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of course,

one- hal f
under stood that the

were then connected to the termnals pro- of this

I'ERZent ron may be applied to any _ vided in the container wall and
cover battery system either primary or secondary. . of the
I-ner pl aced thereon The mul - These include |eclanche cells :
ar dl ess of tiple cell battery thus conpleted was-then ‘the
de nmaterial

s at this terrpera-
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I M kacﬁtenasﬂﬂy e:le@tauwdemlm,

il!hrs nmntmnmehms t.e 2 methed of an-
«casing the cells of muiltigle cell ibatteries and
1o :multiple cell sbatterisscontaining a nowel
‘material -therein, and dt mere par-

enoasing
sioulazly rélates to the encasing: ef:sunh calls.
. with pelyursthane .feams.

. In the \past, manufacturers .have :secured

“dhe iindividual colls wf multiple wsll

batteriss .in ia wvariety of ways. Cormgated

~ . liness, fill:in pads -of various ttypes, :and

.25
- -+ times woattiodic:envelope :and -wafer cells are

dnner ‘paper mests, wwaterproofed :by ‘wax .or
asphalt impregnation“have thesn msed to ifix
the :position:of ithe iindividudl -cells. Some-

"ot puit iinto wontainess as :such; but :are

- 40 wriveting :or

"~ erely .dippéd sin ‘wax, asphalt, or -other

migterial ito «cover, ithem :and .containithemiin
the-appropriate size.and srelation to;perform
the: sask intended. A ccathodic -envélope

. cellt:is :a-ccell 1the wclements «of .which :are

- wrapped into a cathode current collector film
envelope such_as ia polyvinyl plastic film
sicomductive ~with ccarbon. A -cell of
igityperis: .described: in'co-pending : Applica-
etwn No. 2025 /59 (Serial No. 312;911) n

+ " .zother :instamees, ithe cexternal .conductors

umust :be fixed to the -battery of :cells . by

soldering. None :of these

rtech:nn:pms*hz:ts :been entirely -satisfactory.
iAceording :to i thelpresent invention : theze

[Price 4s. 6d.]

clalmad'ln caiml,
k&ased at the rate of at doaptETRVSPEOIOSTION.l s are contained in a
1 cycle per second per

psul at‘ed from each ot himpmvdmbn‘isanmdl:elatm,gt!zﬁamo cycl es per second.
ent1 re range
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1. Arrultlple

~cellTs and a foanmed pol yurethane resin

In&exatAJ@wtnbd s-:mhsim;BDeﬂm :N).The bed wag started at a

_ I.ng the
i n 05|t

frequency of vibration of 10

in
mnute to a nmaxi mum

resin,

résm/ it @ Ceoh:
ﬁeeg dknown fo

Zé? ont

1socyanate

ing watar 40 an ‘excess «of the diisocyanate

The foaming .action .may be catalyzed hy _

introducing a2 dertiary aliphatic aming .into
she reaction mixture. e foam thus .pro-

duced iis sither igid, sempngld -or :xesilient,
depending .ipon the amaunts of warious
companents «mployed. A cross-linking
agent, .such as .castor il for example, s
gen.erally used to increage-the stifingss.of the

foam,

Hoamed ,polymethane resins :are patticu-
larly suitable.encasing materials for mulijple
«cell :batteries because they have ielatively
Jlow -curing :temperatures, such as mnat .to
cause harm to .the .battery .components, .and
short cuging times, lfOl' £xample, -about -a
half-heur -at .125° Jeing necessary for
mormal -factory handlmg A full strength
.oure takes ;place in:abant .twenty-four, hours
at this - n]geratute These -resinsg .are
further .desitable hecause they .are .not-acid,
ras are pphenolics for: example, and therefore

:do :not .gircuit .the individnal - cells
during curing. When -properly .formulated
-and.cured, ‘these .resing are very useful.gince
-they adhere very -well .to .both g?per ;and
.metal, theimaterials prmclpally used to make
?battery cand cell containers. They .are
-impact-,:shock-, -and - vibratien-resistant, .and
are relatively ‘unaffected by high. humidity.

