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« ARTI CLE HAVING A s ~ DI SCONTI NUOUS RESPO\I mg to i ggEéméﬁp@m@j esent
invention relates to disposable articl es articularly, to

di sposabl e WPtWPOIW4 havi ng a di sconti nuo @ﬁ e syst enPCT/UB89/ sy,
di sposabl e articles, such as diapers, adult 1#&nti nence briefs, sanitary
napki ns and tanpons, are widely used in infant and toddler care and in the
care of incontinent adults as a neans i sol ati ng and

di sposing of bodily wastes. These arti gm‘m“mwmm er ally repl aced

reusabl e, washable cloth garnents as the pLE OB(S red means for these
applications because of their convenience and reliability. 30 Wile many
advancenents have been nade in the field of disposable articles for both

infants and adul ts, which WK?OQ%}?Q tﬁeﬂt&p ‘pﬂ\@@@ wi dely preferred over

conventional cloth garnent ens still exist. Anong the
probl es experienced wi tRl S%@ENU%&EESEOQWVEIS@@WM | eakage of bodily
waste (e.g., urine, feces, 3s nenses), skin rash and irritation,

contam nation of large areas of the wearer's skin with feces, difficult

cl eanup of bodily wastes such as feces, waste odor, |ack of custom zation
to individuals (e.g., fit), etc. 5 DECEMBER 2002 W O 00/00144 2

PCT/ US99114661 Attenpts have been made to address these probl ens. Super
absor bent polyners, for exanple, have been used to increase the ability of
an absorbent article to absorb and retain urine. Barrier |eg cuffs have

al so been used to inprove fit and reduce | eakage. s United States Patent
No 3,860,003, entitled "Contractible Side Portions For Disposable Diaper,"
‘i ssued to Kenneth B. Buell on January 14, 1975, for exanple, describes an
el asticized Leg cuff disposable diaper that has achi eved w de acceptance
and commerci al success. Disposable articles have al so used pockets,
barriers, etc. to contain and prevent | eakage of feces fromthe article.
See, fior exanple, United States Patent No. 4,695,278, io entitled
"Absorbent Article Having Dual Cuffs,” issued to Mchael |. Lawson on

Sept enber 22, 1987; United States Patent No. 4,795,454, entitled "Absorbent
Article Having Leakage-Resistant Dual Cuffs,” issued to Jerry L. Dragoo on
January 3, 1989; and United SRi19% O12TH N, 671, entitled
"Absorbent Article Having A Apex, " issued to Dreier on
July 30, 1996. Disposable articles having a is selectively expandable or

i nfl atabl e Corrﬂ'haeprbsddﬂ&ihvdnsloﬁ%lavattbddﬁbostablﬁ adicles id, uAere Oparticuladypnse

or i spl alSReBlt gy BpRHE B aRBerfihhe Hoobhaviiabnt 00 beer Gl scl asea.  For

exanple, United States Patent No. 5,330,459, entitled "D sposable Absorbent

Article Having an |nfl at aB\-KRERISUND PAS R N LaVon et al. on
July 19, 1994 and United P NO b/4, entitled

"Di sposabl e Absorbent Article Having a Seal ed Expandabl e Conponent," issued
10 Gany D. LavTadey, aisposablel\&ﬁclzs,, su’ba% da@e:rsj Réultliggontinbnce Briefd) mmry

cxpands. | RAAKGH 3R SRR, ace gty gt Toue amdrioddier 8t Mg % 8 2e 19t o
expandabl &ncontipemenduits as 4 nhmweoﬁcontmnmgonsﬂbdtmgamdcdlspomﬂmbf tblod;ly ewdstesr
ot naooaparg¥ieh Bive BERIN o PRI Slfibic BB ERANGRLA B oRRERA,
because t n@aes(ﬁunbescmpphcapp@mm thcmcmvsm&nmd rehabxhb' i quid

activgjor. In addition, self contracting | eg gathers have been di scl osed
that react with_ a |IC|UId activator, such as water pérrlu“ ne. Fqr exa

United States P¥hilpmagy adyancemenischave been made imthefisld jof dispapahle articles ‘&
Mbi st ur e- BehP @ifants Cande aduli¥E avtich hats eaable® thérh adr béeomé Widdlyn préfefred &vepn

conventional cloth garments, a number of problems still exist. Among the problems
experienced with these disposable articles are leakage of bodily waste (e.g., urine, feces,

35 menses), skin rash and irritation, contamination of large areas of the wearer’s skin with
feces, difficult cleanup of bodily wastes such as feces, waste odor, lack of customization
to individuals (e.g., fit), etc.



[ 4
30 January 27, 1981. Again, these self contracting gathers have the problem
t hat they elther require actlon by the caregiver to activapgckNEeropoponents
or operate continuously and require too nmuch of a liquid activator to fully
contract beomoms@iade contraction is proportional to the anoumrcTaiS9/i4s61
liquid activator. ss SUMVARY OF THE | NVENTION 5 DECEMBER 2002 WO 001 00144
PCTN599114561 3 The present invention ®s directed to a di sposabl e article
havi ng a di sconti nuous responsive systemthat acts in response to a
threshold quantitiy of an input such as bodily waste, e.g., to isolate it,
a conponent of bodily waste, e.g., to inhibit enzyme activity of , the
waste, or pressure, notion, other actions or conditions of the wearer,
e.g., to lubricate the skin, etc. A discontinuous responsive system has an
out put functi éttemiptst have bess erddeab Iayldressidmsmpmwemi Shpercabaotbiehtypalfmefse

| vent | ol Shafpley BRI, 1s8d 10 ynchite 1EERANE) ¥ af 45ROt arkif |ELEZR bnd
r eached, rqtmttm@ oBamee !ﬁgnwffsghaw alse bren pseslito improve fitcandnreduess leakage.
quantj ti gp;ted st Pﬂ&ﬁtNo 860 ?édﬂeenaawat%ugéme 81 PshiBRS ﬁrgf BispdBabide

stored in.the,_dispgsable article until|. the aciuator is needed to act upon
bodi |y wRéansr,” t‘F’Fé‘e arisgnnety, B. Buellopn Japuary hplddénforoexasepiporesaribes: #er eof .

This all @M@udlitﬂ legaamﬁspo@atﬂa aia@m that bes Baﬁmd‘dtmrdelaae@p ARt anedomitRérciap
desirable to ssaéglgr to ctlvate n system

that hasSHEER g?‘é?‘ésag{er?r?ﬂﬁs ﬁ"‘r“& %F%“fﬁﬁf CKAlSe Fsch b FRRUAIN; YA R t he
si ze andleakagdeubfidecessfsorfth¢ hrticke. t Sed, dor dtunsple,Writdd Satds Pandrt Nali4,695(298, t 0 a

PRkl Labenb AL SRihe BUICTS OO S Biokd] £ IERRRISYS |

system i nc y tonne

sensor aaamicmbem 82,0898k t United, Sms Patant Noi ¥, 239,40 eatitled GpdsarbienteAyticle
connect eﬁam iaeaﬁag%em&%tamwafm%w%wedfe@mfay BAPRIgRE o (f?qaaee{ 3! B8, and

t t wh det’éct d
| nput " inited riases Patemh oy 54 d7 | qemiled SAbSg rr%naﬁ*?ra?@'aléa@relgffbf@p@ette@lfgesa'
fitted tWith mar@epr msﬂd:c'tﬁ ité) Dreled) orf Jlueyts mnsn)%e S]Diipbﬁablecdgﬂdlwg}aé(n@t édat
sensaor o e ec ar r el n ada e (0]
Gorodt oRERAIel erneBSAHIE B Tiiatsbis ShpShent indtlis 38ivaSE A0 meiol'h B

connect edesponssaiodars ectiating sisquwti authuas ovatémad udnergp praxide ferat edidr gmee ioent
materi al ds?ﬂx%xﬁ@xbtm t'ogslfée §§ﬁ Vﬁvef élLéTb ic1gsauat e thﬁquég Lﬁﬁ’t@&’t ed

