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/ USO 34424 ¥hitportafCin @Ppli@Bbheiaroide rdRDhedicAGRARRERL 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 |iquids 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, p@gplhwgtsr ¥aPor, &b transported across the barrier and quickly reach

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.



WO 03/ 043858 PCT/ US02/ 31620 As used herein, these terns have the foll ow ng
meani ngs: 1. The term "breat habl e" describes a material that is vapor

per neabl ewolwab43dssgiui d and particul ate i npernmeabl e such asPCiriuse2/ssed i n
garnment and diaper applications. 5 2. The term "m croporous” describes a
material wih a LuuelEan Ak oARARLE e i8Sk ndsh ! r ugh them and has
an effective pore size that 1s at least 'severdl tin€s the nean free path
of the flow ng nbl eculbstefrhrbreathabler’ describes omateridithat it @agddPeAn@ble ons) .

Brief Description, of, the awl ngs A nore. conpl ete understandi ng of the
present inv ‘r%tliqblﬁi Waﬂécu%‘f %P%@egﬁﬁsch?%?%ﬁéé 4ddn @aEners pd diaRey Det ai | ed
Descri pti Ona;\!ﬂlf%ﬁlidr@ken in conjunction with the acconpanying drawings in

which like reference numerals refer to like parts and wherein: Figure 1 is
a perspettive viaw of The ant mignponousiedeserthes aiphageriad atithrd sippcturd thaf oam 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;



-3 WD 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 | f g O L3 i me; and
Figure 7 is al ogiaérﬁ#f%%ac%%f&ﬁfslilt%g r%%lp%{aﬁﬁﬁzﬂ{%fg%?g{?%gl;n%ﬁ%:al cul at ed
time requi bredthableareachn fenidity serisomeqailit?l@® @mel; 50% rel ative hum dity as a

function of the WIR..Detaile cription of the Preferred, Enbodi nent 10
Al t hough t hose skisd fes%lsiarfeflﬁﬁogqu%aﬁrlai’ﬁsr‘@Hﬁﬁtvgrﬂé"c?ﬂ‘g?‘if9 usinggi FiFAti pl e
uni que  congémhbeiciAlyavanblOBolghRAL Bthtdrls HATRgARrAnP LA REMETRRLSt Ure
barrier in an _occupant sensing system the present invention is described

her ei n pti mBwpidjtyisgnsor gquitibraym tisnesard pref erred construction. In particul ar,

t he present invepii | C1 rel f oam mat _havj ng. fl exi bl e
sensor el ect rodegfglz‘i%;7 gsallgg%&nh”]ilh%é) (?13? 'P g‘r‘%@ﬁﬁﬁl}egh%oéﬁécgﬂ?g?]fglét?gg"?%er et o,
al | encl osetbquirthioreachsqnilttvii & 2500 layd60%saelatibé hemldatyiasatfendtionlognder t he

appar at us Sﬁ’gﬁ\t’[@ﬂ&al ly liquid inpervious and having sufficiently high
MWTR as to i rfere wwth the functioning of the sensor apparatus.
Alternate constructions in addition to those described herein are

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

the assthbly wi | Altboughi theseaskiltedrin theeart will nebdityt recegriideythatonultipkeiungques ensor

tri dhesgj . at t d.t t d t . of
el 100, 1 SR B R neled BB Borte e AR PAER i & conmoct ed 1o

an el ect r onbecupatiRtisihg $iRickn, Wy Hroscapvaiths it Be&scHABELRGBI prRftEilyth Syst em by
measuring i npedance 25 changes in an electric field around each of the
sensor stri g‘gatwaé%en%areﬁqﬁreécc@eﬁ&mw@ Inspaytécudargths peesepfciaventign iseat sensor

mat assenbl yed.Spae5rSn i j I d out portion of
t he bottom c%gﬁ})on 5? ggateg(gatng%oaltt)p?‘gﬁégé@?@%%gggggﬁ%‘%ggjﬁgﬁﬁt sensing system
uses el Ext r hemiditg/tempeamraspnt@altacied glyeretoyat enclazed otithér a biegthbls spi | | ed on
the seat could i i.r.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 ﬁ%‘éd 1mpervious

and having sufficiently high MVTR as to not interfere with the functioning of the

