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SEALING LIP DEVICE FOR A RESPIRATORY 
MASK, RESPIRATORY MASK AND A 

METHOD AND A MOULD FOR PRODUCING 
THE SAME 

This application is the National Phase of International 
Application PCT/EP00/ 01 586 ?led Feb. 25, 2000 Which des 
ignated the US. and that International Application Was not 
published under PCT Article 21 (2) in English. 

The invention concerns a sealing lip device for a breathing 
mask, a breathing mask per se and a method and a mold for 
producing same. 

In particular the invention concerns breathing masks Which 
can be ?tted to the nose region in sealing relationship and 
Which have a sealing device extending in the region of the 
upper lip of the mask Wearer betWeen the mouth and the nose. 
Breathing masks are used in particular in the medical and 
technical areas for the feed of a respiratory gas, in particular 
under an increased pressure. 

In those breathing masks, a seal in relation to the surface of 
the face of a Wearer is usually achieved by a peripherally 
extending sealing lip made from an elastomeric material. 

The sealing action achieved With a sealing lip of that kind 
generally increases With the pressure With Which the sealing 
lip is pressed against the surface of the face. HoWever the level 
of Wearing comfort is adversely affected by comparatively 
high contact pressures. Depending on the respective sensitiv 
ity of the mask Wearer long-term use of the knoWn breathing 
masks gives rise to troubles. 

The object of the present invention is to provide a breathing 
mask in Which a high level of sealing action can be reliably 
achieved, With a high degree of Wearing comfort. 

In accordance With the invention that object is attained by 
a sealing lip device for a breathing mask having a receiving 
opening for receiving at least the nose tip region of a mask 
Wearer, a sealing lip Which is formed from an elastomeric 
material and Which surrounds the receiving opening and 
Which crosses the bridge of the nose in the application posi 
tion and Which has a contact Zone provided for bearing 
against the face of a mask Wearer, Wherein the sealing lip is 
elastically yieldingly arranged in such a Way that in the region 
of the bridge of the nose there is a higher degree of ?exibility 
than in the region of the nostrils and/or the upper lip. 

That advantageously affords a high degree of compatibility 
With the most Widely varying facial architectures, With a high 
level of Wearing comfort. The breathing mask according to 
the invention is distinguished in particular in the region of the 
bridge of the nose by a high degree of sealing integrity, 
Without considerable pressures in relation to surface area 
occurring in that respect. The high level of sealing effect 
achieved in the region of the bridge of the nose effectively 
obviates in particular eye irritation effects and feeling the 
effects of drafts. 

In accordance With a particularly preferred embodiment of 
the invention the de?ned ?exibility of the sealing lip Zone 
Which ?ts on the region of the bridge of the nose is achieved 
by the sealing lip device being suspended in the region of that 
Zone on a belloW structure. That belloWs structure is prefer 
ably dimensioned in such a Way that it forms an abutment 
device, upon suitably deep penetration of the bridge of the 
nose. The abutment surfaces Which come into effect there are 
preferably such that they form a comparatively large contact 
area, at the latest in the inWardly resiliently de?ected condi 
tion, so that even When the belloWs structure becomes opera 
tive in the resiliently inWardly de?ected condition, the 
arrangement does not involve any unacceptably high pres 
sures in relation to surface area. 
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2 
In a particularly advantage fashion, a hinge characteristic 

Which is de?ned by different Wall thicknesses is imparted to 
the belloWs structure. Preferably the bend or hinge location is 
of a comparatively thin-gauge nature, Whereas the Zones 
Which are disposed therebetWeen are slightly thicker. As an 
alternative thereto or also in combination With that measure, 
it is also possible to provide rolling belloWs structures, by 
virtue of suitable Wall thicknesses. 

In a particularly advantageous manner the belloWs struc 
ture has a plurality of fold indentations. Preferably at least one 
fold indentation extends from the region of the bridge of the 
nose into a region adjacent to the nostrils in the position of use 
of the mask. 

Particularly When the structure has a plurality of fold 
indentations preferably at least one thereof extends around 
the entire periphery of the sealing lip device. The spring 
characteristic of the respective fold indentation can be 
de?nedly established for given peripheral Zones in such a Way 
that there is a higher level of ?exibility in the region of the 
bridge of the nose and there is a loWer level of ?exibility in the 
region of the upper lip or in particular in the region of the 
nostrils. (Those orientations are With reference to the appli 
cation position of the mask). 

