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LIQUID-PERMEABLE TOPSHEET FOR BODY FLUIDS ABSORBENT 

ARTICLE AND METHOD OF MAKING THIS TOPSHEET I 

{Po5 's 
e,.opy 

This invention relates to a topsheet for a body fluids 

absorbent article such.as a sanitary napkin or a disposable 

diaper and also to a method of making this topsheet. 

It is well known to make a nonwoven fabric ~y 

subj.ecting a web of thermoplastic synthetic resin staple 

fibers each having a length of 20 - 70 mm to water jet 

streams .of·· high pressure so that the fibers may· be 

mechanically entangl~d and simultaneously liquid-permeable 

· openings may be formed. The nonwoven fabric obtained in this 

manner can be used as t:tie liguid-permeable topsheet of a 

sanitary napkin, . a ~is po sable diaper or the like. By such a 

method, the.staple fibers tend ":to. extend i~ parallel· one to 

another along the direction in . which the web travels •. 

Consequently, the staple fibers extend closely in.parallel 

· one to another particularly along peripheral edges of the 

respective openings. . These staple fibers thereby define 

correspondingly clear contours of the respective openings so 
' . 

far as these openings _are oval op~nings.,._each. having a major 

axis extending along the direction in which the web travels 

and a minor axis ext~nding orthogonally to the direction. 

!' 
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Fig. 8 shows an example of the porous nonwoven fabric 

101 obtained by the above-mentioned method. As shown, the · 

nonwoven fabric is formed with a plurality of oval openings 

102 each having a m~jor axis. A-A extending in one direction 

and a minor axis B-B extending in the direction orthogonal to 

the major axis A-A. It is now assumed that the nonwoven 

fabrlc 101 is pulled, for example, in the proximity of .one 

(102a) of the openings 102 .in the direction of the major axis 

A-A· A dimension of .this opening 102a as. measured in the 

direction of its major axis· A.;.A· is enlarged while a dimension 

. thereof ·in the direction c;>f i~s minor axis B-B is reduced, 

with a result that this opening l02a may be deformed ·narrower 

as indicated by imaginary lines. If many of the op~nings 102 

are.: deformed narrower like the opening l02a with .their 
. . . 

~imensions in the direction of their minor axes B-B extremely 
. . . . . 

reduced; t~e-nonwoven fabric 101 can not satisfy its desired 
·. 

function. This· is- for the reason that the openings 102 can 

no more smoothly guide body fluids. and a time during which 

the body fluids st~y .on the topsheet, creating a 

(iiscomfortable feeling of wetness against ·a wearer of the 

article. 

In :view of the above· problem, it is a object of the 
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invention to provide a topsheet used in body fluids absorbent 

article so improved that a body fluid permeability is never 

affected even if the topsheet is pulled in either .direction 

thereof. 

The object set forth above fs ·achieved, accor~ing to 

.one aspect of the invention, by a liquid_;permeable topsheet 

forming at least a·part of body fluids absor~ent article; the 

topsbeet comprising: the· topsheet having skin-contacting 

side and skin-noneontactable side intended to and not to come 

in cQntact· with the skin of a wearer of the article, 
. . . 

respectively, _the· topsheet being formed. by a nonwoven fabric 

made of thermoplastic synthetic fibers each having a fineness 
. . 

of. O.l - 10 deniers and a length of 20 - 70 mm· and 

mechanicaliy entangled· ·so as to extend in parallel one to 

··another substantially .. ·in one direction and to · leave a 

plurality of liqaid-permeable openings providing a total area 

larger than a total area provided by interstices of the 

entangled fibers; and the openings including a first group of 

openings each having a substantially oval shape d~f ined by a 

major axis :thereof extend.].ng substantially in parailel to the 
. . .. 

one dirE!ction and a minor axis thereof extending orthogonally 

to thE! one direction and a· . second group of openings each 

having a substantially oval shape defined by a minor axis 
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thereof extending substantially in parallel to the one 

direction and a major·axis thereof extending orthogonally to 

the one direction. 

Prefe~ably, the topsheet is formed with a plurality of 

ridges obliquely extending so· as to intersect the one 

direction and protruding from the skin-noncontactable side 

toward the skin-contactable side. 

Alternatively., the plurality of ridges may comprise a 

first .group. of ridges and ·a second group ·of ridges 

intersecting tbe first group of ridges •. 

