WO 03/ 043858 PCT/ US02/ 31620 BREATHABLE MO STURE BARRI ER FOR AN OCCUPANT
SENSI NG SYSTEM Background of the Invention Field of the Invention 5 The
present iwoanimsssrel ates generally to a breathabl e, noi strararse®ade2d abric
and, nore particularly, to a water inpervious, breathable noisture barrier

enclosing a flexible elfeh ke Bk MOISTERETBARKER RORE for use in an

occupant sensing system T United States
Pat ent Nos. 5,914,610 and=5,55 ,1 Lgﬂ&"é}éN@fNC Tk ability to determ ne

the position, orientation or presence of a person within a defined space
is inportant in applications rangin r medi cal treatnents to safety and
security. For applications wh it £ position, orientation or
presence of a person within a dgiigngeheRd&RidnS | Mportant, el ectrode sensor
arrays have been 15 devel oped to alTow automatic nonitoring of the defined
space. Shch sensdhe gresentsnveation reddterogimerally to e bodattiahly, moptwe-seud dabiriv a
defined space,are ta gh 1i n thetabove- .ref retﬁclgld atené}s. . Al t hough the

met hod for F& 6?‘(7?36‘% u%f%’sgﬁc%a%frmggfvilwst SRHa%C QATNE P ce using a
Sensor arr aygndl&sikg WBxible ettt hit¥nriatasdatily shif®Refos AQSAlandcbdpasit L0 a 20
particul ar environnent is not addressed in the prior art. Specifically, in
uses where SEHBIES¥HE®r array is used to nonitor or detect the presence or
activity of a person, additional factors conme into play which may greatly
inpact the ability of the sepsof.#hiid¥r thOnReANife accurate el ectrical
field readings. For exanple, EH_%X'DFCT'E%—US'E_Oé’these sensor arrays and
met hods]0 as desctinited StatesBateneN oSt 569 lds6 1D5nBat 98614 1 Rlasscldse @iad the bbiland
5,936,412, is.,in an autommbile seat for regul ating the . depl oynent of

ai rbags. Adiﬂ ey @1? p8g‘ﬁﬂ’brﬂrﬂ?n@\tﬁﬁ‘é8r P&t ?O&H?fg‘?ﬂ WHhmF’r‘gegtnﬁd Appl i cation
No. PCT/ USGl4é bimportafCin @Ppli@Bbkeiayoide rdRDhedicAGRABRERL Rk afely hid entirety
herein, sets forth and describes a f%em bl e el ectrode antennd having

suf fici ent pécaisthiFartapplicapowhera detetiuinitg the pgsifion, odsetation of preeenpe oxi mity

30 indpyi h ohi | . ' b d
that none oft 4 PRSEL R BB sk BT Pr o ARl R haaliral Bvevent i ng

t he abso$ pt develded to allow automatic monitoring of the defined space. Such sensor arrays

and methods for resolving a presence in a defined space are taught in the above-
referenced patents.
Although the method for resolving a presence or activity in a defined space

using a sensor array is known, the ability to adapt those sensor arrays to a

20 particular environment is not addressed in the prior art. Specifically, in uses where
the sensor array is used to monitor or detect the presence or activity of a person,
additional factors come into play which may greatly impact the ability of the
sensor array to provide accurate electrical field readings. For example, an
expected use of these sensor arrays and methods, as described in United States

25  Patent Nos. 5,914,610 and 5,936,412, is in an automobile seat for regulating the
deployment of airbags. Additionally, commonly owned Patent Convention Treaty
Application No. PCT/US01/04057 filed on February 8, 2001, incorporated in its
entirety herein, sets fortﬁ and describes a flexible electrode antenna having
sufficient flexibility, comfort and durability for use in close proximity to an

30  individual such as an automobile seat. However, it must be noted that none of

these references adequately address the issue of preventing the absorption of
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-1 WD 03/043858 PCT/ US02/ 31620 liquids into the sensing system which
significantly inpairs the ability of the system to nake occupant

cl assi fi csiDioen43dss er m nati ons. Therefore, there i s a needptorusez/bwert habl e
noi sture barri er enclosing the sensing system (consisting of el ectrode

ant ennas, gumﬁ meé tekfis %sfé&ﬁ‘%xcﬁ %ﬁf&ﬁﬂiﬁhﬁﬁﬁq}?é)%epﬁ%ﬂﬁe Ripyi de a

substantlal |npe I‘'oUsS sea enou evel of
br eat habi | i toymske @m;upmtt ctaes1ﬁc&ttmmfdeteﬁnmatlhnst he readl ngs of a
t enper at ur e/ hum ﬂ.b%%fsen | ocat.ed inside the seat sensor nat assenbly.

surmary of the | Torinerr &S Hheeddi 2 Pragtbable gipifivig\hagriss eaclpsingtiab e

moi sture bagdrishfy s%tbﬁle(b&&lsftﬁg omeaﬁﬁielaﬂte%ﬁgé m&ﬂs{r&é'ahh Bt ectrodes, foam
substrate and ot her el'ectrical conponents wthin a substantiall y I|qU| d

i mper vi ous elﬁvﬁrncelmﬁ’mnonmtsmmoxsdq;mslfos@amllythundrpaparvmgs sdabwhide | i ty of

var rati ons rCRE AR SO RhBRBH ot ST LG i Pl Eitiedingy

conpar t ment op4 tedpetdthre/biilliey schbe 1beavihbian tHeQER st 8RF niht RéseAbRALI e
polymeric 15 material having a sufficiently high noisture vapor

transm ssion rate (MTR) to permt water vapor to be transported across

the barrier and quickly reach MQEM&E&Wn t he encl osed seat sensor

mat assembly andrt, o tion of the
O pfsbifthcifion bRARES 35%aﬁ1aﬁ{%§p&%@%ﬁgrﬁ%§%ﬁ@?&

occupant sensing syst emto tion correct € noi sture
barri er 1&f umnpnelssng ﬂembkmlcamd% fpmovitdeste and ufHet eleetnichlycohipgherd/TR t 0

allow rapid_t ture mdlt uilibratjon wt he sensor mat
so as to bef”lltglgp éﬁ?n?%lﬁ' F%e“g'ﬁrgnmﬁ'éts‘g F‘gBQJWﬁ%ﬁX nent

envi r onnent ghpdigngliteiabiiy Upélgctﬁ&@lrséﬂsegs th r&@uﬁ’ﬁ’t&l chsuRRBhpirEidder air
conditioning or heating. In one preferred i ment, the breathable

noi st ur e baRwmlityjvarigtiorssvighin tltm@rrgmsdmg)@lwnwm s a$ therseafimgded to a
Dol Yoo T2 £ OEmPABHENEF an hiton@bhe: T ity RRRBRILIRD S biBh N SRUE 0