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



system from sensi ng occupant changes accurately because the conductive
liquid -4 WO 03/043858 PCT/ US02/ 31620 creates coupling and shorts between
adj acent wondueisss/e strips on the seat sensor nat assenblP;tT/US‘nﬂslsm ution
to this problemwould be to encl ose the seat sensor assenbly entirely
within a li ' [ I ' ' appi ng or
coati ng theg}ségtg% bés’ggﬁaé aﬁ&%&fésﬁé%}n}% dh'c%r&‘coﬂ-ﬁ‘ﬂézﬁy : §tr1§§' SH ﬂ{ﬁa’osr? sre g%wr’]abl e

pol ynmer fil mat asskmably. wat er out. However this soI ution presents additional

probl ens by creatin ffe onment al conditions, nanely

t enperat ure and bﬁ}ﬁg@flpg&/tothgs,pa ?rﬁé’“’ egoeer{@tﬂs therseaseBSBMAt and i n t he
sur r oundi ngaﬂéﬁ%@%ﬁ&l?%ﬂf& &0 uﬁf)ermﬁs ﬁHlB/HﬂEHQ'f'hﬁ ThitGs duRh@kE" 1 €
properties 10 of "the material s and gases of "the environnent surroundl ng the
conduct i ve wrapping arrcoatingthp eeat senser mndaSIaunbldlmyh :decmemiem nogeal i ng I:I he
entire asse i ds and gases
make tenper at ggﬁ%gtlgﬁglyﬁ%%?ﬁf’ 9%]??0%%{1%‘5%&' R 2 E}H%soéﬁné?ﬁ QIF?%?% el d data

si gni fi cant haditionae pebibldnhs Byl dreatibly verp @ilffdtdn® Bnvifbavhettal bofRb®Ing, RMEIy e a
tenperature and hunidity Sensor both inside the seat 15 sensor nat assenbly

and exter naFWeﬁﬂt@qqlaﬁd@‘H@l%‘é(s%WQébe %MﬁQYMtaSSCWMMMI | ty i ssges may
al so arise will be
unabl e to e%@g(%{gag%gﬂ \%\ﬁehgerbe gﬁnlg?fé@etgee &ﬁﬂ@?egeg Qillglg%%)lg % serstleea It is
al so not@bl ef thhatatatabudrd gases afohesénvienimentoneroundipp e donsmaﬂﬁretsfnq)s?ﬁaat hsensor
mat assenbly, ite.possible that it will create mldew and ot her
nondesi r abl ﬁe%ra&fﬁaﬂaﬁ“ rfﬁepaéiephﬁeélgg%meyﬂrWS%Hm BHENFonf ort
probl em ”ay“zﬁ[dh§§1rﬁﬁ&%u%rbﬂ% li§diti 8nd éa%é’soxﬂgké t@mk:@%rﬁ‘gﬁﬁd hihi@d/hat s in
contact with the occupant. Accordingly, a breatha nol sture”barrier
woul d provi d@naemmmwecrf the eleetuia fickighga signifirantlycuprandiffiselis Thig selpsibem A I
br eat habl e noi Sk resistant fab used to, creat ositive sea
of “the. open s LR R BieA erpPRlt anE ey SEEREb TG B oy
breat habj | i tehs@enhat dssendblyiahd Oxteink B HE PasdBibeh B¥hParifentenVvi ronment
between the seat sensor mat assenbly and the passenger conpartment. This
uni f or m envCrBvierEability issuesanay also a‘llf’re(ﬂﬁ/éilréh%ﬁlﬁgﬁ@edtlmifeﬂlamﬁl@ghum dity
sensor to b to characterize
the-envi ron e PRERREEERER)C B0l End G bEFHARles s ARSI ShbreSied

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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30 conpartnent. Moreover, tenperature and hum dity conpensation of the
electric field data is nade easier due to the consistent dielectric
properti es0mB/o43ss8s naterials and gases within the seat semrs®rUSHEbI6aAESENDI Y,
seat trimmaterials and the -5 WD 03/043858 PCT/ US02/ 31620 passenger

e

noi sture fr go56at sensor et &8%enbl y, Sseat
trim mater imisurefroneeadllebtity orihildorigh irthe seatshitsol Matmysbmblyeseat trim usual | y
not allow a suf Lsi cient a nt of air to escape fromthe* seat sensor nat
assenbly asTREHRSQEIgatbus, '@gué‘o%\h‘,eat\liéb\‘? membrane widl ysyalhpgotplowssi | y

i ncor porate : .

