 1Y ely spaced

rel ationship Méd fb@aiiacsxgeoiowree rpmdwrme?&ezfs tﬂeea@wﬁartm% and the |arge
bor e portdon controllg tggmk tt t é§§1 J;¥Qn1 J%é?ﬁa &IOH 82
whi ch
distance between adjacent perforations punched through
the opposite major surfaces 22,24 of the unperforated
substrate 20. Therefore, counterbalances, indicated as
blocks 88, 90, respectively and shock absorbers,

15 indicated as blocks 92, 94, respectively are preferably
provided on each c¢am drive shaft 38,50 to ensure
perfectly balanced movement throughout the entire cycle
of the punching event. Furthermore, it is critically
important that the indexing movement of the sheet of

20 substrate material be accurately controlled by the
eccentric rollers 28,30. The rollers 28,30 are
constructed to move the sheet material during the
upstroke phase of the punch cycle when the punch members
32,46 are both biased upwardly in the openings 34,44

25 {(Fig. 3). Thus, at such time as the punch members began
their downstroke motion under the influence of the cams
36,48, the eccentric rollers 28,30 rotate out of contact
with the perforated gubstrate 12 thereby causing the
substrate to remain stationary during the downstroke

30 phase of the punch cycle (Fig. 4).

In that manner, a synchronizing means, indicated as
block 96 in Figs. 3 and 4 governs the rotational
movement of the cam drive ghafts 38,50 with respect to
the rotational movement of the eccentric rollers 28, 30

35 mounited on roller drive shafts 98 and 100. The rollers
28, 30 cause movement of the substrate in a forwardly



Jn turn opens into the internedi ate space 26 between the -7- plates
14,16. The stepped portion 80 is sized to receive the body portion 74 of

t he punch nenbers 46 in a closely spaced relationship while the | edge 80
forms a seat for a biasing spring 84 eaptured around the body 5 portion 74
by the enlarged portion 72 of the punch. Springs 84 bias their associated
punch nmenbers 46 continuously away fromthe internedi ate space 26 while
renovabl e punch stops 86 partially close the |arge bore portion 78 of the

openi ngs 44 tdxmcmd&'m at}tmgsemmcinﬂhrmqmm mpaloer 264betweanbehey bi ased
out, o Lhel ! PR Py X Wl I W nael 1940 o SR YRT RIS 32
zeni th of th&hammoml«ﬂmmmmwedmtelaf tsh espbseeuent pmxt:hﬁ.ugchi ng
menbers 36 40 Rastn T P T et KR adiendelt iy, k8 5hE0 o a
t hei r shdrt eRxtnt mmmdrp tpeo e taxanmmmmmmmmeahgnsdt he
SEoRR ars Forru i ALY il S ol vkl IS
through the UPHRGH JReMRRLS H%e mrad dirom whe fﬁﬁﬁ#tlﬁ’a &rétté@@ubst rate
10 (Figs. 1, 2 @i¥tatce Axdd€ly equal to that between alternating
perforations punched through oppogite major surfaces of
10 the substrate.
When the sheet of substrate material no longer
engages the eccentric rollers 28,30, the synchromnizing
means 96 causes the cam drive shafts 38,50 to rotate the
cams 36,48 to force the opposing punch members 32,46
15 into the downstroke phase of the punching cycle against
the biasing force of the springs 68,84. This causes the
punch members to pierce through both major surfaces of
the sheet of unperforated material 20. During rotation
of the cam drive shafts 38,50, the biasing springs 68,84
20 continmuously force the punch wmembers 38,46 away from the
substrate and against the trace of the cam memberd. The
counterbalances 102, 104 on the roller drive shafts 98,
100 and the counterbalances 88, 90 on the cam drive
shafts 38,50 maintains the rotating motion of these
25 shafts in a vibration free condition while the
synchronizing means 96 assures step-wise compound
punching and advancement of the sheet substrate 20 to
provide a uniformly punched and planar product.
Thus, in its finished, punched form, the perforated
30 substrate 10 has a multiplicity of perforations or
apertures 106, (Figs. % and 2), each having a
substantially circular shape and patterned such that
when viewed in any direction along either of the major
surfaces, every other perforation 106 has been punched
35 through the thickness of the substrate from the
alternating first and second major surfaces 22 and 24.



shafts 38,50 continue to rotate, the distance across the 25 canms 36,48 to
the shafts 38,50 decreases and the upward force of the biasing springs