polynmeric f CS or avi n

| evel ot5 dunmaberial hewu@g"laisﬁﬁbﬁﬁtljaﬁfgh(hﬁdiﬁﬁ&a/ap&tﬁrdﬂsbbﬁsﬁﬁ rﬁ@qMV'ﬂ? foor car seat
applications, including confort, nojise, flanme retardancy, t her mal

stability, ReRPILVAIST 1Pog ke tragspertodpentss thedamiqugnd agickboreach

equilibrium within the enclosed seat sensor mat assembly and to allow the
temperature and humidity compensation of the occupant sensing system to
function correctly. The breathable moisture barrier of the present invention
20  provides a sufficiently high MVTR to allow rapid temperature and humidity
equilibration within the sensor mat so as to better track rapid changes in the
passenger compartment environmental conditions upon starting the car and
applying either air conditioning or heating.
In one preferred embodiment, the breathable moisture barrier is a
25  microporous, polypropylene film bonded to a polypropylene nonwoven. In
alternative embodiments, other breathable polymeric fabrics or films having a
sufficiently high MVTR, a suitable level of durability and other performance
attributes required for car seat applications, including comfort, noise, flame

retardancy, and thermal stability, may also be used.



As used herein, these ternms have the follow ng neanings: 1. The term
"breat habl e" describes a material that is vapor perneable but liquid and
parti cul ave o3ipsssreabl e such as filns used in garnent andPdiTa$e2/31620
applications. 5 2. The term "m croporous” describes a material with a
structure that  goaldhddit dlssetidnld A0 HUBHOREEILARY. has an effective
pore size that is at least several tines the an ee path of the flow ng
mol ecul es (from sever &he ermor dreathatlietirdedcabdOmatrejsl thatnis yapddpehedbiscri pti on
of the Drawjngs 1 not e, conpl et e ynderstandi ng of the present invention
may. be obt aPHATUI A EFISUTE BhpSTERLE o35 IS Stk A 2RBRerbaBL PBET O wihen
taken in cogppiesidn W th the acconpanying draw ngs in which like
reference nunerals refer to like parts and wherein: Figure 1 is a
perspect}ve vi ewlof alhe®rmseangoponus” desgrieb kyndterial withrstauctbe fhaam mat , a

flexible elec tenna an hum, di ty/t erature Si el ement all
encl osed wi ?%altb?]quuq%ré)a ‘%%F%u%%&ﬁ%qqﬁpggﬁsa%?fgeggg%ﬁ%rf P{?&?@g i éﬁq%f‘ét:ordance
with one eshesi tiris tefmédherdrRELs the ﬂwn%i BdleciitYffons sed@rl niidibhst rate a
top plan view, a side elevational view and a bottom view, respectively, of

the seat sefleWpiqHi0 Aagsiams) in accordance with the 20 enbodi ment of Figure

1; Figure 3a is a detailed side elevational view illustrating construction
features of the seat sensor DRSS EIRL s eadbradifQr ner of the embodi ment
shown in Figure 2b; Figure 'S I i el evational illustrating

construt@i on feafAunes complepSundeestaalitg fehspresanmhinvasti@ninhy babbiamed bot t om
portion of fhe _enbodinent.sho in Figure.2b; Figure 4a jS a cutaway side
vi ew of theE’% éeef?regcgﬂg(rt)fe fﬁ?ﬂ_{""’é{&_@%ﬂlvﬁi}%ﬁ@ﬂm%‘f‘%_ tgg‘?éb‘f‘l BRI ‘_Kltg\; Fi gure
4b is a det @ielaeebrSpingib@yirhides I WMICE liR@Fdfdte SRAMWINGall ReePBIikE ipaRé A 30 of
the tenperature/hum dity sensor within the seat sensor mat assenbly shown

in Figure Wherein
Figure 1 is a perspective view of a seat sensor mat assembly featuring a
15  foam mat, a flexible electrode antenna and a humidity/temperature sensing element
all enclosed within a breathable moisture barrier constructed in accordance with
one embodiment of the present invention;

Figures 2a-c illustrate a top plan view, a side elevational view and a bottom

view, respectively, of the seat sensor mat assembly in accordance with the
20  embodiment of Figure 1;

Figure 3a is a detailed side elevational view illustrating construction
features of the seat sensor mat assembly near a corner of the embodiment shown in
Figure 2b;

Figure 3b is a detailed side elevational illustrating construction features of

25  the seat sensor mat assembly along a bottom portion of the embodiment shown in
Figure 2b;

Figure 4a 1s a cutaway side view of the seat sensor mat assembly taken
along section line A-A;

Figure 4b is a detailed cutaway side view clearly showing the positioning

30  of the temperature/humidity sensor within the seat sensor mat assembly shown in

Figure 4a;



WO 03/ 043858 PCT/ US02/ 31620 Figure 5 is a series of offset graphs
illustrating the effect of varying the breathable area on humdity sensor
equi | i briwonosiosmsss Figure 6 is a series of offset graphs ilpPCuatSoasicnyg t he
effect of using different commercially available polyneric nmaterials

havi ng varying | exalss ffa IMIRO8FFses %’d?ﬁﬁﬁlﬁé@rﬁﬁﬁ?ﬂé bﬂi?gl:ng'i’ﬁé' me; and

Figure 7 is a |logarithmc chart 11l atin feor 8t 1 ¢ y cal cul ated
time requi bredthableaecacn haguidity b&nsmqalihb:iﬁﬁamel 50%relative humidity as a

function of the on of the rred odi ment 10
Al t hough t hose SEgf‘lfeR%lslarfeflﬁ%‘)g?t?eaﬁrlapgsr‘gﬁﬁﬁt‘%grﬂé"c?ﬂ‘g?‘if9 usipgdittarent | pl e
uni que  consémpeicidlysavaBiblOpolghRAL Bfhtdrls HiSHgARrAnPILakRAMETRRLSt ur e
barrier in an _occupant sensing system the present invention is described

herein p¥i mBrmidjtyisansor equitibrawmtineoaed pref erred construction. In particul ar,

Sensor o ect r odel By 5 oERR i 1B ng RS BAIY P Qe o7 ot o

al | encl oseeequirthioreachsqaiibriaibi & 2590 layd60%:aelaéibé hemidayiasatfendienognder t he

appar at us Sﬁ_&sM%ﬂﬁ{eal ly liquid inpervious and having sufficiently high
MWTR as to rfere wwth the functioning of the sensor apparatus.

