;e3e?N?| | } <@ HE6TN~ 6 LAM NATED FI BROUS STRUCTURE AND W‘gmm«z‘
MANUFACTURI NG SAME FI ELD OF THE | NVENTI ON The present i nvenﬂi y
relates to |lam nated fibrous structures and to nmethods for nanufacturing
sanme. In particul ¥y the present invention concerns a |lam nated structure
conpri si ng YR3¥5¥%ore 1 ani nae which are novabl e rel ative t oPE4EBBEAL,

W t hout separation or tearing of either one of the | am nae. BACKGROUND OF
THE | NVENTI ON Lani nated fibrous structurles and nethods for tm ]

manuf acturing are well known in the papermaking art. Lam nat m”lmmwmwwu""“m
structures are created by a variety of ways, including enbossi ng. e« Or
nore individual fibrous sheets (also called plies or |am nae) and

adhesively joining themtogether. The resulting |am nates hav
enpl oyed for a variety of products ranging from packagi ng anoﬂ”w Mmm”’,?n
materials to househol d paper products, such as paper tissues,

napki ns, place mats, paper towels, and the like. To performtheif ended
tasks and to find w de acceptance, the household | am nated paper products
must exhi bit cer tGAMINABERaFIBRAUSCSERUCTURE AND AVMIEXYHODNFQORer desires

t he househol d paper product to have a high quality cloth-1ike appearance, a
relatively thick caliper, and MANZEA G\SAMEGsi ng pattern. Al of

t hese physical characteristics nust be provided wi thout sacrificing the

ot her desired qualities of strength, softness, and absorbency of the paper

product . FIELD OF THE INVENTION

The present invention generally relates to laminated fibrous structures and to
methods for manufacturing same. In particular, the present invention concerns a
laminated structure comprising two or more laminae which are movable relative to

each other without separation or tearing of either one of the laminae.

BACKGROUND OF THE INVENTION

Laminated fibrous structures and methods for their manufacturing are well
known in the papermaking art. Laminated fibrous structures are created by a variety
of ways, including embossing two or more individual fibrous sheets (also called
plies or laminae) and adhesively joining them together. The resulting laminates
have been employed for a variety of products ranging from packaging and
construction materials to household paper products, such as paper tissues, table
napkins, place mats, paper towels, and the like.

To perform their intended tasks and to find wide acceptance, the household
laminated paper products must exhibit certain physical characteristics. A typical
consumer desires the household paper product to have a high quality cloth-like
appearance, a relatively thick caliper, and an aesthetically pleasing patten. All of
these physical characteristics must be provided without sacrificing the other desired
qualities of strength, softness, and absorbency of the paper product.

Strength is the ability of a paper web to retain its physical integrity during use.



Strength is the ability of a paper web to retain its physical integrity
during use. 7 Softness is the pleasing tactile sensatio ?mvr y
percei ve when they crunple the paper in their hands and vvhhﬂesctm'ih b‘"t’;ﬁé
paper for its intended purposes. Absorbency is the characteristic of the
paper whi 4 it to take up and retain fluids, partic - - ter -
and aqueo&goz%/}%\é\lfons and suspensions. In evaluating the a&%%?“ﬁ ‘
paper, not only is the absol ute quantity of fluid a given anount of paper
will hold significant, but the rate at “which the paper will absorb the
fluid is also inportant. In addition, when the paper is forned into a
product such as_a_towel or w pe, the ability of the paper to cause a fluid
to be taken up PHRSs He thapRlpasii 1aqkids seRsatien \aastamers, pefcpive wher sy i s al so

inmportant. It i || known.in the p nnaki art _that enbassing generally
i ncreases a‘B’%‘BP%e‘ﬁgy?pe'Eb‘H}WE@né%ﬂ’ 1 %fn&tggpmﬂﬁlﬁlwe@ﬂé}“@ﬁ%ucts,

h toilet tj t |, .. i d .t i ke. Th I
S s Lo RSy IR PR R i T £
h hol d 3 : I "nat .ed”. "mal e-f "
nousehol d, gl 1SS Ehat *SIOUY ShBL ol TSR o on
Al th : i i h jod t d, d
A1 ese PAHATRE R @:ARERS) St e St bl OF 1B el o

of paper argndf of Bager Wil ol NghiaEsmRbud SleNaf ttwiicH W HhapaSaf 2850 8% NY
rolls. Discrete protuberances or raised continuous surfaces on the

enbossi ng ridlildss sleoimipertant.ei additia, wees thesppet isi HirfediRBOFIBRIG saétas
contacting relationship with the opposing sheet according to a presel ected
pattern. Thetoseirpr wieetherabiitynd thef papetoshest sflpiday bel ekéw p jimeo tiegped and

mai ntai ning the sheets in a face-to-face contacting rel ati onshi p.

Speci f i cal |and thereby leavba dry: winsd sprfaceds also ithportingcr et e pr ot uber ances (or
"knobs") on one enbossing roll are registered with the protuberances on the
opposi ng enbossi lids well knopm in the papermaking erhthat pmbessing gsaerally drcressesone
enbossing roll nmesh between. th ot uberances of the other enbossing roll.
In the cont309ARPERCY, aPfRgss and h@ﬁf‘g{@%tﬂo%@?ﬂlﬁﬁaﬁﬂs}”wﬁs&% 3 jileh Bpi€ed t o

t he di t t f,t knpb-t o- knob. pat t f f t
emhossi ng. rOPPLCAD TRRFeR die e TS orasevi! Bommen Shuges PRI  aces

acsi gned U Bl pfves sl 8reHed b RplbelSagfle Rened el "\ i

pat ent disc whe w 0 i p SE f 0S4 Ng

i denti cal r%siose ecfog?t g{r&gfo %??%ﬁ?’e%ﬁ%@u@%ﬁ%@@’ %“?&%‘Rﬁ’fggﬁ’s?ﬁ e paper
sheets. Thegmipd¢ 1#hmaBbn.S UM aR&E RltefnbAre TOQIRRA PR UKD ALABE @Spady 8f

adhesi vely joined, and the resulting | am nated paper structure is

cal ender ed. patfetfedpahd akiallg parutiel pmbedsig foylsr dhaignbe phovess, the dhibosdedl ply

| am nation type is disclosed in the conmonly assi gneg U S. Patents Nos.

5, 294, 475, shestsexf mapeMare. fedSthral@B4a hip fokived betwedn Swd G8xt3gRed embeskimn Nov.
21, 1995 to McNeil, which patents are incorporated by reference herein. The
McNei | pat erolls. diseregsotubdrantespinyraisedicontinuohsisunfages oo theaermbeseingitolh ar e
enbossed such that each enbossed site of one lamna is adhesively joined to
t he non- enb¥MBRIESSTEGIOBH obgachisheetinta engagement anfirontagtingTetatiopshiy a’ﬂ%d{‘&
patterns are i

| Justrated ipn the prior art by U S Patent 3,547,723 issued
Dec. 15, |99EP°FB‘gc§&’€§th%ﬁ‘??f£!}%F° PRFSAECtRD P2 ,fsseﬁwm%iﬁ regipn i thag 1971
to Nystrand;, U S. Patent. 3.708,366, issued San. 2, 1973 tq Donnel l.y: U. S.
patent 5. 7athegisproios Hkjoitie of 310 aiiine fit e in 3 dcepblaneosaate oo
i ssued Feb'reJrQion 35 to Nystrand; U S. Patent 4,483,728 issued Nov. 20,
1 984 to Baubit ern . U.S. Patent No. 4,921,034 issued May 1, 1990 to

B  US P - 2 C ] . a4 a: irab. S.
Pat ont S5, 356. 36?1?&%%&}21&' : g’c’t .9911’3"%3‘?3‘3‘?“? %‘"@g‘?t H{J"etd‘%f%&;s p@%ﬁ%&%ﬁn@p
5, 503, 896 i %BQ?A&E .oné erhB8Kirgd erﬁia}é?_ rﬁé‘éistéiled? wlﬂﬂdthb’- protubafaléts en IR, 563

i ssued Jun. 25, 1996 to Veith et al. e comonly assigned U. S. Patent Des.

No. 239, 137oﬂéﬁﬁﬂ@derh@dssin_%,roﬂl97lﬁ d RestydabBmy) the pretiiberthes conerdattRdssing
pattern found on commercially successful paper toweling. Dfferent attenpts

have been neglkmesh bétereen thet rotubpranves of plenothireembossing roll. In the continuous

pattern, the raised continuous surfaces (as opposed to the discrete protuberances of

the knob-to-knob pattern) of one of the embossing rolls are registered with the raised



+ enbossnents caused by the enbossing process. [For exanple, attenpts have
been made to provi de enbossed patterns having different dept ,L‘iahfd')?}?;‘_{,
asymmetric enbossnments. Qther attenpts have been made in the 7art to provide

* enbossnents having a certain size and representing a particular surface

area of thwoeiisged 4 sheet. Yet other attenpts in tkeTaBisni®mach a
particular angle, relative to the machine direction of nmanufacture, for the
enbossnments. Still another attenpts havg been nmade in the art to provide

enbossnments having particular configuration. Qther . attenpts teach
particul ar sizes of the protuberances and the correspondi ng recesses on the

J uxt aposed esiREsI CLrfa0kd F thEeaEP &S %etmsmé-kﬁw%aﬁtewisi ARERYR HRRO the
enbossnents are illustrated in U S. Patent 4,320,162, 1ssued Mar. 16, 1982

to Schul z, etmflonlylhsSignfAUetPAcrH3N 180S0 issiedad FNR. . Wells od I%8. 8o1938hul z;

U S Patent - 4,921,034 issued May 1, 1990 to Burgess et al; U S. Patent
3,940, 529, whihepatbiebdisddses 114 6compressiblo pdperettructres hrmedPhy esnibodsid5, 773,

i ssued Apr. 20, 1982 to Schul z; U.S. Patent 4,487,796, issued Dec. 11, 1984
to Ll oyd et ideatical gpiged patieriraetdiscigteoprofubtMncess eméwlo Butensible fpes shiestsThomas.
Regardl ess of the particular type of enbossing and pattern of |am nation,
paper | am nahedaid distal syrfagss ‘H‘?ltge smbogssd prafubgrances pigl aghedively jjnedpendr nor e
sheets of paper together to create a | am nated structure.  The individual
sheets of a%&ﬁ“&'&?&@“ﬂ%‘%ﬁ@%“wt‘?ﬁﬁ %]?@Ffeér t This patewy; s dnsornerafediBhber of

ways, includinng both adhesiv ondi.ng. and nechani cal bondi ng.

