5 10 1 . BATTERY PLATE COVPRESSI ON CAGE ASSEMBLY This invention
rel ates generally to |ead-acid 15 batteries and nore especially to
seal ed 1 ead-acid batteries (SLAB), reconbi nant and val ve regul at ed

| ead- aci d batteries (VRLAB). Mre particularly, this invention relates to
a systemfor maintaining intimte plate-to-separator contact during a
battery's lifetine. 20 Lead-acid battery cells conprise one or nore
positive plates alternating with one or nore negative plates with a
separator in between adjacent pairs of plates. The active ingredient on the
positive plates is | ead dioxide; the 25 active ingredient on the negative
pl ates i.s spongy |ead. A nunber of materials have been enpl oyed as
separators. 5 At the present tine, separators are typically made of a
conpressi bl e pad or sponge of an absorptive glass fiber material. -_ This
absorptive glass mat (AGM not only 30 provi des el ectri cal
separation between the positive and negative plates, it also absorbs and
contains the acid electrolyte (H2SO4 + H20) that the cells require

for operation. 35 In order to get each of the adjacent positive and
negative plates close together, the plates and separators are assenbl ed
with the pll&tes standing E@B’nﬁﬁé@@éﬁ’%ﬂﬁ@é@h‘ FABEWASFEMBIOF  t he
battery. This arrangenent conpresses the separators. AGVs absorb nore
el ectrolyte -2- when conpressed. Each AGM has a specific conpressive
range in which it will absorb a maxi num anpbunt of el ectrolyte.

This invention relateé generally to 1lead-acid

15 batteries and more especially to sealed lead-acid batteries

(SLAB) , recombinant and valve regulated lead-acid batteries

(VRLAB) . More particularly, this invention relates to a

systeﬁ for maintaining intimate plate-to-separator contact
during a battery’s lifetime.

atgt

20

Lead-acid battery cells comprise one or more positive
plates alternating with one or more negative plates with a
separator in Between adjacent pairs of plates. The active
ingredient on the positive plates is lead dioxide; the
25 active ingredient on the negative plates is spongy lead.
A number of materials have been employed as separators. At
the pfesent time, 'separators are typically made of a
compressible pad or sponge of an absorptive glass fiber
material. -— This absorptive glaés mat (AGM) not only
ff" 30 provides electrical separation between the positive and
" negative plates, it also absorbs and contains the acid
electrolyte (H,S0, + H,0) that the cells require for

operation.

35 In ofder to get each of the adjacent positive and
negative platesiélose together, the blates and separators
are assembled with the plates standing and compressed
between the walls of. the -battery. This arrangement

ijbmpréssésuthe;sgparathsif AGMﬁ_absorb more electrolyte



Ceneral ly, the AGWw are conpressed before the electrolyte is added. Wth
the exception of flooded reconbinant 5 batteries, all of the electrolyte
in-a SCAB provided with AGVs is nornally contained in the AGw, and in the

pl ate pores. Conpressing an AGM separator the optimum anount not 10 only

all ows the absorption of nore eIectronEe it al so provides good contact

bet ween each separator and its adjacent “pl ates. It is extrenely inportant
t hat each separator conpletely contact the entire surface area of each

adj acent pl ate. This plate-to-separator contact 15 provi des an

i oni ¢ conduction path between the plates and through the separator. It has

been found that whep ¢ossredseziont Bath biMvbhes pl spper ifiicf aompreseidres epagat or s

results in an i igedpaks 42 198068 ga&boa AbxeRlh BROLA NOACEL 1&%@

After such a | oss of contact atter have a ower |scﬁg
capacity, a Ios§ePﬁrPﬁéynuﬁﬂ%r Seﬁﬁﬁ;QﬂﬂpﬁﬁéﬁeéqﬁﬁFﬁr¢nE¢Pcﬁ1QEﬂﬂ9éN¥eplate
surface area andsi nadéeded iwlen naher eskcdpyion ofSu(ﬂlo@dLeGSSrétfonmlﬂtaﬁQt aII

too often ogcur il e Ck
seal od VRLAD. | Bptrgrilly L FSETOM MR oA acls RELAE Yor A Rk
particularly tr@&Mat ig \V‘QF{“abéYaBW%a@% ol the m‘ﬁMSoelalnd dn é‘»hel Ptlh&te rrust
be reached to fugblrgsrecharge a | ead-acid battery. 30 Since a VRLAB i s

- sealed, the battery case traps the gas produced during recharge pernmitting
' no neans of escape, except a safety valve. The increasing volume of gas
“increases the gas pr§§§B¥%§%ﬁﬂ9ﬂ¢ﬂt#@Mb&?@%ﬁ%ﬁQﬁﬁﬁ?e SEHdRB amoppkeaosd gas
- pressure, egen bahowahewsr essurabdoeptibad Jfomdrel ease thpibe, satekysyal ve,
- expands the batterxlgase

good contact between each separator and its
‘adjacent plates. It is extremely important that each
separator completely contact the entire surface area of
each adjacent plate. This plate-to-separator contact

15 provides an ionic conduction path between the plates and
‘through the separator.

It has been found that any loss of contact between

plate surfaces. and separators results in an immediate

20 degradation of cell'performance and life. "After such a

loss of contact, the battery will have a lower discharge

capacity, a loss in the number of amps out per square inch

of Dbattery plate surface area and increased internal

-resistance. Such a loss of contact all too often occurs

25 while recharging a lead-acid battery, especially a sealed

VRLAB. Lead-acid batteries produce gas during recharge.

This is particularly true at a voltage above 2.35 volts per

cell, a level that must be reached to fully recharge a
lead-acid battery.

30
Since a\VRLAB is sealed, the battery case traps the
gas produced during recharge permitting no means of éscape,
except a safety wvalve. The increasing wvolume of gas
increases the gas pressure within the battery case. The
35 increased gas pressure,'evén below the pressure required

for release by the safety valve, expands the battery case.



3- Such expansion frequently causes a | oss of contact between the plate
surfaces and the separator surfaces. This |oss of contact can cause an

i nmredi at e degradation of cell performance and life. 5 Nunmerous attenpts
have been nmade to prevent case expansion. These attenpts have incl uded
providing ribs on the battery case or tpl ckening the walls of the case.
These attenpts, however, have .not conpletely solved the 10 pr obl em

nor eover, they add undesi rabl e wei ght and cost to the battery. Expansion of
t he battery case is not the only probl em gassi ng causes. Bubbles rising in
bet ween standi ng plates 15 contact the active material on the plates.