Alternate constructions in addition to those descri bed herein are

consi dered within the peengd MAghipABn SPieiPrerBfred BRLLENRALT ON. 20 I'n one
exanpl e of a seat sensor mat assenbly Tor use in autonotive applications,

the assthbly wi | Altboughi theseaskiltedrin theeart will nebdityt recegriideythatonultipkeiungques ensor

dh d d f
el 100, 1 SR B R neled BB Borte e AR PAER i & conmoct ed 1o

an el ect r onbecupamitsig sy@te'in W srosedpRvaitRs it BescAbedRabi prRiteilyth syst em by
measuri ng |B§edance 25 changes in an electric field around each of the

sensor stri att?&s‘%ﬂn%ﬁreﬁfﬁreéé@ﬂﬁ&ml% Inspaytécudargths peesepfciaventign iseat sensor
mat assenbl I d out portion of
'he bottom SerehperRAAREsa tourh frok RATHERE LR enct D bRl abdUT Cans g syot om
uses el BTt r humiditg/temparasiagns@aitaciedgeretoyalt @rclased ofithér a biegthbls spil |l ed on
the seat could i ir. the ability of the sensing 3 ystem to, function
properly. V\B?léqnegg gab(S‘tch%‘PméE‘?ﬁa lﬁ%‘{diebg‘e I2PRRIPHE S‘bt?sgx?gﬁl?y f%‘éd JPRRIEINE r o

sensi ng occyRARdvifdWhGEEnBLEERE METN 2D &P/ $Rettle vaanEY ?ﬁdcﬁgnllng A

sensor apparatus. Alternate constructions in addition to those described herein are

considered within the scope and the spirit of the invention.

20 In one example of a seat sensor mat assembly for use in automotive
applications, the assembly will consist of a number of electrically conductive
sensor strips adhesively attached to the top and bottom surfaces of an open celled,
flexible polyurethane foam core. Each sensor strip is connected to an electronic
control unit which operates the occupant sensing system by measuring impedance

25  changes in an electric field around each of the sensor strips based on an occupant’s
size and presence. The seat sensor mat assembly is designed to be incorporated
into a hollowed out portion of the bottom cushion of an automobile seat.

Since the occupant sensing system uses electric field sensing technology,
water or other liquids spilled on the seat could impair the ability of the sensing

30  system to function properly. Water and other conductive liquids prevent the

system from sensing occupant changes accurately because the conductive liquid



-4 WD 03/ 043858 PCT/ US02/ 31620 creates coupling and shorts between adj acent
conductive strips on the seat sensor mat assenbly. One solution to this

pr obl em wvolod/oksss¢ 0 encl ose the seat sensor mat assenbl ypemtusoebyg2mi t hin a
l'iquid inpervious polymeric film This is nuch Iike 5 wapping or coating

the seat sepgpfe g@t}pl'ﬁ ST Hots Hehlbe 2R ARUR iy &ﬁpp ] ehs%gtl %n?o?l ymer §11m
|‘10 ver, 0] S ~addi ﬁ

to keep water out. thi's solution presen 1‘onal” pr obl ens by
creati ng vematgisehblyent envi ronnental conditions, nanely tenperature and

hum dity, inside_the seat sensor mat assenbl nd in the surrounding
passenger conpar OREAPIUEEN tod, 15&5?‘8%579@55%%%%@? thesetSepiosJatt i es 10 of

the materi ahgeABH &E82P withid HBqRA YhpaVIRE boSHere ¥ldi N%id B guiAmgyCt i ve
strips are tenpéerature and humdity dependént. Sealing the entire assenbly

i n a manher wragpingorooafingiibe v¢ab gensppmpbassethblywvitiea serdporasssionake t enper at ur e
and hum dit Q nsat i f . the electrigc field.data.significantly nore
difficult. %@aglgﬁ’ﬁfﬁ%eﬁ%ﬂﬁg&}kﬁ?ﬂﬁvﬁﬁf %‘i‘tyl}f"&cﬁf"% g‘lﬁs‘{“é 8% and” hunidity
sensor bot ha&diﬁbr@@pfdb&n%cré&if?%ﬁ}ﬂdiﬂé?ént aSS R eVtaR B6hdRHSR! Madhdly Wi t hin

t he passenger conpartnent,  Confortability issues nmay also arise as air

that is trafspugratysiand humidiyeisidgghe seat wenperimatiassentbdy enrhivithe t o escape and
will be conppesis i o ]t Sys tahl e that
shoul d any noi st gggq%%%g%é%tg ﬁ%ﬁ%@g‘lﬁtﬁ%ﬁ%ﬁ?ﬂgﬁ%a—lgﬂesdel%g%?lc Bﬁ%’te Hle?ss senbly, it
i s quit ¥ posfihbineatdrkedd ardtgasésl df thr enrenmehtevroanding theeondwstide siripshte 20

conditions inside the assepbly. addi tiional confort problemmy arise
from perspfetr%ﬁefaé?fetapggb’@ﬂﬂ&aépﬁgé§ba§eaiw ﬂ%etq‘n‘gfe gsgebly dpameBReny t h t he
occupant.  ARePifiAsEVioudoRRlinall snd® j Qvi de a
nunber of advantlagrfeilgéilﬁuar? g?gdglgnt sd;‘%dg?%l%lélgey@t %aﬁfﬁeégdég%ﬁ%?e noi sture

resi stant fatmpensatearofiike elsestic fiolddatmsignificpulyi moredifficalt. Thistshiatiopen cel | ed
foam preventing, water 25.uptake. Additionally, breathabili ermts a

uni form tenﬁl@(g‘gtwge ARG ‘SP’P?aé‘éﬁe?‘i@‘Hﬁ‘é‘ﬁ S%‘EP(/\E%IH "t‘sllu‘i:e_ ti‘éé alsensor mat
assenbl y5 angersbempras st e and easiany Wemin thd Bhssendr t@hPArEAMILr onment al
condition allows a single tenperature/humdity sensor to be incorporated

into the sefemiertability psstesananals griseasaiidhatds Bapped inside Basealiognent of bot h
;23 ﬁﬁfﬂ 'ngiD![ ?a&%ﬁggﬁgg{%hﬁgg%?%iggﬁg gvtll‘;l)’?% S&HBI%Esteg%Q thie s'c\e/gtriggt\)/nelﬁfesgegm erature
It is also notable that should any moisture become trapped inside the seat sensor
mat assembly, it is quite possible that it will create mildew and other nondesirable
20 conditions inside the assembly. An additional comfort problem may arise from
perspiration trapped in the seat trim that is in contact with the occupant.
Accordingly, a breathable moisture barrier would provide a number of
advantages in an occupant sensing system. A breathable moisture resistant fabric
can be used to create a positive seal of the open celled foam preventing water
25  uptake. Additionally, breathability permits a uniform temperature and humidity
environment between the seat sensor mat assembly and the passenger
compartment. This uniform environmental condition allows a single
temperature/humidity sensor to be incorporated into the seat sensor mat assembly
to characterize the environment of both the assembly itself and the passenger
30  compartment. Moreover, temperature and humidity compensation of the electric