to di scon nuous enc su a ecgs en sal ensor det ec eées
DECEMVBERS$aiePajent thtlffds Rispesably AhsarbentrAgsicledHaving apilafiaabls) e

art : clje Spahig ”fxsstuteedom D\ﬁ?d\a{n laoambhsungw (1@»4%&;«5&9&55&%%&%

i ncludin S ative ec said ar ensor
bei nd® adgpstzgjt&f" ?ig‘llt]lggt f‘?ﬁ%‘? §§‘H§F‘§t eAO‘% ﬂ’l%?"%d?l g%ﬁﬁgt EXP B i)
an act uaCompumentlt issetd/ t@c(mrched,avonsalzl mnM.w 28al9PGadesmiber disposhbidi ng a

corD eS8l R pSqReL il ok A BEHRAERr B Sadg o

sal s*sal -
Whi | e t heespposs oi madtwatmg)hqmddwhvastwmcr af nxine. hamemexpa@dablplcynwgnms,out ’

and di st 'hB%’vé’r glleadr%lEﬁ'ﬁ ti@ i falihe yrEYtﬁQf‘ Leﬂﬂ%re 'aftldnsbyb g' &Yé’g‘i’vérh@tacﬁﬁ?éﬁne
claims wll be ter un erstoo rom ovmng escription tak q

conj Whct iCOMPRNEMHS Phépﬁé@o?ﬂﬂélﬁyi’ ang \KF‘H\‘@EC fae mucl B aFli‘tH!ﬁl activater 9 E‘i‘ dn
view of teRparf) bécalie thedpanki®f Opdpoaonal tdtheh@nduftssfrthe Immnhmmatdrn Ia

fl at - out ortlo fso? st,ructur

Cl oar Uy SOMoR AL ShrBRA R 6B eathers e et ciTossl R it AR i BB oy

di aper. RBuguaswatesbowineg Forexpmple, United Stated Patelitddo.| 4,246:800; entitiddtDiaper

devi ce of t i

Fi gure 2,&“ lﬂg\ﬁg @%ggﬂ? I{%é&fs e%{iﬂgﬁ i)sggéqe?chg}@%@ﬁ%ﬁ{eﬁn%c&ﬁéé@} ogl gure

3 shons dapeary 22c198le, Agmm,whce‘e aelfecoaﬂiaodmgrgathensﬂlaﬁe therprobleat that they teitbert | on.
require action by the caregiver to activate the components or operate continuously and
require too much of a liquid activator to fully contract because the contraction is
proportional to the amount of the liquid activator.

!
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r 5 DECEMBER 2002 WO 00/00144 PCT/ US99/ 14661 4 Figure 3A shows a sectional
vi ew, of Fi gure 3 taken along line 3A-3A of Figure 3. Figurg Eﬁ@@d‘ﬁ)oﬁ
perspective view of an alternative enbodi ment of Figure 2 a activation.
s Figure 4A shows a sectional view of Figure 4 taken al ong Ilne 4A- 4AA of

Fi gure 4wdoopsies 5 shows a perspective view of an enbodi neptTakIYtus61pr esent
I nvention including a soluble capsule. 10 Figure 6A shows a bl ock di agram
of an exenpl ary open | oop responsive3system Figure 6B shows a bl ock

di agram of an exenplary cl osed | oop responsive system ~ s Figure 6C shows
a bl ock diagram of an exenplary open | oop responsive systemincluding a
controller. Figure 6D shows a bl ock diagram of an exenplary cl osed | oop
responsi ve systemincluding a controller. zo Figure 7A shows an i deal

out put function of a discontinuous responsive system of the present

i nvention hhd pﬂ:smtanvaitﬁmt 1I9rcﬁﬁdacdddtol eu&lposd’alguﬂme? Baﬁhgvssd@ébnn@laodns out put

function of, a di ousS res t he ent ention
e SRSV LSt B A A, redronge rp Hipsoih Sty T e sRE 5 nhdile
f unct | wastgfe.g, @i isclatet 1t,rmommpom1poﬂ bodily wpstegengafto tmh'bhreazyme actmtynoﬁ on

al ong i %Ehgrh%ﬂegs?ﬁe, tn? %tl'?e qcﬁ%ﬂ Jdt ¢ ﬁ&itﬂbﬁg 'ol’ﬁ% \%ar&?% rﬁo Yb R\'Iﬁrlécawmt I on.

30 Figure unc a con a series
of fi rtbc skinglese. Pa@scqmnnmﬁ xaapqn;u& systemehats@nsmémut ﬂlmtgxwtbatgﬁ\eﬁnm Ya

secti Omaéa;feﬁa&wo?fm@tguaﬁ 6f R %A litfbe?oﬁd?§ REESHOIE®16VEE THR RSpdrdRleUdsim a

mechani resent | tion,
of the present mven’uon may act on y w en a threshold level of the input has been
reached, instead of responding in a continuous manner to increasing quantities of the
input. Thus, the actuator or a stored material may be stored in the disposable article until
the actuator is needed to act upon bodily waste, the wearer, the article or a component or
components thereof. This allows the responsive system to perform functions that may not
be desirable to be performed except when necessary or to activate an system that has been
stored in the article until necessary in order to reduce the size and/or bulkiness of the

article.

This invention is also directed to a disposable article to be fitted to a wearer comprising:
(a) a responsive system including:

(1) a sensor operatively connected to said article, said sensor adapted to detect an input,
and

(i) an actuator operatively connected to said sensor, said actuator being adapted to
perform a responsive function in a discontinuous manner when sald sensor detects said
input.

This Invention is further directed to a disposable article to be fitted to a wearer
comprising:

(a)  a responsive system including:

(i) a sensor operatively connected to said article, said sensor being adapted to
detect an input assoclated with feces,

() an actuator operatively connected to said sensor, sald actuator including a
compressed resilieﬁt material constrained in a vacuum sealed film, said actuator being
adapted to discontinuously encapsulate feces when said sensor detects feces.



5 DECEMBER 2002 W O 00/00144 PCT/US99/14661 Figures 10A and 10B show an
enbodi nent of a responsive system of the present inventi ongdteMeek p@2an
electrically sensitive gel. s Figures 11 A 11 B and 11 C show anot her
enbodi nent of a responsive system t he present invention including an
electrically sensitive gel. Figure T2 shows a per spective view of an
alternative enbodi nent of a bodily waste isolation device of the present

i nvention. ~o DETAILED DESCRI PTION OF THE | NVENTI ON As used herein, the
term "absorbent article"” refers to devices which absorb and contain body
exudat eJhisdMdeMinCis SASS drtHer! dindcteti b e TishBsalRY iaftRfe tdibe Mittkictorh amsleragai nst
i s or in proximty to the body of the wearer to absorb and contain the
var i ous cesplsings di scharged fromthe body. The term "di sposabl e" is used
herein ggig bh&lfe SIS ARMdify:t i cl es which generally are not intended to

be | aundered or otherw se restored or reused as an absorbent article (i.e.,
they ar é)iasenwsapergtivaly aprnestedda saidiatticle, saidsansorkeing adarted & er abl y, to be

recycl edoteePBR RPLUELSBEIaId \WifV'h BEAIY wkds@mdof 1N an environnental |y Zo
conpati bl e manner). (As used herein, the tern1"d|s§osed" i S usg@ t o _mean

that an (Bl afeAetyslopronsrativeiyasepnected dpnedld ( Fensebd saldd apwatar; iskging @

par ti culegipris3e® resili?R Thitbdl @hsfaibed irRbYvaghiimCéeald fiini Bdaitbe o elbesmnt s of
t he diaper or _as a separate elenentg%%éned t 0 anot her el enent of the

di aper . spld heslywasleaytien sajbsensprietp ibodivWaRt8sses configurations
whereby an elenent is directly secured to another elenment by affixing the
is element directly to the other elenent, and configurations whereby an
elenent is indirectly secured to another elenment by affixing the elenent to
i nternedi ate nmenbers) which in turn are affixed to the other elenent.) A
"uni tary" absorbent aBRldieDEoCARH’ Fis DEODISAYINGES whi ch are fornmed
of separate parts united together to forma coordinated entity so that they