Particularly When using the belloWs structure in the sealing 
Zone region of the bridge of the nose, the sealing device is 
preferably designed in such a Way that the ?exibility of the 
sealing lip, Which is in opposite relationship to the application 
direction, is so matched that there is an adaptation or articu 
lation axis in the nostril or upper lip region. That makes it 
possible for the corresponding breathing mask to be ?tted to 
the face of the mask Wearer predominantly in the region of the 
Zones of the face Which are adjacent to the nostrils and on the 
upper lip, in Which respect the preferably extremely thin-Wall 
sealing lip Zone Which is provided for sealing at the bridge of 
the nose can be pivoted With respect to the mask frame, in 
accordance With the facial architecture. By virtue of the inter 
nal pressure obtaining in the mask, that pivotably supported 
sealing lip Zone can then be uniformly pressed against the 
bridge of the nose of the Wearer of the mask, Without in that 
situation the occurrence of surface pressures Which consid 
erably exceed the internal pressure of the mask. 
The particularly advantageous kinematics and hinge char 

acteristic of the mask cushion or pad formed by the sealing lip 
device can in particular be achieved by local Zones With a 
higher load-bearing capability being provided in the region of 
the sealing lip, Which is adjacent to the nostrils or the upper 
lip. 

In accordance With a particularly preferred embodiment of 
the invention the Zones of higher load-bearing capability are 
formed by locally thickened Zones of the sealing lip. The 
transition of the locally thickened Zones is preferably effected 
along regions in the manner of the edge of a lens, or also in a 
shalloWly terminating con?guration, possibly Without the 
transition betWeen the Zones being clearly perceptible. 

In accordance With a particularly preferred embodiment of 
the invention the locally thickened Zones are supported on a 
mask frame Zone by Way of a support structure Which is 
formed in the sealing lip. That mask frame Zone is preferably 
of a thick-Wall nature and in that respect involves a Wall 
thickness in the range of betWeen 3 and 6 mm. 
The Zones of higher load-bearing capability are preferably 

of a pad-like nature, as is shoWn by Way of example in FIG. 1 
to Which reference Will be subsequently made in greater 
detail. 
A form of support for the mask pad, Which is particularly 

advantageous from ergonomic points of vieW is achieved if 
the Zones of higher load-bearing capability, in the region of 
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the face-contact Zone, are each of a substantially crescent 
moon-shaped con?guration. The limbs of those Zones of 
higher load-bearing capability, Which are provided in the 
region for bearing against the upper lip, are preferably of a 
shortened con?guration in such a Way that a Zone of high 
elasticity and ?exibility in opposite relationship to the appli 
cation direction is provided in the region of the upper lip 
betWeen the Zones of higher load-bearing capability. That 
higher degree of ?exibility can advantageously be achieved 
by also providing here a local fold structure or a correspond 
ingly thin-Walled Zone. 

In accordance With a particularly preferred embodiment of 
the invention the sealing lip device is mounted to a mask base 
body. The mask base body can also be formed from an elas 
tomeric material, for example silicone rubber. In accordance 
With a particularly preferred embodiment of the invention 
hoWever the mask base body is formed by a hard shell, for 
example comprising a fully transparent material. The hard 
shell preferably has a conduit connection facing in the appli 
cation position toWards the forehead region of the mask 
Wearer. As an alternative thereto it is also possible for the hard 
shell to be provided With a central or lateral connecting struc 
ture for coupling a respiratory gas conduit. 

Mounting the sealing lip device or the sealing pad to the 
hard shell or a mask base body is preferably effected by using 
a coupling structure. In accordance With a particularly pre 
ferred embodiment of the invention that coupling structure 
comprises, on the part of the hard shell, a peripheral bead 
portion and, on the part of the sealing lip device, a frame 
portion With a complementary receiving groove. The groove 
and the bead are preferably such that in the case of an expan 
sion of the mask pad, caused by mask internal pressure, in the 
region of the coupling structure, there are surface pressures 
Which are alWays higher than the internal pressure in the 
mask. That provides for a particularly reliable sealing action, 
Without the addition of adhesives. 