o hat 1 on/ EHBGR, MRS, WRGEAT U JSRiSEPD 0 1 istiosst 1o A psommegel e

| am nated s e qa Ssshdi h4d ¥ mal, 10 l,an Lt he

| am nat ed s%grsk%{egr@,s' ggtaﬁég@é%f%%%’%ﬁ’ tl%&lg%co eg}é"& {ﬂg@@gﬁ@ge s%%i at ed
with the ingrgased ;SR ESRLPI 31 t fio b r | aer i f, cal i per
al so g_enera‘lg14§.’| rrg_rlmg/es t he fabistdr%ggé?/ %@?k‘“@%ﬁ%&?‘g&r%@aﬁ@&% t he
same tine, ket h@BineNIAs VBNeiPfpalddfs BistiBEe Ar dual YN JarhRateCINGS: two
flexibility of the resulting | am nated structure -- ‘because the adhesive or
nmechani cal jahinadgvtidh latez @thboysetiheuchr that eaél dntbobieddsiteMdf Odneinfind agn nae
together fornms a rigid connection between the two or nore | am nae. The

i ncrease i nadiasivebrjpinethid the monentbosgdaegiog b thewthepiasina.bi | ity and

associ ated softness, decreases flexibility of the | am nated structure of
the prior art. | fhettamplescefciarions pattedis-avé illusirated sn thepriecart bjp&J.8.Rateper and
conpressi bility/softness of a | am nated structure achieved by | am nation
and the fl eXi¥/i73yisaeddss. 1 &m379tte dreshentt Lk Patent No. 3,556,907 issued on

Jan. 19, 1971 to Nystrand; U.S. Patent 3,708,366, issued Jan. 2, 1973 to Donnelly;

U.S. Patent 3,738,905, issued Jan. 12, 1973 to Thomas; U.S. Patent 3,867,225
issued Feb. 18, 1975 to Nystrand; U.S. Patent 4,483,728 issued Nov. 20, 1984 to
Bauernfeind; U.S. Patent No. 4,921,034 issued May 1, 1990 to Burgess; U.S. Patent
No. 5,269,983 issued Dec. 14, 1993 to Schulz; U.S. Patent 5,356,364, issued Oct.
18, 1995 to Veith et al.; U.S. Patent 5,503,896 issued Apr. 2, 1996 to Veith et al.;
and U.S. Patent 5,529,563 issued Jun. 25, 1996 to Veith et al. The commonly
assigned U.S. Patent Des. No. 239,137 issued Mar. 9, 1976 to Appleman illustrates
an embossing pattern found on commercially successful paper toweling.

Different attempts have been made in the art to improve upon the
embossments caused by the embossing process. For example, attempts have been
made to provide embossed patterns having different depths, and asymmetric
embossments. Othér attempts have been made in the art to provide embossments

having a certain size and representing a particular surface area of the embossed



March 2002 5 Therefore, it is an object of the present invention to -
decoupl e the caliper and softness of a |lam nated structure frow_t%n@AR 2_':,.,..
flexibility of the lam nated structure. It is another object oM. pr esent
invention to produce a strong, soft and flexible |am nated structure
conprisin re sheets which are novable relative to her
mﬁ?ﬁout sgﬁg$§Wﬂ%ﬁ?gr tearing of either one of these sheets.ﬁ$ﬁﬁP§%§¥fll
anot her object of the present invention to provide a process for producing
such a |l am nated structure. SUMVARY OF THE | NVENTI ON I n one aspect, the

I nvention provides a | amnated fibrous structure, conprising at |east a
first sheet and a _second sheet, nnvabk%mgoined together in a face-to-face

rel ati onshi pShsgt: a¥ ¢ Qihen tieqrotssin s ath (teach Griastiquias maglentelativsrin dig maddinga d
of sai d {1 1 SUTEHRR T PRI O 167 BB nSUL GPEEh SRS 58 Prdns. of
sheet . I a Do IRD SRRe Mlserut HrubR syt cbedrgh TBhér st ur e
br ovi di g at FCEPLY BT pSHcat ok ot i 3oRbAGRES SR TR T g eEREe

di sposi ng_sapluieljitfapaitd oy MIRC Sxdniblds SORE AhEmbRTE iBIAL HETM: and
nmovably joining portions of said first sheet to face-to-face corresponding
portions of gfbstsipes@nsle Sliefiatddoirt LRS! PafeRy 8306, 16DNR86dd W18, 96! Yesentesai d
correspondi ng portions of said first and second sheets, such that said
portions of Sehulk,fet At (EREPdternrd6 608D isuéd Apt.i M¢ 1088 tdSckily; ESp Pakhng
portions of said second sheet wi thout tearing of either one of said first
and second sh@2t,834 Issual Majyrid 1 83 prcBurgesscetialyv &18.i Raterp 3¢04i0ct29, Bsdedrfiebat ed
fibrous structure cog)ri si ng:

24, 1976 to Hepford, et. al; U.S. Patent 4,325,773, issued Apr. 20, 1982 to Schulz;

U.S. Patent 4,487,796, issued Dec. 11, 1984 to Lloyd et. al; and U.S. Patent
3,961,119, issued Jun. 1, 1976 to Thomas.

Regardless of the particular type of embossing and pattern of lamination,
paper laminates of the prior art are formed by rigidly binding two or more sheets of
paper together to create a laminated structure. The individual sheets of a laminated
structure of the prior art are joined in a number of ways, including both adhesive
bonding and mechanical bonding. Lamination/embossing is known to be helpful to
increase caliper of the laminated structure and compressibility normal to the plane of
the laminated structure, and therefore -- to increase the sofiness associated with the
increased compressibility of the structure. An increase in caliper also generally
improves the absorbency of the laminated product, At the same time,
lamination/embossing of the prior art tends to reduce flexibility of the resulting
laminated structure -- because the adhesive or mechanical joining utilized by the
prior art to bind two or more laminae together forms a rigid connection between the
two or more laminae. The increase in caliper, while providing a higher
compressibility and associated softness, decreases flexibility of the laminated
structure of the prior art. In other words, a trade-off exists between the caliper and
compressibility/sofiness of a laminated structure achieved by lamination and the

flexibility of the laminated structure.



at | east two sheets novably joined together in a face-to-face relationship
and having face-to-face correspondi ng portions at which said at | east two
sheets are novably joined; and a plurality of novabl e connecti ons

i nterconnecting said corresponding portions of said at |east5Maohz2dezet s
such that each of said portions of one of said sheets is laterally novable
relative to the face-to-face correspondi ng portion of the other one of said
two sheets. In its product aspect, a lamnated fibrous structure of the
present invention conprises at least a first fibrous sheet and a second
fibrous sheet. At |east one of the first sheet and the second sheet may
be enbossed. TheH;irst.sheet.andﬂ¥he seaond.she%% arg 'oiﬁed t ther in a
face-to-face rel JErGSHT Hat QischPIPePeseR] ingntion ©decrup QU AN H{She first
sheet and tdfq Iaseaarktabarifroal ge ABiBility®f MRVMicRECiRcAR.y | aterally) relative
each ot her during,the use .of gﬂg | am nated structure by a éfniﬁﬂen, wi t hout
tearing or separlhis #Rthet obigry obHE Regsenfiinyeatiay to praduce asfrong, seft ang, flexible second
sheet conpriuming@d sthRuk@EBnipsRg t6d brifdrd siets Whichfdré mbvablaefatiatd ehdhatiepcond
sheet of the l|lam nated structure may be novably joined together by a

bondi ng mat %oyl sepgiation o5 fepidRgsofeithes opef thisy d5EHt bet ween the first sheet and

the second sheetit isTi# ahbthé&itobfebesHthapdsehtiaven@c® ROproVIBLH proBdss B pidtadink Y
j oi ned toget her by creating areas of upstanding fibers on the first sheet

and the secUfit epgpted sty ehen nechanical |y engagi ng the upstanding fibers
on the first sheet with the correspondi ng upstanding fibers on the second

sheet. The first sheet and the second sheet E)e novabl y j oi ned together
by conbi ning a bondi ng mter?QM%YﬁfeT%yﬁ%ﬂ é‘lfi bers on one or both of

the first sheet ande Eﬁb@ct%@ﬂﬂ%t?ﬁ@ﬂiﬁde}a _51Iaﬂrﬁte@fﬁ@&ﬂ%ﬁucﬁa&p?fﬁ{prisiﬁmleﬁsft gsent g
|nvent|oncrrpr|se the steps o rovi di.ng. at east two | Qr ou neets an
movabl y joifﬁf‘ﬁ‘&e‘taﬂ‘za seudshee ‘aélil’hg’fne‘}s/ﬁ%“rq‘e?‘l‘létfacfﬂ’é aceelaionshipy yf‘r?ﬁ"ﬁ?'g | ting
| am nat ed shaevaldd eonectineinepumisdtie sa@lskeets wishadoh-tofadeaprrespdntiiogiportiony suckt thar i ng or

separ ation Sglfd pgrh&ggf said Bifst Qlt:et Ll@ﬁloéahfé?éla?ive t'g‘tth_elc&%ﬁon@ﬁhepogfonst(ﬁgaicﬁsla&ﬁé &egay be
enbossed. If the sheets are to be npvably joined by a bonding material, the

steps of protryisadrehtitherspe Sistheshors2ib I Mytaterial to at | east one of the
sheets nust be parafsedon® ésped:,fthd MeenBdhe@bedenh @rdcossbfer mManfhdtyre joBianiedinaed

mechani cal | y_engagi ng their respect.ive upstanding fibers, the steps of
creating poﬁltlr?‘ﬁ?ig‘g% rg’d’ﬁ‘é‘fq‘a‘ﬁ%‘ieﬁf Oﬂpﬂ%ersg‘eé pﬂ?ﬁ; sheets and engagi ng the
upst andi ng fi bergowddingademtiefifst Mrols shdveandasdeaondifibepu ket dispdsirglaid didter
sheet nust bg ger%%rﬁned.ar{l ft I}e sgetet gmar e, to be novably joined by a
combi nat i orP8F°LRESSER I HCHRPEEITHFOMUP@AL upst anding fibers, the steps of
provi di ng and depeablyijtiging pertibasdisaid firsaseed tafact-to-fate td@sionding patiodsho®
sheets, and the s of creati areas. of. upstanding fibers on at. |.east one
of 1 he shoctt RTGY SikeC oAty RBEET R e S0 Brese B PP D o
FIGs. 1 A afirsk ahd Becanidstietsesnett thar sdid poftiogsofabidtfive sheetl ereahavulzlt radniveto thgui pmrent
for carrying, Qut 8P haRSRSorLia NS RPN MVSRL SPeink G drAATHSTRE cal Iy
second sheets.
In a third aspect, the invention provides a laminated fibrous structure comprising:
at least two sheets movably joined together in a face-to-face relationship and having
face-to-face corresponding portions at which said at least two sheets are movably joined; and
a plurality of movable connections interconnecting said corresponding portions of
said at least two sheets such that each of said portions of one of said sheets is laterally
movable relative to the face-to-face corresponding portion of the other one of said two
sheets.
In its product aspect, a laminated fibrous structure of the present invention

comprises at least a first fibrous sheet and a second fibrous sheet. At least one of the first



process of the present invention for producing a | am nated structure
conprising two sheets (two-ply structure); and FIG 1B schematically shows
the process of the present invention for producing a |am nated structure
conprising three sheets (threeply structure). FIG 2A is a stMemnn2doz