do not requirg_ separate manipul ative paris |jke a separate hol der an
liner. A 3o pVoRer & FPEFIHIGR G SORSIFdesh With I, 64 AP LFABay PO Wit AWt
iF_nventi Cdistimtlyhﬂaiunitha_rp}’esdhﬁ pozatibe, ibis ebiewsd ?hdtimbse chirhs obitl Bé),beﬁhovml in
i gure € er ei L., di “ref. o) ticle
gener al f““d\%gsﬁné’%b@an‘?‘sﬁ?@"‘é{ﬁ'% 4%8@?&%%& b% F §lgﬁé&é%no@ﬂttﬁ€%%°\?§¢%o 0.
The prestawinggiewhiohn i s al so applicable to other absorbent articles such
as incontinence briefs, incontinence undergarnents, absorbent inserts,
di aper holders as and liners, feninine,hégiene.garnnggs, W pes, nops,
bandages and Kigure | kis a plars vigwrafpthe atiole ™ made dhoancerdancewith dem prosept 6
Fi gure linvéntidnihanfaticiesate dithaidriiedscofAfle slrudthiee HYiRS Cittawdpv@nhbRtleaMdi ch i s
shown in thlt?l Fl%gr{ue.as dla%gcﬁr, #ln .a#%#-%t{t éﬁtate wi th portions of the
struct ursé’OB’e ﬁ§° 93%9&318 & reen § f‘ﬁ WShist ruction of the
article 20. The portion of the article 20 which s faces the wearer is
oriented towaf; ﬁreti‘ﬁmoWs%"Ferrspf%ﬁvé DRWPof I bddi %&t&ijofaﬂﬁp QEicE bfthé Present
preferably congrises a liquid pervious topsheet 24; a liquid |npéervious
backshedfvengiondn agompressert statgrhefors activation. i s preferably positioned between
at least a portion of the topsheet 24 and the backsheet 26; side panels 30;
elasticized leg cuffs, 32; an el astic ist feature.34;.and g fastening
syst em generaﬁgw shivit e sechignalyiey ¢ nz&w@%ﬂﬁﬁfﬁs&ﬁ% ~0 1 to have
a first waist region 36, a second wai st region 38 opposed to the first
wai st region @6 angd.a crotch reqgion 37,1 ocat.ed.hbe he fa [ St,. Wai st
oq on and t HEBSECHTR A RERAEE S o SHReh R Wik 2 dnef AloviibR
defined by the outer edges of the article 20 in which the |ongitudi nal
edges 50 run generally parallel to the longitudinal centerline 100 of the
article 20 and the end edges 52 run between the |ongitudi nal edges 50
generally is parallel to the lateral centerline 110 of the article 20. The
chassis 22 of the article 20 conprises the main body of the article 20. The
chassis 22 conprises at |least a portion of the absorbent core 28 and

preferably an outer covering |ayer including the topsheet 24 and the
backsheet 26. If the absorbent article




Zo conprises a separate holder and a liner, the chassis 22 generally
conprises the holder and the liner. (For exanple, the hol ECERMBER rise
one or nore |ayers of material to formthe outer cover of the article and
the liner npyooMeREi se an absorbent assenbly including a toppberisesfies:
backsheet, and an absorbent core. In such cases, the holder and/or the
liner may include a fastening el enent which is used to hold the liner in

pl ace throughout the is time of use.) For unitary absorbent articles, the
chassis 22 conprises the main structure of the diaper with other features
added to formthe conposite diaper structure. While the topsheet 24, the
backsheet 26, .and the absorbent core 26 _nm e assenbled_in a variety of
wel | known corfiBfErat homes a sscapaal visy at6 %lg@% ﬁ@m @'GP&PPB%@‘%Q}IE% bed

" generally in U S Pat. No. 3,860,003 entitled "Contractible Side Portions
for Disposabl e,.D aper,” 30 which .issued fto Kenneth B. Buell .Janyary 14,
1975, U8, Patligws 4 SovsR BRSpsesat AiF of BTSN SsihodiBen & Fiages

U. S. Pat .actiation, 221, 274 i ssued to Buell on June 22, 1993; and U.S. Pat. No.
5, 554,5145 entitled "Absorbent Article Wth Miultiple Zone Structural

El astic-Li ke FilmWb Extensible Waist Feature" which issued to Roe et al.
on Sept enber Kiguregeshawss seetipnal niew 6f BigorexBtakemaiong die 4B-44 of Higuee ful | - On
Pant" which 3s issued to Buell et al. on October 29, 1996; U.S. Pat. No.
5,580,411 entitled "Zero Scrap 5 DECEMBER 2002 WD 00100144 7 .

PCT/ US9911466Figatend shews anperspastive view ofiancembodimentat thenprgsans dnveationc| es”
whi ch i ssH8idding aNofffe @dpsale. On Decenber 3, 1996; and U.S. Patent
Application Serial No. 08191 S, 471 entitled "Absorbent Article Wth

Mil ti“Directional Extensible Side Panels" filed August 20, 1997 in the nane
of Robl es et afiguresiiC bhabs ablock dizgram o ampexemsiaryopeailooprgsponkiee epstem. s The
backsheet 26 is generally that portion of the article 20 positioned

adj acent the garnment facing surface 45 of the absorbent core 28 which
prevents the eikigueet shdysor blogk diagram of an exeanplaryralosed loapmespoosive sgstemt i cl es
whi ch may contact the article 20, such as bedsheets and undergarnents. In
preferred enbodi nents, the backsheet 26 is inpervious jo to liquids (e.g
uri ney and confpEreceC shows 3 Blpek diagram pfaa GXemBlary, opeelogp Jespopsive sysiem

havi ng a inbliudigescondbllahout 0.012 nm (0.5 ml) to about 0.051 nmm (2.0
mls). Suitable backsheet filns include those manufactured by Tredegar

I ndustries Inc. of Terre Haute, IN and so |d under the trade nanes X 15
306, X 10962 aFigurée 4D3bdws @ttleck diagrasbdfanexekphastclosad dyapalespomsiyeispsiemde
br eat habl rd ich permit vapors to escape fromi s the article 20
whi | e stiﬁfmingvdeﬁdtrﬁrr?gg*éxudat es from passing through the backsheet 26.
Exenptary breathable nmaterials may include nmaterials such as woven webs,

nonwoven webs, FipRfPPAish6éwsah fddahbiitpat'filicién 6f 4 HiseOtiriduspsnshe fn ofand

m croporouys fil nes. suchlﬂ?9 manuf.act uyr e (3% M{:sw Toat su Co., of Japan under
the desi gHEPFORNBEERRUR vm%dawg%@%l B¥etal co., of Bay Gity, TX, under.
t he designation EXXAIRE. zo Suitable breathable conposite materials -7
conpri sing pol r e i ; . [Qn,

G et nnat C, "o e B EREs Ahdd At Bubele hcli B SRR RUE KBRS sysiom.of
conpogs t ethepresentinyention hiwing mpltiplé thresheldilevelsiet ai | in PCT Application No.

1 WO 95/16746, published on‘June 22, 1995 in the nane of E. |. DuPont and
copendi ng U.S. _Patent plication Serial No, 08/ 74461, 48,7, filed on Noyenber
6, 1996 in t heFiaame 8% shawsan, exemplary oupuumghion: of A AiSEIKILONS, F3SRORSHYE
nonwoven ¥akdn af §he priséntlifdedtRin®eng Withbthe TR st eeconidhad thitd dedvatiat of Nee
5,571,096 1ssued to Dobrin et al. on Novenber 5, 1996. Each of these

r ef er enceQUtpUt F‘é%f i ncorporated by reference herein. In some enbodi nents
such ags an insert for article 20, however) the backsheet may be liquid

pervi ous and f xanpl ipclude the sa material s.as_descri W th
respect to 30?@%?\3@( g?ﬁr’gﬁﬁwfgﬁ'ﬁém@% I?Sﬁe‘éanﬁtfé Fy%;m?@l%? g?rbcﬁ ?tﬁ@ggof,
may be el esder tagk hyvingtaareguill téme Gomstantor nore directions. I n one enbodi ment,
t he backsheet 26 may conprise a structural elastic like film ("SELF") web.