68, 84 cause the punch nenbers 32,46 to nove away fromthe internediate
space 26 following the trace of the cag%nenbers 36,48. As previously

di scussed, an inportant aspect of the " present .invention resides in the
conpound punching of the sheet material 20 by the punch nenbers 32, 46

di sposed on either side thereof. Then upon conpletion of a punch cycle,

whet her the p ' S, S ntially .siml eqQus or,.sequential, the punch
menber s 32,46%5%%ﬁfm %%rﬁor% %%%Hp(}esfp’ V5t & L{l‘reﬁ Q%IIO as the
drive shafts 38tBéentalbbteut o0 fHgwsitwn abdmitc &ntrembe esid3 @48 patovidedhei r
upstroke posit] t r ' ﬁﬂ&ﬁ i ?ﬁﬂc t ft The
sheet strip ofétgt%@tﬁéa%éng%e%ﬁé %S% en |’¥1Mc#eg>}’e"{cfe or.vvta}:roii f%g:ctsli%%no;‘ t he
eccentric rol I'dte wraceraxea tof tthe muhstxataimarerialevent. During the
cormpound  pINC i 1l rhdfe ShERd SRASE IRt e ILL _tgﬁfeéél%m%%ﬂm% 'S

substantial |y sipul taneous or sequential it Is$ critically Inportant that

the reci procatfickress of brivwerniAbA D L &4 085 Mbntrol | ed so
that there is al waygs nSBhowai Nedrag Si7 | e i IAISINE HUIRINRE BudEGRY 10

perforati ons. Runehed LI oUgR: L0% CRBSS! L& Bh O S 355 %2 41 el €

108 at each perforation, the stress region projecting

10 ocutwardly away from the plane of the major surface
opposite the major surface into which the punch member
was introduced to form the perforation. Each burr sets
up stress forces in the immediate vicinity of the
perforation that tends to cause the sheet of substrate

15 material to deform from its origimal planar shape.
However, by forming alternating perforations from
opposite gides of the substrate the thusly formed burrs
are caused to alternately project beyond the opposite

_ major suxfaces. Since the perforations are of a similar

20 shape, the alternmating burr patterns set up equal and
opposite stress forces throughout the punched expanse of
the substrate. Perforation shapes other than circular
shapes are also useful with the present compound
punching apparatus 12 to provide a suitably perforated

25 substrate.

In that manner, while each perforation may have
localized stress forces, over the expanse of the
substrate extending in any direction, these localized
stress forces cancel each other to provide the generally

30 planar characteristics to the perforated substrate.
Thus, the present perforated substrate is capable of
being provided in lengths and widths substantially
greater than conventionally punched substrates while
meeting and exceeding tolerance gpecifications for

35 planarity required for commercial production of
batteries.



substrate 20. Therefore, counterbal ances, indicated as bl ocks 88, 90,

" respectively and shock absorbers, 15 I ndi cated as bl ocks 92, 94,
respectively are preferably provided on each camdrive shaft 38,50 to
ensure perfectly bal anced novenent throughout the entire cycle of the
punchi ng event. Furthernore, it is c?i**dhlly | nportant that the indexing
novenment of the sheet of 20 substrate material be accurately controlled
by the eccentric rollers 28,30. The rollers 28,30 are constructed to nove

t he sheet materi al n h punc cle t he
punch nenbers 32,4§g§#% %6{Q§b|ase Qﬁgﬁgrgﬁg ﬁ% %%gt ggﬁ ﬁ§§°§4,ﬁg555
(Fig. 3). Thef the wfqnmm e forviednféxioar oneegddet b€i thdownst r oke
noti on under ol lers 28, 30
rotate out of tgé%néttra}fat Wi %Lhé rb?r%é’? é%sﬁagpg (?Q.H]l‘e?’g y causing the
substrate to roppositst aimdmarﬁ‘!dlalquyndnmddmmshm&emGhnigbase of the
punch cycle (R zﬂ:rchuc éc%}ﬁler'm{nsﬁ'?ﬁgﬁzwgl&‘%&sz'f%c@%aﬁﬁfo Eﬁlecat ed as

bl ock 96 in Figs. rotation novenent o e camdrive

oV
shafts 38, 50 vﬁ“chﬁtrre’é-'lfed‘f iiqh reaseniialilyh saneele mach ethemeandcentric
rollers 28, 3Grivridd iyl ef mive qhaﬁfazdryfeauﬂtaftth%n%ha&dwh%h ighe rollers

28, 30 cause Mo EmbIE By The prio art. 2As e Fesult, there is
provided an electrode component, such as is useful as a

10 current collector for an electrochemical cell, wherein
an equal number of uniformly distributed perforations
are formed through the opposed major surfaces of the
substrate. By evenly alternating the distribution
pattern of the perforations provided through the opposed

15 major gurfaces, the stress forces produced at each
perforation are essentially cancelled by the adjacent
pexrforations formed through the opposite major surface
of the substrate. In that manner, the perforated
substrate maintains a relatively planar shape.