drawi ng show ng an enl arged cross-section of a lamnate of the prior art,
which lamnate is bent. FIG 2B is a schematic drawi ng show ng an enl arged
cross-section of a lam nated structure of _the present invention, which
structure is bent. 7 FIGS. 3A, 3B, 305 3D, 3E, 3F, 3G and 3H are
schemati c draw ngs show ng enl arged cross-sections of the different

enbodi nents, of t | am pat ed ruc ure he pres I nv ion co rlsing
Ewo_sheot s e ad BnsEfdibed e e BRbSSE s REeBisang st d Ms-CHebrel] o nod
in an al i gregkthen@ba face-torfade q@latubxehnp to Fdrfa. a 13Minated 8Bucdurt Wachphat tiset firstshest e
conprising t shee oi n in an, of et k -t.0 kno attern. FIG 3C
Chons. . o SR ekt sl o s R GRS S ARSI BRen et BITE e ap
shows a twofflieylafiinkied EttlicRirC®NPEnSUNIEY, WidusaRigSr bdpartigosy bie 6f ankRast ed
pattern. 3E .and FIG 3F s

a P structure co SI
P bossed SHEBIST BBRUITIL seron AL compae oy K italr arusy THEDh T80 on
i ncl uded angé secofd §hlaa (fmﬁbolaﬁmﬁﬁﬂ Stridhire hlagrwlmvaay%ﬁédetrogaherfbmrwnbmg ot her
sheet' s include g g ﬁ ﬁ%he errboss Reeg the in ﬂ_angl e of
the mal e el'B‘ﬁier WO BHeVY 8%%??81‘1?“"8’? %Y‘i‘ée"§ st ?@ethﬁéF{eesF“’c“ a? eet e
|| nCLF26d3§ﬂgEtﬁsmét ztn:ﬂetgé gmh@ sﬁéeﬁ?iﬁa@:]beohofzzm@ ﬁmwl Stsg@l]lci&- tﬁf crédr:ggca&éaerofs h](caet
n te|n uded a e el e t o (S ossnent of one
Sheet s | SRS R e o es A PESBEd HES Baten ReBTEALS GRAHEhe
enbossment (htahdigg ﬁlsefoalsadsnh&beiegt sl(ljda Wwith He dhespsnding err]patapdhmlg: -ﬁtgrhl 6h the@eatlid ch
conpri ses an e sSeda, she and a, non- enpnossedq .sheet
Cor bl 5ot sty e TR hee SEH FCol PR RO S SO S CHREE bEFEDRe 4B,
and 4C ar e wabtiagaiatetialdihd \thengStatdiopfibgs enbiy @adthCofaksHeCihe@nad efe stdvad
different epbodinments of the three-ply | am nated structure of the present

i nventi on. sheet
In its process aspect, the present invention comprises the steps of providing at least

two fibrous sheets and movably joining the sheets together such that the sheets of the

resulting laminated structure are movable relative each other without



FIG 4A and FIG 4B show a three-ply structure conprising two, enbossed
sheets and one non-enbossed sheet internediate the two enboss@fs@p@(% n
FIG 4C shows a three-ply structure conprising two enbossed sheets” ism&d
in a knob-to-knob pattern and one non-enbossed sheet externally joined to
one of theygyhpssHd sheets. FIG 5 is a plan schematic vi ewpdh 5801344
structure of the present invention showi ng essentially non-enbosse
continuous regions of the sheets. FIG g is an enlarged cross-sectional
schematic drawing of a two-ply structure of the present invention show ng

t he upstanding fibers of one sheet nmechanically engagi ng the upstandi ng

e o OB RERh o v BT AERBESRL LT fE ST

invention CQuokseAS 1ftht SMBRAERD be movably joined by a bonding material, the steps of
providing and depositing a bonding material to at least one of the sheets must be
performed. If the sheets are to be movably joined by mechanically engaging their
respective upstanding fibers, the steps of creating portions of upstanding fibers on
the sheets and engaging the upstanding fibers of one sheet with the upstanding fibers
of the other sheet must be performed. If the sheets are to be movably joined By a
combination of the bonding material and the upstanding fibers, the steps of
providing and depositing the bonding material to at least one of the sheets, and the
step of creating areas of upstanding fibers on at least one of the sheets must also be

performed.

BRIEF DESCRIPTION OF THE DRAWINGS
FIGs. 1A and 1B are schematic drawings of the side elevation of equipment
for carrying out a process of the present invention. FIG. 1A schematically shows the
process of the present invention for producing a laminated structure comprising two
sheets (two-ply structure); and FIG. 1B schematically shows the process of the
present invention for producing a laminated structure comprising three sheets (three-

ply structure).

FIG. 2A is a schematic drawing showing an enlarged cross-section of a

laminate of the prior art, which laminate is bent.

FIG. 2B is a schematic drawing showing an enlarged cross-section of a

laminated structure of the present invention, which structure is bent.



* fibrous structure 10, which herein may also be referred to as "l am nated
structure 10," or sinply "structure 10." The fibers conprisin h »)
structure 10 of the present invention may be synthetic, such g]sgp@h[vglgﬁum

“or polyester. Preferably, however, the fibers are cellulosic, such as
cotton |i nWY/15338yon or bagasse, and nore preferably are wRCHIPAHOII44such
as soft woods (gymmosperns and/or coniferous) and/or hard woods
(angi ospermns and/ or deci duous). As used7herein, the fibrous structure 10 is
considered "cellulosic" if the fibrous structure 10 conprises at | east
about 50% by weight or at |east about 50% by vol une cellul osic fibers,

i ncluding, but ndIGsi3At38] 3Co3D}3MIF, BGhadS3H afd eHera by @rawlifgs wemdngul p
fibers are selected for the structure 10 of the present invention, the
fibers may bmiggaichresesetyonamy theulifférant quutedénents b fithe dathingted Bandtaralof
processes, such as sulfite, sulfite and soda processes, and nechani cal
processes) sthe bresgnt grvenneivesmeprismgiteorshedtsel y, the fibers may be produced by
conbi nati ons of the nechanical and chem cal processes, or nmay be recycl ed.
The type, conbi nati on FIS8ndAshevs? Bre-al siggctire ¢qrprising e sheetg Jeined inot
critical to i}l{]\agigﬁégsent i.nvention. The structure 10 of the present
invention is e gpf“\%’-"di nmensi onal and pl anar, although not
necessarily flat. The rycture 10 does have sone.thickness in the third

i mens on. ” However , ¢ HAGK AP0 HEHSP B e FTRHALRE SRR JBRHREE Lo t he
actual first_ g Lrensi to the capability to manufacture a
cellulosic s?éé\%tkg?g?qgﬁ(ﬁgéﬁnﬁél'rel atively |l arge neasurenents in the first
two di mensions. The st I - i conprises two or
nor e individual fibr Ou@@?g%sﬁzvgso%ﬁ%h%t@?&%ﬁﬂ%v;%%ﬁg%@%{d the structure 10
conpri sing tygegheets may also be referred to as a "two-ply"” structure; the
structure 10 conprising three sheets may also be referred to as a
"three-ply" structure, FIGh@Dshowsa twd-by: stRbtutécsitipiéihy 6 s tHedGlinteiposdd
conprising a first fibrous sheet 11 and a second fibrous sheet 10 21.
At | east oneinafnesthé ptterst sheet 11 and the second sheet 21 may be enbossed.
FIG 3H shows that neither the first sheet 11, nor the second sheet 21 may
be enbossed. Pref er ablKIG. ABwed EIG. IFoshow hevd-plystrustueetonigrisingitwohe second
sheet 21 are enbossed. FIGS. 3A-3F show the different enbodi nents of the
structure 10°8easPAd sheets commbingd oy nested drattern, each shers hawips ity osadagluded ot h

(1 S R e e T B e 1
2] j i 1 i )

second Shect oot BuBBlokehl 5o EIC S 0 5bph BSLABC EORBE g iEY, .,

speci al l'y t r&ﬂfn&grr.{:ﬁ o*?%}ﬂﬁ,gé%* ?%geape‘?rtl’idnqgé %r&ﬂfdea Q%?ﬁ?e%@%?ec eﬁhen?-?ff

proj ecti ng gener y ou m one o e surfaces of eet 11, 21)

and usual Iy HEasG i of ME 8tk el IREAGNSE (e in SGRRSHIGAS ki Ons of the

ot herw se plane sheet 1 |, 21 out of the plane of t heet 11, 21.

Accor di ng t OclementRT BfcCdHhbdsEMet of e sHeBEis 336 SHah thd irkNfled ingla Bf the férpAlBed

t oget her by any one of the follow ng nethods: (1) connecting the sheets 11
and 21 by ustlegest df thieckniighssmeériof tHe dtfer shéetwhi ch woul d al | ow the sheets 11
and 21 to remain novable relative each other after the | amnated structure
10 has been cr eat Eiff. 32showsadwbiply stpscturadvhich ddnprises 4d emhogshé sifeetrand asheet
11 and upstanding fibers 42 on the second sheet 21, and then naking the
fibers 41 neoemembeessedsheplgage the fibers 42 such as to make the sheets 11
and 21 to join each other and, at the same tipe, remain novable relative
each other after Yl 3BAhAWE & ™Q-plyc STRQUrEQWRIKE ¢RIBRIISSE SWORON-GRRPSE
conmbining the nethod ( 1 ) and the nmethod (2), i. e., creating the portions
of the upstaﬁ‘meﬁg fibers 41 and/or 42 on one or both of the sheets 11 and
21, and then joining the sheets 11 and 21 by using both the bonding
material 51 and/or 52 and the upstanding fibers 41 and/or 42. It is

bel i eved that t he}i%gkn%n&tdq? 8k s %g%gﬂgﬁge&?ggggéﬂg%ggmg_ber s 41 of

the first sheet 1 t he’ surtace fibers o 1 will
facilitate the no j | IR-Tale) d
sheet 21. 11 %@ghgss&%gggﬁgééﬁﬁgﬁog o&fé%ét g%lg‘gnggls);stnent seélg&cgg&g?oj ect
general | y ouiasékent ihv@iioane of the surfaces of the sheet 11, 21. By the
sanme token, the opposite surface of the paper sheet 11, 21 has depressions
(or "debossnments") corresponding to the enbossnments 13, 23. As used herein,
each "enbossnent" has a correspondi ng "debossnent,"” both terns indicating
the sane elenent 13, 23 viewed fromthe opposite sides of the same sheet
11, 21, and designated -- for this reason -by the same nunerical reference:
13 for the first sheet 11, and 23 for the second sheet 21.