In a particularly advantageous fashion, there are provided 
means for ?xing the position of the sealing lip device With 
respect to the hard shell in the peripheral direction. Those 
means can be formed for example by positioning projections 
or in particular by apertures in the peripheral bead. 
A prestressing is preferably imparted to the sealing lip 

device, Which prestressing is advantageously achieved by 
elastic deformation upon coupling to the hard shell. That 
makes it possible to de?nedly in?uence the deformation char 
acteristics of the sealing lip device. In particular it is possible 
to prestress given Zones of the sealing lip device in such a Way 
that the formation of Wrinkle folds in the region of the face 
sealing Zone is advantageously precluded. 

In accordance With an advantageous embodiment of the 
invention the frame portion is such that it extends substan 
tially in one plane. That permits the hard shell to be of a 
comparatively ?at structure and alloWs the mask pad to be 
prestressed in a simple fashion. 
As an alternative thereto hoWever it is also possible for the 

mask arrangement to be designed in such a Way that the frame 
portion is of a con?guration Which advances in the region of 
the articulation axis relative to the Zone of high load-bearing 
capability. That makes it possible to already impart to the hard 
shell itself a con?guration Which substantially corresponds to 
the statistically most probable facial architecture. 

Advantageously the Wall thickness of the thin Zone is in the 
range of betWeen 0.65 and 1.85 mm. That Wall thickness 
imparts to the mask a resistance to pressure Which is su?icient 
even in the case of mask pressures in the region of 15 mbars. 

The Wall thickness of the Zone of high load-bearing capa 
bility is preferably in the range of betWeen 0.80 and 4 mm. 
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4 
In accordance With a particularly preferred embodiment of 

the invention the mask pad is produced by a multi-stage mold 
cavity ?lling method. That makes it possible to impart to the 
Zone of high load-bearing capability, a coloring Which differs 
from the Zone of loW load-bearing capability. It is also pos 
sible to de?nedly match the mechanical properties of the 
materials respectively used for the respective Zone. 
The Zone of high load-bearing capability is preferably 

formed by tWo elastomeric portions Which project up from the 
loWer comer region of the frame portion and Which pass out 
into the sealing lip in the form of ?at limbs. The sealing lip 
itself is preferably formed from an elastomeric material, in 
particular fully transparent silicone rubber. The outside sur 
face of the mask pad, Which comes directly into contact With 
the face of the mask Wearer, is preferably of a velvety matte 
?nish. That affords an improved feel When Wearing the mask. 
An embodiment of the invention Which is particularly 

advantageous from manufacturing procedure points of vieW 
is afforded if the hard shell is injection molded to the sealing 
lip device. Besides particularly reliable coupling of the hard 
shell or the mask base body and the mask pad, that also 
precludes the formation of a gap, Which is disadvantageous 
from bacteriological points of vieW. 

In regard to a method of producing a sealing lip device for 
a breathing mask, the above-speci?ed object is attained by an 
elastomeric material being introduced into a mold cavity 
formed by a mold, at least partially setting in the mold cavity, 
and being removed from the mold after opening thereof, 
Wherein the elastomeric material is introduced into the cor 
responding mold cavity in tWo steps Which occur in succes 
sion in time. 

In that Way it is possible to provide a mask pad Which has 
a single sealing lip Which in the application direction affords 
?exibility Which is de?ned in accordance With the load-bear 
ing capability and the statistically expected architectural vari 
ance of the corresponding Zone of the face. 

Advantageously, a carrier structure of the sealing lip device 
and a thin-Wall Zone of the sealing lip are formed in steps 
Which are separate in terms of time, and possibly using mate 
rials involving different mechanical properties and possibly 
color. 

Preferably the carrier structure is formed in a ?rst injection 
step and the thin-Wall Zone is formed in a subsequent second 
injection step. The operation of introducing the respective 
material is preferably effected by injection or beforehand by 
suitably introducing same into the mold cavity to ?ll it. 
The mold cavity Which is provided for ?lling With the 

material forming the thin-Wall Zone is preferably de?ned by a 
mold Which delimits the outside of a sealing lip being lifted 
off a core Which delimits the inside of the sealing lip. 
As an alternative thereto it is also possible for the carrier 

structure to be formed by a mold cavity Which is de?ned by a 
core delimiting the inside of a sealing lip and an outer mold, 
Wherein to form the thin-Wall Zone of the sealing lip the outer 
mold is changed and then the material for forming the thin 
Zone is introduced into the mold cavity Which is noW present 
and Which is intended for the thin-Wall Zone, and sets therein. 

In the mold aspect of the invention, the above-speci?ed 
object is attained by a mold for producing a sealing lip device 
for a breathing mask, comprising a mold core device Which in 
conjunction With an outer mold de?nes a mold cavity having 
a fold portion. 