Thi s contact stsachsexpahdionsEnequértbrtcauseambelpbal ofarortttee ts between of

the plate. Thi stﬁérewté*%zfﬂaeg% taha Rab gepa?a@af aéu@{a%e%ausehah §ggfall

bet ween the pl at es or rise wt gas stream This can, cause s

circuits betweefift r?émﬁla&Fescanzoca“%ﬁ bP&t i giredid tenfganaseddon Rf cSﬁﬂl but e
to the sheddi ngpetfexance ramidedide. El ectrolyte will settle within each

i ndi vidual gtanding AGM Sulfuric acid [err] has a greater specific 25
gravity than water [err] and will settle, over tinme, to the bottom of a-

st andi ng AGM Suc N&E5qUsh g2 hEeTP U B8VEhPIBeRade  (ionP¥RvVentst §ASRNg
AGM to have a hegbsiisEqeci fihesgr avténptHatavdandppaedppréviaiing riibe sanme

AQU | s the actococentlalign |4 | b UPRRIAPOLhLO0h <20 AQhbesgIEe 30

too low, cell résrstancé fncreases | "'owi er en ral
di scharge to ocZhPSenathempise BOWENRY/ vBaye eBSt §Pmpﬂ-ﬁ§eliceFPl"ed thehi s
results ip0 ungyéPlemiGnoreover, they add undesirable weight and cost to

the battery.

Expansion of the battery case is not the only problem

gassing causes. Bubbles rising in between standing plates

15 contact the active material on the plates. This contact
strains and loosens the active material near the surface of

the plate. This strain may flake the active material and
cause it to fail between the plates or rise with the gas
stream. This can cause short circuits between the plates.

20 Vibration and shock lcocads also contribute to the shedding
of active material. :

Electrolyte  will settle within each individual
standing AGM. Sulfuric acid (H,SO,) has a greater specific
25 gravity than water (H,0) and will settle, over time, to the
bottom of a standing AGM. Such settling will cause the
lower portion of a standing AGM to have a higher specific
gravity than the upper portion of the same AGM. As the
acid tpncentration in the upper portion of an AGM becomes
30 too low, cell resistance increases in that area, allowing
preferential discharge to occur in the more conductive
areas of the cell. This results 1in uneven and
overdischarge of the paste in the more conductive area.
The cell capacity as a whole Jdecreases when electrolyte

35 settles in the individual AGMs.



overdi scharge of the paste in the nore conductive area. The cell capacity
as a-:whol e decreases when electrolyte 35. settles in the individual AGW.
-4 - The present invention addresses the above problens by disclosing a
syst.emthat maintains cell integrity within a battery. Mor e
particularly, this system nmaintains integrity by retaining a conpressed
cell assenbly under 5 conpr essi on whéf~t he battery case expands. The
present invention is particularly useful in reconbinant |ead-acid batteries
and may be used with any voltage or nunber of cells. It has proven to be
especially effective in such batteries when used in conbination with
battery plates and 1@nhe gféserd qrm&hsloﬁuadmﬁsste@otﬁedasw@s;mbﬂmma By

Pat ent . 4,865,.93 | 5 JAC rate gl el y
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and separators tb@g'-étehrw unddiores pa@&ﬁﬁﬂb@%hbrn aﬁbﬂ-%utﬁiw almaintadnst es
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on the assegbly, cou Ied B %h u SE ntial _freedom ron1 ment
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di sassenbl y. 20nnveatppefesrpdrt:nu&aﬁlnIu;eﬁn&emnluﬁcombmnqnﬁukﬁadamdld
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conpr essi vg of or ¢fi ¥ 18hBERLY, | 864 Nik (IR RSWEBBIYséd 14 SUPMFAENRING.

4,865,933, which is incorporated herein by reference.

The present invention in a general aspect ties. an
assembly of battery plates and separators together under
15 compression and substantially isolates the tied assembly
from expansion of the case. Thus, the compressive forces
on the assembly, éoupled with its substantial freedom from
movement relative to the surrounding case, enable the
assembly to resist disassembly.
20
In a preferred form of the invention, the plates and
separators are assembled in a stacked relationship with the
plétes and separators laterally or horizontally disposed.
A suitable tying arrangement is then applied to the stack
25 and tensioned so as to compress the stack. The compression
is then mad& permanent by continuing to apply a compressive
force, by simply locking the assembly in its compressed
condition, or by any other suitable technique.

30 A tying member may comprise a compression wedge, a
single tension member, a cage, or other suitable structure.
An example of a'cage structure comprises a plurality of
tension members and two rigid end plate support members.
The end plates compress the separators in the assembly and
35 are held in compreséion by the tension menmbers.
Compression conventionally applied by the walls of the case



condition, or by any other suitable technique. 30 A tying nenber may
conpri se a conpression wedge, a single tension nenber, a cage, or other
suitable structure. An exanple of a cage structure conprises a plurality of
tensi on nenbers and two rigid end plate support nenbers. The end pl ates
conpress the separators in the assenbly_and 35 are held in conpression
by ‘the tension nenbers. Cbnpression'éénventionalIy applied by the walls

of the case 5- may now be dispensed with, since the walls no | onger keep
the plates and separators together. It should be noted, however, that the
assenbly of plates and separators nay still be supported by the case, and

anch(r)ﬂr)fad or sibrrimLagr hys;]que ai speest tvil thhe sdage. théhuwslls o Mumerescteep
assenbly may be atta t n t or of_t se may
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serve as an end pFatpe € as r'i ski'hg di sassenbl’y of the
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i ncreased gas pressure alteripg ate_to_separator co essi.qQn.  The
operating ef fi cief@FSERALYi fggof Qi{“ﬁe Bi\?‘f%?y ‘?‘éa‘fsf?ererggt{/ %?t%eﬁéfr k&GS

| nproved. Bxpsasiehfects and results are especially beneficial in
VRLABs contgi ni ng AGVs.

Gas produced by charging a battery of the invention
escapes from an assembly of the battery plates and
separators, while a tying member holds the pléte assembly
tight. The battery case is now allowed to flex and yield

15 as required under the increased -pressure, but the plate
assembly remains intact. The tying member effectively
prevents or greatly reduces the prospect of the increased
gas pressure altering plate to separator compression. The
operating efficiency and life of the battery are thereby

20 markedly improved. These effects and results are
especially beneficial in VRLABs containing AGMs.