20 It is appreciated that various modifications to the
inventive concepts described herein may be apparent to
those of ordinary skill in the art without departing
from the spirit and scope of the present invention as
defined by the appeunded claims. '



direction along the internedi ate space 26 between the plat esl ”Hl‘ “I‘HWH“‘
" a predetermned arc of rotation so that upon the comencenent«ofcat

subsequent punching cycle, the substrate sheet has advanced only to the 5
extent necessary to provide an unpunc portion aligned with the punch
menbers 32,46 and so that the |eading nch nmenbers are spaced fromthe
trailing perforations a distance exactly equal to that between alternating
perforations punched t hrough opposite najor surfaces of 10 t he substrate.
When t he shee S{qr terial no | onger engages the eccentric

rol l ers 28, 30, te ;%/)n%: a?%%f&zr?insg means 96 causes the camdrive shafts 38, 50
to rotate the cans 36,48 to force the opposing punch nenbers 32,46 15

into the downstrok Fggﬁﬁbfg cdd (%ﬁ&“ydyﬁﬁiﬁ$malgga%ﬁhﬁ%& EBB Q%?Eéng force

of the sprlngs 68 S causes the Peres rough both
maj or surface§QﬂPRW¥9‘le@PJ€ﬁn%pférM@t sefond aﬁlm spyfRAgSyot ati on of

the cam drg ve &ftd tnfa {16 %hréar@e bR aswm%ﬁ%a%e%% ofCQREREHOUS| Y

force the punch nenbers i (%amay fromthe substrate and_ agai nst the trace

of the cam nmerfRge nsl’k%"-' Bh| et Perforatden, formed, BeVARIJA ve shafts
98, 100 and t hso@olLdi a6 P a1 cadhdtfrati) mﬁdiﬁxdéﬁﬂbif ithe wkabks 28g%6n

Condi 11 on wni IREAGREd HRRRO ot 6 e st bavtlad e compound.
punchi ng and mmmgmomf@momm aire 2hrfage @o dheaotthiefor nl y
punched EiﬁjFﬂﬁﬁ@%aéﬁc§%ﬁédiately adjacent stress regions along any

direction of either of the surfaces to introduce equal

and opposite stress forces into the substrate that

essentiélly cancel each other to provide the planar

characteristic to the perforated substrate.

15
2. The substrate of claim 1 wherein the stress region
at each perforation is a burr.

3. The substrate of claim 1 comprising an electrically
20 conductive material.

4. The substrate of claim 1 adopted for use as a
current collector in an electrochemical cell.

25 5. The substrate of claim 1 comprising an electrically
conductive material selected from the group consisting
of steel, copper, aluminum, iron, nickel, zinc,
titanium, stainless steel and alloys thereof.

30 6. The substrate of claim 1 wherein a thickness
between the first and second major surfaces ig between
about 0.013 mm. to about 0.25 mm. thick.

7. The substrate of c¢laim 1 wherein the perforations
35 have a generally circular shape.



(Fi gs.
a substantially circular shape and patterned such that when viewed in any
direction along either of the major surfaces, every other perforation 106
has been punched 35 t hrough the thickness of the substrate fromthe
alternating first and second mgj or surfaces 22 and 24. - 10 -
Preferably, the perforation 106 have d3dfameter of between about 0.5 mmto
about 3.0 mm and are provided at an aperture rate of between about 25%to
about 75% of the surface area of the substrate material. 5 Furt her nore,
t he sheet matgrial ,preferably has,a thickness of, between about 0.013 nmto
0.25 mm As shown rﬂ{%éﬁfgﬁﬁmPﬁrﬁiﬁkPgﬁl s Rerteralons
surroundi ng staess rdgmeten ¢heaboumm ®fS anburto 1dFowd FATper f orati on,
the stress region projecting 10 outwardly away fromthe plane of the
maj or surface opposite the nmajor surface into which the punch nenber was
i ntroduced t B { or Thdeswestrae i of. cEaixh bwhesets tipe Pperxbordtiees in the

ubgtrat & 15 2P REGVLASE BECRE Nl 47 TekPeiflited it Fovever
by forming albetwesn Rpbertf25ht tonsbeuon7Ss.