A structural elastic-like filmweb is an extensible material that 3s
exhi bits an el Xégure-9A lshowe hensectionah vieme oflianeembedimegnt of @ntgapansivensystenut

the usg ofnddtifta meehGEHRAED SP0E pHieMAntiiiidg. 8



PCT/ US99/ 14661 el astic materials. The SELF web includes a strainable

« network having at |east two contiguous, distinct, and di ssigRdeRiBeR88H20NS-
Preferably, of the regions is configured so that it will exhibit resistive
forces in YOMAAY 10 an applied axial elongation in a di re®CTBIEIPAF6AI | el
to the predeterm ned axis before a su%stantial portion of the other region
devel ops s significant resistive forces to the applied elongation. At |east
one of the regions has a surface-pathlength which is greater than that of
the other region as neasured substantially parallel to the predeterm ned
axis while the material is in an untensioned condition. The region
exhi biting the | onger surface-pathlength includes one or nore defornations
whi ch extend heyond the plane of the other region. The SELF web exhibits at
| east two i o Togwes 0Axand 108 shove p gmbedimeat obf respansivg system of the present or ce
t o el onga¥dnéiondhélidinglanleRREicalP SensitRieq@@pt er m ned axi s when subjected to an
applied elongation in a direction parallel to the predeterm ned axis. The
SELF web exhibits first resistive forces to the applied elongation until
t he el ongat i dfigofestlld, idB aml BLC Show andthércermbotdiment Sfubsdsponsivd syaterh iofn of

t he regi ' l. [ - | th to enter the plane of
applied t@?%%géﬁt?gﬁ%%é&g%é%gﬁe%g&ﬁ%l%g%@ﬁﬁ&glgdexhi bits second resistive
forces to further elongation. The total resistive forces to elongation are
hi gher than t i I,Skd : I i ' first
regi on. SELF WEBS L5 RORF s plotRolitk SRE f o A0GAE o BthARTLY Wiy el
descri be¥pstisplation dgyise of tig presentiigveationent i t | ed Web Materi al s Exhi biting
El asfpi c- Li ke Behavior, which issued to Chappell, et, al on My 21, 1996,

“which is incorporated W ernat e enbodi ments, the
backsheet 26 may coq‘ r;P mﬁb@ég Q&ds, or

conbi nations of these or other suitable materials wth nonwovens or
synthetic fil c be.:.1Qh t e adihe
absor bent C(_)r'ggs ?ﬁé—&(;ﬁe}a%ﬁ‘y Kﬁé;?eg&hgargsgénr}eﬁlagf ! S fgréﬁn‘gﬁe%%abgﬁ%’ﬁg ?nﬁ

at t achrmeentai hady kxedates, and more specifivally eseferp lte devipes which @rplacedregainstnay
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The configuration and construction of the absorbent core 28 may al so be
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acqui sition zones; or may conprise one, or rore | ayers or structures).
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The sensor 60 may be disposed in and/or operatively connected to any
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of bodily waste may include, for exanple, noisture, electrolytes, enzynes,
vol atile gases, so bacteria, blood, etc. A conponent of th%d@@éﬁﬁﬁaﬂﬁy al so
i nclude skin, genitalia, the anus, the anal sphincter nuscle, . etc.
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an absorbent core, an acquisition conpddent, a fastening system the
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mechani cal, chem cal or thermal kinetic energy. An actuator of a disposable
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agents, enzyne inhibitors, pH buffers, dyes, pressurized gas, a conpressed
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salt concentration sensitive gel, etc..,Alternatively, an actuator 70 of the
present invention nmay conprise a quant1|3ty of a ~o0 stored material that has
the capacity to performor activate a responsive function upon the waste,
the wearer, the article, or any conponent or conponents thereof. In one
enbodi ment, for exanple, the act uator 70 may deliver a stored material that
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The article 20 may also comprise side panels 30. The side panels 30 may be
elastic or extensible to provide a more comfortable and contouring fit by initially
conformably fitting the article 20 to the wearer and sustaining this fit throughout the time
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In article 20, for example, the sensor 60 may be located in the front waist region
36, the rear waist region 38 or the crotch region 37 of article 20, and may be integral with,
disposed adjacent to, joined to, or comprise a portion of the chassis 22, the topsheet 24,
the backsheet 26, the absorbent core 28, side panels 30, leg cuffs 32, a waist feature 34, a
30 fastening system 40, the longitudinal 50 or end 52 edges, etc. The sensor 60 may be
integral with the article 20, or may be installed by the caretaker or the wearer. The sensor
60 may be external to the article 20, may have a portion located outside the article 20, or
may be completely contained within the article 20. For example, the sensor may have a
_ receiving portion located in the article such that it will come into contact with the desired
35 input and another portion such as a transmitting portion located either in the article or
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35 PCT/ US99/ 14661 I n anot her enbodi nent, an electrical sensor may detect
changes in the electrical activity of the wearer’s ext er ngd peigfBeR Bid2NCt er
nmuscles to predict an immnent urination and/or defecation, i.e., a
proactive SpH96bo144PON detection of a threshold signal drop POTRISGd/ ekl | Ca
activity of the nuscles, the sensor or the controller may, for exanple,
trigger the opening of a valve to rel ede water to dissolve a water soluble
portion or seal of a bag that holds a conpressed foamin vacuum conpressi on
as descri bed above, in preparation to capture waste of the inm nent
urination and/or defecation. Alternatively, the switch may effect the
rel ease €.co 03|t|o to treat t% ski.n urface to feces
g Sisrle o
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Zo when the restraining material at one or both of the restraining points
di ssol ves, the elastic material may contract and form a seglgcembERr bdde Skin
of the wearer. In yet another enbodi nent, one or nore fecal enzynes may be
det ect ed bWO/Mtdsor such as an enzyne-degradable film or RGEUSVI46L a
bi osensor as descri bed above to xs trigger a separate actuator, e.g., an
electrically operated valve, to deliver an enzyne inhibitor to treat the
skin. Exenplary enzyme inhibitors are disclosed in United States Patent
Application Serial No. 091041, 266 entitled "Di sposabl e Absorbent Article
Having A Skin Care Conposition Containing An Enzyne Inhibitor" filed on
March 12merhBfdfies, WWI'ER membranes, quipdmide hyembfanes nand predyester.  Othey eduitablet her
enbodi ment, certain pH 30 conditions may be detected b the use of a pH
sensi t i VBaiGHRIS afpwaveRaRolBwEHC ancshes; SuFh as dolyamid @%mo Hhylene mgehes
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rel ease Wltibrﬁhdn care treatnment agent or conposition. Exenplary skin care
conpositions (or lotions), are disclosed in United States Patent Nos.
5,60% 760 entitled 3s "Disposable Absorbent Article Having A Lotioned
Topsheet Contaj ni ng An I'1ient I\/BER 2002 Q0/ 00144 37
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further stmghuemmggha stripy uAttemaﬁvnﬂgbdmelbctpsbi@eSensmvbgekﬁimed in airetéahlated sai d
topsheet griarbqtt@ﬂ, moésb&%n%rﬁg@& @?ﬁ?i’l@%&ﬁ?&, ﬂltay be electrically induced to
swell or shrink when urine is detected to form a valve that allows and/or prevents urine
flow to another portion of the article 20. Figure 11A, for example, shows a circuit
30 including a reticulated grid pattern of an electrically sensitive gel. Figures 11B and 11C
further show a microscopic view of the grid in a shrunk and in a swelled configuration,
respectively.  An exemplary material is a weakly cross-linked PAMPs gel
(poly(acrylamido-2-methyl propane) sulphonic acid). This type of gel may perform
various functions such as the creation of a void space for feces, wiping the skin, applying



| east a portion of said topsheet and at |east a portion of said backsheet.
3. The disposable article of claim1 further conprising a kbgedsber 2002

i nper meabl e | ayer. 4. The di sposable article of claim]1, erein said
sensor is Woeradlse. 5. The disposable article of claiml, wWErus9/1d661d
sensor and said actuator are distinct corrponents 6. The di sposable article
of claim1l, wherein said sensor is ad ted to be affixed to the wearer. 7.
The di sposable article of claim1l further conprising a controller, said
controller being adapted to receive a signal fromsaid sensor and al |l ow
said actuator to performsaid responsive function when a threshol d level of
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activating a fecal void spacer; opening a valve to allow urine to flow into a storage

device; releasing an enzyme inhibitor, skin care composition, pH control agent, or other
skin treatment aids as known in the art. =