The compressed plate assemblies of the invention may
be employed to advantage with the plates arranged side-by-

25 side in a case; however, as noted earlier, they are
preferably "employed with the plates stacked vertically
(plates 1laying horizontal). The compressed plate

assemblies may be émployed advantageously with conventional
plates; however, they are preferably employed with the
30 woven, compdsite wire grid plates disclosed in U.S. Patent
No. 4,865,933, The combination of the compressed plate
assemblies with the woven, composite wire grid plates has
been found to provide batteries with exceptionally good
qualities. This is especially the case when plates are
35 horizontally disposed. Battery life and efficiency are
particularly outstanding. This tééhnology is especially



The conpressed plate assenblies of the invention may be enployed to
advantage' with the plates arranged side-by- 25 side in a case; however,
as.noted earlier, they are preferably enployed with the plates stacked
‘vertically (plates laying horizontal). - The conpressed plate
assenblies may be enpl oyed advant ageously wi th conventional pl-ates;
however, they are preferably enpl oyed WPth the 30 woven, conposite wre
grid plates disclosed in U S. Patent No. 4,865, 933. The conbi nati on of

t he conpressed plate assenhlies with the woven, conposite wire grid plates
has been found to provide batteries with exceptionally good qualities.

This is especi abk¥ekhei £8Seh W SRl @F FeBomBina®léZ s Aldd HdittResed.
Battery life anq ﬁ%LbcLency are particul arly outstanding. Thi s technol ogy
Is especially Beneficial in the case of reconbinant or seal ed
batteries (VRLABsj. Figure 1 is an expl oded, perspective, schematic view 5

of a tie menber assephhirdisi ngs e diioRicn, CRagsAEcaLd I SLIRMRRIE! vRkAl e

for an assenbly of plates and separators jin olt, seal ed | ead- aC|d
battery. Figure©®?® &chifdismban 9S§ﬁ’6RAYo‘n‘n%’-%&%?"é%ﬁﬁeﬁ?s‘beﬁ% agigid
t hrough t he pl aseppottt bkatmtiicar \ars la@senbhy Fofuptaties Rmflirserriatoas in

expl oded, persp c&bvg°l§cr§g%¥gdplghawh fadpddgeenber assenmbly and parti al

pl at e assenbly ad-acid attery. 5 Figure 4 shows an
expl oded, schematic view of the tie nmenber assenbly and plate assenbly of
Figure 3 inside a baFiguye Casehematically shows one possible current path

10 through the_plates of the battery shown in Figure 1.

Figure 3 is an exploded, perspective, schematic view
of a tie member assembly and partial plate assembly for a
4 volt lead-acid battery.
15 '
Figure 4 shows an expldded, schematic view of the tie
member assembly ahd plate assembly of Figure 3 inside a
battery case.

20 Figure 5 1is a schematic, partially sectioned and
fragmented side view of a battery case surrounding a plate
assembly using one battery case wall as a ;igid support
member and compression springs to provide a continuous
tying force to the plate assembly.

25

Figure— 6 is a schematic, partially sectioned and
fragmented side view of a battery case surrounding a plate
assembly using one battery caée wall as a rigid support
member and tension springs to provide a continuous tying

30 force to the plate assembly.

Figure 7 is a schematic, partially sectioned and
fragmented, side view of a battery case surrounding a plate
assembly usinb one battery case wall as a first support

35 member and a leaf spring applving a compressive force to a



20 - Figure 5 is a schematic, partially sectioned and fragnmented
side-view of a battery case surrounding a plate assenbly using one battery
case wall as a rigid support nmenber and conpression springs to provide a
cont.inuous tying force to the plate assenbly. 25 Figure 6 is a schemati c,
partially sectioned and fragnented side,view of a battery case surrounding
a plate assenbly using one battery case wall as a rigid support nenber and
tension springs to provide a continuous tying 30 force to the plate
assenbly. Figure 7 is a schematic, partially sectioned and fragmnented,
side view of a battery case surrounding a plate assenbly using one battery
case wal | as a Bershdsspppott 3temberertdoeprandde feadniuqus Ayding fgrae

conpressive forgg tRedplate ‘assEu@Ayd support nenber to provide a continuous
tying force to the plate assenbly. "Figure 8 is a graphical representation
of a 285 anp 5 discharge of batteries utilizing the present invention.
Figure 1 shows an expligdeel peispecgraphiczElv vépresendeaeiondofyan@8assewbl vy

for conpresging ' Ler _ i a ses th
bat tory cass 10 tarREEE Y Mhcolliel UL Rty (R0 Rl R e

conprises rigid support plates 10 and 12, tied together by tensile menbers
16. This particul ar Fygeref it yshewsasaamaxplbdedwyeiagdeexdept ivdead [gfwal | in

seal ed | ead- aci s €S ls ' ' i ' . f d- t ed
o ase 15t PpePrBipEEbh Triflgt AYeUAELY ol Ibni ka3 1O H WedBhpBgzonl ©
4, 865, 933 whi chbad teE¥oPpBERE ed TR iHing asSeBPé¥cuseshghe battery case

10 lid 12 as a rigid support plate. The tying assembly
comprises rigid Support plates 10 and 12, tied together by
tensile members 16. This particular type of tying assembly
has worked exceptionally well in sealed lead-acid batteries
in conjunction with grids woven from lead-coated glass

15 fiber cores. The grids are described in U.S. Patent No.
4,865,933 which is incorporated herein by reference. The
grids have held together very firmly without slippage of
the plates with internal gas pressures varying between -3
psig to +10 psig during charging, thereby establishing a

20 long battery life.

The grids 38 woven of lead-coated glass fiber cores 26
are pasted with a lead oxide paste (not shown) cut to size
and subsequently formed to positive and negative plates in-

25 situ. As shown in Figure 1, the pasted grids 38 are
covered by ~separators 36. Preferably, each grid 38 is
covered, top and bottém, by a separator 36 which wraps
around the grid. Preferably, each separator 36 is an AGM.
The lead-coated glass fiber cores 26 in the negative half-

30 plates 22 and the positive half-plates 24 protrude from'the
pasted grids covered by the separators 36. The lead-coated
glass cores 26 aiso protrude from the pasted grid sections
of the biplates 20 to form series connections between the
positive 23 and hegative 21 halves of the biplates 20.