H

The enbossnent s/ debossnents 13, 23 of the sheets 11, 21, respectively, are
preferably arranged in a non-randomrepeating pattern corresbqﬁdihg“tbuybe
enbossing el enents 63, 64 of the enbossing rolls 61, 62, respéctively.
(FIGS. 1 A and 1B), utilized in the enbossing process of the present
invention gpgoslisasyissed herein below. By being "non-random "pihies/01344
enbossnents 13, 23 are considered to be disposed in a predictable pattern
and may occur as a result of predeterm ngd features of the manufacturing
process. As used herein, the term"repeating” applies to a pattern which is
formed nore than once in the structure 10. By being "discrete," the

dj t enb ts 1 2 i . di to th t
vt ron: ¢ ne-onmoss St oA QBB ERL. £ 0021 67 SR S Bkl
surfaces forg, tsﬁdeﬁm‘é&ts'aﬂ&'Qﬂén&%&%%g&’ghe@ﬂn%mgﬁiﬁﬁ +€wﬂ %g@o%geﬁhwgﬁ ure

10: The rest of | sheets 11, 21 conprises essentially ¢ I nuous
non- enbossed regi ons 1pjG. 24T §RWRECHIESIY straturd ReWPrishe TR mbaled chald 5. As

used herein, the "essentially continuous” non-enbossed reglions 15, 25
extend subst gigdsad irya kheugkebt patlegn sid dietneh@mifdssdd shedtexindllySoinéd fei pal
plan directions. Normally, the density of the essentially continuous

non- enbossedoneagfitherembdsse®sheets. | ess than the density of the enbossnents 13,
23 -- because the non-enbossed regions 15, 25 are nornmally not conpacted in
t he enmbossing process. It will be apparent to one skilled in the art that
there may be small transition regions bordering the enbossnents 13, 23 and
havi ng a density Fii-e} aedindare sehemagieidew of dhe stractarebofs heepressnt Biventomand t he

density of the non-enbo?sed re%;ons 1S, 25. Such transition regions are a
normal and eXjoBdagesssptially op-cgroossrd cepRmsoys reglonspitheoteets and are not to be
confused with either the enbossnents 13, 23 or the non-enbossed regions 15,
25. If the structure 10 is to be used as a consuner product, such as a

t I, fagjal. ti toilet.ti the 1i h
non- enbossedl gy ofe cub 28 stfiged i bShuRt btk farbembbus 1 n o
th | dj j i L ol . Of , [ t
necescary it eshe R BedhisharBiR ARF R AR MRS s gblstindi cul ar the
edges of t heﬁ%&ﬂh&'ﬂﬂ? eﬁi;mcqbf\%ﬁ?ngﬁ&%f@l@ 0?{“ facture of the

product (machi Is preferred, however, that the

ine direction, or
tensile strength be inparted to the cellulosic structure 10 in two
orthogonal directions, so that any applied tensile |oading my be nore
readi |y accommodat ed wit hout premature failure of the product due to such
tensile | oading. Preferably, at |east one continuous direction is parallel
to the direction of expected tensile |oading of the finished product,
according to the present invention. An exanple of the essentially
cont i nuous non-enbossed regions 15 (associated with the first sheet 11 )
and 25 (associated with the second sheet 21) is illustrated in FIG 5.
Interruptions in the regions 1 S, 25 are tolerable, although not preferred,
as long as such interruptions do not substantially adversely affect the
material properties of the regions 15, 25 of the structure 10. As FIGS.
3A-3G show, the first sheet- 11 and the second sheet 21 are joined together
in a face-to-face relationship. If both the first sheet 11 and the second
sheet 21 are enbossed, the sheets 11 and 21 nmay be joined according to any
one of the four general |am nation patterns discussed in the "Background of
the Invention" above. Different types and configurations of the
enbossnments, which could be applied to the enbossnents 13, 23, could al so
be found in several patents referred to in the "Background of the

I nvention.” As will be apparent fromthe follow ng description of the
present invention, the particular types and configurations of the
enbossnents 13, 23 are not critical for the present invention. 13



* As used herein, the term "knob-to-knob" lamnation refers to the t paﬂi
patterns shown in FIGs. 3A, 3B, 4A, and 4C In the knob-to-@@bméti
the first sheet 11 having the enbossnments 13 and the second Sheet 21 having

" the enbossnents 23 are joined at their respective enbossnents' distal
surfaces) ei irectly (FIGs. 3A, 3B), or through a-thir (FIG
4A). FI G gg}?ﬁ%\?\?the first sheet | 1 and the second sheet qazc?hjﬁg%mr%g at
the distal surfaces of their respective gnmbossments I3 and 23 which are
aligned relative each other. It should be pointed out that the enbossnents
13 of the first sheet 11 need not be identical to the enbossnents 23 of the
second sheet 2I, nor n Niss Iﬁ?ﬂ?ﬁﬂ? aligned with the
enbossnents 23. FIG 3B's ovvsIts e |rs?f%gﬁ?%fgyﬁﬁg%econd sheet 21
joined at the di sfghinattiF8ss Sfudillgi ' respective enbossnents 13 and 23
whi'ch are off set"relative each other. Al so, the first sheet 11 and the
second sheet 21 nReEmi@l (N &FGs.t BR-4T8Me RireRat ihRtiof Uskhprises ar Xt € - -
as caliper and basis weight. The first sheet 11 and the second sheet 21 may
be nmade fronfibfas diridterectVl, witéle herelnsmaMatsedertefertdietosds Ughinated kGucthret he
present invention nmay even conprise a heterogeneous |am nated structure. By
the term "hel®! ogsimpdy Sstiuaturer$0.8dTlsd fibers nomprisihg itlse stamntre 1 Gaf thetprésentst one
of the individual sheets (for exanple, the first sheet 11) of the |ami nated
structure 10inventidpemay Seishigihetihsuch appolrolefipaart padyestess Rréferabtyhdowevedi vi dual
sheets (for exanple, the second sheet 21 ) in terns of at_ |east one such
properties athedibesies cellwosic serhipsicotion hatsissrayen gnbagasssx angd morerprefsrablyur ni sh,
etc. In a contrast, "ho eneous | am nated strucgture”, is the structure 10
havi ng t he YR P i & SP%,WQ‘RA osp %wﬂlf%rabétagﬁf{%mﬂdy t he
same conpositio f material ,(fi.ber furnish and additiyves and are.all
substanti al | §7°P@5eﬁP$‘8§R°"P8 an’Yér gﬁ%glhoélfu{vﬁ ﬁ's?(ggﬁg@t hleoﬁ/bﬁlﬁs Y cgﬁ%igbsove
properties (i ]t 0 \, ' . ' to
Cheor i 1 er consierss” BRI Pl P TORABSGUPLEP B bhEBrisds S \UBEWRNPRANS, (1
| ower val ue gf. )s00 , t i ment s
of the str ug'{el rgaltla(l)th %\??ﬁ%&tsﬁf tﬁg{uﬁ_?ﬁggs{)&g@ﬁggﬁﬁgﬁﬁCﬂgﬁ(plcr)t?lgﬂ? ﬂ%ﬂ three
sheets 11, 2{, &dde Abers Mstéaabors 14 conbinations. One skilled in the art
will readily understand that other pernutations of the enbodi nents having
the knob-to-knob Ifayés pulpfideRQses sddidotedafoe thepgtrueture! 1 0 lof ARchredent ineertioas ent
invention. As used herein, the term"nested" lam nation refers to the
patterns shotr fiber:inag.be3pdiied bonahy3fulpidg prévess, ificloding sherhiowl, pracadseéshe t er m
"nested" suggests, the first sheet 11 is joined to the second sheet 21 such
that the enbeeshnemsuliita gulfitgl and spdarpraceysesf andmechanical gireeasses,] supheas
| ocated, or "nested,” in the correspondi ng debossnents 23 ("fenal %
el enent's) of goyBdweeddltgrativelyy .th%ﬁhwégwsby preduced byneamobinations 9 thg ¢ er n

di scussed above, iin ,the nested pattern, the enbgs nts 13 of. the first
Cheat S oo qer AT A EA] Privasser ot Ay RSO, SEHaTPe: Rembiotiy o et

21, dth 13 b I i d with.the deb

T e a8 SRR e RS0 B BB g, Senossent
tt d sh i i1 . i

patern and Shounoys 6l e 1Rl PRl S EREhoi 195 dibindil

i ncl uded ang| b e Bkiek&s 3 E,
the incl uded aﬁ“ng‘fa‘éﬁ%“?’%??ﬁ Pt eesdlily .0 The UrGUTEN® RRIhAeHohe thiflales

greater thanjj b thie ditdetion) SHewEVerOthe thied GIHMBRMES relaibved] sthble corapaedl sheet
21. In FIG 3F, the included angle RlL of the enbossnent 13 of the first
sheet 11 is heds idnad firfietwondimetheidna og ke tHe2caphbilite te Maasfaomrd a 28llulbsi¢ he
second sheet 21. As used herein, the term"included angle of the
enbossnent " sehaure 10dhaving relatjyely largenndadnyenséntieinvthé Fisst twlo didabneibng. he
enbossnment 13, 23 and a perpendicular to the plane of the paper sheet 11,
21, taken in a verhesthctoreok of thetiresent myentinpepmprises 6% ogmoz thdpiduahs | s
the case with the knob-to-knob pattern described hereabove, a third paper
sheet can be fjbsrusdaminge eshegts.t hs yspd fereindla structyss d Oseomprigingrer shoets

connected in the neste tern., FI G, 3C shows anot her odi nent of the
paper struct R4 30 %E&ﬁF@ts@n‘is 3 RVOrRLY oSITUcHIG; Al é{“&ﬁ&‘gﬁg})‘-‘yfql’&ﬁ‘i“ﬁél?f%n

Phe. comron! y S0 GREAND, & Bt % Sabdnf! Youfih R o PG '
McNei |, whi Cr}h&?'ttﬁéqétrdcﬁlrb QB%E)&%H%'@% fﬂ).,(t flﬁ’foﬁg‘: Skef1 f'%da h Recofid fokdds sheet




| 15 3C shows, the .enbossnents 13 of the first sheet 11 are joined to the
non- enbossed regi ons 25 of the second sheet 21, and the enkqs teg 23 1pf

t he second sheet 21 are joined to the non-enbossed regi on?ﬁﬁ%ﬁﬁzst
sheet 11. In the | am nated paper structures of the prior art, |amnae are
rigidly jowosdnssget her (usually, by an adhesive or mechani pétAnesPisaby a
conbi nation thereof) such that during the use of the | am nated structure,
the rel ative novenent of the individualjgheets formng the | am nated
structure is not possible without tearing or separation of the individual
sheet. Therefore, during the use, when the lamnated structure is naturally
subj ect ed t @1beqdiedd oreUSihk THst she@amll &l theNEcod PBet J1NFal e dnisREE¥eCt i on
of the individual sheets conprising the lam nates of the prior art affects
the fl exi bi IRIGy 38If sHdwesthat asitieattes firftl Heet? N, Sidr i@ isbéotld! sheshQWsmay be agment
of a twoply lam nated structure 100 of the prior art. The structure 100
conpri ses a esivesded.]l Piefaratllya howeedr, Hdtli thet fivst sheetel Isanlilthe 3acbnliZhe&idingeri gi dl y
interconnected. The structure 100 is bent such that the sheet 111 is curved
out war dl y armgthbosssdsh&¥ps.134-3Fs skhaw vibel diffevantd epbodimentshef thel trugtarei h0
tension, and the sheet 121 is_in conpression. in FIG 2A, a dashed line a-b
represents &AMpUEpgYee fishehest br and the perand sleeeb? 1.t bash gheofinst sheet § bandethe by

bending the | am nate 100 .of the priqr_art between two, pairs of
cor r espondi ﬁ@c%ﬁﬁgieérérﬁeéngli@g%f‘ﬁ -1 F4G. 3H shewys the| epbogliment pd dhg strcture ¢

LEE&??]S”E he 10.£ARHSH Efis%ﬁﬁ%i?w%Lhf‘er?ﬁé{hé3%$£€%§?f§ﬁﬂsﬁiyﬁé3§§t%é%‘iihé’iyng
Eoi t”‘e: ® G GO A9 Bhecihth i ol oA ik RS R B eI L
ol nis acc ShanpRLraf SRRh) ARt MGk AR Tor oS mdAd N2 2 0t (e
length of thegiedingabdtepall BudaiP Gort B Wkt Fsmac?ﬂg?fsthé%ﬂeavﬁt, Ae ghgss than

the length of 'the curvature a-b associated with eet 111. Therefore,
when the | anisiddlyepréficdaewp reeallp deflectifig %M%Hdﬁsiﬁ%’? o2fdns 3 fStAE Vthekwike MUSt
foreshorten nore extensively relative the sheet f -- to accommodate the
smal | er | engldneaheet he, ZLowmaif thieplanecb falissheetatledl.wi t h t he sheet 121.