s .
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5. A battery as clained in

open circuit voltage of the battery before _
Batteries made accord- which

Caim4, in and after each test.
the cells are cathodic envel ope cells 30 ing to this invention vere
subjected to this stacked in series relatrion. TEest abour 15
hours after foam ng the poly- 6. A battery as claimed in Claiml, in
95 ~urethane resin. No voltage change was which the cells are
relatively thin galvanic detectable i.n batteries “encased Wi t h
foaned cepls stacked within a battery93%§g14 el ectrical

p0| yur et hare—esi-ns However aqnhal t ent term naI S are in eont act with
t he stack, arnR@pcause mes@&smemdbbaomd,l es tadt hOXBe IbRMthey, 266 O eliffeedt Sbly-

el ectrical rangipe fire I390a ane foam 30, insidvefht| canal2s
| o H e B

processes, (ﬁ en(ﬁléra ts on the cells -

whic
bei ng subj &c tdiffiren dénsit ySpmeiieys B ihp m&d ‘cover 29, h&@ﬁ{‘t‘é il cc’,%fsffésstﬂaaﬁftﬁew
subst.anti al | yzses. Good heat and ¢1Qctrsﬂ0u$mﬂanb® rfizéscible leads it plecepr.acti ce of this

er ei nbefore 1 Thls latter type ¢f yagh ade foit
P oani ng I)f r%%&%ﬁ%ﬂéﬁ% addrg%sz’%: a&ﬁﬁﬂstlfa St suef%zcﬁ@bé f%&fﬁ?éﬁgy&%;

40 have b'é’e nlsede!a ahe freper ah'muhtldle gich sl 0 Lb‘ell@ mepos he@foperly formulated mnute |

upo

as

after they h Josk gh PEREEP, j foameds in ap dul e Mcamt thtehsutablYI s of a :
105 tséfcf’l(é?aé" il s %}W iner, le cell
battery whicha th?‘ﬁ%?ﬂ)d’mrﬂdiﬁtyp& %ﬁﬁ%ﬁ%ﬂ% i el fgﬁ:aﬁseg mnﬁaﬁacﬁa:fﬁgtﬁ@ﬁ 1 on

and - ducilfig ti
i ndi vi dual ¢ guchheelly do | dng the 5 ﬁ"h@e leads ig p Gnéurl ng

45 pl aced Ofhel %ﬁﬁﬂiﬁfeaéi aﬁ‘ Vet e B ég Sl °=Bthan 60

gﬂf@mﬂ @ayse sﬁemqahleadsan ccomeasmarto seal the contame&dlhe fdamn, 84.he -
n.
seconds after This nsentitxe ovill rwtlsennednderstosd A mf T g.ﬁoasm iaBRd thhe@®@d M 8, in

110 20 W“P rfefgrence He tkﬁamcemnmﬂamerthat the multiple cijb battepsheantainehd0 84 | s

are pl aced | PRIEKEH@L08 view ot p bater] U t?&%ﬁfié‘gﬁm@l e tTapghel ont

may be bef onglidiy @@Fuf: thisORveiiont. ﬁt I @St bt 0 Whidl Gfbs

parti cul a g@ﬁecmtmmnﬂ)yonwm bemglbmkexs h deprability of tisid inuenuonto the ¢ sm@.dj usting
?' ther t h g%ﬂ%@ﬁ% e%v%%';v of a dlﬂe § a?%?ﬁ;)m ?eﬂtd Te@ ab 8,

in o i o it fﬁaﬂl 43{‘% castlp Lot bs are
placed in thewm,a:arte:ftﬂe tteryandcontamef:atzalsenstmest t&é@ﬂeﬁhﬁ %ﬂceﬂ? ered
into the staéctl on of the usesstttrblyconnectedtothe ct gry 1:?”556“ ner’,
since thedd mfﬁ,rﬁ*“ a,,ﬁg;er I L e
amount of f o#rteingadord t_ﬁym resn et Q,fl‘;gltagep I ch the

foam i s heat edor some aﬁ&caﬁamutl latdbmble) tde curfemnm be produced by connecting to

125[err] Fg
A met hod o

i nportant tostadtef cells

t hat when ceP‘a?dg

reference 40t
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.60

65

-and the contact plates.

. to-thig_invention is shown in Fl%

provide an nsulati a (stgc
of cells and yet k g ) flapﬁcj :Ean p?eslf
Qe ad linkd A

f oug contac
eads -
resin of> epﬁﬁer@&ﬁﬁliﬁ&iﬁ@ el lnfte)

duced ‘into the mold and allowed to foam

in the confined space therein. = The foamed .

resin is then cured to sich a degree of stiff-
ness that the cells under compression will
be held that way and so the electrical leads
will be fixed in the proper place. :
‘A battery made in this manner. is shown
in Fig. 1 and comprises a stack of wafer
type cells 10, an end plate 12 in contact

therewith, electrical - leads 16 and 18 in
_electrical . contact with the. stack of ‘cells,

and a foamed stiffened polyurethane resin
20 completely surrounding the stack of cells
This: resin  both
holds the elements of this battery in proper
relation .and compression, and insulates all
the elements thereof, except™ the eleotncal
leads, from external contact.