field data is made easier due to the consistent dielectric properties of the materials

and gases within the seat sensor mat assembly, seat trim materials and the
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field data is made easier due to the consistent dielectric properties of
the materials and gases within the seat sensor mat assenbly, seat trim
mat er i al swandosdsss -5 WO 03/ 043858 PCT/ US02/ 31620 passengePCTmispzsicsaent . A
br eat habl e noi sture barrier should al so prevent any noisture from

i or al & ofsBief EhPR g AiEaR EBRR BRNRIRSEA pROTL MY 1 o

al low a sufdoistire fitonacalleoting®dr mildevwiag asthapeatfsesor inaeissembly, sangha mat

assenbly as a passenger 5 sits dqown, ventilation hgles nmay be easily
i ncor por at eBAFHASHE SERIdR -%%P?M@F‘hahlﬁ@m%‘f’ L ushallnnetallawraey

adhesi ve, Uwckgd%g(glﬁ% ?f %iﬂﬁ) és@é}ﬁ?ff'orﬁ%e'steﬁtoﬁtengormtasﬁmll% 5@% P%?el?f glr t her

utilized at e e ventilation es to preve from
ent eri nd t heitsadwaniybtilatiin hodesghayabe easilyreorpoiated emthedottemnmirfataisfe barri er

films or fafprics are 0, avail able, on referred enbodi ment of the present
i nventi on 1255SRRYY Py agansﬁ‘?r&%_g%s&eotﬁe%ﬁgl }b‘?rf)H}flsgﬂ%’rfl?Wm SFHRNRd to a

pol ypropy| ergy be fvenee atiBAM at MeAddoabbfhé Q8B AEIndIes 8 prRRePEREwRE and fabric
fromthe Mnnesota Mning and Manufacturing Conpany (3M. See U.S. Patent

Nos. 4,539, frgg enferpghoggembly. 902, 553 and 5, 238, 623, incorporated herein by
reference, for a C | I ion on the.physigal. properties and
ARG GBS RSB B IE Y SL AR PR

t he manuf acture rous ypropyl ene

fi | m nolBwovavailable] oad refefred embadimenbef the preséil iavthage Gogldaitipeat | es
including relatively high noisfure vapor transm ssion rates (MTR of about
8,000 g/ n BUCTRBRTPYY polprepylpne filsylagunated (o4 Rolyprepyieng nonvedyenandn resi st ance

due 1o the NARERCEnGeLiy AOPROFORH MR f;lb{amnpmgigigiéég'togavl}aﬁgn%mg

acrylic transter adhesives, oW cost e use of
pol ypr opyl eNemutisturing GoazpanyréiM).i Sde U15. Paepdoss ¢)33025614)%26,989 st ur e

i stant bl I uch TEX ilable from L. Gore and
hosool ates O BLsREs TR BeT PP TSN FGREREoR) AOILE CTREEI | m may
cont ai N dj giakonoaGhe fsysRAl fn@?&@i@éﬂé&l’thé haRBfabRtS6 ARG 25 the like,

to the extent that such ad_hgvan s do not critically inpair the noisture

vapor tr anshelypioptileae filres hbiis paticwlenflor/ nonssoveh lamimatei dffers aswhber of
ot o S B AR SRR SNSRI AR o o
| RGANOX 101 ghtesf(MWITRIoBAbS R 8I08lgii” 24 hours), 345 kPa (50 psi)) water holdout,
abrasion resistance due to the presence of the nonwoven layer, good bondability
20  using acrylic transfer adhesives, and relatively low cost due to the use of
polypropylenes as the base material in comparison to other moisture resistant
breathable fabrics such as GORETEX available from W. L. Gore and Associates
and based on polytretrafluroethylene polymers.
The film may contain adjuvants such as antioxidants, flame retardants and
25  thelike, to the extent that such adjuvants do not critically impair the moisture
vapor transmission or mechanical properties of the film. Useful antioxidants
include phenolic compounds such as pentaerythritol tetrakis(3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate), available as IRGANOX 1010, from CIBA Specialty
Chemicals, and ANOX 20, available commercially from Great Lakes Chemical.
30  Useful flame retardants include halogenated organic compounds, organic
phosphorous-containing compounds, and inherently flame retardant compositions.

Halogenated organic flame retardants include biphenyls such as 2,2’-
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Chem cal s, and ANOX 20, available comercially from G eat Lakes Chem cal.
30 Useful flame retardants include hal ogenated organi c conpounds, organic
phosphor ome-06/0#8888 ni ng conpounds, and inherently flame rerard®ni/31620

conposi tions. Hal ogenated organic flane retardants include bi phenyls such
as 2,2' -6

oct abr onodi p e%?é@ﬁgéﬁlgﬁ %ﬁt&ﬁgﬁe@-ﬂegﬁg q-{} e!F'(gH% rﬁgtlhﬁfsng from2 to 10
hal ogen at onentaibBefftdm @ rtq a0 ha:lo gdsmpinsor USefatlﬁhghmv @hosphoais adéitiplos phor ous

conmpounds such as.phosphoric acids phqr ous-ni trogen conpounds,
halmc:ggnat ed! D&P rPlhg pg‘ﬁ%%‘ﬁﬁB?‘Bﬁ‘é“dééHﬂb‘ifrfg’@siﬁ}?ﬂlctaﬁ’é‘Ssl phegphoresilregin 5 be used
al one or m &%{4 Mnldb), &1%aﬂate&b@5meéiahs&hmo%ﬁ%&ﬁbm s af@ HTIKRY T9%iAGn

I nherent |y flarre retar t polyners -are those h do not support
conmbust ion be usedraboreair imissd wntlg mgsm“htogmaléddwmieesls ionemtirlenypadide. vi ny|

horide), pely(viny. idi d | yi i des, | t her . ket d
Che 11k SGHDalid R ErsRtpin g are B lih 55 nalRiobGie SBh Slobar enco. 1 or
further di saﬂé%alfcﬂuﬂguliﬂlﬁgrEEms;ﬂémahae F&bglﬂﬁ cﬁﬁhlwaﬁmﬁ(v{@ﬁdﬂ% added

i ndividual 'y or nixed together, ane retardant nay "be mxed with

anti oxi dant Cl&ﬂﬂd@dﬁféﬂlmlé@epﬁ]éﬁthﬂd%et‘?% apditee bike. sSaedl.Sf Datent %Wdcfé@s st eps
during manuf Iﬁgltap%gﬁ%%c}]ﬂg}?m%gﬂw}@%@e lf"c')lly %thgf%s sao?cf ﬂgr%é petaﬁ{)r?( . S such as