O herwise, the integrity of 16 one of the sheets 111 and 121 or their
connecti on may beiogpuling dal thepressitommyntionptthd sieetsdl hgnd i2 bean ibei jodd by
theory, the applicant believes that the resistance to runpling (which may

i ncl ude bot Hogsshed ibypnaranemfdke follpwing methodsHa k conheatings meggsets Eé and @%ibility
of the lamnate 100 of the prior _art. In sharp contrast with theg[i)rior art,

t :
the indivi Pyl usipgaihonding mategal $hed whichawewldsalione ther theels b andi@l gPesent
i ti ble t . relat h other during.th f th
'tst: \relﬁg te léggd%?%gmarz%ﬁ%‘ﬁge %ﬁs‘ﬁq‘? aﬁ%ﬁf??fﬂgwﬁwei Evtfé&'eﬁﬁélfaf E;%f giﬁ%détc OE 1o
S , | | S
Sheet o i ek uplaptioRls Ahedhe AL il B o \iSlandihe ¥R 42150 1
| ami nated t el af | ' i b
provi di ng a et R 26 bl (R RakiBl e Fiferk A InhiitbalhZeAEE Y FRAEG2"Y
Preferably, {Bpas0epile the shedts 161%(1'2@&@5@% kXch BN ah&, ot BleMaméaiBdtémathher , as

FIG 2B shows. The | am nated structure 10 is bent such that the sheet 11 is
curved out wahélaplerrethtive @ac 6ler aflerithe faiMAEd kthhird |19 hak bebh Greattd; anddashed
line al-b 1 represents an average |length of a curvature of the sheet 1 I
formed by bgpytsgbining the method @) dfd die hhod (Bs &l dréudiagtthe potiehsvetthet wo
pairs of the corresponding enbossnents | 3 and 23 . A dashed line c 1dl
represent s ampstauding dfiberedtandiof 42 cnuoneadrubath aff théreheetsetl afid 2l p amd: theby
bending the |am nate 10 between the sane pair of the correspondin
enbossnent s jeingthe stzetDlleando? & byeusing bash thechondingmnaserial & @ad)O@d 52 P-@C? thexanpl e,

by the use of the bonding material 51) between the sheets 11 and 21, the
enbossnent s yPstapding fibe andgor 42t ispelipvad) that the, bondingampigaial Hlengaging

correspondi ng enbossnents 13 of .the sheet 11. coyuld pbe seen in FI.G 2B,
e oP N M SEHenins Abets hob ey ahheen | Lt fhe Sitasn fosrs of e Sl 21
need not fores te 0.,8CC dat.e t he bendi the strucfure 10

- because novﬁ%f"%gilcﬂﬁ‘/gatcﬂﬁ@mzﬁ%v bq%&'&f@%?‘éap%eﬁjﬁﬂt%&etshe@f&%f‘f SgC00d; ot ai n
essentially Sthpﬁztslane length as the length of the curvature ¢ 1-d 1
associated w he sheet 21. Thus, the novabl e consecution between the

sheets 11 and 12 m nim zes excessive tension and/ or conpression of the
sheets 11 and 12.




* 17 I n one enbodi nent, shown in FIG 3A, the first sheet 11 and the second
sheet 21 of the |am nated structure 10 of the present inventign:are j.oined
together by a first bonding material 51 which allows relative venent of
* the sheets 11 and 21. If desired, a second bonding material 52, different
fromthe fWQ#13¥%ing material 51, may be used in the |ani R&TAB%8Mct ure
10 of the present invention. For exarrpl? as showmn in FIG 4C, in the

| am nat ed structure 10 conprising three %or nore) sheets 11, 21, 31, a
second bonding material 52 is used to connect the third sheet 31 to one of
the first sheet 1,1 and the second sheet 21. O course, the sanme bonding
material (either 4hdiap ﬂ}egg quiﬁﬁqoﬁgo}ﬁ%t &‘Fi embassments { e Ll prtiert ntsaeiety

ial 52 d i h 11, , 31 her. A
or mor o di 1 1RHERG GHET Reg Ralrd Pebesscdt R et 1o 2t o84 e P Gkpudb o | o1 n
the first sh 11 t +sheet 21, | th di t of th
he TS0 St A B uaSh e Sl B SOBLAS] SRR 11
the second shgRlpohdin ftgrth?éiﬁ\?]ggéxﬁer{tp?&fﬂf SAs &P?ggreﬂﬁ'ii&a%mlﬂgssshﬁﬂfihggaf I bers

41 on one of 1ts surfaces. These upstandi ng ers can be'integral with

the first shegfespohdaipddehossment?yood wiﬂxismi&ﬂﬁgnﬁéﬂfﬁegél%&mz?nﬁ%ge& the

surface of the first sheet 11. Alternatively, the fibers 41 can

discretely afrémeiesbposité sidessofithacn®iheehl,2i1] &id &3Rgbted 1- fo thibfeason --
predetermned areas. It is believed that the upstanding fibers 41, when
conbi ned wi ty theesabendimaicabtefererde: 33, fobthe fitst bheeid i, arida2® forhile pecoadss of
joining the first sheet 11 and the second sheet 21 and afford the sheets 11
and 21 rel atsheet 2tobil ity when the resulting | aminated structure 10 is
formed. In another enbodi ment shown in FIG 6) the first sheet 11 has the
portions of the ubemepsseents/dehossmants 43023 pbths shentsl 1 bderespactivelyearehe
portions of th standi ng fibers 42, which portions are located in the

mut ual | y corErégffﬁPﬂiwg fiicd BangRadem fepsating pattefpeeerresponding tpethgecond

Shect 2L ¢ eSREek ke ek e AR L L2 oSt B 1S 0

di fi .47 . 4 ! | ] Lncide.. .| he | se,. th
4Pt anch 10, P s SRR Bl SPUESHSE ok B ERBe 1<
SpeLanc g 14 8 ke v Bl g GG, 0093198 bl W0 10,

41 of the fig; i ' i i 2 of
e second S ey S0 Pt ST PR BohbpBad

bel i eves thagf thaemirdifhdtaigdpsotesdCt Ak Qisdd hedeird, iGe REMSQBHeatifiyeniplied td ar med by
the individual sheets 11, 21 novably joined together possesses higher
flexibility patdm whichds éamed hiogpethan ande imatiie prrwotire 4 01 By beiny 'alieecktgbther bency
-- conpared to the lam nated structures of the prior art fornmed by the

i ndi vi dual s#basest eimpossmyentoilded3t exgenht rcobtiguons.he Ascordingata nige present
substantially the same properties as the individual sheets 11, 21 form ng

t he struct ur @®vemioys thergmbpsements/dehosamentdy 3, 34 geg sompoise peniRRens: UFfaers

Lam nated Fi hrous Structure FIGs.. 1 A.and .1 B schematically show an

appar at us ut JOTDIER Gaptiguonspates of an epbopsed Juninated SEMNEHO. Referring to FIG
enbossing 1ol s GINGH RS ANl P GRE PR O mE cpaseed Y
Gt ensi bl o. VPR 150 28 nipiciyef of 1ol Ty BTGP Hcalidngs”, ATREF AR Yr, 11 g1 o
ressure’ ol 1850 aE} GEpirABEs T nn R BE R kbl 8095 BRE hibkEmiali "

such as rubbgjroughbt SERABEIURILG H bSthOf itSprifkial iptan! BRRAGAY, Y NORAMY S thef O
cooperative rotation by suitable drive nmeans about their respectrve

paral | el axegensithof ehd essentidly’ dhlifudub, nddZentsfBdaregidhs Y5125 B BssNhan the
t herebetween. The pressure rolls 71, 72 are nounted for rotation by any
sui t abl e dri densitpafisheadrnbdssmbs 13 2% pelodcavse thehod-embosssé segiamsd Sa$ are
cooperatively disposed in juxtaposed positions relative the enbossing rolls
61, 62, respsacmallyingt compictedintireerobdrsigiprocess. pid will be apparé&g to ey skiléadneen.
The sheets 11 and 21 are forwarded through the nips El and E2 and are
enbossed by patsiarthattheiggray besmalbsrapsitiorEpegionsiboedering teaerabessmentdd ei t her
one or both of the indivjduyal sheets 1 I, 21 by passing

23 and having a density intermediate the density o¥the embossments 13, 23 and the