Another type of battery made accordmg

battery consists of a stack of cathodic

“envelope .cells 22 in a can 24. Electrical

leads 26 and 28 extend through the cover
29 of the can 24 n order to facilitate con-

2. This -

he
as

encased i m

BighalfundidityCcondi-

G o T

withstand rocket ‘take off and flight. - The
excellent properties of the encased célls are
believed to be derived from the Ffact that
rigid polyutethane foam has:- high surface
resistivity at temperatures from ~80° F. to
160° F., even-at humidities as hlgh A¥95%
" to 100% excellent sealing propérties there-
by preventing moisture: loss, electrolyte leak-

age, or short circuiting at temperatures from

. =80° F. t0'160° F.; and the ability to retain
these properties even in the presence of small
amounts of halogen gases. -

-The following may be' cited as speclﬁc
examples of the practlce of thls mventlon,

EXAMPLB I

A stack of 80 sﬂver/sﬂver 1od1de/.. :
vanadlum pent-oxide cells was prepared and
‘a contact plate placed at each end of the
stack. [Electrical leads were placed adjacent-
the contact plates and the whole assembly
was placed in ‘a’ ‘mold. Pressure was

exerted on the stack of cells” through the
contact plates during the t1me the assembly

120
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Toud mq%ts:e%&m i
ti quoe SIE:H lube 8§ beT yhelf Ui1s €A tinadr by
d’ﬁwﬁm htiens. It nhaef bm@evdebs@r ifomed that th
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sonetinmes caused by a build up of gas pres-
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sure inside the cell. The foam acts to 12 Church Street,

deaden the noise acconpanying such Li ver pool, 1,

cxpl oSTom and af S0 Serves 10 absorb anyo~" Chartered Patent Agents.
65 “the liquid or gaseous material evolved. It Abi ngdon:
Printed for Her Maj esty's Stationery Ofice, by Burgess & Son (Abingdon),

‘Lt d-1963. PubI i shed at The Patent O fice, 25,
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“from whi ch copi es may be obt ai nec?38354 4

938, 354 a5 in the moRi) €AN@Ixfurd 16800 Fartd h'stﬁfeﬁeﬁm WA HHE stacklif caBprbssion i S, Of

3.°€0Ur se, bylivebight b achighlyetirarche

2&dm um .cells; @nd- soI id el ectrol
accorda@b—\ﬂl'h-h-s [(FHe.SiRihod of
:@ t he present vention were teste
for vibrati Hﬂ@)aas-l'@éi(
el ect l’ol cal E¢Hdﬂ§1Q]s—(Cnqu0)au M

-wherem the gtoup des1gnated as (C..H.,.O),.,
represents ‘a mixture of oxyethylene units
and ‘oxypropylene units, the “n” being an
integer from 2 ‘to 4; 0.5 parts by weight
. water; ".0.25 parts by weight anhydrous
15 - dimethylaminoethanol; and 100 parts by
~ weight of a prepolymer composed of the re-
action product of the polyester above dis-
- -closed "and ' toluene diisocyanate having
-+ 34.2% free isocyanate functional groups was
20 ‘made. The mold was filled with 2 grams
. of this mixture which was allowed to foam
therein thus fixing the respective electrical
loads to’ the contact plates and fully ericlos-
‘ing the stack of cells in the foamed resin. -
The mold was then heated to 160°"F. for
:60; minutes to fully cure and stiffen the foam,
- The mold was then removed and the

25

Number of cells each 0.25 '
inch - diameter and 0.005 Voltage of
mch thlckness in battery

. encasing

poesastbu nesis forming-a opmpleted hatferyconnect e to the

&\egrm naklesiv @Om ﬂvff fla Jé Gﬁlt may be appléﬁ&ﬁ;@ qrany vided in the
nt ajnéf 0?3' u} teryAnglggfngl Eatiidfiic Evelope OF  Secondary.
of the eP Al iidasd ralnae erngqa thed h@elt¥L hwas Tmﬁed amtlplated liackmnche cells
sgar dl esetuedl formula5— t i pl e ceI I bat tgguto loted WSPI{’ 35t he anode
gebRrial I - ours at this