According to still another embodim~nt, the first and 

second groups of openings comprise those formed in the first 

and second groups of· ridges, respectively, and those formed. 

in regions each defined by a· pair. of adjacent ridges 

belonging to the first .group and a pair of adjacent ridges 

belonging to .. the second group. · 

·.·The object set forth above is achieved, according to· . . 

th~ second aspect of the invention, by a method for making a 

liquid-permeable topsheet defining at least a part·of body 

fluids absorbent article, the·method a~·1ea_st comprising the 

steps.of: 

a. continuously feeding a web of thei:moplastic 

synthetic fibers each having a· .iength of 20 - 70 mm and 
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convey ing the web in one direction; 

b. directing a high pressure water jet streams onto the 

web being conveyed so as . to entangle the fibers and 

simultaneously to form first group of liquid-permeable 

openings each having a major axis thereof extending 

substantially in parallel to the one direction and a minor 

axis thereof extending orthogonally to the one direction; ·and 

c. subjecting the web _formed with.the first group of 

openings to a mechanical treatment so as to form a second 

group of openings . each. having a . substantially oval shape 

defined by.a·minor axis thereof'extending substantially ;in 

parallel to the one direction and a major axis there~f 

extending orthogo_nally to the one direction. 

An a"iternative embodiment of the method may -further 

comprises the step of forming, siml1ltaneously with or after 

the treatment to form the openings, a plurality of. ridges 

obltquely extending in . parallel one to another so as to 

intersect the one direction in which the web is conveyed and 

to protrude from one side of the web • 

. Accorgirig to ·still another embodlinent of the method, 

the ridges obliquely extending . so as to intersect the 

direction in which the web is conveyed comprise a first group 

of ridges extending in parallel one to another and a second 
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g ro up of ridges extending in parallel one to another so as to 

intersect the first group of ridges. 

According to further another embodiment of the method, 

the mechanical treatment to form said openings may be any one 

of a embossing treatment and a debossing treatment of said 

·Web. 

Fig. 1 is · a ·partly . cutaway perspective view of a· 

sanitary napkin according to the invention; 

Fig. 2 shows, . in enla~ged s.cale,. a part of a topsheet 

of the. napki~ of F iq. 1 as . being . pulled in a direction 

~ndicated by arrows X; 

Fig. 3 is a view similar ·to Fig. 2 of the same part of 

the topsheet as being pulled in a direction indicated. by 

arrows Y; 

Fig. 4 is a view similar to Fig. 2 of a var.iant of the 

invention; 

Fig. 5 is a. sectional view taken along line v ~ v in 

Fig. ii; 

Fig. 6 is a sectional view taken along line VI - VI in 

Fig. 4; 

Fig. 7 is a diagram illustrating steps for making the 

t.opsheet; and 
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Fiq. 8 is a plan·view of the topsheet of prior art • 

.. 
Fiq. 1 is a partly cutaway perspective view of a 

sanitary napkin 1 employing· a liquid-permeable topsheet · 2 

according to the inventiqn. ·The napkin 1 comprises the 

liquid-permeable topsheet 2, a liquid-impermeable backsheet 

3_and.a liquid-absorbent core 4 disposed between these two 

sheets 2, 3 • The topsheet 2 and the backsheet 3 are put flat 

and· bonded together ·along their portion_s extending outward 

· beyond peripheral edges of the absorb_ent c~re 4. ·. The napkin· 

l is configured so as to be. ·longitudinally larger an4 has 

longitudinally opposite ends 6,.7 and transversely opposite 

side edges a, 9. 

·Fig. 2 shows, in enlarged scale, a p~rt of the. topsheet 

2. · · The. vertical direction as ·viewed in this figure 

corresponds to the. longitudinal direction.of the .napkin 1. 

The topsheet 2 is formed by a. nonwoven fabric made o·f 

the~oplastic synthetic fibers 11 each having a fineness of 

0.1 - 10 deniers and ·a fib~r length of 20 -70 mm. To obtain 
. . 

the. nonwoven fabric, a web comprising_ the thermoplastic 

synthetic fibers 11 and having a basis weight of 10 - 50 g/m2 
. . 

i~ subjected to water jet streams of a high pressure so th~t 

the fibers 11 niay be mechanically entangled and a plurality 
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o f first openings 12 larger than interstices among each of 

-the entangled fibers 11 may be simultaneously fomed. In the 

topsheet 2, the fibers 11 extend substantially in -the 

longitudinal direction of the napkin 1. 