35 Preferably, the grids have about 4 to 10 wires per inch
carrying current between the plates. This provides for a



grids -have held together very firmy w thout slippage of the plates with

i nternal 'gas pressures varying between -3 psig to +10 psig during charging,
t hereby establishing a 20 |l ong battery life. The grids 38 woven of

| ead- coated gl ass fiber cores 26 are pasted with a | ead oxi de paste (not
shown) cut to size and subsequently forged to positive and negative pl ates
i'n- 25 situ. As shown in Figure 1,‘§he pasted grids 38 are covered by
separators 36. Preferably, each grid 38 is covered, top and bottom by a
separator 36 which waps around the grid. Preferably, each separator 36'is
an AGM The | ead-coated gl ass fiber cores 26 in the negative half- 30
plates 22 and thewpesriteie hAl taphaifdi?idywdDt ¢drtudtcamadnde yhaseédrgr ads

covered by the agagégggégiggira e . e%gécgg%gg'glass cores 26 al so protrude
: the bipfa

fromthe pasted grid sectionso es 20 to form series connections
bet ween the positive 23 and negative 21 halves of the biplates 20. 35

Preferably, the gridenbavRtabeyt pldteslOumd r e6aikéd | RERLLAIIIW Ngn& UkKENt
bet ween t he_pl at es r.ovi des. f

. JThi s .for a . lowcurcent .ip each indi vidual
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plates are stackedberstlganaredngrauedthe diopwed endiplats 4Rl n Thepapbphery
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~upper end plate | own to fit wthi e sa [l r n.top o e

upper battery plté’lpeg.% gpﬁcﬂ?’ﬁﬁr tPRESTHM é’g‘,atﬁ? ’coﬁ??ggfﬁﬁ ﬁbélﬁq:fr’f frig®fhe

pl ates, hel ps tlvonarastvedptat gtardiingrether idlatesi nhelpsi tite saqtivteupdiate
integrity. dgring3a$3himaN@bk] 1¢st Berabeles | Thraeety286LiNY (dassiag.
. present inventiaqn, ﬁLso enabl es. oxygen bubbl es f ormed oghpo§{t|ve

f Stgc ing the plat in accordance wi the present
invention, also enables oxygen bubbles formed on positive
plates to rise perpendicularly to negative plates. This
further enables the oxygen to recombine on the negative

“15 plate.

The presént invention reduces vibration effects by
stabilizing the plates within the tying assemblies.
Further, the compressed ‘plates do not slip, but instead

20 move as a uniform body within the battery case 32.
Stacking the plates also reduces the effects of electrolyte
settling.

Figure 2 shows one possible electrical path through

25 the 12 volt lead-acid battery of Figure 1 having cells
arranged iﬁ"énly two layeré. The electrical connection is

made from a positive battery terminal (not shown) through

any bussing means (not shown) to the gnd wires 26 of the
positive half-plate'24. From the positive half-plaée 24,

30 the current flows (through ionic transport) down through
electrolyte in the pairs of adjacent separators 36 into the
lead-coated glaés cores of the negative side 21 of the
biplate 20. From the negative side 21 of biplate 20, the
current flows laterally through the grid’'s lead-coated

35 connecting wires 26 to the positive side 23 of biplate 20.
From the -positive_ side 23 of biplate 20, the cgrrent



plates to rise perpendicularly to negative plates. This further enables

t he oxygen to reconbi ne on the negative 15 pl ate. The present invention
reduces vibration effects by stabilizing the plates within the tying
assenblies. Further, the conpressed plates do not slip, but instead 20

nmove as a uniformbody within the battery case 32. Stacking the

pl ates al so reduces the effects of electrolyte settling. Figure 2 shows one
possi bl e el ectrical path through 25 the 12 volt |ead-acid battery of
Figure 1 having cells arranged in only two |ayers. The electri cal )
connection is made froma positive battery term nal (not shown) through any
bussi ng neans (fiollskewn)sdnpeanitdnenganhr as gBowi tﬁnpqnhﬂﬁhev@amabtyptate

24. Fromthe pegLthyg %E'?Jé Tmﬁt%laée §Q %b@m%?@atvé | -phBkaugh, i oni ¢

transport) down throu el ectrolyte in pairs dj acent se ara ors 36
into the |ead- cBPedUgreas Ldrws GPrPthnéﬁgtWVée§l&@52§n f aPRe HFﬁFﬁge 20.
From the negati meaﬁs dgndt odhdwmy)l ate 20, nddeecione risattddyowsetrmimalhl I(yot

t hrough theggri wé ad- coated 35 connecting wires 26 to the positive
side 23 of %lplate . Fromthe positive side 23 of biplate 20, the current
:-9 - follows a serpentine path as shown through the battery to the negative
: hal f-plate 22. From negatiotmihalf cphbdge 0222 besite itluseniatdd ®ys rielfeevghgend

wires 26 and an S t hqwgg 0 nega e e na
(not 5 shomn)¥°TEi8h?grg$%g"“gﬁe 23 [ ete Z?IIdgtéggﬁﬁ?a£6rg¥£@r%ﬁ§ to
Figure 1 as meIPa§§eFYgBlét§S f¢@%9ﬁﬁg@ fdreekhy t RPOSite path of tha

10 previously described. The forming charge is applied to a
fully assembled battery and formation is in-situ. The
forming charge is connected to the end wires 26 of the
battery by means of battery terminéls 28 and 30. The
charge runs through the battery grids following a

15 serpentine path. The positive plates are formed to a lead
dioxide (Pb0,) electrode, and the negative plates are formed
to a negative sponge lead (Pb) electrode.

During assembly, the battery plates are stacked on
20 support plate 12. Support plate 12 serves as the top of
the battery case 32 (the battery is shown invefted).
Notches 14 in the rigid support plates 10 and 12 provide
connection points for tensile members 16. Tensile members
16 have catches 18 at both ends, which act as locking
25 mechanisms. By locking tensile members 16 to rigid support
plates 10 afid 12 after the plates have been compressed, the
battery plate assembly is held in compression. Preferably,
the catches 18 are permanently locked in place by thermal
welding after the plates have been assembled and

30 compressed.