It is advantageously possible in that Way to produce the 
sealing lip device for example in the context of a fully auto 
mated silicone injection molding method. 

In accordance With a particularly preferred embodiment of 
the invention the outer mold is of a multi-part nature. Prefer 

Page 17



US 7,827,990 B1 
5 

ably the outer mold comprises a mold half Which delimits the 
outside surface of the sealing lip and a mold half Which 
co-operates With said mold half and Which delimits the rest of 
the region of the outside surface of the sealing pad. The inner 
region of the sealing pad is delimited by a preferably integral 
core device. With the described tWo-part embodiment of the 
outer mold, it is possible for an outer mold half to be With 
draWn along a mold-opening axis Which extends in a direction 
in opposite relationship to the side at the bridge of the nose or 
a direction remote from the upper lip sealing Zone. The bel 
loWs Zone Which is locally provided in the region of the bridge 
of the nose and the mold-opening axis as Well as the con?gu 
ration of the coupling frame of the mask pad are preferably 
matched in such a Way as to afford mold-opening angles at 
least in the region of 2°. 

Inpar‘ticular in this case the outside of the sealing lip, Which 
is toWards the mask Wearer, is preferably formed by an outer 
mold portion in conjunction With the mold core device, 
Wherein the outer mold portion has a peripherally extending 
mold cavity channel Which de?nes the outside of the sealing 
lip. 

The outer separation edge of the mold cavity channel pref 
erably extends in the region of the outer peripheral edge of the 
sealing lip. That advantageously avoids any burrs in the 
region of the face-contact surfaces. 

In accordance With a particular aspect of the invention, an 
embodiment, Which can be particularly advantageously 
implemented from production procedure points of vieW, of a 
leakage device for the discharge of at least partially consumed 
respiratory air into the ambient atmosphere is afforded by a 
breathing mask having a mask body and sealing pad device 
Which is formed from an elastomeric material and Which in 
conjunction With the mask body delimits a mask internal 
space and an outlet device for the discharge of at least par 
tially consumed respiratory gas out of the mask internal 
space, Wherein the outlet device has a How path portion Which 
is at least partially de?ned by the sealing pad device. 

This measure can also be used independently of the above 
described design con?gurations. Advantageous develop 
ments of this combination of the invention, Which is indepen 
dent per se, are set forth in the appendant claims. 

Further advantageous con?gurations of the invention are 
recited in the appendant claims. 

Further details of the invention Will be apparent from the 
description hereinafter With reference to the draWing in 
Which: 

FIG. 1 shoWs a perspective vieW of a mask pad in accor 
dance With a ?rst embodiment of the invention With a local 
belloWs structure and pad-like Zones of increased load-bear 
ing capability in the region of the sealing lips adjacent to the 
nostrils in the application position, together With associated 
sketches A1, A2 and A3 for illustration and accompanying 
explanation, 

FIG. 2 shoWs a simpli?ed side vieW of a further breathing 
mask With a fold indentation and a frame portion extending 
substantially in one plane, 

FIG. 3a shoWs a simpli?ed side vieW of a further embodi 
ment of a mask pad, also With a belloWs-like fold indentation 
and an indicated adaptation or articulation axis, 

FIG. 3b shoWs a simpli?ed side vieW of a further embodi 
ment of a breathing mask With a fold provided only in the rear 
third of the mask pad, 

FIG. 4 shoWs a simpli?ed plan vieW of a sealing lip and 
diagrams for qualitative illustration of preferred matching of 
the load-bearing capability of the sealing lip, 
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6 
FIG. 5 shoWs a vieW in section to describe a preferred 

embodiment of a fold region With a hinge characteristic estab 
lished by Zones of differing Wall thicknesses, including a 
diagrammatic sketch, 

FIG. 6 shoWs a diagrammatic vieW to describe preferred 
cross-sectional con?gurations in the case of a sealing lip 
device according to the invention, 

FIG. 7 shoWs a diagrammatic vieW to describe the ?exibil 
ity of the hinge-like suspension for a sealing lip, 

FIG. 8 shoWs a diagrammatic vieW to describe a preferred 
measure for ?xing the mask pad in the peripheral direction, 

FIG. 9 shoWs a further diagrammatic vieW to describe a 
preferred structure of a mold in conjunction With advanta 
geous con?gurations of a mask base body (hard shell), 