adnes, ve.  uSuqCehrEnAEN DPM DA thd oft FRT IR B L ARSI e,
utilized at sitshdoved yewstilation hndesumat bé easilp mchgloeated on hedottom swofasd of € from

entering the assenbly. t hau any nunber .of hreathabl e i sture barrier
films or fa ia(§§e"3ri$%fymdl€{r§’3fg‘?r%§msé¥e’ Y tBPQﬁ"éF B@cfeg?%&ﬁtﬁ% SfﬁtbPﬂe present
i nvention Waidh e Wirther 28lized m&r@[geg Sthiec PAMBIBNIIANS phdve haidhupat ed to a
pol ypr opyl ene nonwoven and available commercially as PROPORE brand fabric

from the M faesutering the asgermbly: Manuf act uri ng Conpany (3M). See U.S. Patent
Nos. 4,539, 256, 4, 989, d 5,238 623 1 ncorporated herein by
%ltzg‘gghc%%pqugf%eeggébrgaﬁabq@ mmSture%bJErﬁ:r ﬁhﬁf/gf %’gflcsp?rSpert i es and

ref erence, for a nor I SCUSSI On on ep

t he manlf achvailablef owd mefeped embodipeiny of thp pteetit ifivehiidn wbhidsutPie ki cul ar
film nonwoven | amnate offers nunber of advantageous properties
i ncl udi ng r BIPPYEPSPHYRIAPHEnStilm lanyagied to 3 pelxproRYERMNONWRVER apdWTR of about

8, 000 6/ 12 20 BSlom A4k RoPKOPORS! ind BbAE 1| A0 Wine Y MiARaLEST St ance

due to the presence of the nonwoven | ayer, goo Ity Si ng
acrylic tralNshefachuiing Songmny £3d).r 8¢edt] iSv Bhtyntl Nas. 4539,206,64,726,989% use of

pol ypropyl en th terial in conpari.son to other noisture

resi stant 6&@%\3%%5?‘25’?3%& Jdncorpatated ifeé?}%ﬁeig’l‘ilaénqr%ﬂ?‘ 9. Gore and
Associ at®s  dRBesPaDRGhOphyRRAYSopaS Add 1e hAnh BRI Mi¥BSforouthe fil m may
contain adjuvants such as antioxidants, flane retardants and 25 the |ike,

to the ext enelypioayleseilmsdfhiy partisulanfilmg/ponsyovendeminptei affias a nuhberri st ur e
vapor {120 a0 RSy RLARNL 650 Ml U5 Ty
t et r aki s( 3- faBesSMNV TR @f tbdait 8)0004/m? 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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hydr oxyphenyl ) pr opi onate), avail able as | RGANOX 1010, from Cl BA Specialty
Chem cal s, and ANOX 20, avail able commercially from G eat Lakes Chem cal.
30 Usef ulwbloanassset ar dants i ncl ude hal ogenat ed organi ¢ corpoMIsds3162r gani c
phosphor ous- cont ai ni ng conpounds, and inherently flame retardant

itions. : t I I . bi phenyl s such
Compos! oy ANENR' SyMAY HehlE T S LR Sphd i P
ﬁc]c abr onodi pdsr&atiﬁisngffmlml2hallogelng$:eaioﬁiis.phle¢ﬁal cggh:!iielphospfhonfsagdﬂin% f rﬁm 2 to 10
al ogen atomns ul. organic osphorus additives _include phosphorous
co rrpgu nds s H‘(?Hldﬁﬁﬁ?ﬂ%’%’g FP@p%‘gTdﬂ §8‘H'b??d§‘6 Big 2cids RhesRhProws IR eLHd s,

hal ogenat edc&ﬁdﬁ%ﬂl'{i% }{e&hfg%ﬂi't@d @éﬁnigmﬁjﬂgﬁ%ﬁgmpgms lahd Bhe liﬂ%?%eﬁ?&ée!mS be used

al one or m xe .g., chldrinate nyl's or anti nony oxi de.
| nherent§y bé¢ nsed alasteanr dained pish igs roblagimatet] ibiphenylk ioc Antttoonyodxidaippor t