#[per a-- gﬁé@l’?@i‘y liﬁ dgl"l Sy ‘mer curltlﬁlg':l?,}%gh Sﬁxec[l.td.': body of ‘the ctuur e.

y tRlectichl| lgads were inserted BagctotﬂsranS encased in
l‘
ttwg Qﬁ‘ar@s@w i cr:ﬁlbirm?n off met hod

e yie@rrpﬂ’ oyed to

roﬁﬁé&ﬁrﬂlﬁﬂﬂnﬂlgl BCinadp, amtEBpsul ate
grams thereof were metered into the tray. :
The cover was spun down to finish the
battery can and the resin mix allowed to
foam in the confined space inside the can.
The foam was heated to 125° F. and cured
at this temperature for 15 minutes. Upon
the completion of the cure, the battery was
tested - and - found to have been propetly
encased as shown by the output. The loads
of the battery were found to have been
fixed to the'terminals without the necessity
of riveting or soldering,

- Batteries made according to this invention
have been ‘tested and found to have the
proper output after having been pressurized °
with polyurethane foam. The results of
tests conducted on batteries of silver iodide
cells made according to this 1nventlon appear
in Table I below:—

45 3
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' _TABLB..I

Vol-tage of cells after
- encasing

cells before

80
140
144

Co The results of these tests show that the-

70-- encasing material set forth herein, stiffened
* ., polyurethane .foam, is not detrimental to
* * "the output of a battery which utilizes. this
.- niaterial. . This-.fact, ~coupled  with ' the
> improved shock and vibration res1stance and
.75 gimplified ~internal pressurizing . made
* 7 _possiblé by the use of polyurethane -foams
*.make stich the best. material presently known
o for _encasing multiple cell batteries. .. -

T - EXAMPLBIII ’
80 ~--A resin- was- prepared by mixing 25 parts
. by weight toluene 'diisocyanate, 80 per cent
- .2—4 isomer and 20 per cent 2-6 isomer, with
- 21 parts by weight castor oil, and 4 parts
- by weight polyethylene glycol 200. The
85 catalyst was formed by mlx:mg 5 parts of

40
.0
n

40
70
72

tnethyl amme w1th 1 part water. A blend
of 16.7 to 1 resin to catalyst ratio by weight
was made, metered into the bottom of a
multiple cell - battery container to a depth
of 6 inches, and 4 stacks of 15 flat cells’
each and 7 round cells connected in series-
parallel relation were placed on the mixture.
Each cell used, both round and flat, was
rated at 1.5 volts. Each flat cell stack was -
475 by. 1.by 1 inches and all these cells
- were connected in series to deliver 90 volts.
The round: cells were each 4 inches long by
1.25 inches. in diameter and parallel con-
nected to form an “A” battery. After the
. cells were in the proper place, the tempera-
ture was raised to between 80°—130° F.
and the mixture allowed to foam. After
foammg stopped, the foam was cured for

90
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them on a bed which was capable of three di rectional perpendicul ar

har noni ¢ vi br a- WHAT VWE CLAIM | S: - tions. That is to say, each
battery was 1. A multiple cell battery which com vi br at ed
~perpendicular to its termnal T atewsprsesa mutt1pticity of —ndtwduet— TR
~ gal vanic 15 and in the two other directions: perpend| cul ar- N s and 4 4

Thi

f oanmed pol yuret hane resin hol d- to. this direction: '
. 80 o

started at a_ -ing the cells in po.si'tion _ .o P
of vibration, of 10 cycles per _ Agg tery as cl ai med inT€aim
second and increased at the rate of at 3 ‘which the cells are cont

in a container one-half houtlat thiy Cnfperdfafe. TREQNE REbf Btk Eidlrfodd BRI tlhing@ T .
i nsul at ed fronwvelacthemtdneqoteértd ﬂier ormipdiepro- Bf) tlntoﬂ'ilvﬁﬁloﬁ ; ebe ﬂ@he&@&lgﬁﬂ “The .