(Thus, i its finished punched form the pertorated 30 - suos {I{KIIPIHAMIEIN

10. A perforated and substantially planar substrate
comprising coplanar first and second major surxfaces,

10  wherein each major surface has a similar pattern of
perforations each perforation punched therein from one
of the surfaces and extending through the other surface
in an alternating configquration from one surface to the
other between immediately adjacent perforations along

15 any direction of either of the surfaces to introduce
equal and opposite stregs forces provided by each
perforation formed having a portion of the substrate
surrounded by the stress forces removed therefrom, the
stress forces essentially cancelling each other to

20 pxovide the planar characteristic to the perforated
substrate.

11. A perforated and substantially planar substrate
comprising coplanar first and second major surfaces,

25 wherein each major surface has a similar pattern of
perforations, each perforation beginning at one of the
surfaces and extending through the other surface in an
alternating configuration from one surface to the other
between immediately adjacent perforations along any

30 direction of either of the surfaces to introduce equal .
and oppogite stress forces provided by each perforation
formed having a portion of the substrate surrounded by'
the stress forces removed therefrom, the stress forces
egsentially cancelling each other to provide the planar

3s '

characteristic to the perforated substrate.



. opposite sides of the substrate the thusly fornmed burrs aremﬂmgmjlu'l\“"s”“!“

alternately project beyond the opposite nmajor surfaces. Since

perforations are of a simlar 20 shape, the alternating burr patterns set
up equal and opposite stress forces throughout the punched expanse of the
substrate. Perforation shapes other tnaq4ptrcular shapes are al so useful
with the present conpound punching apparatus 12 to provide a suitably
perforated 25 substrate. In that manner, while each perforation may have
| ocal i zed stress forces, over the expanse of the substrate extending in any

di rection, thesazLocAIh@gﬁgatagsguiﬁmﬁgﬁgcgnggkfggggegtQﬁa to provide the
generally 30 glgn?r %g%éggtgﬁistics to"the perforated substrate. Thus, -
the present per POPELEH r RE-BPPE SNbgkwatsr COBPHR Sgpﬂﬁided in | engths
and wi dths substantially gjeat proviaingoavednperdbycedngibatgglst r at es
whil e neeting and exceeding to e s I fications for_35 | anarity
required for commrerci al produc??%ﬁ%%fcﬁ%ﬁ?@?ﬁ@?.ana ?ﬁgé?nﬁﬁ Fﬁgsgeﬁﬁgd of
t he present 5i nvention, half of seeondeshmtaicesysaade fornmed from one side of
the substrate and the oth hal I f‘gﬂh e Lt ide. This
conpound punchi ng techni qgjg 5 ifq%@é{gt}gg%e% %nl}dp%'%%%?h gfgtress f 8rces
into the - perforated beginning at each of the first
: and second major surface and extending
through the other major surface in an
10 . alternating configuration between
immediately adjacent perforations from
one surface to the other along any
direction of either of the surfaces
thereby introducing equal and opposite
15 stress forces into the substrate that.
essentially cancel each other providing
the planar characteristic to the
perforated substrate.

20 13, The method of claim 12 including simultaneously
forming the perforations through each surface.

14, The method of claim 12 including sequentially
forming the perforations through each surface.

25 )
15. The method of claim 12 including providing the
perforations having a generally circular shape.

16. The method of claim 12 including providing
30 perforations in the substrate at a perforation rate of
between about 25% to about 75%.

17. The method of claim 12 including providing the
subgstrate having a thickness between the firxrst and

35  gecond major surfaces of between about 0.013 mm. to
about 0.25 mm.



substrate which essentially cancel each other and provide fommwnal“‘ul
" product than that which is obtainable by the prior art. As a'ls "

i s provi.ded -an el ectrode conponent, such as is useful as a 10 current

coll ector for

t he substrate.

il

erse =

an el ectrochem cal cell, wherein an equal nunber of uniformy
di stributed perforations are fornmed thkBugh the opposed major surfaces of

By evenly alternating the distribution pattern of the

perforations provided through the opposed 15 maj or surfaces, the stress
forces produced at each perforation are essentially cancelled by the
adj acent perf drext i ShPGadk P& MEABIFing soparharated andurface of the

substrate. |n dubstaminany tgleunef famied e

pl anar shape.