anti oxi dants e rnv n, ?he
conposi t0 0nadJOVaritéhQaijeadiMbh(ﬁwdiﬁllm aixed @odedtier,i gy, flirhédtdiaintdes

oct abr onodi ai l apl e cially from G eat Lakes Chem cal
as DE-79. E %/qdn‘ﬁlxm ﬁ@dg&tg@é¥%Q&Saﬁomlwlmnw@é@i’s sensor
assenbly ¢ 0 hown.
The seal senchr “&i@ﬂ?ﬁﬁ%@% L R bbb B 0 e

of el ectri cattioxidadts; ambithetlikee sensors 30 and a tenperature/ hum dity sensing
el emrent 40 di spo ed vmt ening. 25 forned.in f.oa | ock 20 for
measuri ng terrper gi ﬁﬁrﬁfﬁretwvedﬁ’ﬁﬂgt&c%wﬁlwr{%fﬁwtm‘? enbly and
the intg§i omodture m%@uiﬁmmlh@s obfabRinfodiphHeRyleskide] GvaARBRMBMetBally t hen
covered in a substantially liquid inpervious, breathable fabric 50.

Opt i onal | y, framyGigahkakes GhemidabrssBES. nay be provided in the 25 bottom of
the assenbly 10 kgfe%ﬁ Jfkﬁrﬁeﬁ%@@%}géﬁrﬁv@the fi%?%g%?%a%ﬁ? ?Ereoccupant

sits on the seat CUShI e au
constructed in accordance with the present invention is shown. The seat sensor

assembly 10 comprises a polyurethane foam core 20 a number of electrically
20 conductive sensors 30 and a temperature/humidity sensing element 40 disposed
within an opening 25 formed in the foam block 20 for measuring temperature and
humidity changes both within the assembly and the interior of the automobile
itself. The entire assembly 10 is then covered in a substantially liquid impervious,
breathable fabric 50. Optionally, air ventilation holes 60 may be provided in the
25  bottom of the assembly 10 to allow air to escape from the assembly 10 as an
occupant sits on the seat cushion of the automobile. The breathable moisture
barrier S0 may be adhered to the foam core 20 of the assembly 10 by an acrylic
transfer adhesive, not shown.
Referring now to Figures 2a-2c, a top plan view, a side elevational view
30  and a bottom view, respectively, of the seat sensor assembly of Figure 1 is shown.

Note that Figures 2a-2c further illustrate the positioning of the electrically



barrier 50 may be adhered to the foamcore 20 of the assenbly 10 by an
acrylic transfer adhesive, not shown. Referring nowto Figures 2a-2c, a
top pl an woedp435si de el evational view 30 and a bottom vipewusoesipecrti vel y,
of the seat sensor assenbly of Figure 1 is shown. Note that Figures 2a-2c
further ill . i tAnORI L -7 03/ 043858

PCT/ US02/ 31%%“?%‘?\%%65 (l)r\%g%ss ej r?SglF Q%Pé)%r%&é&glb&]?ﬁg Séfnéﬁ}bjéng%dut}l g\%{un‘i dity sensor
40 and the aeéitilatiartidlésadli iathdwehiesenéd? aksenibhe seat sensor assenbly. Referring
now to Figures 3a-3b, detailed drawi_ngs are provided to better illustrate
features of the %é“'éﬂ%fqgﬂﬁlles\;’?é\hﬁ %}mﬁﬁwmgmwr%dewwme 3a, a

5 detail ed ﬂ[&%t@%éi‘ﬂére?oﬁ% Qtﬁiﬁ e?ﬁﬁﬁ&&[‘vﬁ% ﬁx@%ﬁﬁﬁgu?@éﬁolrnhfggﬁr@@%% . as

constructed I n accordance w e present invention is s
wi t h Fi gur edetail@tdrawireyof a dosnea pbusism of thresse2i0sensdr selnbdy canstrhidtyd oonduct i ve

sensors 30 and barrier material 50 . attached .thereto_by a_|layer of
acrylic traﬁ%@é‘fwﬁﬁﬁ'étb?k‘)eepr?ﬁm '§Vﬁ’i‘tf(5‘rlls. e e v e o] Wli}h%\%é’etsﬁezacf i core 20,
the conduct igfoalmawkd 20165h 3RctricARy BadubBie SBREGE BAhndR badr mafkPial S¥/Er Of
transfer adhesive 75 on the underside of the barrier material to adhere it

to a seat etdhedheraipby 8hignof Revley ranster adhesive M0 Gimdadky Figuredbaway si de
| ti VA i i - A h . TIhi i
I ust r ar os IR RADGR: 204, SEERCR Uh s SR BB InaduSSd 48RS ¢,

core 2510 t hiayeeofteanafen adietivai78iohths emiesidd6r thaarkibemaferibtoradeére imber i al  50.
Simlarly, Figure 4b shows a detailed drawing of a portion of Figure 4a
and better PISFAEITHRN.HYt ¥ Dnositi oning of the foam core 20, the opening in

Lhe Toam core 25pehdiind RIWDRS PilgttcSfaNh Bhidhhy € BEQkicHA vibhGabA 4 e Bt er! al

50 and the bottomlayer o anster adhesive again u toattach the
seat sensor serdion lins eAb$ shavan. allsefigure ulbisitrates threggositivning, of 26 fRefnatoré Ng nNow t o
Figure 5, a,series of offset gra re presented.to show test cell

condi ti ons &ﬁ t%%erné’?%‘fiit{}eef 'O(‘]?P ?i tﬁ%tfﬂfpﬁ&ﬁ“fe : l_WgSCPEPr%%“ dhetive
huni di t ys at bariet fatYial SUTPSHAfHY SFigfireMBGhowoh dbhilsd flaktiEof 4 RRLbESE Cells
were created by cutting an open celled pol yurethane foam mat into a 10.2

cm x 10. 2 cHKiguge 4a andchettenillystxating thepaitiaing ofithe danhenrt 36, the openingin openi ng
ext endi ng 25, LEr eI AUHL @Aelubd Rt lefiok SRS BLHESHIBLELG om0
the bottom layer of transfer adhesive 75, again used to attach the seat sensor mat
assembly to a seat cushion, not shown.
20 Referring now to Figure 5, a series of offset graphs are presented to show
test cell conditions at 70% relative humidity and then changing to 90% relative
humidity at a steady temperature of 40°C. For this figure, the test cells were
created by cutting an open celled polyurethane foam mat into a 10.2 cm x 10.2 cm
x 1.9 cm (4in x 4in x 0.75in) block having a central opening extending
25  therethrough and fitted with a temperature/humidity sensor. The control test cell
did not have any additional coverings. The upper surface of the moisture resistant
test cells were covered with a Hytrel 4056 thermoplastic elastomer available form
DuPont and having an MVTR value of about 400 g/m* 24 hr. The moisture
resistant test cells were then sealed on the sides and bottom with a non-breathable