conbustion gr are.self-exti i shing. ,Exanmpl i ncl ude pol y(vi nyl

chori de), p%{@?lﬁﬁafrﬁirﬁtgc}af}wwgé)a?e %8?@%%39 noLyippait ﬁ%‘fr’%\&sé‘to&?és, and
the |ike. Sge sklfSxtiffaligiihg 6Edfipl&Bfcludé ﬁ&g(@ﬂﬂ%&%é}?ﬂ&}@i@ﬁdfn@f erence, for
further discussion of flame retardants. The 10 adjuvant’s may be added

i ndi vi dual | ghleride); pelpimidese pplaetherckejonessandrthe like. SSagdhB. Patont 7 16:89%d wi t h
ant i oxi dant ; gpq! aget f.or 4 . SiARLifvin rocess steps
during manu*ngg l??a(eé. r%&g)gfnr\}\glx%ﬂ%/eélﬁalfg{/@r?thrgrlgé;lg%’l%s%n 8@? ar ﬁetggfrﬁélaﬁﬁ% such as
ant i oxi tnt sdjueants inhg bé added ihdividoall et tkiedesyetet, ddeflary apirdan mdyhe
conposition for. the breat Q&g{ e . 15 nmoisture barrier filmincludes

oct abr orodi PhBEWYAd Bith gdiox ghadded tngriberfos the sake phyimphbare proress Cheni cal
as DE-79. Rebgd dirkg MAHRuE! FHE RodwoR REG Ll 6% oMt ensor
assenbl y congrug%ed in accor dan(():e (\)Ni tnh%{eﬁe g%e5§§8¥{a% Jﬁ‘ﬁﬁgﬁsﬁ?@aihom.
The seat seastmxidaatssembihyg like conpri ses a pol yuret hane foam core 20 a nunber
of electrically 20 conducti v nsors 30 and a ten ature/ hum dity sensing
el ement 40 di spost® W%Orcﬁ]iuﬁergr‘?_%ﬁ'ﬁe‘m'%oﬁéﬁ?S?IHB‘EF"{‘T%‘ {O_ﬁg‘ef%ﬁ"r#’g%l%ck 20 for
measuri ngy t gisRedre befrRr &N indhlids dbtabroaliAndRAyIRAdE, WidiRbR dolitndsiagyd! y and
the interior of the autonobile itself. The entire assenbly 10 i's then
covered in HosybreabhakesOhgmiqabes BE: ¥per vi ous, breat habl e fabric 50.
Optionally, air ? i rovided in the 25.bottom of
the assenbly 10 F§&§I+%lé\(}‘g¥brﬁggt%§sgg)ﬁe crtglgvﬁ%weog%%eg%ﬁnﬁorfﬁseé’il%n

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



occupant sits on the seat cushion of the autonobile. The breathabl e

noi sture barrier 50 nmay be adhered to the foamcore 20 of the assenbly 10
by an acrwbios/o438ssansf er adhesi ve, not shown. Referring norCTawsShi/gueees
2a-2c, a top plan view, a side elevational view 30 and a bottom view,

Figurs. oo St EnS R Rons e HBAIR Mgk BPr d0 W RUBERET oy "7 V0

03/ 043858 PUahtiEM kbl in clonddaiciehyd asenthy. strl ps 30 the
t enper at ur e/ hum %y sensor 40 and the air ., ventilation holes 60 in the
seat sensor asse effmgi%‘?"éForFlﬁﬁreﬁéw3podqfﬁ‘1&t§rdééw@§§%Pr%@% fodgtter awi ngs are

provided to; lﬁﬁr&t%rfeathﬂeé HPtthE 3. efe%gﬁ&l{a?\?lew shbf it P& é@vﬂltfhgﬁ}@ aVd BW shown
f) po’r

in Figure 2 Figure 3a, a b5 ravmngo a corn i on of
t he seatdse dstaﬂech@swmy of agonstr podioadfihe wecenstarsembily honstrectpd asent
invention is_ s th.Fi gghes 1-2c, there mcore 20

with electr p%cgﬁayc%gﬁggl&?r\%enggwg%t}@ R T T E‘ﬁ’t"é"rs qai Y € attached

thereto by & d fwercosd wazmiIele%trrcmyls&ﬁrucﬁa%ﬂ&%saa@sﬁ @nd Pbirepfaerial 5@ur e 3b
shows the foam core the conductive el ectrodes 30, the barrier materi al