FIG. 10 shoWs a simpli?ed vieW in section to describe a 
fold portion With a plurality of fold indentations and a de?ned 
hinge characteristic, 

FIG. 11 shoWs a perspective vieW of a further preferred 
embodiment of a breathing mask With a mask sealing pad 
provided With a local belloWs structure, 

FIG. 12 shoWs a perspective vieW of the breathing mask of 
FIG. 11 from beloW, 

FIG. 13 shoWs a simpli?ed vieW in section through the 
sealing device Which is disposed on the upper lip, to describe 
the substantially smooth-Wall transition of the sealing lip into 
the hard shell mask body, 

FIG. 1411 shows a simpli?ed vieW in section through a 
sealing lip With integrated leakage opening, 

FIG. 14b shoWs a simpli?ed vieW in section through a 
sealing lip With integrated leakage opening, but With a How 
path partially delimited by the mask frame, 

FIG. 140 shows a simpli?ed vieW in section through a 
sealing lip With integrated leakage opening, With a How path 
Which is formed in the mask frame and Which passes into the 
sealing lip frame portion, 

FIG. 14d shoWs a simpli?ed vieW in section through a 
sealing lip With integrated leakage opening, but With mutually 
aligned passages in the hard shell and the sealing lip device, 

FIG. 14e shoWs a simpli?ed vieW in section through a 
sealing lip With integrated leakage opening, but With a portion 
Which is extended upWardly in a bib-like con?guration from 
the interior to a through opening, and With a through opening 
formed therein, 

FIG. 15 shoWs simpli?ed diagrammatic vieWs of preferred 
cross-sections of the How paths, and 

FIG. 16 shoWs a simpli?ed diagrammatic vieW in principle 
to describe preferred leakage Zones. 
The sealing lip device Which is shoWn in FIG. 1 and Which 

is in the form of a mask cushion or pad 1 is made from an 
elastomeric material, here transparent silicone rubber. 
The mask pad 1 includes a sealing lip 3 Which extends 

around the nose receiving opening 2. The sealing lip 3 has an 
outer surface Which is curved convexly in the embodiment 
illustrated here. 
The sealing lip 3 is of such an arrangement and con?gura 

tion that it has, of itself, Zones of differing load-bearing capa 
bility. In the embodiment illustrated here that is achieved by 
suspension, Which is ?exible in opposite relationship to the 
application direction Z, of the sealing lip Zone a provided for 
bearing against the bridge of the nose (see sketch K1). 

In addition thereto, in the region of the Zone b1, b2 (sketch 
K1) adjacent to the nostrils, the sealing lip 3 is of such a 
con?guration that here it is of a higher load-bearing capabil 
ity. That provides for pivotability of the mask pad about an 
adaptation axis X, Which extends transversely through the 
mask pad in the region identi?ed in sketch K1 by the letter e. 
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The higher load-bearing capability is achieved here by 
Zones 4 Which are thickened in a pad-like manner and Which 
here advantageously run into the sealing lip 3 in a crescent 
moon-like con?guration. The Zones 4 of higher load-bearing 
capability are respectively supported at a support Wall portion 
5 Which is also comparatively thick-Walled. The support Wall 
portions 5 also form an integral component part of the mask 
pad 1 and are embodied in the form of thick-Wall Zones of the 
front peripheral Wall Which extends in the Zones b1, c and b2. 

The degree of ?exibility in opposite relationship to the 
application direction decreases along the sealing lip 3, start 
ing from the Zones 4 of high load-bearing capability, to the 
Zenith Q at the side at the bridge of the nose, and then sloWly 
rises to the outer edge point R. 

In the illustrated embodiment, the mounting of the Zone a 
of the sealing lip 3, Which is yielding in opposite relationship 
to the application direction Z, is achieved by means of a 
folding belloWs structure of differing load-bearing capability. 

The differing load-bearing capability is achieved here both 
by the geometry and arrangement of the belloWs structure and 
also by a particular Wall thickness con?guration. That Wall 
thickness con?guration Will be discussed in greater detail 
hereinafter in particular With reference to FIGS. 5 and 6. 

The mask pad 1 further includes a peripherally extending 
frame 8 provided With a ?xing pro?le means Which is of a 
complementary con?guration to a ?xing pro?le portion pro 
vided on a mask base body (not shoWn). 