30 polymer film. Additionally, to better investigate the influence of breathable

surface area, it was possible to cover a portion of the top surface of the test cell to



di d not have any additional coverings. The upper surface of the noisture
resistant test cells were covered with a Hytrel 4056 thernopl astic

el ast omrerwawvaiokzabs e f orm DuPont and havi ng an MVTR val ue pofi/usbosite26100 g/ n2
24 hr. The npisture resistant test cells were then sealed on the sides and
bottomw th I, fol t tter

i nvesti gat ere“tfaﬁg@flhﬁﬁ%?ﬁ%geb% reat a%fmx 1sduir éﬁg!r%lgf% eytoasolo‘g@l ble to
cover a por KidSdncmf2inke2ihpggusmer f ace of t he test cell to -8 WO 03/ 043858
PCT/ US02/ 31620 r%%luge t he bre%t ?}ﬁbl e ar roma 10, 2 cmx 10.2 cm (4in X
4in) square to a Owpyn Biggre ‘t“fPYFr ap) celly noted herg@Sshown in Figure 5,
the uncover gghifRAaBnE thamBie LEsHifiGHsEcafe toR \ﬂllfb?iﬂﬂﬁﬂﬁl%gt 1ﬁ%ﬁ?£&l @d' tions,
came to equilibrium al nost |rmE|afe had a distri P,on

huni di t y5 r ehetl adistribvgion of hemislsy rmngsgb@it tﬁ@%t ROItsITVAO ehrsk 905 hum dity.

Th trel th t ed 5. 1
em (2in x 20 NemmiGRS LGy i coterk i 4 b e heT wPa e B S The <
cmx 5.1 Cﬁblﬁl&l A1 220 x RS and €0.2 caxhi B tad4tpk Gﬁ?dbﬁﬂg@f&fbﬁ@sTﬁé om the
envi ronnent aI chanber conditions after the initial change in the relative

humi dity 10d&m poilnems (Zaa Zn) tevi gelb gxhibitest largeshifferenes fiom ach the act ual
envi ronnent o . 4in x 4in)
test cell ex Vl I teg{rﬂltl b&ﬂﬁber 2 qq girﬂ’lfe?glreeurll%g%h%g%erzﬁnﬁ ﬁ%@%é%t&c%gﬁﬂl@(

chanber l(bonshtmpumssaruifat leng CQIklhhgthlgtltnhQO sath feidctuabed/itoamehatl equil i bri um
appr oxi mat el 4t| s faster t Lemx 5.1 ecm(2in x 2in) test
cell. This Ye?n%méw%;]?ed&% 10125‘”&(@&%‘58) testred sxbifitedhe ability
of the hum qiutcu sﬁﬁn&%ff&@néers%& &@%ﬁﬁm&tal%ﬁé{ms&fb%&ma di tions.
Referring now to Figure 6, another series of fset graphs ow ng the
effects of NMNRingthé setipdint yndesacied eaqllw‘btlumrappmmmmely ‘btlmh@fmter ihas t est

I d 056 cel h 5.1
571 om (2 ' 2645 TRLAEEnb WGt odf ot st e nibSe o gater m  and

Pr opor e1XN- Bathableavéagh thb ebilifyasfané hﬁﬁld%/_éri%ot b tfaRl Badges bl € 1

Mat er i al Pur poseConst ructjonThi ckness gm
environmental conditions.

Referring now to Figure 6, another series of offset graphs showing the
effects of MVTR on humidity sensor equilibrium time is shown. The test cells
were produced much like the Hytrel 4056 cells above with 5.1 cm x 5.1 em (2in x
20 2in) breathable surfaces of Macromelt 6239, Tegaderm, and Propore KN-2311
having the properties noted in Table 1.

Table 1
. . Thickness pm MVTR
Material Purpose Construction (mil) ( g/m2 24 hr)
Hytrel 4056 Breathable Thermoplastic
(DuPont) Film polyester elastomer 254() 400
Microporous 356 (14)
Propore KN- | Breathable | polypropylene film/ | (1.5 mil film + 8.000
2311 3M) Fabric polypropylene 12.5 mil ’
nonwoven nonwoven)
Breathable
Tegaderm (3M) Film Polyethylene 38(1.9) 90
Non-
Macromelt 6239 breathable Polyamide 152 (6) less than 10
(Henkel) Film




ml(g/m 24 hr) Hytrel 4056Breat habl eThernopl astic (DuPont) Fi | npol yester

el ast onmer 25. 4(1) 400 M croporous356 (14) Propore KN- Breat habl epol ypropyl ene
film (1. 5woioB/odasksn + 2311 (3M Fabri cpol ypropyl enel2.5 m | 8C00B02/31620
nonwovennonwoven) Tegader m (3M Br eat habl e Pol yet hyl ene38 (1.5)90 Film

Macronelt 6239No ' . nkel YFilm-9
WD 03/ 043858 PCT%&%@%%@%’%I\%E‘# ?E’a‘?ﬁ% &'%\?A’C}Q‘PQE ?%?ﬁﬁ;ﬁaﬁld’f‘{@?est"ﬁ}e
Macronel t capsraeth easchdgeiliboiam, et Tegag@rancovieredrsample tekpsiabblriogm t he
Tegader m cover ed Sarﬁ%&%ﬂb@l es about 500_ m nu reach equilibrium

es to
wher eas t he "BRYEDIOS By RevRc3sd %FTOQPrerfté‘éré"n%%Vereélch?tFﬁl AEHREY n a
matter of S%c\_[ﬁ[iﬁiliurﬂ"iﬂHhﬁ&e%ﬂ_e@ér@ﬁﬁixﬁﬁtés?ﬁ&%&sﬂ?%a@l@sttﬁ_e @hta bR et gst%t 5 chamber

itself. These results are again mrrored as the relative hum y is
i ncreased t chogberatsels These reshltairengaiddirorediasake relygive humidityiis cl ear t hat

the Propore. fabric pbgving.the.qgre t. R post .closely tracks the change
in envi ronnél??f%ﬁsed tc?f@r‘%%tr 88%8??‘10&%&?%?%% i‘%‘%é\/fﬁ%ﬁ#@\fﬁﬁ%ﬂpoée gr aph

i |1 ustrati ngabrRealing Aeireasdt MVER! Bkt 3loRely trhPk LAY chdrae i BhviioRhehfal F €ach
tenperature of 25C and 50% relative humdity inside a 40.6 cmx 40.6 cm X