50 and a 10aftaghed thsfet@ bﬁﬁé&y@r obasnelid tyansfes a@hrssm&ﬁu tdilellyidigfre Bhe barri er
mat eri al toa%stetglg féa&n I‘,og'e 28, thE "él{)ncﬁl'éé | §ltrd4B8 %ﬁ QH amg{remetrgé%lllr%)naq(alan e AA s

Figure 4a e“elevational View al'ong

shown. Thi SlafylegbﬁtEansfdr adliesne @S ohhke pdkidideosl thg batict Mmatetiobinadnére it t80, the
opening in the fog{)pocore 25, the tenperature/humdity sensor 40 and the 15
barrier mat 85F3Cusiion, gpisho éi’in}y Figure 4b shows a detailed dravm ng of a

portion of Fi guR‘éfe?’ﬁn%ﬁ}q? 14 ?ﬁfe dal 59&5&% El'aﬁ efebgtl(ﬂlgﬁ{/l%{?\’(}é%#} lo the foam

core 20, the opening I oam core 2 t enper at ur ty sensor
40, the bar s¢ationhme é-Ad$ sHe@vrarikhis ﬁglerebklnstratmltlwmxsltm)hmgrcﬁmbefﬁamad)h’em ve 75,

agai n used ttach th at sen assepbly to a se shi on, not
Shown. 20 REBufF PRGN e RRMGFELS, the i R e i hOeRdy e e o

present g5l t BagRPWateri@b40. CSiHllaﬂS’rfqgﬁﬂeQIlBSshaﬁs 4Qpaf16d @by S diidy ofnd then
changing to 90%relative humdity at a steady tenperature of 40C. For this

figure, theFigaedaxad bettigpillustrating shepositjoning eff the faam @Ipeﬂ(),dbt bpahinginy ur et hane
foam mat i nE%r aflr;lgoge FSe tg'lgggra&l?%/humf]dlty sgnsog ﬂb h& bamer materlzlsg(f' fzndbl ock

havi ng a cen openi ng
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



25 therethrough and fitted with a tenperature/hum dity sensor. The control
test cell did not have any additional coverings. The upper surface of the
noi sture woIsMImst test cells were covered with a Hytrel Pe@AB02/31620

t her nopl astic el astoner available form DuPont and having an MVTR val ue of
about 400 g{difc2thedh s $ &ﬁr seal ed on
the sides and %ot fon’?a\}mﬂgtgﬁe %ano{’] Sﬁe%?ﬂh%m%%ﬁlfﬁi {5 i’F&PI onal |y,
to better |N\5els¢mgzme<21h)ssquan‘el uence of breat habl e surface area, it was
possi ble to cover, ortl n of e to face of the test cell to -8 WD
03/ 043858 PCT/ UsHSFBawD %&W&e@%‘ﬁ‘&ogﬁ‘%ﬁ%‘?%‘ BPERRFEGR & 10,2 om x 10, 2
cm (4in X Abgircheéntad cﬁa@n@eréoﬂdlﬁé'ﬂsxcaﬁnelto%ﬁl%hﬂnf(algx'ogt)mﬁ‘x?éﬂ?aft& affd Shown in

Figure 5, the uncovered foamcell, noted here as environnent aI chanber
condi ti ohs, htfhmdlstrd)wqm)f hmlduwwdmmbwﬁtb@wapeﬂn}s EHT8% Ed 6 a

dlstrlbutlo Yol sab e the s ts, of ,70% 90%
relative hufﬁla }“te?llﬂlmf’% J}E‘f@ Vé‘ff%‘g tr??ttcggfwg tP’En frated 1 ft'ﬂ%tﬁ% sted in
both 5.1 comx $1InC@id R2ih) un@iM) cand10.0 ct @M X 4ih) cenfiptrdtibng Fhéi n)
conflguratlons The 5.1 cmx 5.1 cm (2in x 2in) test cell exhibited |arge

di f f er ences flrHX OHlecm 10X Zmres call eélnblmsielar&@ erenesadroatther the initial
Change h" hAR Rl Endii: dofdtidhh L nRINLCorAALE B GOMRIMLELGER 0F L1 e
tions. conpari son,

to reach the actual environmenta condi 10. 2 cm X
10.2 cm@4i set)pothtmandzebhgeqchlllbmﬂhmﬁhlbe(dreaﬁhjdh astual ewsirodiveh@at ences fromthe