Each of first openings 12 has a substantially oval 

shape defined by a ma.jar - axis extending toward the 

longitudinally opposite ends 6,-. 7 and a minor axis extending 

_toward the transversely opposite side edges · 8, · 9, i.e., 

orthogonally to the major axis. In the proximity of the 

first open-ing 12, the fibers 11 extend ·1ongituc;linally of the 

napkin 1 along side edges 13 of each of the openings 12. 

The·topsheet_2 additionally has a plurality of second 

openings 14 each presenti,ng · a substantially oval shape 

defined by a major axis e~tending toward the transversely 

opposite side edges 8, 9 and a minor axis extending tqward 

the loi1gitudinally '?PPOSite ends 6, 7. The second opening~-

14 are formed by using. an ~ossing. tool provided with a 

plural~ty of . projections each contoured substantially in 

confo~ity with the . opening - 14. - . More specifically, the 

nonwoven fabric_ is pierced by the· projections. _More 

preferably, the nonwoven f·abric is pierced by the projections 

which are heated so that the cons ti tuerit fibers t 1_ of the 

nonwoven- fabric may be · thermally formed substantially in 
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conf ormi ty with the openings 14. 

In the topsheet 2 '· the first and second openings 12, 14 

have their major axes dimensioned to be 0 .7 - 7 mm and their 

minor axes preferably dimensioned to be less than 1/2 of the 

dimension of the major axes, i.e., 0.35 3.5 · mm. 

Substantially total quantity of body fluids discharged onto 

the topsheet 2 transfers. through the first and second 

openings .12, 14 to the a·bsorbent ~ore 4. While portions of 

the nonwoven fabric surrounding the openin~s 12, 14 includes 

numerous fiber interstices, the interstices are substantially 

smaller than the openings 12, 14 and a quantity of b~dy 

fluids tra~sferring through these interstices·is negligibly 

small compared to the quant~ty. pass.ing through the openlng"s 

12, 14 ~ :i:t should be · understood that the thermoplastic 

synthetic fibers may be· also treated to become hydrophilic 

before it is finally formed as the topsheet, if desired. 

·The backsheet 3 is preferably formed by ·a liquid­

im.permeable plastic film, a·nd · more preferably formed by a 

breathable but liquid-impermeable plastic fiim. If desired, 

a.nonwoven fabric may be laminated on an outer surface of the 

film to·form the backsheet 3. 

The absorbent core 4 may be formed by fluff pulp or a 

mixture" of fluff pulp and polymer powder of high" water 
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absorptivity. 

With the n~pkin 1 of the above-mentioned construction, 

the first opening 12 has its dimension as .·measured 

longitudinally of the napkin 1 enlarged as.the topsheet 2 is 

pulled in the direction indicated by the arrows X · ( i.e. , 

toward the longitudinally opposite ends 6, 7 thereof). On 

the other hand, the first opening 12 has its dimension as 

meas·ured transver.sely of . ~he ·napkin 1 correspondingly 

reduced, sometimes preventing body fluids from flowing into . . . 

the first opening 12. While the second opening 14 also has 

its dimension as· measured longitudinally of the napkin 1, its 

·d.intension as measured .transversely of the napkin 1 is. not too 

reduced to prevent body fluids from flow~nq into the second 

opening 14 •. 

Fig.· 3.is a view similar to Fig. 2 showing how the 

first and second openings 12, 14 are deformed as the topsheet. 

2 is pulled toward ·tlie transversely opposite side edges ·a, 9~ 

i.e., in the direction indicated by the ·arrows Y.· As shown, 

the . first opening· 12 · is . not so ,siqnific~ntly· deformed to 
. . 

prevent body fluids from f_lowing thereinto. On the other 

hand, the second opening 14 has its dimension· as measured 

transversely of the .napkin 1 enlarged and its dimension as 

measured longitudinally·of the napkin 1 is further reduced, 
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sometimes preventing body fluids from flowing thereinto. 

It will be apparent from the.behavior of the topsheet 

2 as illustrated by Figs. 2 and 3, body fluids discharged on 

to the topsheet 2 can rapidly transfer through the first or 

second openings 12, 14 to the absorbent core 4, .depending on 

the .direction in which the napkin 1 ·is pulled. In this 

manner, rapid transfer body fluids from the· topsheet 2 to the 

absorbent·core 4·is reliably assured~. 