25 The actuator 70 may be disposed in and/or operatively connected to any portion of
disposable article that will allow the actuator to perform a responsive function upon the
bodily waste, the wearer, the article, or a component thereof. In article 20, for example,
the actuator 70 may be located in the front waist region 36, the rear waist region 38 or the
crotch region 37 of article 20, and may be integral with, disposed adjacent to or joined to

30 acomponent of the chassis 22, the topsheet 24, the backsheet 26, the absorbent core 28,
side panels 30, leg cuffs 32, a waist feature 34, a fastening system 40, the longitudinal 50
or end 52 edges, etc. The actuator 70 may also be completely contained within the article
such as article 20, may have a portion located in the article and a portion located outside
the article 20, or may be completely external to the article 20. An actuator 70 or a portion

35 of an actuator 70 may be operatively connected to one or more sensors 60, one or more
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5 'DECEMBER 2002 40 17. The di sposable article of claim1, wherein said
actuator is adapted to transforma potential energy in orgeectmearezntar m

sai d responsive function, said potential energy being selected fromone or
more of thhWQRiddpedof stored mechani cal ener gy, conpressive REIAIRIA1E6851
energy, torsional nmechanical energy, stored chenmical energy, stored

el ectrical energy, and a battery. 18. The disposable article of claiml1,
wherein said sensor is selected fromthe group of: an electrical sensor, a
mechani cal sensor, a chem cal sensor, a water soluble film a water soluble
pH sensitive film a biosensor, a non-environnental sensor and a cl osed
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liquid transport menber. 20. The disposable article of claim1, wherein
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per f or me suc responsi nctio
be nodeltbecontralies S&ﬁlmsdhe actuator 70 to release stored energy to perform a responsive

20 function. The actuator 70 is the combination of the compressed foam and the loss of
vacuum, which allows release of the stored mechanical energy of the compressed foam.
In this example, the controller 80 acts as a one-time switch. An electrical controller 80
that receives signals from the sensor 60 such as electrical activity of muscles of the
wearer, however, may receive and monitor multiple electrical signals and may repeatedly
25 trigger the actuator. The controller may be integral with the sensor component, integral

at may

with the actuator component, or a separate component of the system.

The controller 80 may be disposed in and/or operatively connected to any portion

of a disposable article that will allow the controller 80 to receive a signal from the sensor

30 60 and to provide a signal to the actuator 70. In article 20, for example, the controller 80
may be located in the front waist region 36, the rear waist region 38 or the crotch region

37 of article 20, and may be integral with, disposed adjacent to or joined to the chassis 22,

or a component of the topsheet 24, the backsheet 26, the absorbent core 28, side panels

30, leg cuffs 32, a waist feature 34, a fastening system 40, the longitudinal 50 or end 52

35  edges, etc. The controller 80 may be integral with the article 20, or may be installed by



r . dR ~ k (aRT) | dl ~~~=io (alT)' wherein said constant k is greater than
or equal to a value selected from about 100. 26. The di spasmHcERBER 2002] € Of
claim1l1, wherein said responsive function is performed such that said
responsi ve WOEMAhas an out put function that may be nodel ed"ﬁ?’”&”fhﬁ?’r ol
system having a transfer function of tg equation: KEs)=K/(Ts+l1 )"

wherein said n value is greater than or equal to a val ue of about 25. 27.
The di sposable article of claim1l, wherein said responsive function is
performed such that said responsive system has an output function that may
be nodel ed by a control system having a transfer function of the equation:
K s) =K/ {hescatetaker orthe @reared al'Kher‘cdna’oller 86 n@lyelaat edmplb&ly oonteied lwithin aheval ue
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place m an absorbent core of an cle, for example, provides a continuous response in
which the output is quantitatively dependent upon the quantity of the input,i.e., as
increasing quantities of liquid waste contact the super absorbent polymer, an increasing
amount of the polymer contains that liquid until the capacity of the polymer is exhausted.

20 A stoichiometric chemical reaction is another example of a system having a continuous
response to increasing output. In the reaction A +excess B — C, for example, the
amount of excess B converted to C is stoichiometrically and, therefore “continuously,”

e related to the amount of A available in the system. One example of a continuous
' responsive system in which an inflatable spacer inflates to provide a void volume to store

25 feces via a stoichiometric chemical reaction when a liquid such as urine contacts a gas
evolving material, i.e., a cortinuous responsive system, is described in United States
Patent No. 5,330,459 entitled “Disposable Absorbent Article Having An Inflatable
Spacer,” issued to Gary D. Lavon et al. on July 19, 1994. Another example of a
continuous responsive system in which a disposable article that improves the fit on the

30 wearer by a liquid such as urine dissolving a film to release a leg cuff that has been held
in an expanded state is described in United States Patent No. 4,246,900 entitled “Diaper
Including Moisture-responsive Seal Means,” issued to Schrider et al. on January 27,
1981. A responsive system that passively releases a stored material, however, generally
provides a continuous response regardless of how the material itself is released because

35 the actual responsive function performed upon the bodily waste, the wearer, the article, or
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s continuously increasing quantities of the input are required to effect continuously
increasing quantities of the output until the material released is exhausted.

A “discontinuous responsive system” of the present invention, however, refers to a

responsive system that has an output function that is essentially independent of the

10 quantity of the input beyond a threshold level. For example, when one or more threshold

levels of a given input are met, the responsive system may release all or a pre-designated

portion of its stored energy or deliver, i.e., actively transport, all or a pre-designated

portion of its stored material to perform a specific responsive function. In an ideal

embodiment of the present invention, the output function, f(x), includes a “step” function

15 as shown in Figure 7A. In this embodiment, the rate of change in the output with

increasing levels of input (d(output)/d(input)), i.e., the slope or first derivative f’(x) of the

output function f(x), is preferably essentially zero when the amount of input is above or

below the threshold level. At the threshold level, however, the d(output)/ d(input) rate of

change preferably approaches infinity. Thus, in the ideal discontinuous response, the

20 limit of the function f(x-€) as €—0 is not equal to the limit of the function f(x+€) as e—0,
i.e., lim f(x-g) = lim f(x+€).

e—0 e—0

The present invention, however, recognizes that in the physical world an ideal

25 instantaneous step change at the threshold level is not necessary and may not even be
possible in many instances. In a preferred embodiment, it is only necessary that the
output function have a virtual step change with very little change in the input at or around

the threshold level of the input. Thus, the present invention contemplates a discontinuous
responsive system of the present invention having an output function that responds in a

30  sufficiently discontinuous manner in the transition region such that the output function

has at least a minimum relative degree of steepness in the transition region. While not
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<!” 3109y (Mtf)ut function f(x) describes the effect of the input (x or I) on the output or response
(R()). For purposes of the present invention, the transition region is defined as the region
10 between the relative maxima, R(l,), and the minima, R(l,), of the second derivative, f’(x),
of the output function, f(x). The relative maxima, R(l,), and the relative minima, R(l,),
are points at which the third derivative, £7’(x), equals zero. The inflection point, I, is
defined as the point in the transition region at which the second derivative, £’(x), equals
zero, i.e.,
15 R |
— | =
dr? | 1=l,
The c;>mparison of the slope of the output function at the inflection point to the slope of a

line between the first and the last points of the transition region can be described by the

e

20 equation:
dR | ( AR;)
— 1 =%
da | 1=l, (AlL)