20

igifRy.ntains a relatively

It i's appreciated that variou difications to the
i nventive concepts described M@i‘ﬁ%f‘bé‘%ﬁteﬁ% st%é’ ordi nary
skill in the art without depaidving feamiruwepiand coplamape infstt lmmdor esent
i nvention ,@as defined by the q ﬁ ' - 12 . VWiat is clained is:
1. A pertorated and substaﬂsﬁ)‘g AN a%;&s{ﬁ%??sdt gax%:dbnpri si ng copl anar
5

first and second nmjor surfaces,

pattern of str

10

15

20

25

30

35

ess regi ongy pr%g&giﬁy LastnPais Cﬁé\iﬂé&?h fg¢ med having a
‘Perforations beginning at each of the
first and second major surfaces. and
extending through the other major surface
in an alternmating configuration from one
surface to the other between immediately
adjacent perforations along any direction
of either of the major surface thereby

introducing equal and opposite stress
forces into the subgtrate that

egssentially cancel each other providing
the planar characteristic to the
substrate.

19. The method of claim 18 including simultaneouslj
punching the perforations through each side.

20. The method of claim 18 including sequentially
punching the perforations through each side.

21. The method of claim 18 including providing the
pexrforations having a generally circular shape.

22. The method of claim 18 including providing the
perforations in the substrate at a perforations rate of
between about 25% to about 75%.

each maj or surface having a simlar



ortion of the substrate surrounded by the stress region re
?he perforations having an alternating configuration from omlﬁm mnmmmm"l
the other 10' between i medi ately adjacent stress regions albéngfarly ® 5 *
direction of either of the surfaces to,ntroduce equal and opposite stress
forces into the substrate that essentially cancel each other to provide the

pl anar characteristic to the perforated substrate. 15 2. The substrate of
claim1l1 wherein the stress region at each perforation is a burr. 3. The
substrate of clgi m 1 _conprisin n electrically 20 _ conductive material.

4.  The substggre ép éggﬁﬁ?fugd%BFeBrPﬁﬁdﬁ§S asparéoFreed amd| ector in an

el ectrocheni cakubelthnt2ally5planiite sabbaiagbecipet 8i Ay LELLEPT484NT an

l ectricall i .nat er.i al I d_f t , t f
Ctoel | copper, SBraal HRISE, SlyrFacaB. EhE appaTablR; ChrobafRbes sieel and

al l oys thereof. 30 6. The substrate of claim1 wherein a thickness
between th® first and seggnd ' u |.S apout . 0. 013 n to
about 0,25 rm ' thick. 7o Tha SuEet, BPACAEny naEhY*ER MRt Ry 2 ee LT

perforations 35 have a genePgrfprarienpainthaphe firstigajor surface
of the substrate with the first

perforations extending through the second
major surface:

10
b) a gecond punching means for forming
second perforations into the second major

surface of the substrate with the second
perforations extending through the first

15 major surface; and c¢) means for
synchronizing the first and second
punching means so that the first and
second perforations are formed into the
substrate substantially at the same time,
wherein the thusly formed perforations
have an alternatively configuration from
one surface to the other between
immediately adjacent perforations along
any direction of elther of the surfaces
to introduce equal and opposite stress
forces into the sgubstrate that
eggentially cancel each other to provide
the planar characteristic to the
perforated substrate.



8. The substrate of claim6 wherein the perforations have a dianeter of
~about 0.5 nm to about 3.0 mMm 9. The substrate of claim1 wherein the
perforations 5 are provided in the substrate at a perforation rate of
bet ween about 25%to about 75% 10. A perforated and substanti aIIy pl anar
substrate conprising coplanar first and second ngj \her ei n
.each maj or Ser’)f ace gas g simlar pattern of perfolrctﬂ"@ﬁﬁ'ggirﬁ BE&N at i on
punched therein fromone of the surfaces and extendi ng tHEE‘M@EDt he ot her
surface in an alternating configuration §romone surface to the ot
bet ween i nmedi atel y adj acent perforations along 15 any direction of
either of the surfaces to introduce equal and opposite stress forces

provi ded by each perforation formed havi ng. a orti bstrate
surrounded by t REREQRAEER FURSTRANH AP %@Fﬁcﬁg’ ?uf orces

essentially cancelling each other to 20 pr ovi de t he planar characteristic
to the perforated substrate. 11. A pARBSTRACEd and substantially planar

substrate conprising coplanar first and second najor surfaces, 25 wherein
each major surface has a simlar pattern of perforations, each perforation
begi nni ng at one of _t heA pef feat edh dsubs mratien havimgi drak heobtdhee surface in

?nm'rglj} :'[ gﬁ;l acen r?# M%Cﬁ? a‘?ﬁn‘%ﬁg r{%cfﬂ)tt s(]‘lf%acé)%h‘# 'Tq‘? theehgr of the
surfaces &o mhamm and| tha o tippo ha kf sfommead firaethe coppeatity each
perforation ms3or surface, the two major surface being coplanar is
described. This introduces equal and opposite stress
forces into the substrate which essentially cancel each
other and provide a product meeting exacting planarity
10 requirements.