19 them through the.nips E |, E2, respectively, is preferred, any e I ng
method is satisfactory for use in the process of the present énm nﬁﬁﬁi
After the enbossed patterns of discrete enbossnents 13, 23 aQ rmed on
the sheets 11, 21 by the action of the nips EI, E2, respectively, the
sheets 11,waloonissmi n in arcuate contact with the enbossi ng peatrhsysnisdy t he
enbossing rolls 61, 62, respectively, as the enbossing rolls 61, 62 rotate.
The enbossing rolls 61, 62 are rotatabl)p driven at surface velocities V I
and V2, respectively. Preferably, the surface velocity V 1 of the enbossing
roll 61 is equal to the surface velocity V2 of the enbossing roll 62. The
net hods of tdRnAsityos¥ teHohGmbabéd TBE6Hs ﬂﬂJ%Stmttrﬁ{sﬁldﬁeﬂegloKBWa nBrrhdle art
and are not critical for the present invention. As has been di scussed
above, the shéekpectdd amithcPdf thambdmficairingthrocge b hrebyot a0 Be @aQfBE] vivd
following nethods: ( 1 ) connecting the sheets 11 and 21 by using a bondi ng
mat er i al whietthentbe bxhbassineutstlBe2 3 oethe sod-¢mhosie@flegiansridnds.n novabl e rel ati ve
each other after the |am nated structure 10 has been created; (2) creating
upst andi ng fi ber 3f the semctured OFis tasbe wisd@s a tansuner ppwiuah dilchoasta papestoszlon t he
second sheet 21, and then_neking the fibers 41 nechanically e e the
fibers 42 sucicial tisgrepartailet Hissuh e thy dikgnthe nontgmbasised mwnsdgef

the sanme tine, g in m)égble relative e Ethh ot her after the | am n%\ted
structure 10“#8@ eSPEtialy ponuinugusin 1w opthognnal disectings wisthinghe plane pf gy ¢ he

met hod (2), ns ,of he upst andi nq fibe and/ or

42don oBe orS"B‘E)tH“F $§ ?Iﬁés gﬂ‘eé{]°§sgg%rltﬂ}fﬁ(§u‘§’lon 9&?“?123}{3?%“?\(1 gp‘f‘rﬁ@as‘ﬁéeé s 11
fbers 41 2?&?"%?%& ikapand '?‘?ﬁ“@rﬂf Blucbdr BE ek pr it SRR |
and 1B ShOW QR linadting Iaﬁ'&;tlo}l for d %‘?Q?)E& %}g%o@éber ath%stlefheg@&%g and

passed the 035|ng ni ps ossing’ro

the pressur guefdth e itnparted tor %R‘éﬂﬁlb!’l@lsﬁuctﬁfeelo th Woﬁh& P afr 8o, tsoM t h
the rotating e OSSIng rolls 61 and 62, respectively. en, the bonding

material 51 thg slgpeppli@d tensile 10adiy tditﬁ] b r@bres ha@ily ldocoimiiatidt witbyt t he
bondi ng material 52 may be deposited on the

premature failure of the product due to such tensile loading. Preferably, at least one

continuous direction is parallel to the direction of expected tensile loading of the
finished product, according to the present invention. An example of the essentially
continuous non-embossed regions 15 (associated with the first sheet 11) and 25
(associated with the second sheet 21) is illustrated in FIG. 5. Interruptions in the
regions 15, 25 are tolerable, although not preferred, as long as such interruptions do
not substantially adversely affect the material properties of the regions 15, 25 of the
structure 10.

As FIGs. 3A-3G show, the first sheet 11 and the second sheet 21 are joined
together in a face-to-face relationship. If both the first sheet 11 and the second sheet
21 are embossed, the sheets 11 and 21 may be joined according to any one of the
four general lamination pattemns discussed in the "Background of the Invention”
above. Different types and configurations of the embossments, which could be
applied to the embossments 13, 23, could also be found in several patents referred to
in the "Background of the Invention." As will be apparent from the following
description of the hresent invention, the particular types and configurations of the

embossments 13, 23 are not critical for the present invention.



second enbossing roll 62. If desired, both the bonding material 51 and the

bonding material 52 may be deposited on both the paper vveﬁ 93%&2&@2 wth
t he enmbossing roll 61 and t'he paper web associated with the .roll

62, respe As has been pointed out above, the first Bﬂﬂ% terial
51 may bec\?g\éﬁ}tl?sgél to the second bonding material 52. The PI rsge}glns second

bondi ng material 51, 52 may conprise pql yuret hane | atex or thernosetting
adhesive. Foam may al so be utilized as t3he bondi ng material 51, 52. If
either one or both the first sheet 11 and the second sheet 21 are enbossed,

t he bondi ng materj al 52 s preferably depgsited on the distal surfaces
of the enbossi ngéslgseg#ef%% ‘!Ihf’rt ’?“sﬁ%‘g’fmlkf“)gngﬁwag%é e ngsthe FVRfh ot he

second sheelysddes HSWFAEL £LAEAELIA8 WhtnoR0E BAIBLRLEl ORDS
B, the devi Cfied:iOf1 GERAR! U ribBEnhANI10aHRUEL ! Bboni n8d bE REREITIH Ca! 1Y
shown as two pairs of dpplicator rolls 9?L, 9 jux?apose inaxialy

paral | el releghognsdhtd2 Whicholies ae@mlsﬁés,ls& wblngo&lnen@Zdisfa@_%,ﬁﬁﬁéek,va{h%%ObN it

shoul d be understood that ‘other suitab enrret hods of depositing the ndi ng
material 51 dilalyEBIGeE3 AItIR)| Selirdughtd Wird sRER S$ -(FRS. 4A)G FIGA 30 shesws tRé ter the
bondi ng material 51 and/or 52 has been deposited on one or both of the
first sheet fitst shesl 1l aad stecseochdssheet 2 12jbineti aettei distal subfaeds ofthelntbspdeeiveecond
sheet 21 are forwarded to the marrying nip N, where they will be novably
joined in aefrbossments Hcandr 23 whicbshaligned rélative ¢abk othend ftashedldterpoidted e 10 of
the present invention. If the resulting lamnated structure 10 is to have

t he knob- t o-orhdint ghe teabassstentsadd redt tihgrt%,rstvwﬁesh lhazeth owt bei Bicosddo the

her ei nabove), the enbossing rolls 61 and 62 are regi stered such that the
first sheet embossmenthed Qe serogd sheet 21, apenged;the gmbessmentsdidsheperteatly aces of

T3 and 23, PREHR L e 2 R B oy Bt Setid ARt FEORbSt od
tt f |l am nati { ch. di d i th
rbossi ng  shest ot ot o The it Sutal, lERE G HRURY PP Rl kot b o 13

the fi [WeY t f t 21
25 shown | n AE e oftselRIR sl Qg sd, e ARPARBLTYht (68 slonl Mech 2P
SUrucLure 1ok endhaleye shile pitfBhicdl sl AThPBlafile RAY LB bR dagne! SO

been di scussed herei nabov ossing ro stered

such that t e eqFRQnsdRNMaid ie REoridebt 21Shaypheadd AofBtfe BRfr&t RBfkrfaR, t he

non- enbossed areas 25 of the second sheet 21, and the enmbossnents 23 of the
second sheetMakovry the dnficmes 100 of hthenpres@tbvebraeas elbn Ofonigize 4 r st
sheet, as shown in FIG 3C ' If desired, a third sheet 31 may be

i nt er posed hetersgenedusdarthinaet] sehetote. Bly the tbrin'hetergenebus hewina@d stroctime! m a
three-ply lamnated structure 10, as shown in FIG 1 B. Although FIG 1 B
shows the t Ht isdneane giat tileass one abHhedndivilvaloshsete for extmoplentboSiretcshedtilly sheet
31 (not shown) may also be utilized in the present invention. Joinin

Sheets by Erfbdbe hminated sfructiupssiQifen be distipgpishefhfrom athlsas pestaf tM,"mﬂgare in
arcuate contagt. with the.rolls 61 and 62 ortions of upstanding fibers 41
Seconl ot e inikidSt ShepR or ramp iy e stapt il 2hOfcregms SP3! RS O due

properties as caliper, macro-density, basis weight, texture, fiber furnish, etc. In a

contrast, a "homogeneous laminated structure" is the structure 10 having the
individual sheets 11, 21 which are made with substantially the same composition of
material (fiber furnish and additives), and are all substantially identical to one
another with respect to all of the above properties (i. e., for any of the above
properties, the maximum sheet to sheet difference of the particular property is less
than about 10% of the lower value of that property).

FIGs. 4A, and 4C show the other embodiments of the structure 10 having the

knob-to-knob pattern, and comprising three sheets 11, 21 and 31 in various



upstanding fibers 42 associated with the second sheet 21 are createdygm the *
respective sheets 11, 21. The upstanding fibers 41 and 42 ma;db‘e treated by
any method known in the art. For exanple, integral upstanding fibers 41, 42

may be created by brushi'ng the enbossed areas of the sheets 11, 21 using )

brushing r 82, as shown in FIG 1. As used herein, t di ng -
fibers 41,%?%?%% ntegral wth the sheets 11, 21, respecti\fgﬁ.ﬁ%ﬂlhe
upstanding fibers 41, 42 are inherent ql enents of the sheets 11, 21,

respectively. Alternatively, the upstanding fibers 41, 42 nmay be discretely
attached to the sheets 11, 21. The discretely attached fibers 41, 42 may

i [ dig f . he ial of .., .
Ater ¢ e upapSifing s SHEI WA XL LK \BorBond O ISP bPtvttputy 14
Face: to-facel 15 SEPoumkrS Eaidl WY KGR LKA sl bk S RE ol |

sheet 11 faggiidd8n the praveatiabéivag. fibers 42 of the second sheet 21. By
passi ng through the nip N, the upstanding fibers 4t of the first sheet 11

mechani cal | y engag@sédgertifis ihRnekin Ondstedde Emihatiof rdf&e t§@ﬁ&g£heﬁkse§hbwﬁln t hus
nmovably joining the first sheet 11 and the second sheet 21 together such

that the fi FiGs. SDe6SE, ddd ARd Adthesefiguies st andthatamiMsiede sugdests,i the each
ot her without tearing or separation of either the first sheet 11 or the
second sheefirs sheeg b1 i jopedite Htessebgndshieny? Upshahati the embbsstsentsntd Bmalkdl' ng
Material . At |east one of the first sheet 11 and the second sheet 21 may
be treated elsmenighioé thpefirghbsheandl Ingre ilogated, 4 tnested," fre She cormespopding¥
course, the upstanding fibers 41, 42 nmy be created on both the first sheet
11 and the Q&Cﬁﬁﬂefgﬁggt( fsmale Weréwa%{bé,seﬁw sheet 21 shapalogousiystottheat ed t o
have the portions of upstanpding.fibers, 41. Then, the bonding material S I
may be depoi‘l‘?@f?'@"&’é’@&??‘ ??“fs%é %BY% ig e gested patiey the eBgSSments 13 Ogl, and

f bl he f f the. [ fib I iyely, th
Ponai g mat S PCssh i eR Bt PR B FPinebdomnd 2 ablte SpoGh R Has ho
g mt & Y | ~Se el
oot orabl y ARDEER g ShOEmeft A oe e R AR B RS mE B By s of

the upst andingodihiRisorthe Mnihhid Srhcthre> [P Rbvidd i R Farlehd Mg BRRNn 11 and

t he second sheet 21 are disposed In a face-to-tace relationship in the nip

N. Thus, the1GoSERad I the Best shéet 19ThasNE Sk ﬁclﬁea%gi@o@aﬁe&emmqwondi ng
materi al 52 deposited on the second sheet 21 to novably join the first

sheet 11 andnd lie: seeodehezh@ethas dtst ®wil @idtudddearghe v ainbdsshiidnt R déffekéht of t he
present invention such that the first sheet 11 and the second sheet 21 are
nmovabl e r el dtormvtheaagle Rilt. hbr Fié. BEp tite ineladedgnglé Rdi dfiike embessment 13 of the
first sheet 11 is greater than the inciuded angle R2 of the embossment 23 of the
second sheet 21. In FIG. 3F, the included angle R1 of the embossment 13 of the
first sheet 11 is less than the included angle R2 of the embossment 23 of the second
sheet 21. As used herein, the term "inciuded angle of the embossment" refers to the
angle formed by side walls 14, 24 of the embossment 13, 23 and a perpendicular to
the plane of the paper sheet 11, 21, taken in a vertical cross-section, as shown in
FIGs. 3E and 3F. As is the case with the knob-to-knob pattern described hereabove,
a third paper sheet can be joined to one of the first sheet 11 and second sheet 21
connected in the nested pattemn.
FIG. 3C shows another embodiment of the paper structure of the present
invention, having a dual ply lamination pattern. As has been noted above, the dual
ply lamination is described in the commonly assigned U.S. Patent 5,468,323, issued

Nov. 21, 1995 to McNeil, which patent is incorporated by reference herein. As FIG.