In this equation dR/dI at the inflection point is the first derivative of the output function at

25 that point. The term Al is the change in the input to the responsive system between the
first, I,, and last, I,, points of the transition region, i.e., I, - I, and the term A Ry is the
change in the response of the output function between the first and last points of the
transition region, i.e., R(I,) - R(I,). The coefficient k is a proportional constant that

describes the relative steepness of the slope of the output function at the inflection point,
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In certain embodiments, the relative degree of steepness in the transition region of
a discontinuous responsive system may also be modeled by a transfer function of a
control system having a series of an integer number, n, first order lags with an equal time
10 constant. The transfer function of the responsive system is defined for the purposes of the
present invention as the ratio of the Laplace transforms of the output (responding
variable) to the input (disturbing variable). See, e.g., Robert H. Perry & Don Green,
Perry’s Chemical Engineers’ Handbook, Sixth Ed., Chap. 22 (McGraw Hill, Inc. 1984).
As shown in Figure 8B, the relative degree of steepness of an output function may be
15 approximated by the formula: KG(s) = K/(Ts + 1)" in which KG(s) is the transfer
function, K is a proportional element, T is the time constant of the system, and n is the
integer number of first order time lags. In this model, as the number n increases, the
steepness of the output function in the transition region increases, and the model begins to
approximate a discontinuous responsive system. Certain discontinuous responsive L

20  systems of the present invention preferably may be modeled by the above formula when n |

is greater than or equal to about 25, with n being greater than or equal to about 50 being

more preferred, and n being greater than or equal to about 100 being the most preferred.

As shown in Figure 7A, a responsive system of the present invention may include

25 asingle threshold level at which the responsive system may release all of its stored energy
to perform a specific responsive function or may include multiple threshold levels at
which the system may release a pre-designated portion of its stored energy to perform one

or more specific responsive functions at each of the threshold levels. In an embodiment

having a single threshold level, for example, the responsive system may release all of its
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In such a single threshold embodiment, In this example, the discontinuous responsive
system includes a system that has two states such as on or off. When a threshold quantity
of an input such as bodily waste is present in the absorbent article, the responsive system
may perform a single responsive function upon the waste, the wearer, the article or a
component thereof, such as enveloping the waste away from the skin of the user. Thus,
the discontinuous responsive system may perform a one-time “switch-like” function that

changes from one state to another in the presence of a threshold level of an input.

Alternatively, as shown in Figure 7B, the responsive system may have multiple
threshold levels at which when each threshold level is met the system may release a given
“quanta” of energy or deliver a given quantity of material to perform a specific responsive
function. In this embodiment, when each threshold level is met, a portion of the entire
responsive function may be performed and/or different independent responsive functions
may be performed in response to different threshold levels being met. For example, a
responsive system may monitor a fecal enzyme and when each threshold enzyme level is
met may deliver an equal or unequal quantity of enzyme inhibitor(s), or may in_ﬂate or
expand a storage component of the article or deliver a pH buffer at the first threshold level
and- perform another responsive function such as delivering a quantity of enzyme
inhibitor(s) at the second threshold level. In each transition region, the responsive system

responds essentially the same as the transition region in the single threshold embodiment

described above.

In addition, a responsive system may monitor multiple inputs such as moisture
and/or one or more fecal enzymes and perform one or more responsive functions when
the threshold levels of the different inputs are met or may perform one responsive
function only when two or more of the threshold levels of the different inputs are met.
Thus, a controller may monitor multiple different inputs and perform a different

responsive function when the threshold level of the different inputs are met.

10
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different inputs is met.

In one embodiment of the present invention, a bodily waste isolation device
comprises a compressed resilient material that is held in compression within a bag, at
least a portion of which is water soluble. Preferably, the compressed resilient material is
held in vacuum compression within the bag. When a threshold level of moisture, i.e., the
input, dissolves a portion of the water soluble region and discontinuously releases the
vacuum, the compressed material expands, i.e., the increase in volume is the output, and
may perform a responsive function on one or more bodily wastes. The compressed
material, for example, may be a resilient plastic foam that has a shaped void that, when
expanded, has a sufficient volume to capture feces. The bodily waste isolation device
may be placed in the article 20 adjacent to the anus of the wearer so that when it is
allowed to expand it may capture bodily wastes such as feces and store the waste away
from the skin of the wearer. Alternatively, the compressed material may be an absorbent
material that functions as a pump by drawing fluid into its body as it expands. As shown
in Figures 9A through 9C, for example, a compressed, high porosity, large cell, resilient
foam as described above may be contained in a film, envelope, bag or capsule having at
least a soluble portion 392 and an insoluble backing 393. Figure 9A shows an exemplary
mechanical pump of the present invention. Figure 9B shows feces on the structure, and
Figure 9C shows the structure after the feces is absorbed. Preferably, the compressed
foam is held under vacuum. When a liquid such as urine, menses or fecal moisture
contacts the soluble film, the film dissolves and allows the compressed foam to expand
and draw fluid into the foam as it expands. In one embodiment, the absorbent material
may include multiple cells that are individually vacuum sealed in order to maintain a
suction with overlying waste.

In the bodily waste isolation device embodiment shown in Figure 2 and 3, the
compressed material 94 may comprise any elastic foam that has suitable compression and
recovery properties so that it is capable of being compressed and held within the bag 92
and also capable of recovering a substantial proportion of its original height, preferably at
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comprises a soluble region or a soluble seal. The soluble region or seal may dissolve in
contact with, for example, water, urine, fecal enzymes, etc. The bag 92 preferably retains
the compressed material 94 in a vacuum compression state until a portion of the soluble
5 region of the bag 92 dissolves enough (i.e., a threshold level of water is detected) to
discontinuously release the vacuum. Once expanded, the foam is also preferably rigid
enough to withstand the weight of a baby, for example, so that the foam will not compress
significantly, preferably less than about 50%, and release the captured waste if the baby
sits on the device. An EVA foam, for example, such as the ones available from Foamex
10  Corporation of Eddystone, Pennsylvania identified as SIF/210PP1 or Aquazone 80A
foam, or from Sentinel Products Corporation of Hyannis, MA identified as MC1900 EVA
2 b/ft’, or a foam as described in United States Patent No. 5,260,345 entitled “"Absorbent
Foam Materials For Aqueous Body Fluids and Absorbent Articles Containing Such
Materials" issued to DesMarais et al. on November 9, 1993; United States Patent No.
15 5,387,207 entitled "Thin-Until-Wet Absorbent Foam Materials For Aqueous Body Fluids
And Process For Making Same" issued to Dyer et al.-on February 7, 1995; and United
States Patent No. 5,625,222 entitled "Absorbent Foam Materials For Aqueous Fluids
Made From high Internal Phase Emulsions Having Very High Water-To-Oil Ratios"
issued to DesMarais et al. on July 22, 1997 may be used as the feces capture compression
20 material 94. As shown in Figure 2, the compression material 94 may include an aperture
that is open when the compression material 94 is compressed. When the compression
material 94 expands, the aperture may be enclosed by the perimeter of the compression
-3 material 94 as shown in Figure 3. This allows the waste to be captured or encapsulated
) away from the skin of the wearer inside the aperture of the compression material.
25 Alternatively, as shown in Figure 4, the compression material 94 may have an open
aperture that acts as a spacer and provides a void space having a sufficient volume to store
bodily waste deposited in the article 20. This allows the compression material 94 to

receive multiple bodily waste insults after the compression material 94 has expanded.