1.9 cm ( 16i shambaicanditignsysi n) seat sensor nat assenbly from various

nitial envi r onmpakal, £0AII 1R 75 BadiGLERNe Ble hUGMTB LRy phgwn. For

aut onoti ve seat appli 1 ons, e e equﬁ I bration
ti me of 101 esquitihdimmaipeeLto rédcheemperafuesof 2500 and 58%ekties Alrhidityessidd Han about
1 mnute, s as to 15 better track rapid changes in the passenger

conpar t ment 4@1%03“? Bﬁgjrérﬁ%‘ 1 O (10 i d 610 35 0d S B4t sengon Rat assambln droappl vi ng

ei ther air GoRGlstiheRi G8iBhmBRa! lAditiohs aSHAMtion of the MVTR is shown. For

automotive seat applications, it would be desirable to have equilibration time of
less than about five minutes, and more preferably less than about 1 minute, so as to

15  better track rapid changes in the passenger compartment environmental conditions
upon starting the car and applying either air conditioning or heating. As shown
here graphically, at initial conditions of 80% relative humidity and temperatures of
30°C, 40°C and 50°C, there is a straightforward logarithmic relationship between
the MVTR value and the time required for the seat sensor mat assembly to reach

20  equilibrium conditions of 25°C and 50% relative humidity. To reach an
equilibrium time goal of less than five minutes, the minimum MVTR value falls
somewhere between 100 and 1000 g/m? 24 hours and, more specifically, in a range
of about 400 to 600 g/m? 24 hours. Obviously, a material having a particularly
high MVTR value of about 8,000 g/m* 24 hours can reach equilibrium in

25  significantly less than five minutes or as shown here, about 0.1 minutes. This
theoretical value is based on a calculation using only the 40.6 cm x 40.6 cm (16in x
16in) top surface of the 1.9 cm (0.75in) thick assembly as the breathable area.
However, increasing the breathable surface area by, for example, making the
bottom surface breathable or increasing the overall volume by, for example,

30  increasing thickness will have a significant impact on the equilibration time. Note
that, for ease of comparison, the data shown in Figure 7 have been further

summarized in Table 2, as shown below.
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here graphically,
t enper at ures of
rel at i onsWopP3heisseen

sensor

relative humdity. To reach an

at init

30C, 40C and 50C,

i al

conditions of 80% relative humdity and
there is a straightforward | ogarithmc
the MVTR val ue and the tinme require@Crasoyhe2seat
mat assenmbly to reach 20 equilibriumconditions of 25C and 50%
equi HBfeioum time goal of less than five

m nutes, the mninmum WTR value fall§ sonewhere between 100 and 1000 g/ nR
24 hours angl, nore speci fi CRddilybrafich BiniedP5C, 60%gut 400 to 600 glnk 24
hours. Cbvi dusHN CohditRieT! a30d)3u%WHa Par{0cc8hoy kM N BOCVEOR R@!l up of
about 8, 000 /nkMVAfRnour $ can reach equitioriamimnm 2 | ess
than five niny shovﬂ"ﬂnhe(men) about Time (mimut es. Thins (mitjeor £t i cal
val ue i s bage et S+ 9=ﬁ=lﬁ=t=h;" 4O—E—c—40—6—cm{]6i n X

| 6in) top s_,u_f_apn Toe ¢ Dt hidEOssenbl y 28818 prebt habl e
area. Howeyer i#8reasing the39b9eat hahl e su%%3ce area by 1878 exalple,
maki ng the |bottoM@0surface bredtthabl e or i ncOasi ng the ovEs.&l 1 volume by,
for exanple] 30 i500reasing thi Okhess wil| hade a significant8inpacf on the
equilibration tinmeooNote| that 0.4 or ease of q@parispn, theogata shown in
Fi gure 7 haye begpod ur t her sugmer i zed[1n Talpl2 Z,ay showp foel ow -10 WO
03/ 043858 Tabte 11 US027 316 Equir i bratT e 10 25C; 0% RH| | ni ti al
Condi ti on: 3%8&@&%0& 86%6 g:{?';uv, 865RH .#R=‘Fﬁﬂ y n) Ti me
(mn) (g/n2 /24 877.8 1039.997.2187.8 1004.09.718.8

5000. 81. 93. 8 100

38& liglmre sge@g gl

ents of theymuenslondiaygbeen described in

the examples and foregoing description, it will be understood that the invention is

not limited to the embodiments disclosed, but is capable of numerous

rearrangements and modifications of the parts and elements without departing from

the spirit of the invention, as defined in the following claims. Therefore, the spirit

and the scope of the appended claims should not be limited to the description of the

preferred embodiments contained herein.

10
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Al t hough preferred enbodi mrents of the invention have been described in the
exanpl es and foregoing description, it wll be understood that the

i nventi orwOo93/088st [imted to the enbodi ments di scl osed, pbwtusis3icapabl e of
numer ous rearrangenents and nodifications of the parts and el enments w t hout
departing from the spirit of the invention, as defined in the follow ng

cl ai ns. Thew??fseblah@ﬁp' rit and the scope of the appended clains should
€

not be limte escription of the preferred enbodi nents contai ned
herein. 10 WD 03/ 043858 PCT/ US02/ 31620 What is Clained is: 1. A seat sensor

mat assembly conpri si Ageat sefisor At b&emBY dodepisgigbst rate; at | east one
el ectrically conductive sensing el enent adhered to the foam 5 substrate; a
hum dity sensor EI‘P§1§B‘§ deg {0RIn§uRsH#® f oam substrate; and a substantial l y

| 1quid | Mper Vi OUg: |4 BRL cIBRHERRRGRAHRNE sk agga&rﬁ;%r}t%ah%&d jd B8l POr Ll on O

t he foam substrate e seat sensor wherein the
subst ant$ al lsqbstrat@ l'iquid inpervious, vapor per rreabl e material is a

m croporous fil I ate. 3. The seat sensor nat
assenbly of cl ai f‘nﬂim e*F’éﬁoggégé d\)’&a’t}? H‘epf@i“ﬁéélbgltréter’ré‘? rial has a noisture
vapor transm ssi qutgs?&{nﬁal%t ll@lldhrﬁﬁ&’%o%@@aﬁéf'germgéblélﬁféfélal é&/eﬁ Ipe seat

sensor mat assenbly of claim3, Wherein said vapor pernmeab e mat eri al has
a noi sture 1ﬁa§i@rp0tﬂr1@m@frﬂ1%&aansubalrﬁeof at least 500 g/n2 24 hours. 5. The
seat sensor nmat assenbly of claim11l, wherein said vapor perneable materi al

has a noi sture vapor {r{lansm Ssi on rate of at |east 1000 g/n2 20 24 hours.
6. The seat sensér matPGEREIRIFY 18Rt asseambly of lair &W@W@ﬁ%%@“alﬁterl al

conpri sgg all&lﬁhXﬁb&fvidﬁs FNabB? pefmedB1€ n8ifal %%Qfoﬂmusqﬁmlx%v% claim6

wherein said polyolefinis
polymer laminate.