· Figs. 4, 5 and 6 are respectively a· fragmentary .plan 
. . 

view similar to Fig. 2 showing a variant of the invention, a 

sectional view thereof taken along line v - V and a sectional 

view thereof taken along line VI - VI both in Fig. 4. It. 

shoutd be understood that the fibers 11 are not shown in 

these figures. The topsheet ·2 according to this variant is 

formed with a plurality of first ridges · 21 extending 

obliquely upward from l~ft .to right as viewed in Fig. 4 in 
. . 

parallel one to another. ·The topsheet 2 is. formeq also with 

a plurality of second ridges 22 extending obliquely downward 

from right . to left . as viewed in·. Fig. 4. . Imagina:cy lines 

indicate respective crests 21A, 22A. of the ridges 21, 22 •. 

The topsheet 2 has a skin-contactable side 26 intended to 

come in contact with tµe wearer's skin and a skin-

noncontactable side 27 intended not to come in contact with 
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the wearer's skin when the napkin 1 is worn. As viewed in 

the transverse section of the ridges 21, 22,· the side 27 is 

configured so as to come in contact with the wearer's skin 

(not shown) at the crests 21A, 22A. The first and second 

openings 12, 14 are distributed not only on the ridges 21, 22 

but also in the regions each defined by a pair of adjacent. 

first ridges 21 and a pal.r of adjacent second ·ridges 22 

crossing t.he pair of adjacent first ridges 21.. The ridges 

21, 22 have a·substantially uniform height of 0.2 ·- 2 mm, 

· preferably of O. 3 - 1. 5 mm. Both each pair of adjacent 

ridges 21 and ·each pair of adjac·ent ·second ridges 22 are 

preferably spaced from each other by .a crest-to-crest 

distance of 2 - . 7 mm, . respectively. The · presence of_ the 

first and Second Openings 1°2 I .14 aS Well ~S the f it'St and 

second ridges 21·, 22 giv~s· the ~·ops:heet .2 shown by Figs. 4 -

6 an appearance· characterized by fine irregularities and 

openings like knitted ge>ods. such ·an appearance is qui t.e 

different from that of an ordinary flat nom~oven fabric. It 

~hould.be understood th~t the riqges forme~.on the topsheet 

2 may comprise only one 9r~up of the first and second.ridge 

groups 21, 22. 

Fig. 7 is a diagram illustrating.the steps for making 

the topshee·t 2 shown by Fig. 4. Thermoplastic synthetic. 
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staple fibers 41 are treated by a combing roll 42 to form a 

web 44 which is conveyed by · an endless belt 43 to a high 

pressure water jet apparatus 46. The apparatus 46 comprises 

jet nozzle means . 4 7 having a _plurality of articles and a 

solid molding roll 48. The roll 48 having a plurality of 

projections (not shown) distributed thereon in ·a desired 

pattern and each of the- projections is contoured 

sub_stantially in co.nformity with that of the first opening 

12. Each of the projections has its major axis being aligned 

with the direction in which the web 44 travels. Having been 

treated by the apparatus 4 6, . the web· 44 takes a form of 

nonwoven fabric composed of· the entangled fibers and having 

a plurality of the first openings 12. Then the web ·44 passes 

between a pair of first embossing rolls 47A, 47B and _thereby 

the second openings 14 are mechanically formed. The web 44 · 

then passes between .a pair of second embossing rolls 48A, 48B 

.and thereby the first and second ·ridge .groups 21, 22. The 

treatment _by. the first and .. second embossing roll pairs 47A, . 

47B; ·48A,. 48B is preferably carried out a:t an intenJtediate 

temperature between the normal room temperature ·and a 

temperature corresponding · to the melting point, more 

preferably at a temperature substantially corresponding to a 

softening temperature of the _web 44. After embossing 
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treatment, the web 44 is taken up in the form of a roll and 

cut into appropriate dimension to be used as the topsheet 2. 

The steps for making the topsheet 2 may be modified so as to 

form the second openings 14 as well as the first and second 

ridge groups· 21, 22 simultaneously by a single step of 

embossing treatment. It is also possible to replace at least 

one of the first and second embossing roll pairs 47A, 4 7B_; 

48A,- 48B by. a debossing roll pair. 