The peripheral length of the frame 8 and the con?guration 
thereof around a central axis Z of the mask pad 1 are selected 
in such a Way that, in conjunction With a mask base body, the 
arrangement provides for de?ned prestressing of the mask 
pad 1, in particular a tendency toWards forWard curvature in 
an outWard direction. 

In the illustrated embodiment the Wall thickness of the 
sealing lip 3 is in the range of betWeen 0.6 and 3.2 mm. 
The con?guration of the peripheral edge u Which borders 

the nose receiving opening 2 is selected in such a Way that 
there are formed tWo segments s1, s2 (sketch K3) Which 
project inWardly slightly relative to the axis Z of the mask. 
By virtue of the con?guration of the peripheral edge u 

being matched to the convex curvature of the sealing lip 3, it 
is possible to achieve a deformation characteristic With Which 
an expansion of the sealing lip 3 in the region of the peripheral 
edge results in a de?nedly increased surface pressure against 
the face of the Wearer of the mask. 

Provided in a front end center region c is a further Zone of 
reduced load-bearing capability. That de?nedly reduced load 
bearing capability is afforded here by a markedly reduced 
Wall thickness. It is also possible to provide local folding 
belloWs structures or rolling belloWs structures in the Zone c. 

Aparticularly preferred embodiment of a sealing lip device 
is afforded by virtue of the fact that integrated into same are 
outlet openings 50, by Way of Which a de?ned ?oW of gas can 
?oW aWay out of the interior of the breathing mask. Those 
outlet openings are preferably of an outWardly conically 
tapering cross-section, as shoWn in sketch K2. 

Preferably, those outlet openings are initially closed for 
example by a thin ?lm and are then opened as required for 
example by puncturing With a needle. As can further be seen 
from this sketch the mask pad 1 can be mounted to a mask 
base body 12 by Way of a frame portion 8. For that purpose the 
arrangement preferably has a peripheral bead structure of a 
crochet needle-like cross-section and With rounded edges. 

FIG. 2 shoWs a side vieW of a further embodiment of a mask 
pad 1. In this embodiment the frame 8 extends substantially in 
a ?at frame-de?ning plane f. 
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8 
The mask pad 1 also has in the sealing region of the bridge 

of the nose a local folding belloWs structure 9 Which provides 
for ?exible suspension of the sealing lip 3. 
A fold indentation 10 is also provided in the front region c 

(de?nition similarly to the sketch K1 in FIG. 1). The arrange 
ment afforded in that Way de?nes an adaptation and articula 
tion axis X or an instantaneous center of rotation about Which 
the sealing lip 3 can be elastically tilted. The arrangement 
here is such that tilt angles 0t in a range of up to 15° are 
possible. Besides the tilting movement itself the sealing lip 3 
can also experience individual deformation, corresponding to 
the facial architecture. In particular the peripheral edge u of 
the nose receiving opening is stretched. 
When relatively large tilt angles are involved, here the 

belloWs structure becomes effective as an abutment device 
and limits in an also elastically yielding manner further 
engagement of the bridge of the nose into the mask pad 1. 
The belloWs structure 9 has the greatest indentation depth 

t in the region of the end Which is toWards the bridge of the 
nose. That indentation deptht gradually decreases to the front 
end E of the belloWs structure 9. 

In the embodiment illustrated here, the end of the belloWs 
structure 9 is of a rounded con?guration. Advantageously, 
provided in the region of the front end E of the fold indenta 
tion is a microfold structure e Which provides for a more 
uniform reduction in stresses in the material in that region. 
That affords improved durability. 

FIG. 3a shoWs a further embodiment of a mask pad 1 in 
conjunction With a mask body 12 Which is only indicated. 

This embodiment also has a local folding belloWs structure 
9. The geometry of this belloWs structure 9 is so selected that 
the fold ?anks 9a, 9b extend inclinedly relative to each other. 
Overall in this case also the indentation depth t in the region 
of the end toWards the bridge of the nose is larger than in the 
other regions. The mask pad 1 also de?nes an adaptation axis 
X Which extends in the region of the Zones c1, b2 and c at the 
level of the nostrils of the Wearer of the mask. 
The mask pad 1 also has a higher degree of ?exibility in 

opposite relationship to the application direction Z by virtue 
of the suspension arrangement provided here for suspending 
the sealing lip 3 at a local belloWs structure 9, in the region of 
the Zone a Which seals off the bridge of the nose. 