3. The seat sensor mat assembly of claim 1, wherein said vapor
permeable material has a moisture vapor transmission rate of at least 100 g/m?
24 hours.

15 4. The seat sensor mat assembly of claim 3, wherein said vapor
permeable material has a moisture vapor transmission rate of at least 500 g/m?

24 hours.

5. The seat sensor mat assembly of claim 1, wherein said vapor
permeable material has a moisture vapor transmission rate of at least 1000 g/m’
20 24 hours.

6. The seat sensor mat assembly of claim 2 wherein microporous

material comprises a polyolefin film.

7. The seat sensor mat assembly of claim 6 wherein said polyolefin is
a polypropylene.
25 8. The seat sensor mat assembly of claim 2 wherein said nonwoven

material bonded to said polyolefin film also comprises a polyolefin.

-12-



a polypropyl ene. 25 8. The seat sensor mat assenbly of claim2 wherein said
nonwoven material bonded to said polyolefin filmalso conprises a

pol yol ef iwi0 03/4238WD 03/ 043858 PCT/ US02/ 31620 9. The seat seasmsonzi2mssenbly
of claim8 wherein said nonwoven naterial is a polypropylene. 10. The seat
sensor mat assengly o | WhELE] I r.eabl terial
covers at | east n‘g% of fr%lﬁtga@iégarr%%rce arsgééﬂ%l?%!tfE%ﬁ?§§£$e§§§§¥§§?3$°gc%l1. The
seat sensor matdriahsgrbypropflersl ai m 10, wherein said vapor perneable
material covers at |east 25% of the surface area of the foam substrate. 12.
The seat sensor mat assenbly of claim1, wherein said vapor perneable
material covers AR apdhaseat senser mat asgembly of eleink 16whereinisaid wiper seat sensor

mat assenbl eifeabledhdllital W64 EhNeRRS% I bl bitract uda B HOMSupYAROT PET MEAbI @

mat eri al er conprises a ftlame retardan seat” sensor mat
assenbly of claim 13 wherein said flane retardant is selected fromthe

group cofisi sting1ef OMHaBE# sROSARCLMHELIYRE Blaird 16, whdtethQg@nabsd bi phenyl's,
and phenolic conpounds. 15. The seat senSor mat assenbly of claim 14

wher ei n sai gemeghls materigl spygrelatieast 25%cafdbe snfage pieaof thedrandsubstiBte. The seat
sensor mat assenbly of claim 1l wherein said liquid inpervious, vapor
permeabl e materi further conprises an antioxidant. 17.. The seat sensor
assenbly of clai Af16 WAESE! FENSA Bataseroly @hrkrimd, WhEIEIS3ih VAPRT i t ol t et raki s

(3, 5- di -t er bemttabk matedid So0erY RO SFRFhLRY iRk RAK £dm x2end8- A sensing system
for detecting at |least two different conditions having a breathable

noi sture barrier conprising at |east one electrically conductive sensing

el enent adhered tBer eThe sead sdngoi wat dserably @f it poseteinsiibiliquidne f oam
subst rai}g; and a, substanti al I% | i quid_ inpervious, vapor perneable nmateri al
at q

coverin ImpeyVious, P RsEMEF R mgterinh Rirthgncamprisss # Hame retardagip 03/ 043858
PCT/ US02/ 31620

14.  The seat sensor mat assembly of claim 13 wherein said flame
retardant is selected from the group consisting of organic phosphorous materials,

halogenated biphenyls, and phenolic compounds.

15.  The seat sensor mat assembly of claim 14 wherein said flame

15  retardant is octabromodiphenyl oxide.

16.  The seat sensor mat assembly of claim 1 wherein said liquid

impervious, vapor permeable material further comprises an antioxidant.

17.  The seat sensor assembly of claim 16 wherein said antioxidant is

pentaerythritol tetrakis (3,5-di-tert-butryl-4-hydroxyphenyl)propionate).

20 18. A sensing system for detecting at least two different conditions
having a breathable moisture barrier comprising
at least one electrically conductive sensing element adhered thereto;
a humidity sensor disposed within the foam substrate; and
a substantially liquid impervious, vapor permeable material covering at

25  least a portion of the foam substrate,
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wherein said vapor perneable material has a noisture vapor transm ssion
rate of at least 100 g/ n2 24 hours. 19. The sensing system of claim 18,
wherei n twie osmdssssaantially |iquid inperious, vapor pernealpCe/usay/sweal is a
m croporous filn nonwoven polynmer 5 lamnate. 20. The sensing system of

cl ai m 18, wher el Qo Pogior BERIRARIGg YL b i pdlaligiok 200"

transm ssion rate of at hour s. e sensing system of
claim 18, wee ef at leamt H)Q/gpﬁmrheumeabl e material has a noisture vapor
transm ssion rate of at |east 1000 g/nR2 24 hours. 10 22. The sensing system
of claim 18, wherein said vapor perneable nmaterial covers at |east 5% of
the surface areal®f t ke sesimgstisenodckimig, wirprsindbe substanggldy banidf cl ai m 22,

ur f ace . gt baiof cl ai
aren of tne PRARes, REPRPRCbl, PRl & o Sl Golo R R oP o bl or o n cai d

sensi ng 3yslainats. used 15 in a seat. 25. The sensing systemof claim?24
wherein said seat is an autonotive seat. 26. The sensing system of claim 18
wherein said two _conditions are presence of a weight |oad and absence of a
wei ght | oad. 20 29. THbe sensinigrsystemsr elainofl 8cwheminisgidwapoepermgableeast one of

said two ¢ itions, s ct from.the gr consi St b of presence of
at | east ongﬁg%lg!:g%aan ?lséll?ézgapgs g%%sélll}f)%%q fat‘?%tgagﬁ)?a(%g@:‘g cgg 5’8\‘5&5‘, not i on of
occupant, gender of occupant, and presence of nore than one occupant.

21.  The sensing system of claim 18, wherein said vapor permeable

material has a moisture vapor transmission rate of at least 1000 g/m? 24 hours.

10 22.  The sensing system of claim 18, wherein said vapor permeable

material covers at least 5% of the surface area of the foam substrate.

23.  The sensing system of claim 22, wherein said vapor permeable

material covers at least 25% of the surface area of the foam substrate.

24.  The sensing system of claim 18 wherein said sensing system is used

15 ina seat.

25. The sensing system of claim 24 wherein said seat is an automotive

seat.

26.  The sensing system of claim 18 wherein said two conditions are

presence of a weight load and absence of a weight load.

20 27.  The sensing system of claim 18 wherein at least one of said two
conditions is selected from the group consisting of presence of at least one
occupant, size of occupant, location of occupant , motion of occupant, gender of

occupant, and presence of more than one occupant.
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