envi ronnental chanb condi.tions ch ing the set point. and reached
equil i bri unF%fﬁigtr‘(B% ??é{t@P}PaHS% ﬂi?s%f%%‘flérlqgﬁ%‘% (41glﬁ‘e415) tht&?F x@%ﬁef&m (2in x
2in) test cajuch shhilé HEFRAGS %&rﬁ&e%ﬁﬁrdrﬂﬁén‘&ﬁ@ﬁﬁngér cbrdilbh&dMabl e area on

the ability of the hunmdity sensor to track changes in environmental
condi ti ons. clRegingthesetpoint and ﬁa@md@qﬁlllbanmtdwromauew wmeofassethagr aphs

h th t . b t h :
The oot coliee-! GBS DDy TG S ENRGERER IrsatfiebfR & Toove w ih

5.1 cm x5 5. breatRabRiafeaxontfle dbillly dNtR@hiaidity séﬁh'bf ar@sckhaldgipmel t 6239,
Tegaderm and Propore KN-2311 having the properties noted in Table 1.

Tabl e 1 Mat 8pviEgnupsptaheendi@isst ruct i on Thi ckness m MWTR

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
. . Thick MVTR
Material Purpose Construction Ic(rl:sls)s Hm (g/m? 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 (1.5) 90
Non-
Macromelt 6239 .
(Henkel) brel?:?nzible Polyamide 152 (6) less than 10




ml (g/m 24 hr) Hytrel 4056 Breathable Thernoplastic 25.4(1) 400 (DuPont)
Fi |l m pol yester el astoner M croporous 356 (14) Propore KN Breathabl e

pol ypr opywene/odasbsn (1.5 m | film+ 8,000 2311 (3M FabripcTasbhyprsepyl ene
12.5 m| nonwoven nonwoven) Tegaderm (3M Breathabl e Pol yethyl ene 38 (1.5)

10 Film-o v odrsatios BlrRES i Ml il bk ARGl deilpel o 112"
hum di ty, t hppdibtreaeh dqudibviane thesBepali@ndansredachmphplesrabbut Joeach

equi librium .the Tegaderm covered sanpl e takes, about 500 mi.nutes to reach
egui libri umnmétﬁ%*gsrg%qﬂeeqwﬂ@ﬁamewlﬁemsﬁge ﬁwefee%bwwr% matgrialirgaches

equi | i bri umel1iBrifti4 8 mafitr SRYEEA! mfufidtAg cRREyY Haleethy dith BE R tbdte data of
the test 5 chanber itself. These results are again mrrored as the relative

humi di t ySi s chambaretaglé dThase e3utniare againmeirrofedadsdht ref@i0e iimidigsis Again, it is

clear that the Pr e fabric.havi t he greatest .MWTR nos | osely tracks
t he change i"}?r%aﬁ?/‘f)&?r?r{%ttaa me 8%%%‘&38%%% }n’ﬁéfélre?‘itﬁg“h%%f?ﬂ?rq:! gure 7,
a graph ill ‘fétirfc&ﬁai/m? thd@rcitBR WTTRGAbIt ¥loselly kR tBE chakge BfletviddRakdeH ti me to

reach tenperature of 25C and 50% relative humdity inside a 40.6 cmx 40.6

cm x 1.9 cmchamsbes cenditipns. x 0. 75i n) seat sensor mat assenbly from various

nitial envi r onmpatal, €001 AR 75 BadiGLERN, Ble hGHFE iy 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

either air ol 4fiBhmBRaL donditiofis oS0 Aol f e IRPRIAIIA, 18 1111l
conditions of 80% relative humdity and tenperatures o 30C, 4 and 50C,
there is a sttoriotive fest applidatiangait vtowid be dasirable embdviegqbidibratien 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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the WTR value and the time required for the seat sensor mat assenbly to
reach 20 equilibriumconditions of 25C and 50% relative humdity. To reach
an equi IwbrBnmsss e goal of |ess than five mnutes, the rCmusN3RTR val ue
falls somewhere between 100 and 1000 g/ n2 24 hours and, nore specifically,
in a range of about 400 to 600 g/ n2Zg hours. Cbviously, a material having
a particularly high MTR val ue of about 8, 000 g/ n2 24 hours can reach