"first sheet or the second sheet or separation of the first sheet from‘tzhe
second sheet. March 2002 23 CLAIMS 1. A lamnated fibrous
_conprising at least a first sheet and a second sheet rmvabl@ijt Mﬁ&zﬁﬂ :
together in a face-to-face relationship by a plurality of novable~”
connecti onsyo 99yggonnecti ng said sheets at their face-to-fa ndi ng
portions such that said portions of said first sheet are rm\q/%b'r?lg%r’@?g{)i ve

to the correspondi ng portions of said sqﬁond sheet without tearing of
either said first sheet or said second sheet. 2. The | am nated structure
according to claim1l1, wherein said first sheet is enbossed. 3. The

| am d ' |8 wh I n .sai d sh '
A A T S A Sty e N
e ot o o Srege s 1 44T SR SEIELSSh T

knob-to-knob pattern. 5. The [am nate ructure ac

wher ei n sai chré joisdd BRERoROHbSBEIregRHONY 0B R SHrstahEetTRVabl ¥ j 0i ned toget her
in a nested pattern. 6. The |am nated structure according to claim 3,

wherei n sai d firdh thééminaed papércsthenebfInephisr A damhmaale/ridiyyBtheli0get her
in a dual ply lanmination pattern. 7. The lamnated structure according to
claim 2, furtogesherdusnailyshynan adhesimeionmectenizaily| or by \eaddmbinaion iti@eoTpdudhf i r st
sheet and said second sheet. 8. The | am nated structure according to claim
1, wherein dhatdduningthshesetofaths bamiidated stmctushethe @iative ahevertdny ofothabl e

rel ative each other. 9. The |am nated structure according to claiml,

wher ei n sai dndividyal shegtsi formping the lamiantad struatereds hatposgibleawithas caanidg sheet .

March 2002 24 . e
separation of the individual sheet. Therefore, during the use, when the laminated

-

structure is naturally subjected to bending, rumpling, creasing, and so on, the rigid
connection of the individual sheets comprising the laminates of the prior art affects
the flexibility of these laminates. FIG. 2A schematically shows a fragment of a two-
ply laminated structure 100 of the prior art. The structure 100 comprises a sheet 111
and a sheet 121, the sheets 111 and 121 being rigidly interconnected. The structure
100 is bent such that the sheet 111 is curved outwardly and the sheet 121 is curved
inwardly. The sheet 111 is in tension, and the sheet 121 is in compression. In FIG.
2A, a dashed line a-b represents an average length of a curvature of the sheet 111
formed by bending the laminate 100 of the prior art between two pairs of
corresponding embossments 113 and 123. Analogously, a dashed line c-d represents
an average length of a curvature of the sheet 121 formed by bending the laminate
100 between the same two pairs of the corresponding embossments 113 and 123.
The point "a" must radially correspond to the point "c," and the point "b" must
radially correspond to the point "d" -- because of the rigid connection between the
sheets 111 and 121 at the points a-c and b-d. One skilled in the art will readily
understand that the length of the curvature c-d associated with the sheet 121 must be
less than the length of the curvature a-b associated with the sheet 111. Therefore,
when the laminatg 100 becomes bent as shown in FIG. 2A, a sheet 121 must
foreshorten more extensively relative the sheet 111 -- to accommodate the smaller

length of the curvature c-d associated with the sheet 121. Otherwise, the integrity of



10. The lam nated structure according to claim9, wherein said second sheet
has upstanding fibers facing said first sheet. 11. The | am r re
according to claim 10, wherein said upstanding fibers of sa[@??ﬁ‘@g Mt
mechani cal | y engage sai d upstanding fibers of said second sheet to novably
connect sSajweh doik3k Sheet to said second sheet to form said patugsRioets
structure. 12. The lam nated structure according to claim1ll, wherein said
upstanding fibers of at |east one of sajgl first sheet and said second sheet
are integral with said at |east one of said first sheet and said second
sheet. 13. The |l am nated structure according to claim11l, wherein said

upstandi ng fiRQF theQheds 1l?§r§¥1ﬂn&tﬁ%ir§&{n@cﬁér(ﬁ yséf%gﬁ?ti@&r\ to%gl';@é@?an d sheet

are discretely attached to said at |east one of” sai sai d

second sheetintedding Ao OGRIRA T HERRLTHE lappRct HRIEAY Bat ek tidiaNs 0
structure, which process conprises the steps of: providing at least a first

fibrous sheaumplife awhiek oy inthde bsthshnting MdSRREIiING Sathe shédi SR 1 afcgecond
sheets in a face-to-face relationship; and novably joining portions of said
first sheet theofléxabitity of thataeninate 168 pHihdiprigr garti ons of said second sheet to
create novabl e connecti ons between said corresponding portions of said
first and second Istshaips condrasth withathespriad artrthe dndivaduat ahebts il s21 sdfethe ar e
movabl e rel ative to the correspondi ng portjions of said second sheet w thout
tearing of dpmingiedgiacyre d@iof tg? iPEIsE HEVedion ride ghigetosmoys relgiiee for eashss

according to claim14, further conprising the step,of enbossing at | east
one of said qtlpqr?fmgg, CSE g‘%ﬁ@*@‘g@e ll(g'bﬁ Pé&?@“'&?fb&’é'gﬁ@rfﬁ%ﬂngl%f. cithgethsr ocess

di t | gi ,_turth | Si t he st f i dj bondi
i or a1 - arliousistel t PhAFCRERL SR A Sateekragen o e Trufbeco b Me wa

first and second SASEYLS: The ability of the individual sheets 11, 21 which form the

laminated structure 10 to move relative each other is accomplished by providing a
- non-rigid, flexible connection between the sheets 11, 21. Preferably, the sheets 11,
21 are laterally movable relative each other, as FIG. 2B shows. The laminated
structure 10 is bent such that the sheet 11 is curved outwardly and the sheet 21 is
curved inwardly. In FIG. 2B, a dashed line al-b1 represents an average length of a
curvature of the sheet 11 formed by bending the structure 10 of the present invention
between two pairs of the corresponding embossments 13 and 23. A dashed line c1-
d1 represents an average length of a curvature of the sheet 21 formed by bending the
laminate 10 between the same pair of the corresponding embossments 13 and 23.
Due to the movable connection (created, for example, by the use of the bonding
material 51) between the sheets 11 and 21, the embossments 23 of the sheet 21 can
laterally move relative the corresponding embossments 13 of the sheet 11. As could
be seen in FIG. 2B, due to the movable connection between the sheets 11 and 21, the
sheet 21 need not foreshorten to accommodate the bending of the structure 10 --
because now the curvature al-bl associated with the sheet 11 can retain essentially
the same length as the length of the curvature cl-d1 associated with the sheet 21.
Thus, the movable consecution between the sheets 11 and 12 minimizes excessive

tension and/or compression of the sheets 11 and 12.

[



*j March- 2002 25 17. .The process according to claim 16, wherein said bonding
material is deposited on said enbossnents. 18. The process apcord,i\@g.g.t\{d‘
claim 14, further conprising the steps of creating upstandi n’gﬁ i‘bersi-on®

* said portions of said first sheet;- and joining said at |east first and
second shewtos99Ezzai d face-to-face rel ationship such that saCcHiirgs@imadi ng
fibers on said first sheet novably engage said correspondi ng portions of
sai d second sheet to create said |lam nated fibrous structure. 19. A
| am nated fibrous structure conprising: at |east two sheets novably joi ned
together in a face-to-face relationship and having face-to-face
correspondi ng por Ir efsedbodittiett) skl irAFIGLERS! tHe\Brsh BIRRE 31 A8 (ADY&BhY
joined; and a plurality of novabl e connections interconnecting said
cor r espondi repegai tof threslamiinasad siruaturd Bhef the presadidmtentionaie jbinad tether by sai d
portions of one of said sheets is laterally novable relative to the
f ace-t o- f acea first bandingiateyalydr whioh aldéwy tedative mevement affths shedtst Woarsiiet s.
.A3Y. A ,. A 3E AL..AN. AN . A(_. AS% Au! .AF! _.Aln@A [3. A
CA{. Al n% A. Afidesired) p second Honding materg) 52, different from the first bonding material

b oe ool bay Sy BEPRA RS el giey Lo EGh pasbn hvanbn. For bampic, °°) °
&) *, 'wg\""") #sHHAS /@?L"'lsl mhc/ Y] cal ca 9 ]c%callcallrcatoze}%ca%%glca] ca] ca
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YYY"Zr Z_d_aaaaa3bgRhh
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that the upstanding fibers 41, when combined with the bonding_material 51, 52, will

facilitate the process of joining the first sheet 11 and the second sheet 21 and afford
“the sheets 11 and 21 relative mobility when the resuiting laminated structure 10 is
formed.

In another embodiment shown in FIG. 6, the first sheet 11 has the portions of
the upstanding fibers 41, and the second sheet 21 have the portions of the upstanding
fibers 42, which portions are located in the mutually corresponding surface areas of
the first sheet 11 and the second sheet 21, respectively, such that when the first sheet
11 and the second sheet 21 are being joined together, their respective portions of the
upstanding fibers 4l1 and 42 generally coincide. In the latter case, the first sheet 11

and the second sheet 21 may be joined by their respective upstanding fibers 41, 42
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and without the use of the bonding material 51, 52, as shown in FIG. 6. As FIG. 6
shows, the upstanding fibers 41 of the first sheet 11 mechanically engage the

upstanding fibers 42 of the second sheet 21.

Without being limited by theory, the applicant believes that the laminated
structure 10 of the present invention formed by the individual sheets 11, 21 movably
joined together possesses higher flexibility and increased caliper, and may provide
the improved absorbency -- compared to the laminated structures of the prior art
formed by the individual sheets rigidly joined together but otherwise having

substantially the same properties as the individual sheets 11, 21 forming the

structure 10 of the present invention.