Tbe topsheet_ according to the invention used in body 

fluids· absorbent article comprises the first openings each 

substantially in oval.shape having its major axis extend"ing 

in a given direction and the . ·second· openings Elach 

substantially in oval shape ·_having its . major axis extending 

·ort_hogonally to the given direction·. .with such· an ·unique 

·arrangement, a· desired liqu~d-permeability of the tops~eet 

can be maintained. by the .first_ openings or the second 

o:penings, depending on. whe~her the topsheet_ is pulied in the 

given direqtion·or in the direction orthogonal to the given 

direction.· 

With the embodiment of the topsheet having a plurality 

of Z'.idqes, the ridge$ cooperate with the presence of the 

first and. second openings to give the topsheet an outer 

appearance like the knitted goods. 
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WHAT IS CLAIMED IS: 

1 • A liquid-permeable topsheet forming at least a part of 

body fluids absorbent article, said topsheet comprising: 

said topsheet having a skin-contactable side and a 

skin-noncontactable s·ide intended to and not intended to come 

in contact with ·the skin of a wearer of said . article, 

·respectively,- $aid topslieet being formed by a non.woven .. fabric 

made of. thermoplastic synthetic fibers each having a fineness 

of 0.1 - · 10 deniers and a length of 20 - 70 mm · ap.d 

meehanica·lly entangled so as to extend ·in parallel one to 

another substantially in · one direction and to l·eave a 

plurality of liquid-permeable openings providing a total area 

larger than a total area provided by interstices of the 

entang~ed·fibe~s; and 

said openings.including a first :group_of openings each 

having a substantially oval shape defined by a major axis 

thereof extending substantial_ly in parallel to said· one 

direction and a·minor axis thereof _extendin<J orthogonally to 

said one direction and a second group of openings ·each having 

a substantially oval shape defined by a minor axis thereof 

extending substantially in: parallei to said one direction and 

a major axis thereof extending orthogonally to said one 
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direction. 

2. The topsheet · according to Claim· 1, wherein said 

topsheet is formed with a plurality. of ridges obliquely 

extending so as to intersect said· one direction and 

protruding from said skin-noncontactable side toward said 

skin-contactable side. 

3 ~ The tops beet according· to Claim 2, wherein said 

plurality of ridges ·comprise a first group of ridges and a 

second group of· ridges intersecting said first group of 

ridges. 

4. The topsheet according to. Claim. 3·, wherein said first 

and second groups ·of openings comprise those formed in.said 

·first and second groups of ridges, respectively, and those 

formed in regions each.defined by a pair of adjacent ridges 

belonging to said first_ group and a pair of adj~cent ridges 

belonging to said second group. 

5. · A method for making a · liquid-permeable topsheet 

defining at least a part of body fluids absorbent article, 

said method compris"ing the steps of: 
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a. continuously feeding a web of thermoplastic 

synthetic fibers each having a length of 20 - 70 mm and 

conveying the web in one direction; 

b. directing a high pressure water jet streams onto 

said web being conveyed _so as to E;lntan<jle said fibers and 

simultaneously .to form first group· of liquid-permeable 

openings each having a major axis thereof· extending 

substantially in parallel to said one direction and a minor 

axis thereof extending orthogonally to said one direction; 

and 

c.· subjecting the web formed with said first group of 

openings . to a mechanical ·treatment so as to form a second 

group ·of openings each having a substantially oval· shape 

d~fined.by a minor axis thereof extending ~ubstantially_ in 

parallel to said one direction and a majo_r axis there.of 

. extending orthogo-nally to. said one direction. 

6. The method according to Claim .5, further comprising the 

step of forming, simultaneously with or after the treatment 

·. to form said . openings1 a- plurality of ridges obliquely 

extending in parallel one to another so as to intersect said 

one· direction in which said web is.conveyed and to protrude 

from one side of said web. 
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7. The method according to Claim 6, wherein said ridges 

obliquely extending. so as to intersect said direction in 

·which said web is conveyed comprise a first group qf ridges 

·extendi~g in parallel one to another and a second group of 

ridges extending in parallel one to another so as to 

intersect said first group of ridges. · 

8. The method according to Claim 5 I wherein said 

·mechanical treatment to form said openings is any one of a 

·.embossing treatment and a debossing treatment of said web. 