30 The bag 92 may be soluble in the presence of one or more different types of input,
such as water, urine, fecal enzymes, a pH level, etc., and may have physical and/or
chemical characteristics (e.g., thickness) that may be designed to set a threshold level of
that input required to dissolve the bag. The soluble bag 92 may, for example, comprise a
plastic film that is soluble to water such as a PVA film supplied by Chris-Craft Industrial

35 Products, Inc. of South Holland, IL as MONOSOL M7031 film, or H. B. Fuller Company



10 10 10! 1/$109%& ()-!1/$109%& ()-9."109%& ()-_j a?rs4
10Y! 3f 3(109%& ()--&L0%& ()- 11 :$109%& ()-!11 :$10%S& ()- S# 5 pEcEMBER 2002
109& () - 109& () - wU3r S4

11 F, , $10% Ww-00h@24 " n{ 10%& ()-! 31 "n{ 10%& ()-! 3$10% () - ! 3$10e@RUSPII468f 3( 10
o8& ()--uv7 1!110%& ()-!S 10%& ()- 10 10
10! | 9$10%&' () -fL4"10%&' ()- F,, $10%&' ()24 dBuv7

11113s' 10%& ()-f @ 10%&' () - @$109%& ()-3 nf 109& () - S#10%& () - y10%&' () - OWUBUV7
1! &0109& () -

1Y) M 10% ()-@PY)M 10% ()- @ $10%& ()-! " $10%& ()-!$‘190/&' ()-2 jrg\=
é;gg\s zlocé/f‘sf)l’(a&ém%s%-ﬁ?’lﬁ fi,gfl/ I ()ggé%'.?‘Pﬁ/e&%il(n)lih!ickn%%s%gg@éx%plle,1xr%a1y02 Y
modified to provide a desired activation. The film used may, for example, also have a
thickness in the range from about 0.0005 to about 0.0015 inches. An HL 1636 film
having a thickness of about 0.001 inches, for example, will activate with a moisture
5 content of about 0.049 grams per square inch.

In this embodiment, the bodily waste isolation device 90 operates as a non-
modulating, discontinuous responsive system. The soluble portion of the bag 92 acts as a
sensor that responds to a specific input. The sensor may, for example, be responsive to
1o water in urine or an enzyme in feces. When any soluble portion of the bag 92 contacts a
threshold level of urine, fecal moisture, or a fecal enzyme, the soluble portion of the bag
92 dissolves and releases the compression material, which expands to capture, surround or
envelop the feces deposited upon the article 20. The physical and chemical characteristics
of the material used to form the bag 92 define the threshold level of the input and act as a
15 controller that determines when the compression material 94 is to be released. When the
bag dissolves, the release of vacuum and the expansion of the compression material 94
function as an actuator to capture the bodily waste. Thus, the bodily waste isolation
device 90 acts as a one-time discontinuous switch that releases the stored mechanical
energy of the compression material 94 when a threshold level of a given input is detected.
20  The useful energy of the responsive system includes: (stored energy) - (hysteresis loss).
The compression material 94 used preferably has a minimal hysteresis loss and a
maximum recovery. More preferably, the compressive hysteresis loss is less than about

25 % so that the recovery upon release is at least about 75 %. o

25 In another embodiment of the present invention, a foam such as described in the
above example or another resilient material may be twisted creating torsional mechanical
potential energy and enclosed in a soluble film, envelope, bag or capsule as described
above. Preferably, the twisted resilient material is held in the twisted position in the
soluble film, envelope, bag or capsule under vacuum. In this embodiment, when a

30  threshold level of moisture, pH, etc. is detected the film or capsule dissolves,
discontinuously releasing the vacuum, and releasing the foam. The stored torsional
mechanical potential energy causes the foam to unwind and may perform a responsive
function such as storing, capturing or entrapping bodily waste such as feces, urine or

menses, wiping the skin of the wearer, applying a skin treatment agent to the skin of the
35 wearer, etc.
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5 electrical activity of the muscles, the sensor or the controller may, for example, trigger the
opening of a valve to release water to dissolve a water soluble portion or seal of a bag that
holds a compressed foam in vacuum compression as described above, in preparation to
capture waste of the imminent urination and/or defecation. Alternatively, the switch may
effect the release of a skin care composition to treat the skin surface prior to feces contact

10 of the skin. In this embodiment, the responsive system comprises a discontinuous system
that responds to the electrical activity of the wearer’s external anal sphincter muscle when
that electrical activity reaches a threshold signal level. Alternatively, the controller may
trigger the actuator to send an electrical actuating current to the anal sphincter to close it
until defecation is convenient for the wearer.

e

In yet another embodiment, a discontinuous responsive system of the present
invention may deliver, i.e., actively transport, an agent to a bodily waste, a wearer, an
article, or a component thereof to perform a responsive function. In this embodiment, for
example, the actuator 70 may comprise a compressed resilient foam or a closed system

20  liquid transport member that delivers an agent when the sensor detects a threshold level of
the input. The agent, for example, may include a skin care composition, an enzyme
inhibitor, a pH control agent, etc.

3
| In another embodiment, a sufficient quantity of water containing electrolytes (e.g.,

25 from urine or feces) may be detected by an electrical sensor when the electrolytic water
completes a circuit, i.e., as a switch, causing current from a stored energy source such as a
battery to initiate a chemical reaction such as a phase transition, etc. For example, the
current may be applied to an electrically sensitive gel and cause it to change geometry and
create void space for feces in the article.

30

In a further embodiment of the present invention, an absorbent material that swells
when absorbing a liquid may be used as a sensor that, when a threshold level of swelling
has occurred, mechanically closes a pair of electrical contacts in order to complete an
electrical circuit. In this embodiment, the electrical circuit may trigger an actuator in a

35 discontinuous manner to perform a responsive function on the bodily waste, the wearer,
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a valve to allow the liquid to ﬂow to another portion of the article, pump the liquid to
another portion of the article, initiate a change in geometry in an electrically sensitive gel
to change geometry and create a void space, release a skin care composition, a pH control

5 agent or a deodorant, etc.

A material such as a fiber, film, nonwoven or other cellular structure may also be
restrained in a given configuration by a material that responds to a bodily waste such as
feces, or a component of that bodily waste. When the bodily waste contacts the

10 restraining material, the restraining material may release the fiber, film, nonwoven or
other cellular structure to capture or isolate the waste away from the wearer’s skin. An
elastic barrier, for example, may be restrained at two restraint points away from a void
space in an article by a material that dissolves, weakens,'etc. in response to urine, fecal
moisture or a fecal enzyme. When the feces has been deposited in the void space, and the

15 restraining material at one or both of the restraint points dissolves, the elastic barrier may
contract in a discontinuous manner and cover the void space to isolate the feces from the
skin of the wearer. Alternatively, a discontinuous responsive system may improve the fit
on the wearer by including an elastic material such as a leg or waist cuff that is held in an
expanded state at two distinct restraint points by a soluble restraining material such that

20  when the restraining material at one or both of the restraining points dissolves, the elastic
material may contract and form a seal with the skin of the wearer.