Compression of the battery plate assembly may perhaps
be described in reference to the four volt lead-acid
battery shown 'in Figure 3. Figure 3 illustrates an

.35 alternative embodiment of a tying assembly, one which does
not utilize one figid support plate as the top of the



battery plates follows a directly opposite path of that 10 previ ously
described. The forming charge is applied to a fully assenbled battery and
formation is in-situ. The form ng charge is connected to the end wires 26
of the battery by neans of battery terminals 28 and 30. The charge runs
through the battery grids following a 1. serpentine path. The positive
plates are forned to a | ead di oxide (PbQ2) el ectrode, and the negative
plates are forned to a negative sponge |ead (Pb) el ectrode. During o
assenbly, the battery plates are stacked on 20 support plate 12. Support
plate 12 serves as the top of the battery case 32 (the battery is shown
i nverted). Notchettawy | gaste rildiS® supifor FY it essamplahdiiugirakesde in
ConneCLi OE pogntﬁgxi&r h3 ejksd e.dlamfg‘rpiﬂﬁ.m’eim'ﬂ&dwrbeascﬁ'ss hage cehehes
18 at both ends ich act as cking, 2 I,sns.... By.l ockin ensil e
menbers 16 to rPﬁF ’%XJ;? St esplagt%egtfgkﬁgf%lng&%r}é:r é:ep?igt gggiﬁlal\?e&%%en
conpr essed, thepbaipheny glefiiaedsd¥nbhe rensblel nembeyspléssi he Persblebly,
the catchess 18 gegodes Manent!widickedrir8spbrR@tndnollBer #8lpaseladienayaf 4@r the
pl ates have been_assenbl ed and é(é&e o res$e? Oorcgpress on .of thjslobattery
plate assenbly fhy *PEr FARPOBE RIEEFLY | TG efbr ent@PPETERE PSS Yol 15
| ead- aci d batt epyacedown tdm ofi gheestadck of-iputery3platesirates an . 35
alternative enbodi nrent of a tying assenbly, one which does not utilize one
rigid support plate as the top.of the -10-. hatter se. Al so,. the
tying assenbly i1 1 ustie B5SiROR] IHRE (8Es RYRHA ngepPPRLY 2 CPREFEaHER
cat ches 1810 Thedépénds y griimtaed 18r eupdmc ke opropppbies plaxde tOmulahivet he

thickness of the separators in the plate assembly. Thus,

it has been found that separators made from AGMs not only

possess adequate resiliency for compression but also are

excellent reservoirs for battery acid electrolyte. Such

15 mats are available from Hollingsworth & Vose Inc., Lydall

Inc., and Wattman Company. The AGMs have a specific

compression range in which they will absorb a maximum

amount of electrolyte. This compression range may not

allow the adjacent battery plates to be spaced as close

20 together as would otherwise be possible.

The compression of the AGMs is governed by these two
related concerns. The first concern is the absorption of
electrolyte. Preferably, the maximum amount is absorbed.

25 The second concern is the spacing of the battery plates.
" Preferably,— the adjacent battery plates are as close
together as possible. The AGMs are accordingly chosen by
design thickness and compressed an amount to absorb the
required amount of electrolyte, while positioning the

30 opposing battery plates as close together as practical.

Generally, the compression range in most designs of an

AGM is between about 10% and about 50% (about 20-30% is
generally preferred) of total free glass thickness. For

35 example, in a stack of plates with ten AGM separators of
0.04 inch thickness each, there is a total free glass



‘peri phery defined by the tensile nmenbers 16. The tensile 5 menbers 16 fit
wi thin correspondi ng hol es or passageways 40 of the support plates 10 and
11. Support plate 11 is placed on top of the stack of battery plates. The
desi.red amount of plate assenmbly conpression 10 depends prinmarily upon
the properties and cunulative thickness of the separators in the plate
assenbly. Thus, it has been found that g%parators made from AGVs not only
possess adequate resiliency for conpression but also are excell ent
reservoirs for battery acid electrolyte. Such 15 mats are avail abl e
fromHollingswrth & Vose Inc., Lydall Inc., and Wattman Conpany. The
AGVs hav;a aI speehiclnesETpEs salpsut angd i tinwhi ch #heyomptréssigor bfa 28%i num
amount of el ect S n e I cent
battory plates. FRetefare ol SABICES TN cAU" 7RE Bilack) LRLcKASSSBATS
possi bl e. The c@nbré@%ﬂcn1?ﬁet4%§ﬁﬁewﬁfl§°§B§%$$k9pliﬁ hdd@citdenr ef atlag
concerns. The f re§11LOMELIOT ithet BEpabSsfY | OInobenbeal / Ay tndteldr abovapl y,

Lhe bat tery ol ahals Bedvarm. ey indn, Gapde) OF 40 pAPPERY Taq s w1BcREBELER 0

t oget her as poswhehethaharaGronaresaed orkuly|3P GR&sef HesVYymehi ckness -
and conpressed an annunt to absorb the required anount of electrolyte
whi | e positioning th,sh 0osi ng batter

I S..a Io et
practical. Generally, ™% h8°’88 FHE o’ﬁe?ré%géa‘? ﬁosqevé' &S] g?lr’s oﬁgg‘;l
bet ween about lm@andalalﬂau(mlm%?@mmtOQOIBe%Rlsat@en@SSﬁWl@SefJéFr@é?sof

total freelﬁlasﬁréahégﬂﬁ§3by aeoﬁegét VAP Eerentd nfdthelasQf PAakessid th

ten AGM separato
P mgghgé prov1des a %%h%%ggg eac@éptrmyéiéE%ensfagahemgee glass

16 or the compressing means. Thus, in an embodiment such
as that shown in Flgure 3, the degree of compression of the
plate assembly is fixed by the relative positions of the

15 matching holes 44 and 46 on the tensile members 16 and the
support plates 10 and 11, respectively. By inserting the
pins 42 in a matching set of the holes, the tying assembly
can provide compression to a fixed thickness, i.e.,. the
battery plates 20, 22, and 24 and separators 36 of a known

20 height can be compressed to a specific lesser height set by
the matching holes and the pins 42. The specific height of
the compressed plate assembly is designated by the
compression stop; and the compression means holds the plate
assembly at the designated height while the tying members

25  are locked to hold the assembly in compression. With the
tying members secured, the compressive force is released
and the assembly is held at the specific height;