entire range L E@ty SEHY
ni‘

frequenm es, 5f HoE hud -
cured ﬂ)ﬂmm@ifm hﬁt&ﬁ »atSﬂi@ mﬂmravva*ile&tiomee I oMt

cen(s et he

.1 or 2 85° -
cells are conn t 0. eac mtawSS&dasnﬁdWHMﬁemnshan 100
m nutes. and tn

eF“le mothod of theeprasep| invey mv t he
vibrations fior fé %{%ﬁgﬁ “?‘ﬂlg@g%;"?ﬁggn% e advmﬁé mRloY 4 sts
was 0.03 mcheﬂiem]blnea bidowlichawed copableaof threshi ch the cells are in phyS| cal and -

el ectrical =~ directi baper,p cglﬁ%tﬁ'?}"@‘% Joerer |%§ATe‘¥E AI Ish1—s cont act” wit. h_' -
each other, aniyles Gk al face pnggpﬁ %@ﬁ;‘; ;
measuri ng the andamihaoto dtﬁbedmhdnsb&pm cells ‘and a- uEéﬁ:l&h a.ge of- *'_'_”
the battery bel ’edlfeotlgl ﬂ%ﬁ%ﬁf‘qual ng cthel qall(maglo.smah, in R
after each tes c V‘hwil &ﬁ" o
th, ’ .
&%ﬁtﬁfﬁ%ﬁﬁ?ﬂh '('inﬁfﬁg’?héstacked;.

envel ope cel | S]_cyc}e sedoﬁtgp o
in series - P&l eft§0osycles pertseond. ali‘buentxidar e airieby the foained) pdlyie - 6. 7
: : m@alm&mrclamd qrcﬂ t@ge —

b '
g tes” CY‘?@%&E” LTI oSl SR,
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have been d
have been m x
the tertiary amindboddbah

conpri ses i
pol yur et hane rinlitd -dédd G
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r vention, that

. égﬁta
in thy practite of this -

abov?b%én%ﬁgk eogﬁggs

ve been d scnb

o ol

sufe “the -

placed on the resm—catalyst mixture less

than 60 seconds after it has been metered

It is to be

into the battery container.
further noted that the. foam height may be

‘fegulated -for “any ‘particuldr ‘application 'by--

adjustm‘g ‘¢ither ithe -diisoéyahdte

‘tion -6 'By ‘varying the -deépth ‘of . resin-

Céatdlyst Thixttire mmally ‘fietered ‘into ‘the - df
“battery . contdinér, ‘since ‘thiése “cotrol the - -

“amount of fodining dnd-the' quaﬂtlty bf'resin
“available - fo ‘be “foamed.

‘In‘addition o -the adVantageous featﬁtes T

‘Yeferted ‘to “above, ‘it ‘is important ‘to Tbte
"ihat Wlién -célls'are ercased in- pdlyurethane

.....

-foain, -the "usér theréof is “‘protected againist -

“an_‘occdsivrial minor ‘explosion ‘which ‘is

“soietifdes caused by a’ ‘build-apof gas pres- -
“Sure ‘iriside 'the ‘cell. The ‘foamn .abts 'fo -

"déadén ‘the 'noise “atcompdnying “such
explbsmn and ‘also ‘sérves fo’ absorb’ any- of

’ihe‘hquid ‘or { gaseous’ matenal evolved It

sub,%ct a9 sge @smg caSyhaa

‘Wwith

jrepara- -

gelectrjeal Al

|~a—herelnbhfbr$ienml witlo

ducing polyurethane resin mto a centainer
for the cells, foaming thie -resin, and curing
the foam, -

9. A method as clalﬂred in Claim 8, in 110 - .

which the cells are placed in. the container
before .the introduction of- the -rwn, and
_'the Tésin is'foamed. in‘site,. T

"10. A method “as. Chaimed® 1 ‘Cliim s, ‘in
“which. thie’ cells ‘ate placed ‘in “fhe cmittaiﬂer

ter ‘the ' introdiiction of the ‘resin.

C LA mettiod as ‘claifited in “aty “of
“Clainis 8 ‘to ‘10, in*which-the foam’ is ‘h‘eateﬂ
“to, 125%3F. -

‘12, ‘A 'miethod Of -ericasing “célls “of ‘a
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“multiple ‘céll “battery ‘Substantially “as "here- 0. _
inbefore “described~ with réference to ‘the . - -
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adhesfon; the indivi dual ceIIs should be for the cells,

and-.curing 45 pl ace yst m xture less the foam’
t han" .60 seconds after

|t 9. Anethod as clainmed in - =
Caim8, in 110 mmlmﬂ “ﬂm“ Icont a| ner It is to be - whi ch X he
e AN

foam ng the res;n

cells are placed in the ainer m not e
may be before the introducti-on of the reS| n, and b by
any particular application by the resin is foaned i n\&l
adj Hsti ng either the dii socyanatﬁsﬁéepar a- 10. A met had
Cam8, in tion or by var t he depth of resin-
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