In yet another embodiment, one or more fecal enzymes may be detected by a

sensor such as an enzyme-degradable film or capsule, or a biosensor as described above to

25 trigger a separate actuator, e.g., an electrically operated valve, to deliver an enzyme
inhibitor to treat the skin, Exemplary enzyme inhibitors are disclosed in United States
Patent Application Serial No. 09/041,266 entitled “Disposable Absorbent Article Having

A Skin Care Composition Containing An Enzyme Inhibitor” filed on March 12, 1998,
which is incorporated by reference herein. In yet another embodiment, certain pH

30 conditions may be detected by the use of a pH sensitive gel, which may open a valve to
release a pH control agent to treat the skin. In another embodiment, a pre-defined
pressure threshold is detected, resulting in the rupture of a capsule or “bubble,” effecting

the release of a skin care treatment agent or composition. Exemplary skin care
compositions (or lotions), are disclosed in United States Patent Nos. 5,607,760 entitled

35 “Disposable Absorbent Article Having A Lotioned Topsheet Containing An Emollient



=

31“ $109&' () - &t 109&' () -

|~ $109%&' () - &10%& () - @™ 10%& ()-Y"10%& () - B' CCADDDEaBYNC  5pECEMBER 2002
100L- 10%&&,) 9+" 109&' ()- (' 109%& ()-! (' 109%& ()-9

ot 1098 () WONBOEog () - EPEEFFFFGGHC 100 10%& () -"f MLOY% ECTIUSIYH66h
10LI 4" 10%& () ' 32$109%& ()- 90L10%& () - GuHHH3I dBbC 100 n( 10% >

>& ()-f10%& ()- | 10%& ()- "10%& () & #

10%&' () - 10%& ()- 311 EJFKLNNzX9bC 100" 10%& ()-f! 1" $109%KbKb& () -

1 $1098b8b&' ()- ~"10%H& ()-! nm(10%:.: & ()-! nm{10%& ()-N_O P, PQQQQQ} 0as4
10" MLO%&' ()- 10bb 10bb

10bb! 9&6, 119/%% B&ax mg»&%@%am ﬁ’%ﬂr%@%e&t)’* isduct {0 PBKRE €) RECINIRHE<S

| 0
H310% (O UIR 58 eouled ‘D@wﬁmmwz@d TomshesoGampisiae s Vrigsisoos
& () - 11 YPotybD Péiyedtet Enblit And Ah1RH#obilizing Bgdkd ¥oisshel)to ADOmRIBCCRBE Un 1 €] ~
. March 11, 1997; 5,635,191 entitled “Diaper Having A Lotioned Topsheet Containing A
5 Polysiloxane Emollient,” issued to Donald C. Roe et al. on June 3, 1997; and 5,643,588
entitled “Diaper Having A Lotioned Topsheet” issued to Donald C. Roe et al. on July 1,
1997, as well as United States Patent Applications Serial Nos. 08/926,532 and
08/926,533, each filed on-September 10, 1997, each of the above listed patents and
applications are incorporated herein by reference.
10
While particular non-limiting embodiments and examples of the present invention
have been illustrated and described, it would be obvious to those skilled in the art that
various other changes and modifications can be made without departing from the spirit
and scope of the invention. For example, although the present invention is illustrated and
15 described primarily with respect to a disposable diaper, the present invention is not
limited to this embodiment. The present invention may also be used, for example, in
articles that are applied directly to a wearer prior to the application of a disposable diaper
or in place of a disposable diaper, in a pull-on diaper, a diaper insert, a sanitary napkin, a
tampon, etc. It is therefore intended to cover in the appended claims all such changes and
20 modifications that are within the scope of this invention.
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(a) a responsive system including:

(i) a sensor operatively connected to said article, said sensor adapted to detect an
input, and

(i) an actuator operatively connected to said sensor, said actuator being adapted to
perform a responsive function in a discontinuous manner when said sensor detects

said input.

2. The disposable article of claim 1 further comprising a liquid permeable topsheet,
a backsheet joined to said topsheet, and an absorbent core disposed between at
least a portion of said topsheet and at least a portion of said backsheet.

3. The disposable article of claim 1 further comprising a liquid impermeabile layer.

4. The disposable article of claim 1, wherein said sensor is proactive.

5. The disposable article of claim 1, wherein said sensor and said actuator are

distinct components.

6. The disposable article of claim 1, wherein said sensor is adapted to be affixed to
the wearer.

7. The disposable article of claim 1 further comprising a controller, said controller
being adapted to receive a signal from said sensor and allow said actuator to
perform said responsive function when a threshold level of said input has been met.

8. The disposable article of claim 7, wherein said controller is a distinct component.

9. The disposable article of claim 7, wherein said controller is adapted to activate
said actuator.
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second responsive function in a discontinuous manner when said sensor detects a

second threshold level of said input.

11. The disposable article of claim 10, wherein said second responsive function is
different than said responsive function.

12. The disposable article of claim 1 further comprising a second sensor, wherein
said second sensor is adapted to detect a second input, and wherein said actuator
is adapted to perform said responsive function in a discontinuous manner when said
sensor detects said input or said second sensor detects said second input.

13. The disposable article of claim 1 further comprising a second sensor, wherein
said second sensor is adapted to detect a second input, and wherein said actuator
is adapted to perform said responsive function in a discontinuous manner when said

sensor detects said input and said second sensor detects said second input.

14. The disposable article of claim 1 further comprising a second sensor, wherein
said second sensor is adapted to detect a second input, and further comprising a
second actuator, said second actuator being adapted to perform a second
responsive system in a discontinuous manner when said second sensor detects

said second input.

15. The disposable article of claim 1, wherein said discontinuous responsive
function comprises a step-type responsive function.

16. The disposable article of claim 1, wherein said responsive function comprises
one or more of the group selected from: transforming potential energy into kinetic
energy, delivering a stored material, delivering an active ingredient, delivering a
stored material to the skin of a wearer, delivering a stored material to a bodily waste,
entrapping feces, encapsulating feces, providing a void space, and pumping a liquid
bodily waste.
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being selected from one or more of the group of: stored mechanical energy,
compressive mechanical energy, torsional mechanical energy, stored chemical
energy, stored electrical energy, and a battery.

18. The disposable article of claim 1, wherein said sensor is selected from the group
of: an electrical sensor, a mechanical sensor, a chemical sensor, a water soluble
film, a water soluble pH sensitive film, a biosensor, a non-environmental sensor and
a closed system liquid transport member.

19. The disposable article of claim 1, wherein said actuator is selected from the
group of: release of a vacuum, a compressed resilient material, a compressed
resilient material constrained in a vacuum sealed water soluble film, an electrically
sensitive gel, a pH sensitive gel, a salt concentration sensitive gel, and a closed
system liquid transport member.

20. The disposable article of claim 1, wherein said input is selected from the group
of: pressure, water, pH, electrical activity and an enzyme.

21. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by

the equation:
(f_’_f ) k(ART)
afl=, — (Alr)°

wherein said constant k is greater than or equal to a value selected from about 2.0.

22. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by
the equation:

(@, @
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the equation:

(G0, =

wherein said constant k is greater than or equal to a value selected from about 5.0.

24. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by
the equation:

(@.., ~+ar

wherein said constant k is greater than or equal to a value selected from about 10.0.

25. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by

(@, -+

wherein said constant k is greater than or equal to a value selected from about 100.

the equation:

26. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by a
control system having a transfer function of the equation: KG(s)=K/(Ts+1)",
wherein said n value is greater than or equal to a value of about 25.

27. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by a
control system having a transfer function of the equation: KG(s)=K/(Ts+1)",
wherein said n value Is greater than or equal to a value of about 50.
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28. The disposable article of claim 1, wherein said responsive function is performed
such that said responsive system has an output function that may be modeled by a
control system having a transfer function of the equation: KG(s)=K/(Ts+1)",
wherein said n value is greater than or equal to a value of about 100.

29. The disposable article of claim 1, wherein said article selected from the group of:
a diaper, a training pant, a sanitary napkin, a tampon, and a colostomy type bag.

30. The disposable article of claim 1, wherein said sensor comprises a water soluble
film and said actuator comprises compressed mechanical energy of a compressed

vacuum sealed resilient material.

31. A disposable article to be fitted to a wearer comprising:

(a) a responsive system including:

(i) a sensor operatively connected to said article, said sensor being adapted to
detect an input associated with feces,

(ii) an actuator operatively connected to said sensor, said actuator including a
compressed resilient material constrained in a vacuum sealed film, said actuator
being adapted to discontinuously encapsulate feces when said sensor detects

feces.

32. A disposable article to be fitted to a wearer comprising:

(a) a responsive system including:

(i) a sensor operatively connected to said article, said sensor being adapted to
detect an input associated with a bodily waste; and

(i) an actuator operatively connected to said sensor, said actuator including a
compressed resilient material constrained in a vacuum sealed film adapted to
absorb said bodily waste when said sensor detects said bodily waste.

33. The disposable article of claim 32, wherein said actuator comprises a plurality of

individually vacuum sealed cells.