FIG. 3b shoWs a further vieW of a breathing mask With a 
mask pad 1 according to the invention. The mask pad 1 is here 
?xed by Way of a frame 8 to a mask base body 12. A belloWs 
structure 9 is provided here in the region of the portion of the 
sealing lip 3 Which seals off the bridge of the nose. In a 
departure from the above-described embodiments in this case 
also the peripheral Wall of the mask pad is also of thin-Wall 
con?guration in the region of the belloWs structure 9. The 
mask pad 1 is stretched onto the mask base body 12 With 
considerable expansion and stretching of the frame 8. 

FIG. 4, in conjunction With a plan vieW onto a half of the 
sealing lip 3, illustrates the load-bearing capability and the 
?exibility of the mask pad 1. 
The loWest level of ?exibility E of the mask pad 1 obtains 

in the region b. The highest level of ?exibility obtains in the 
region a Which covers over the bridge of the nose and the 
upper side ?anks of the nose of the mask Wearer. Obtaining in 
the region c in addition to the ?exibility in opposite relation 
ship to the application direction Z there is also a relatively 
high level of ?exibility in the radial direction. 
The adaptation axis A extends through the Zone b of rela 

tively high load-bearing capability. When a predetermined 
depth of penetration into the mask pad 1 is exceeded, the 
belloWs structure becomes operative in a region d as an abut 
ment device and in that case causes a rapid rise in the pressure 

Page 19



US 7,827,990 B1 

force F transmitted by Way of the sealing lip 3, as is indicated 
by the dash-dotted line portion f1. 

The particular mechanical properties of the suspension 
arrangement for the sealing lip 3 are preferably determined by 
the Wall thickness in the region of the belloWs structure 9 and 
by the indentation depth and the orientation of the belloWs 
?anks 9a, 9b (FIG. 3a). 

FIG. 5 shoWs a preferred con?guration of the Wall thick 
nesses of the belloWs structure 9. The mask pad 1 is ?xed to a 
mask base body 12 in this case by Way of a rounded pro?le 
structure 1211 Which extends along the frame 8. In the illus 
trated embodiment that pro?le structure 1211 is of a crochet 
needle-like cross-section. Provided at least in a portion-Wise 
manner in the region of the contact Zone betWeen the frame 8 
and the mask base body 12 are peripherally extending pro?le 
legs 15 Which, even in the case of a considerable relative 
movement, provide a secure sealing action. 

Beneath the frame 8 there is initially a thick-Wall portion 1 6 
Which gradually reduces to a ?rst belloWs hinge location 17. 
That belloWs hinge location 17 is adjoined by a ?rst belloWs 
?ank limb 9b. That belloWs ?ank limb 9b has in cross-section 
Zones of differing Wall thickness and extends to a belloWs 
inner hinge location 18 de?ned by a thin-Walled Zone. 

The belloWs inner hinge location 18 is in turn adjoined by 
a second belloWs ?ank limb 9a Which also has Zones of 
differing Wall thickness. 

Finally, the sealing lip 3 is suspended on the second bel 
loWs ?ank limb 9a. The sealing lip 3 is here extremely thin 
Walled in comparison With the belloWs structure 9. 

The sealing pad cross-section illustrated here corresponds 
in qualitative terms to the sealing pad cross-section in the 
region of the Zone identi?ed as al in FIG. 4. 

In the course of applying the mask pad to the face of a mask 
Wearer, the sealing lip 3 ?rstly bears against the face. The 
belloWs ?ank limbs 9a, 9b are then de?ected resiliently 
inWardly, corresponding to the depth of engagement of the 
bridge of the nose, as illustrated by the arroWs P1 and P2. In 
the case of particularly deep engagement of the bridge of the 
nose the inner surface of the sealing lip 3 possibly comes into 
contract in the region of the Zone k With the inside surface, 
Which faces theretoWards, of the belloWs ?ank limb 9b. The 
belloWs ?ank limb 9b in turn can bear on the outside surface, 
Which faces theretoWards, of the belloWs ?ank limb 9a. 

The kinematics of the sealing pad suspension con?guration 
Will be clear by reference to the accompanying functional 
sketch S1. Thus the frame canbe vieWed as a ?xed suspension 
means K1 at Which the belloWs ?ank limb 9b is mounted 
pivotably at the hinge location 17. The inherent elasticity of 
the elastomeric material in the region of the hinge location 17 
is symbolically indicated by the spring F1. 