Process for Manufacturing I aminated Fibrous Structure

FIGs. 1A and 1B schematically show an apparatus utilized in a process of the
present invention. Referring to FIG. 1A, two fibrous sheets 11 and 21 are fed into
nips E1 and E2 formed by embossing rolls 61 and 62 and resilient pressure rolls 71
and 72, respectively. The sheets 11, 21 are preferably, but not necessarily,
extensible. The embossing rolls 61 and 62 are made of a substantially rigid material,
such as steel, and are provided with embossing patterns. The pressure rolls 71 and
72 are made of a flexible and resilient material, such as rubber. The embossing rolls
61, 62 are juxtaposedly mounted for cooperative rotation by suitable drive means
about their respective parallel axes. The embossing rolls 61, 62 form a marrying nip
N therebetween. The pressure rolls 71, 72 are mounted for rotation by any suitable
drive means about their respective parallel axes, and are cooperatively disposed in
juxtaposed positions relative the embossing rolls 61, 62, respectively, to form the
embossing nips E1 and E2 therebetween. The sheets 11 and 21 are forwarded
through the nips El and E2 and are embossed by passing through the nips E1, E2.

While the embossing of either one or both of the individual sheets 11, 21 by passing
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them through the nips E1, E2, respectively, is preferred, any embossing method is
satisfactory for use in the process of the present invention.

After the embossed patterns of discrete embossments 13, 23 are formed on
the sheets 11, 21 by the action of the nips El, E2, respectively, the sheets 11, 21
remain in arcuate contact with the embossing pattern on the embossing rolls 61, 62,
respectively, as the embossing rolls 61, 62 rotate. The embossing rolls 61, 62 are
rotatably driven at surface velocities V1 and V2, respectively. Preferably, the
surface velocity V1 of the embossing roll 61 is equal to the surface velocity V2 of
the embossing roll 62. The methods of tension control and speed adjustment are
well known in the art and are not critical for the present invention.

As has been discussed above, the sheets 11 and 21 can be joined together by
any one of the following methods: (1) connecting the sheets 11 and 21 by using a
bonding material which would allow the sheets 11 and 21 to remain movable
reiative each other after the laminated structure 10 has been created; (2) creating
upstanding fibers 41 on the first sheet 11 and upstanding fibers 42 on the second
sheet 21, and then making the fibers 41 mechanically engage the fibers 42 such as to
make the sheets 11 and 21 to join each other and, at the same time, remain movable
relative each other after the laminated structure 10 has been created; and (3)
combining the method (1) and the method (2), i. e., creating the portions of the
upstanding fibers 41 and/or 42 on one or both of the sheets 11 and 21, and then
joining the sheets 11 and 21 by using both the bonding material 51 and/or 52 and the

upstanding fibers 41 and/or 42.

Joining Sheets by Using Bonding Material

As FIGs. 1A and 1B show, the first sheet 11 and the second sheet 21, after
having passed the embossing nips E1, E2 formed by the embossing rolls 61, 62 and
the pressure rolls 71, 72, respectively, are in the arcuate contact with the rotating

embossing rolls 61 and 62, respectively. Then, the bonding material 51 is deposited
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on the first sheet 11. Alfematively, the bonding material 52 may be deposited on the
second embossing roll 62. If desired, both the bonding material 51 and the Bonding
material 52 may be deposited on both the paper web associated with the embossing
roll 61 and the paper web associated with the embossing roll 62, respectively. As
has been pointed out above, the first bonding material 51 may be identical to the
second bonding material 52. The first and second bonding material 51, 52 may
comprise polyurethane latex or thermosetting adhesive. Foam may also be utilized
as the bonding material 51, 52.

If either one or both the first sheet 11 and the second sheet 21 are embossed,
the bonding material 51, 52 is preferably deposited on the distal surfaces of the
embossings 13 on the first sheet 11 and/or embossings 23 on the second sheet 21.
The method of depositing the bonding material on the sheets 11, 21 is not critical for
the present invention. In FIGs. 1A and 1B, the device for depositing the bonding
material 51, 52 is schematically shown as two pairs of applicator rolls 91, 92
juxtaposed in axially parallel relationship with the embossing rolls 61, 62,
respectively, but it should be understood that other suitable methods of depositing
the bonding material 51, 52 may be utilized in the process.

As FIG. 1A shows, after the bonding material 51 and/or 52 has been
deposited on one or both of the first sheet 11 and the second sheet 21, the first sheet
11 and the second sheet 21 are forwarded to the marrying nip N, where they will be
movably joined in a face-to-face relationship to form the laminated structure 10 of
the present invention.

If the resuiting laminated structure 10 is to have the knob-to-knob pattern of
lamination (which has been discussed hereinabove), the embossing rolls 61 and 62
are registered such that the first sheet 11 and the second sheet 21 are joined at the
distal surfaces of at least some of their respective, and preferably registered,
embossments 13 and 23. If the resulting laminated structure 10 is to have the nested

pattern of lamination (which has also been discussed herein above), the embossing
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be joined to the debossments 23 of the sheet 21 as shown in on of FIGs. 3D, 3E, and
3F. If the resulting laminated structure 10 is to have the dual ply lamination pattern
(which has also been discussed hereinabove), the embossing rolls 61 and 62 are
registered such that the embossments 13 on the first sheet 11 may be joined to the
non-embossed areas 25 of the second sheet 21, and the embossments 23 of the
second sheet 21 may be joined to the non-embossed areas 15 of the first sheet, as
shown in FIG. 3C.

If des}red, a third sheet 31 may be interposed between the first sheet 11 and
the second sheet 21 to form a three-ply laminated structure 10, as shown in FIG. 1B.
Although FIG. 1B shows the third sheet 31 as a non-embossed sheet, the embossed

third sheet 31 (not shown) may also be utilized in the present invention.

Joining Sheets by Engaging Their Upstanding Fibers
While the sheets 11, 21 are in arcuate contact with the rolls 61 and 62,
portions of upstanding fibers 41 associated with the first sheet 11 and/or portions of
upstanding fibers 42 associated with the second sheet 21 are created on the
respective sheets 11, 21. The upstanding fibers 41 and 42 may be created by any
. method known in the art. For example, integral upstanding fibers 41, 42 may be
created by brushing the embossed areas of the sheets 11, 21 using brushing rolis 81,
82, as shown in FIG. 1. As used herein, the upstanding fibers 41, 42 are integral
with the sheets 11, 21, respectively, if the upstanding fibers 41, 42 are inherent
elements of the sheets 11, 21, respectively. Alternatively, the upstanding fibers 41,
42 may be discretely attached to the sheets 11, 21. The discretely attached fibers 41,
42 may comprise a material different from the material of the sheets 11, 21.
After the upstanding fibers 41, 42 have been created, the first sheet 11 and
the second sheet 21 are forwarded to the nip N to be joined in a face-to-face

relationship such that the upstanding fibers 41 of the first sheet 11 face the
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upstanding fibers 42 of the second sheet 21. By passing through the nip N, the
upstanding fibers 41 of the first sheet 11 mechanically engage the upstanding fibers
42 of the second sheet 21, thus movably joining the first sheet 11 and the second
sheet 21 together such that the first sheet 11 and the second sheet 21 are movable
relative each other without tearing or separation of either the first sheet 11 or the

second sheet 21.

Joining Sheets by Using Upstanding Fibers and Bonding Material

At least one of the first sheet 11 and the second sheet 21 may be treated to
create the upstanding fibers 41 or 42, respectively. Of course, the upstanding fibers
41, 42 may be created on both the first sheet 11 and the second sheet 21. For
example, the first sheet 11 is treated to have the portions of upstanding fibers 41.
Then, the bonding material 51 may be deposited directly on the portions of the
upstanding fibers 41, and preferably to the free ends of the upstanding fibers 41.

Alternatively, the bonding material 52 may be deposited on the second sheet
21 which has no upstanding fibers. In the latter case, the bonding material 52 is
preferably deposited in the areas that will correspond to the portions of the
upstanding fibers 41 on the first sheet 11 when the first sheet 11 and the second
sheet 21 are disposed in a face-to-face relationship in the nip N. Thus, the
upstanding fibers 41 of the first sheet 11 engage the bonding material 52 deposited
on the second sheet 21 to movably join the first sheet 11 and the second sheet 21 to
form the laminated structure 10 of the present invention such that the first sheet 11
and the second sheet 21 are movable relative each other without tearing of either the

first sheet or the second sheet or separation of the first sheet from the second sheet.
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1. A laminated fibrous structure, comprising at least a first sheet and a second sheet
movably joined together in a face-to-face relationship by a plurality of movable connections
interconnecting said sheets at their face-to-face corresponding portions such that said
portions of said first sheet are movable relative to the corresponding portions of said second

sheet without tearing of either said first sheet or said second sheet.

2. The laminated structure according to claim 1, wherein said first sheet is embossed.
3. The laminated structure according to claim 2, wherein said second sheet is
embossed.

4. The laminated structure according to claim 3, wherein said first sheet and said

second sheet are movably joined together in a knob-to-knob pattern.

5. The laminated structure according to claim 3, wherein said first sheet and said

second sheet are movably joined together in a nested pattern.

6. The laminated structure according to claim 3, wherein said first sheet and said

second sheets are movably joined together in a dual ply lamination pattern.

7. The laminated structure according to claim 2, further comprising a bonding material

movably joining said first sheet and said second sheet.

8. The laminated structure according to claim 1, wherein said first sheet and said

second sheet are laterally movable relative each other.

9. The laminated structure according to claim 1, wherein said first sheet has upstanding

fibers facing said second sheet.
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connect said first sheet to said second sheet to form said laminated structure.

12. The laminated structure according to claim 11, wherein said upstanding fibers of at
least one of said first sheet and said second sheet are integral with said at least one of said

first sheet and said second sheet.

13. The laminated structure according to claim 11, wherein said upstanding fibers of at
least one of said first sheet and said second sheet are discretely attached to said at least one

of said first sheet and said second sheet.

14. A process for manufacture of a laminated fibrous structure, which process comprises
the steps of:

providing at least a first fibrous sheet and a second fibrous sheet; disposing said first
and second sheets in a face-to-face relationship; and

movably joining portions of said first sheet to face-to-face corresponding portions of
said second sheet to create movable connections between said corresponding portions of said
first and second sheets, such that said portions of said first sheet are movable relative to the
corresponding portions of said second sheet without tearing of either one of said first and

second sheets.

15. The process according to claim 14, further comprising the step of embossing at least

one of said first and second sheets to create embossments.

16. The process according to claim 15, further comprising the steps of providing a
bonding material, and depositing said bonding material on at least one of said first and

second sheets.
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18. The process according to claim 14, further comprising the steps of creating
upstanding fibers on said portions of said first sheet; and

joining said at least first and second sheets in said face-to-face relationship such that
said upstanding fibers on said first sheet movably engage said corresponding portions of said

second sheet to create said laminated fibrous structure.

19. A laminated fibrous structure comprising:
at least two sheets movably joined together in a face-to-face relationship and having
face-to-face corresponding portions at which said at least two sheets are movably joined; and
a plurality of movable connections interconnecting said corresponding portions of
said at least two sheets such that each of said portions of one of said sheets is laterally
movable relative to the face-to-face corresponding portion of the other one of said two

sheets.