A second and preferred method provides compression to ,
30 a fixed percentage of the total free glass thickness. This
method does not require compression stops. The AGM stack
is pre-tested to find the force necessary to compress it to
a desired total free glass thickness. Thereafter, a
suitable compression means such as a weight or a hydraulic
35 ram or press may be used to supply this amount of force.
The stack is held by this force and the tying aséembly is



t hi ckness - of about 0.4 inch. A conpression of 25%therefore woul d
reduce the total free glass thickness by 0.1 inch. The degree of
conpression is a function of the resilience of the separators. In general,
as noted above, 5 AGVE possess optinmum capacity for battery acid

el ectrolyte when they are conpressed about 20-30% of their volume. The
conpressi on neans nmay be devised to pr6¥fde a repeatabl e conpression of the
pl ate assenblies in nmass 10 production by at |least two different nethods.
A first. net hod provides a conpression stop on the tensile nmenbers 16 or the
conpressi ng neans. Thus, in an enbodi nent such as that shown in Figure 3,

the ?egr ee ]f)f t ﬁ(ll&lk%%i PRebribEy P&ﬁﬁ%ﬂfa&swd IH4|éthi %e'ﬁéi(fél rﬁ&fnﬂl ¥ :71{? atﬂo\{g
positions o e in ol.es en e nmenbers

and the support e&]it@sa g‘rqd%f? 1§esp¥8‘t%sv§f"§ %59 ﬁ%e‘}‘?ﬁegrﬁ HREPHRE 42 in
a matchi ng set dfhe n@mpUEeswe héonae ig zeleadtd angh theoasgempbnpredwldn to
a fixed thi cknesasc, ag specififecdall afreePlbabes 2RiciddessfNd 24 and separators
36 of a knogn hei ght can be conpressed to a specific | esser height set
by the matching holes and the pins 42. The specific height of the
conpressed plate assédiey ithaleSyimat esskybline conpssesbliest bpyearxkarhe

compr essi on_means,diglds e BagtergS ARl VI nbhe lesh RIS BBLAR! | €

the tying menbers 25 - are | ocked he aSse conpr essi on.
Wth the tying rRFIPLYsE0G sfalefde %rﬁ%s%?w»r o?’é’e‘?/%r?bnlé’l &Ys i SFP L he
assenbly i s hel dvedidinge spefifuee hed ghthows seconedxpiddpdef epemberai:hmj
provi des cqpr eqelfihakdc3Oied de CPnoCreRllt AUt Gl fhaC A%

t hi ckness Thi s net does not ure co ressi on stops. stack
is pre-tested t ASSSHPl¥LELS E%Q‘ér?léﬁgé% ebHRFEPS® to a desired
total free glass thickness. Thereafter, a suitable conpression neans

tsﬁffs‘ me 3n¥"eg]9h12 O;—'” Figvdeay i ShRR ok ATNPLrRLESS NBY i diS 8ok fe SR Y
The bus wires 29 connect to positive collection plate 31

15 and negative collection plate 33. The collection plates 31
and 33 connect to positive terminal and negative terminals

28 and 30, respectively. Terminals 28 and 30 protrude
through apértures-35 and 37, respectively, in the top of
the battery case. O-rings 39 form a seal around the

20 apertures 35 and 37 and the terminals are secured by nuts
41.

After thus forming a sealed battery, the battery case
32 may be filled in a vacuum or at ambient atmosphere
25 pressure with a sulfuric acid and water electrolyte. After
adding the “2lectrolyte, the battery plates are formed in-
situ by connecting a forming charge to the battery
terminals and a_safety valve 43 is secured into the battefy
case. Battery case, tensile members, and end plates and
30 pins may be made of polypropyvlene, reinforced plastic,
fiber reinforced plastic, or other suitable materials. It
will be understood by those skilled in the art that the
battery plates could be formed before assembly.

35 Figure 5 illustrates an alternate embodiment of the
invention employing compression springs 50 to provide a



The stack is held by this force and the tying assenbly is -12- | ocked,
preferably by heat welding tensile nenbers 16, to end plates 10 and 12.
Wth t-he tensile nenbers secured, the conpressive force is released and the
assenbly is held at a specific total free glass thickness. 5 After the
tying assenbly or assenblies have been_locked, the battery case 32 may be
placed around the assenbly and seal ed B‘Q any neans, preferably by thermal
wel di ng. Figure 4 shows an exploded, perspective, 10 schemati c
view of the tie nenber assenbly and plate assenbly of Figure 3 inside
a battery case. Figure 4 shows an alternative termnal. connection. The bus
W lrfas 29 conlnetaoritanpaa'st ifeeceobhechieoplpkat @s8émidty. aTlte negmpression
col l ection pl at S lect | plat 3480RN idive
term nal and nesggtgl%\?es tgebrerrrlE al §g2g9§%dlgo%?)rnésj?gggtg?éelv@gﬂ "%'%Tgr trcr{}ng%}%B and
30 protrude thrrgtilgp@erbeEs 16 haitingy sBrd8ge8efVRI32%- in the top of the
ba'ét;a[]y case. IOri ngs 39 forma seal around the 20 apertures 35 and 37
S an e termnals are secured b S f oL@l -
battery, t Re batterf‘ 5§§én§2qﬁaj¥/ Eiefaf?‘?rﬂﬁ%%ﬁién&;e@g u&% érabggta ‘lﬁgénteﬁ
atnosphere 25 thetestur behbsh te sammensataci PranePside oIltheite oF After
2gﬁln ggtithe el ]gacglragje)gt _eg?]rtaép?ﬁi%(ﬁfé/ba??i@@ ghe flareecdhf na batueby. A

ng a form.ng charge a S s ety valyve 43
is secured intd®® a??%‘gyhgggﬁ. to Bcé?lﬁé%(@é%g‘e? er\{glEl ée‘éjr‘rgeﬁ%e%é, %Il’led end
pl ates and 30 tipigknessyofcthmdd agespang frannradnss. reiSRFdRgcgeperated,

10 compressive force provides a structure that takes up the
slack as the plates and separators settle in and lose some
of their initial assembly compression. The result is
closer and more consistent plate spacing with less internal
voltage drop during the life of a battery or cell.