equi libriunfin 25 signifi capddilybrhgssTinkewd FSCY S0 Mt es or as shown| here,
about 0.1 n MtigConlitich: [T MR, 8DY%FRH VAT upd, 0PARAT PN sHCC]OFIRATT pn usi ng
only the 4016 CqpgTRO. 6 ¢m (I6in X 16fN) top surface of the 1.9 ¢C
(0.75in) th /§§‘%lllr¥) as tHmelimémk habl e Emedmin)HoweverTimerfimimasi fig t he

br eat habl e BF-e-a—hy—ar—exars =ﬁﬁs re—-bettomsurface

br eat habl e { asing mm bl ue =5% far warrplgjr&m Lngreasi ng
t hi ckness W W& a significdh? inpact on 9hé equilibrati®@8 time| Note
that, for ease ofl®onparison, #He data|shown%h Fiqure 7 hb&& been|further
summari zed |{n Takd®® 2, as showd.®el ow. |-10 WD.D3/ 043858 PCB/8JS02/ 3[1620
Tabl e 2 Equilibrapomn Tige to 35C, 50% RH I niitg al Condi tion;9 30C, 80% RH
40C, 80% RHI'50C, 5800 RH [WTR (oo 2 724 hourg)y Tinme (mn) pigre (mp) Tinme
(min) 1 3995 9yxpgg 1877 8 12)'0’59.9 972 18% 8 100740 907 88500 0.8

1.9 3.8 10¢ 4+ 60—19—5666—6—106—26—4—216666—6-6—6—1+—6—2—AH hough

preferred enbodi ts of the.in ention have been described in the exanpl es
and foregoi ng degitlﬂf’ﬁb%h Hﬁfeniefi CW}{’Pqimb?@t dles iovenstenihane beancdeseribedinon is 5

not |im tedtﬂe%x%fﬁﬁle@Hﬁ@ﬁir@gd?ﬁgsdé%ﬁl?ﬁﬁgq%igﬁétunh&éﬁgpﬂ% ﬁle%vémgggsfus

rearrangements and nodifications o S an enents wt
departiny f nethimited 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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the spirit of the invention, as defined in the follow ng clainms. Therefore,
the spirit and the scope of the appended clains should not be limted to

t he descrwotoB/osssf the preferred enbodi nents contai ned hec®iuso2/i620 11 WO
03/ 043858 PCT/ US02/ 31620 What is Clained is: 1. A seat sensor mat assenbly
conprising: an insulating foamsubstrate; at |east one electrically

conductive mﬂs@aﬁ(ﬁr@nt adhered to the foam 5 substrate;. a humdity
W Thrn

sensor di sp0sS e foam substrate; and a substantially liquid
i npervi ous, vapor perneable material covering at |east a portion of the

foam substrate. 2. Tha ss@aknse R&0asselblyacon@iling: of claim 1, wherein the
substantially 10 |iquid inpervious, vapor perneable material is a
nmi croporous fil nihBWswWetshioapoiubsiEste; ani nate. 3. The seat sensor mat

assenbly of claiml,g Wél?&tg%ﬁﬁf;%nﬂwgfs SS&W%%@ &E}?ésrs(ﬁ hc?hﬁq a moi sture

vapor transm ssion rate o st 1 e seat
sensor nat asseat] y of claim 3, wherein said vapor perneable material has

a noi sture vapor transm ssion. rate of .at |east 500 g/ 24 hours. 5. The
seat sensor mat & %@Ffﬁﬁwe’&ﬁorgisa?ﬁ%ﬂ‘t%@eefp?fn%l?sﬁa%ﬁg per neabl e materi al

has_a misture vaa&)f;sta&ﬁiamsmpﬁaiirag?rrvﬁ)ﬁﬁ,_\%o@ﬁm%&@@aé mhPf1 &(\J%?inéap 24 hours.