FIGURE 2

15

Sheet Has Been Re; laced

||IIlIll Illlll IIH




forned having a portion of the substrate su%rounded by the stress forces
renoved therefrom the stress forces essentially cancelling each other to
provi de ‘the *pl anar 35 characteristic to the perforated substrate. - 14
- 12. A nethod of producing a perforated and substantially planar substrate
conprising: a) provi di ng an unperforated substrate havi ng conti nuous and
coplanar first and 5 second surfaces; and b) I nt roduci ng
a simlar pattern of perforated begindi/3g at each of the first and second
maj or surface and extendi ng through the other najor surface in an 10
alternating configuration between i medi ately adj acent perforations from
one surface to the other along any direction of either of the surfaces

t hereby introducing equal and opposite 15 tress forces
into the substrate that. essentially cancel each oth V|ding t he pl anar
characteristic to the perforated s Rebiat e. e met hod of cl aim
12 i ncl udi ng si mJItaneoust f e er 3 ‘- gh each surface.
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.14. The nethod of claim 12 including sequentially form ng the perforations
t hrough each surface. 25 15. The nethod of claim 12 including providing the
perforations having a generally circular shape. 16. The nethod of claim 12
i ncl udi ng providing 30 perforations in the substrate at a perforation
rate of between about 25%to about 75% 17. The nmethod of claim 12

i ncluding providing the substrate having a thickness between the first and
35 second mmj or surfaces of bet ween? égout 0.013 mm to about 0.25 mMm

- 15 - 18. A nethod of producing a perforated and substantially planar

substrate conprising: a) provh&;ng an unperfoif ed substéate h@ﬁlngf
secon or surfaces;

conti nuous and coplanar first a
and b) punching a simlar patter ofzgf | eg\a’g at each of the
first and second ngj-or sEﬁ(}ces and xtggghng t hr ough
the other mmjor surface | er | I T e surface to
the ot her between i medi ately acg er ' alfghg any direction
86 /
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_of either of the major surface thereby 15 ~introducing
equal and opposite stress forces into the substrate that essentially cancel
each other providing the planar characteristic to the substrate. 20 19.

The net hod of ‘claim 18 i ncl udi ng sinmultaneously punching the perforations

t hrough each side. 25 20. The nethod of claim 18 including sequentially
punching the perforations through eachyggde. 21. The nmethod of claim18

i ncluding providing the perforations having a generally circular shape. 30
22. The nethod of claim 18 including providing the perforations in the
substrate at a perforations rate of between about 25%to about ?§%> 35

p

23. An apparatus for providing a\@e or at edpjpnd sub‘sﬂantial _ anar
substrate conprising first and second\ ngj or fpurfaceg, the Qpparatus
conprising: 5 a) a fi ' ns_for forjn,ng first
perforations into the first maj syt St it ' he first

perforations extendi ng through e
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ations into the second maj or surface of the substrate with the sedqond
orations extending through fhe first 15 maj or

ng@pmgﬂg%@pns for synchr oni zing the f| r St and second punching rrEans

substantlally at the sane tlne mhereln the thusly forned perforatlons Have
an alternatively configuration fromone surface to the other between

i mmedi at el y adj acent perforations along any direction of either of the
surfaces to introduce equal and opposite stress forces into the substratje

that essepERHONATENCSUBSTRATH ARD METHOD OF MARUBARTPORENar acteri stic jto
the perforated substrate.

A perforated substrate (10) having half of the perforations (106) formed from one major
surface of the substrate and the other half formed from the opposite major surface, the two
major surface being coplanar is described. This introduces equal and opposite stress forces into
the substrate which essentially cancel each other and provide a product meeting exacting
planarity requirements.

%surfa&ﬁ&}&ﬂi}l REP¢RANd mmmm.'éﬁam%r form ng second
f

Fig. 2.
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