15
Several types of springs may be used in such a
structure. Figure 6 shows a tying assembly utilizing
tension springs 56 to compress an assémbly of plates. As
shown, tension springs 56 may be substituted for one or
20 more tensile members 16. Figure 7 shows a leaf spring 54

applying a compressive force to rigid support plate 10.
Leaf spring 54 may be employed at either end of the plate
assembly with or withoﬁt tensile members 16 and may be
adapted to serve as a wall or the lid of the battery case
25 32. A support piate 10 may be made by molding plastic
material around a leaf spring (spring internal to the
‘plastic 10) before assembly and be prestressed so that the
support plate becomes flat when the proper compression
force is applied.
30
In all embodiments using springs, the springs may be
metal, stainless steel, plastic, rubber, fiber, elastic, or
any suitable material. Springs made of metal or fiber may
have injection molded plastic surrounding the springs.
35



fiber reijnforced plastic, or other suitable materials. It will be
understood by those skilled in the art that the battery plates could be
formed before assenbly. 35 ~Figure 5 illustrates an alternate
enbodi ment of the invention enploying conpression springs 50 to provide a
-13- continuous force on the plate assenbly. The conpression springs 50
may be used in conjunction with one or ¥fore tensile menbers 16 havi ng

spring seats 52. 5 A spring in a tie nmenber assenbly is advant ageous
in that it helps to conpensate for possible settlenent of plates or
separators during the life of a battery. A spring also helps to

conpensate for vari atiigure i8n isha igrapkieas ekprbseptatiam W Sepey adngy s. A
spri ng- gener at egl 0 i farc ovi des S cture.that takes up
the slack as th(gl%ﬁ‘aatrg% arw;kieé%%%ereraltegs{ s&%ﬁlt%lie&f ntrgend_gf%i%y% omBVEPLEE
initial assenblJP&@FFPEslnstrathfe thasubatisréedseiildrd ngothbe conssartent

pl ateI fpail n% vuﬂ\kbdt?_m ma‘ifﬁtaﬂﬂl.aacddrﬂg@o%r ee dra@wgazti@qntauf tseaitﬁod;&ttery
or cell. ev ypes of springs used in,such. a structure.
Figure 6 s%ows gf}iﬁ)ngé)%sesrer%cf’% u{}?ﬂ rzna% E‘é{ﬂ Row s?/? ngﬁs%%alf%%om*ess an
assenbly of pl &@&Y.. As shown, tension springs 56 may be substituted for one
or 20 nore tensile nmenbers 16. Figure 7 shows a |eaf spring 54 applying

orpl oyed at it her AndnorSbipATi aragket 1o, ePRogi B A ks There tpa
menbers 16 and and appawkiusedchave skeor desgriked berehm, | id cthalld bsttery
case 25 2. urficrstRRkl tHA! ecHd TRYeREidRAesbhoDI UG iBhadt ts the
details .0f the preferred embodiment. Many changes in
design, configuration, and dimension are possible'without
departing from the spirit and scope of the instant
invention.
15
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mat eri.al around a | eaf spring (spring internal to the plastic 10) before
assenbly and be prestressed so that the support plate becones flat when the
proper conpression force is applied. 30 In all enbodi nents using springs,
the springs may be netal, stainless steel, plastic, rubb

or any suitable material. Springs nade of t al or fiber nyl“ﬁmlulmﬁﬂlllon
nol ded plastnﬁ surroundlng the springs. 35 -14- Figure*8 ¢s ta g@raphital
representati 285 anp di scharge of batterles utilizing the present
invention. The graph illustrates that batteries utilizi ng t he present

i nvention maintain aro orj

after nore than 7 tm%ﬁrgasrég%ggpgg gr g%ésléﬂ?%O% DOD) . Alst hgl?g%ﬁe( %F?%c%’l ar

det ai | ed enbs@imasitssing: t he net hod and apparatus have been described
herein, it shoul dabfba]tﬁ:e rajggétgm ifhat the invention is not restricted

to the details of the f red n, design

confi guratd on, an@®wi l“gﬁlyar%tepﬁgﬁc%leg V\H‘Bg/a{"]gﬁep@?ﬁ 'ngef"FBm? e 5835 i t

and scope of ik dtesd amnobnmmpmtsnigs posibi@kai (83) and negative (21)
plates and including compressible separators (36) between

adjacent biplates. (20), wherein said positive (23) and
negative (21) plates core connected by lead-coated glass cores

10 (26); and
a locking assembly adapted to hold the biplates (20)
together with the gseparators (36) compressed and with the
biplates (20) sufficiently isolated from the battery case
(32), to resist disassembly of the biplates (20) wupon
15 expansion of the battery case (32), wherein the locking
assembly comprises a separate end plate (10, 12) at each end
of the assembly of stacked biplates (20) tied together by
a plurality of tensile members (16) with a peripheric
arrangement of the tensile members (16) spaced around the
20 lower end plate (12). '

2. The storage battery of claim 1, wherein the
separators (36) comprise fiberglass mats. '

3. The storage battery of claim 1 or 2, wherein one of
the end plates (12) comprises one end of the case.

25 4. The storage battery of one of the preceding claims,
wherein the locking assembly further comprises at least one
elastically compressible member (50, 54, 56) adapted to drive
one of the plates (10, 12) toward the other plate (10, 12).

5. The storage battery of claim 4, where the
30 compressible member comprises a compression spring (50).
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1. A val ve regul ated, sealed | ead-acid storage battery conp
battery case (32); 5 an assenbly of stacked bipl at es—¢ —each—of

said'biplates (20) conprising positive (23) and negative ( H ilm ﬂ|||||| -_

I Si ng: a
\
]

i ncluding conpressible separators (36) between adjacent bi

wherein said positive (23) and negative 1(621) pl ates core

| ead- coat ed gl ass cores 10 (26); and a | ocking assenbly adapted to hoId the
bi pl ates (20) together with,the se tors (36 nessed and with t.he

bi pl ates (20) sufflcien "yﬁt%""e‘r’t %SEF\Yt g%ﬁ? f&*&%?& 10g SHFééf\Sst
di sassenbl y ofhateimhiphates tRe)endoplatesxpampriaesf at kompaeseipleadeaf