6. The seat sensor mat assenbly claim?2 erein m croporou mat eri al
conpri ses alegstlapsiredn of the foam SubstTate. seat sensor mat assenbly of claim6
wherein said polyolefin is a polypropylene. 25 8. The seat sensor nat

assenbly of clai 21 2 wherein said nonwoven material bonded to said
pol yolefin filmé so &Bngsal sasormyassasbly phelaim 1, wherein the substantially

10 liquid impervious, vapor permeable material is a microporous film/nonwoven

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.
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-12 WD 03/043858 PCT/US02/ 31620 9. The seat sensor mat assenbly of claim8
wherein said nonwoven material is a polypropylene. 10. The seat sensor nat
assenbl y wb oshessm 1, wherein said vapor perneabl e nateri aCTASUESIS200t | east
5% of the surface area of the foam substrate. 5 11. The seat sensor nmat

assembly of clai g1 10, THESLR LhsSiin: 4ERA0IY RELARAR AR Chil YonkQYs] S at | east

25% of the surface ar rate. 1 e seat sensor mat
assenbl y of mekexiahisl polyyeopylenesai d vapor pernmeable material covers an
aperature of at least 5 cmx 5 cm 13. The seat sensor mat assenbly of
claim1 wherein said |liquid 10 inpervious, vapor Ee’r.rreabl e materi al
further conprisedOa fiThaseat sangerantassembly of plaim d awheseinssaid yapor assenbl y of

claim 13 wh i i d.f t 4 f e. gr.o consi sting
of organic g%@%ﬁ%ﬁ%ﬁ?ﬁ%ﬁﬁ a lgésqg%’a?fotg%%gk%ggﬁegﬁ%% S, Sé‘ﬁ%img ienol i c
conpounds. 15. The seat sensor mat assenbly of claim 14 wherein said flane

15 retargant is ¢t abmagBeht RO IaCKk&ebly bB claith 80 SWRrein &ARIAaphRI assenbly
of claim1l wherein said liquid inpervious, vapor perneable nateri al

further compeimeablegnatenialicoxgrsiatieast 27% ofitke sutace srsaobthefosmsbbsyratet cl ai m 16

wherein said antioxidant is peritaerythritol tetrakis

(3,5-di-tert-butryl-4-hydroxyphenyl)propionate). 20 18. A sensing system
easiht sbergfiof i

for detecting at Feast NE fgpt OEPLNE Flgha L, wheremgayd ¥apeat habl e

Moi St ure bapginfiabRAAREHA cBlrshin hf@stircdiet Rabics &rh &3 éda{ conductive sensing
el ement adhered thereto; a humdity sensor disposed within the foam

substrate; and a substantially |[iquid inpervious, vapor perneable materi al

covering at 25 llg@ast Tae peit kéngor @bt dskeanblo afciith g twiddén said 3iqyy@ 03/ 043858
PCT/ U802é31620 wherein said vapor perneable material has a noisture vapor
transm $8i ofMP§TEIOEs.ofRPeE Perpsahle materigl fipthoycamepiises a flame Tefardgatnsi ng syst em of
claim 18, wherein the substantially liquid

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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i nperious, vapor perneable material is a mcroporous filmnonwoven pol yner
5 lam nate. 20. The sensing system of claim 18, wherein said vapor

per neabl evomanesssal has a noi sture vapor transm ssion rat ecofusat/3leamst 500
g/nm2 24 hours. 21. The sensing systemof claim 18, wherein said vapor

per neabl e materi j 3 LSsd . | east 1000
g/ n2 24 hours. ?&e%?saﬂlgﬁgghﬁsﬁggg{tgﬁl%??g}:%?drtn&?éf, gév{ﬁfaa?%?l?]s&ggi d vapor
per neabl e re¢ of atd¢ast bileg/m’ 24 hoemst 5% of the surface area of the foam
substrate. 23. The sensing system of claim 22, wherein said vapor perneable
material covers at |east 25% of the surface area of the foam substrate. 24.
The sensing syst &t of The sansingayyiparodichin di8gwhergisi the subptantially Kquided 15 in a

seat. 25. T [ [ . ' ' i.S.an autonotive
ceat. 26, THIPEERS WoShEMO ol MaiciEh ST aMGREE BUSHR ons o e
pr esences of lamingteght | oad and absence of a weight |oad. 20 27. The sensing
systemof claim 18 wherein at |east one of said two conditions is selected
fromthe group consisting of presence of at |east one occupant, size of

occupant, |ocati 8% of Thesamsmgtsystemiof slrirofl Sowbenpirsaid yapatipermeableoccupant ,
and presencg,.of i (RS llhlgfgﬁ'xreo O%OQ%SHSQI%QSFiOn fa%‘e4 of at least 500 g/m”* 24 hours.

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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