The belloWs inner hinge location 18 also involves an inher 
ently elastic characteristic Which is indicated by the spring 
F2. The loose mounting K2 and the spring F3 are due to the 
fact that this involves a spatial, ring-like structure Which also 
carries forces in the radial direction. 

The hinge location 18 is adjoined by the belloWs ?ank limb 
9b and same is adjoined by the diaphragm-like sealing lip 3. 

Provided along the inner peripheral edge u is a microseal 
ing lip structure by Which a sealing edge Which terminates in 
a thin con?guration is slightly prestressed outWardly. The 
microsealing lip structure has a bead portion 19 Which 
increases the resistance to tearing of the sealing lip 3. 

The mechanics of this microsealing lip structure is indi 
cated in sketch S1 by a spring F4 and a hinge location 20. The 
sealing lip Which is elastically suspended in that Way, as 
indicated by the small arroWs, can be urged ?exibly against 
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10 
the surface of the face of the mask Wearer, as a consequence 
of the internal pres sure obtaining in the interior of the mask. 
As can be seen from FIG. 6 the mask pad 1 is preferably of 

differing cross-sections along its con?guration around the 
axis Z of the mask, as is diagrammatically indicated here. 
The cross-section Q1 has a marked hinge characteristic 

With abutment properties. 
The cross-section Q2 already has a loWer hinge character 

istic and a smaller fold indentation. 
In the region of the cross-sections Q3, Q4 the belloWs 

property decreases still further. 
The higher load-bearing capability of the cross-sections 

Q4 and Q5 is achieved by local thickenings R1, R2 Which 
extend lens-like into the sealing lip. In the Zones of high 
load-bearing capability, it is possible to forego the belloWs 
structure, as has happened here. 
The cross-sections Q6a or Q6b are such that there is ?ex 

ibility in the directions r1 and r2 indicated here. That affords 
improved adaptability, in terms of the upper lip architecture, 
immediately beside the load-bearing Zones. 

It is also possible for the belloWs structure 9 to be of a 
thin-Wall nature. The kinematics of a structure of that kind is 
diagrammatically shoWn in FIG. 7. The diaphragm-like seal 
ing lip 3 is here suspended on tWo limbs (belloWs ?ank limb 
9a, 9b). This embodiment, even With loW internal pres sures in 
the mask, guarantees a high level of adaptability. The elastic 
ity characteristics are illustrated, With reference to a unit 
force, for all loading angles, by the polar diagrams H1, 112 
Which are diagrammatically shoWn here. As can be seen, a 
de?ned degree of adaptability is afforded by the suspension 
arrangement according to the invention for the sealing lip 3, 
not only in opposite relationship to the application direction Z 
but also in all other directions. The location vectors t1, n2, n3 
and n4 clearly shoW that ?exibility in the region of the belloWs 
inner hinge location. The mobility options of the belloWs 
inner hinge location 18 are also transmitted (under the in?u 
ence of the mask pad peripheral forces) to the suspension 
region of the sealing lip 3. 

FIG. 8 diagrammatically shoWs a pro?le structure 21 
Which is provided in respect of a mask base body 12 and 
Which advantageously provides for reliable ?xing of the mask 
pad in the peripheral direction. The illustrated embodiment 
for that purpose has a plurality of individual ?xing projections 
22 along the periphery of the mask base body 12. As an 
alternative thereto or also in combination With that measure, 
it is also possible to provide further ?xing means, in particular 
peg-like projections. 

FIG. 9 shoWs in greatly simpli?ed form the structure of a 
mold for producing the mask base body 12. By virtue of the 
aperture in the peripheral bead 23 in the region of the respec 
tive strap loops, it is possible for the strap loops to be injection 
molded integrally With the mask base body 12, Without the 
need for sliding mold portions in that respect. 

In the embodiment of the mask base body 12 diagrammati 
cally illustrated here, provided in parallel With a respiratory 
gas passage 24 is a secondary passage 25 by Way ofWhich for 
example pressure measurement can be effected, Without 
reductions in cross-section occurring in that case. 
The tool here is of a three-part construction and includes an 

upper mold half 26, a loWer mold half 27 and a sliding mold 
portion 28 Which can be WithdraWn in the direction r3 from 
the respiratory gas passage 24. 

Although the invention has been described hereinbefore 
With reference to preferred embodiments in Which there is a 
single fold indentation Which does not extend around the 
entire periphery of the mask pad, the invention is not limited 
to embodiments of that kind. 
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