(32), mhere|%ﬁ£#h§ ng assenbly conprises a separate end plate (10, 12)
at each end o assenbly of stacked biplates (20) tied together by a

plurality of tensile nenbers (16) with a peripheric arrangenment of the

tensile rrenbers (176) spﬁfee%t@ﬂgadbtal&ee%'g} beVShe el ﬂ?ié‘b‘i*eﬁle@lngzclalyée

storage Dbatt of claim 1, ~ wherej f t he, separ at of §3 conpri se

fi bergl as® r%?n athkeARLRR BERELLS E?mh?ﬁlﬁ?TpB?S? #h EPELRI0 & 631
t he end pl at eer(ditnead gy icyesy Al aubpdrtd Ed atase todether. 4. The
storage battery of one of the preceding clains, wherein the | ocking
assenbly further conprises at |east one elastlcally conpr essi bl e nmenber
(50, 54, 56) adaptéed t & deethkodref ofabhicatingsa(valve2regubatdd; heeatlledr

plate (10, 12_|)ea<§_,ac1dﬂgq;o§§g %tgﬁ; thﬂbrlcgmgc.l aim 4, where the 30
conpr essi bl e menber conprjseés a conpression spring

storage battery oﬁﬁﬁﬁﬁhﬁlﬁguﬁ[B@Rﬁﬁ%%ﬁytﬂ istgcks of” %éblateg.(zoy?eeaCh
10 of said biplates (20) comprising positive (23) and negative
(21) plates with a permeable separator material (36)
separating each pair of adjacent biplates (20);
connecting said positive (23) and negative (21) plates

by lead-coated glass cores (26);

15 positioning the biplates (20) on a first rigid support;
positioning a second rigid support (10) on the biplates
(20) ;
' compressing the biplates (20) between the rigid supports
(10, 20);
20 securing the rigid supports—(ib, 12) to lock the biplates

(20) in compression by a plurality of tensile members (16);
releasing the initial compressive force thereby leaving
the locked biplates (20) in compression between the secured
rigid supports (10, 12); and
25 sealing the locked, compressed biplates (20) inside the
battery case (32).

9. The method of claim . 8, in which the biplates (20)
and the rigid supports (10, 12) are compressed to a specific
fixed height.

30 10. The method of claims 8 or 9, in which the biplates
(20) and the rigid support (10, 12) are compressed by a
specific compressive force.

This is tha ~replécement sheet
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wheretn one of -the end plates conprises a conpressible | rin 54). 7.
The storage battery of one of the preceding clains, 5 wherein at |east one
tensil e ‘menber conprises a spring (56) tensioned to draw Hmmnmuumﬂﬂ s’
t oget her. 8. A nmethod of fabricating a %]ve regul at ed, 'ﬁ
storage battery conprising: assenbling a é1urality of stacRS'%f'biﬁlafes*
(20), each 10 of said biplates (20) conprising positive (23) and negative
(21) plates with perqg%pl SRR SE O rial (36 pagat i;ng C ir
of adj acent bipla?g§ (2 ;l@%nnecf%%d&ggﬁ%fp%g+%é%eg(gg)ighd&ﬁegg F@egﬁfﬁ)
pl at es by | ed®NSdatedmeleRLs cbtel pys) spaged aroumssithenlewer hendi plates
(20) on a fir@t2)rigid support; positioning a second rigid support (10) on
the biplates (20); conpressing the biplates (20) between the rigid supports
(10, 20); 20 securing the rigid supports (10, 12) to |l ock the

bi pl ates (20) in conpression by a plurality of tensile nenbers (16);
releasing the initial conpressive force thereby | eaving the | ocked biplates
(20) in conpression between the secured rigid supports (10, 12); and 25
sealing the | ocked, conpressed biplates (20) inside the battery case (32).
9. The method of claim 8, in which the biplates (20) and the rigid
supports (10, 12) are conpressed to a specific fixed height. 30 10.
The nethod of clainms 8 or 9, in which the biplates (20) and the rigid
support (10, 12) are conpressed by a specific conpressive force.
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11. The nmethod of one of clains 8 to 10, in which thWG)-
are spaced around the lower end plate (12). 15. Tt od of claim14
in which the assenbly of plates. and the rigid support ' -mn)to a
specific fixed height. 16. The.nethod 8 <Tlaim 14 in mﬁ!mwmm i of
plates and the rigid support are conpressed. by a speci Fi ct conpriessi ve
force. 17. A nethod of using |ightweight, thin walled cases for seal ed

| ead-acid batteries by shifting conpression duties fromcase to a structure
conprising the steps of claim14. 18. A net hod of maintaining

constant conprigssTgp c t.tery. pl gtes and separators in a -
battery case throughoﬁ{&tlt?%(gt(ﬁa{:(l?g}ypﬁq‘lewgwg a’r?r@éifmhﬂ efhplatesaagidntheand
di schar gi ng procesigidc supporss age ceasReRking 3 sg;e@ Ut ating positive
and negative plates, with a per rreggjlie separ at or {r%:t g?el(glheg@sar ating each
pair of adjacent plates on a rigid support; applying a force to a second

rigid support 1gn 18 S I .stack, of plates so as to conpress the
stack; |ocking the goﬁ%ﬁe&s&sagg gﬁgﬁkfﬂﬁl?hwﬁltchl thes assembly | ofs platesrantetheso as

to drive one of ttigidssppport sark oynipreldeal By NE's ﬁéiﬁ@%o&n;ﬁjr%%i@?g%g%et he force

fromthe | ocked stack thereby | eaving the sta I'n co tween the
secured rigid supports; and sealing the assenbly of plates inside the

battery case. 17. A method of using lightweight, thin walled cases for sealed lead-acid

‘batteries by shifting compression duties from case to a structure
comprising the steps of claim 14.

18. A method of maintaining constant compression on
a stack of battery plates and separators in a battery case
throughout the battery life and throughout the charging and
discharging process comprising:

assembling a stack of alternating positive and
negative plates, with a permeable separator
material separating each pair of-adjacent
plates on a rigid support; '

applying a force to a second rigid support on top
of the assembled stack of plates so as to
compress the stack:

locking the compressed stack with at least one
elastic member so as to drive one oZ the
supports toward the other support:

releasing the force from thg locked stack thereby
leaving the stack in compression between the
secured rigid supports; and

sealing the assembly of plates inside the battery
case.
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Thi s" Sheet Has BeenRe | aced 19. A nethod of maintaining intimate plate
to separator contact in a sealed |ead-acid battery corrprl Si ng the steps of
claim-18. 5 20. A nmethod of extending battery cycle |i

the.original high rate discharge capabiligy thr oughouﬂlm Ie
life by retaining consistent conpression on plates an ﬂ Hwﬁ Em’ﬁ
conprising the steps of claim18. 10 T his Sheet Has Beterf Repl ace

19. A method of maintaining intimate plate to separator contact in a

sealed 'lead-acid battery comprising the steps of claim 18.

20. A method of extending battery cycle life while maintaining the
original high rﬁte _discharge capability throughout the battery cycle
life by retaining consistent compression on plates and separators
comprising the steps of claim 18.

10
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