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3,044,464 
LOWER FACE, HIGH PRESSURE MASK 

Reben F. Gray, Levittown, Pa., assignor to the United 
Safes of Ailerica as represenáed by the Secretary of 
the Navy 

Filed June 29, 1959, Ser. No. 823,787 
16 Claias. (C. 128-142) 

(Granted under Tite 35, U.S. Code (1952), sec. 266) 
The invention described herein may be manufactured 

by or for the Government of the United States of America 
for governmental purposes without the payment of any 
royalties thereon ortherefor. 
The present inventon relates to a lower face, high 

pressure mask and more particularly to a lower face, high 
pressure mask for supplying a respiratory pressure to a 
pilot while subjected to accelerative forces of substantial magnitude. 

While various types of masks existing in the art may 
be said to be generally satisfactory in carrying out the 
respective functions for which they are specifically de 
signed, none are conveniently adaptable for operation in 
an environment such as that entertained in the instant 
invention. The lower face, high pressure mask of the 
instant invention is normally intended to be operated with 
apparatus such as that described in patent application, 
Serial No. 816,650, of Reuben F. Gray for Apparatus for 
Controlling the Volume of Air and the distribution of 
Blood in the Body filed May 28, 1959. In the referenced 
patent application, there is described apparatus for in 
creasing human tolerance to effects of accelerative forces 
by immersing the pilot or subject in a closed constant 
volume chamber filled with fluid medium approximating 
the density of blood, such as that of water. Accordingly, 
the lower face, high pressure mask cf the instant inven 
tion is designed for operation in a water environment, and 
comprises a substantially rigid member forming the outer 
portion of the mask proper, which is dimensioned and 
contoured so as to form a substantially snug closure, em 
bracing the portion of the head extending from above the 
nose, ears, beneath the eyes, back of the head, to the 
neck-shoulder junction. A pneumatically inflatable seal is 
provided at each of the upper and lower peripheries of 
the mask, the pressure within the inflatable seals being 
such that it exceeds by a constant differential at all times 
the internal oscillatory pressure of the mask, so that air 
tight integrity of the closure is assured. Hence, in the 
manner summarily set forth, the lower face, high pres 
sure mask of the instant invention positively insures for 
its airtight integrity while supplying a respiratory pressure 
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membrane, or eardrum in the auditory canal of the sub ject. 
An additional object of the invention is the provision of 

supplying a cyclic respiratory pressure to the interior of 
the mask concomitantly with the inflation of the pneu 
matic seals, 
The exact nature of this invention as well as other ob 

jects and advantages thereof will be readily apparent from 
consideration of the following specification relating to the 
annexed drawing in which: 

F.G. 1 is a front elevation partially cut away view of a 
preferred embodiment of the lower face, high pressure 
mask. 
F.G. 2 illustrates a side view in partial cross section 

- of the lower face, high pressure maskillustrated in FIG. 1, 
and 

FIG. 3 is a schematic illustration of a mechanism for 
cyclically varying the air pressure within both the pneu 
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minum, or the like. 
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matic seals of the mask and the mask interior proper, in 
cluding the periodic concurrent exhausting of carbon di 
oxide from the interior of the mask. 

Referring now to the drawings, wherein like reference 
characters designate like or corresponding parts through 
out the several views, there is shown in FIG. 1, a sub 
stantially rigid outer member 11 dimensioned and con 
toured to accommodate the lower face, neck, and part of 
the shoulders, as portrayed, from a material such as alu 

The outer member 1 of the mask is 
made in two sections, a lower face frontal section 12 and 
a back section 13, as more clearly dilineated in the view of 
FIG.2, each of the sections being provided on both sides 
of the mask with flanges 14 and 15. A resilient gasket S6 
is interposed between the flanges, although its use is not 
mandatory to the operation of the mask, as hereinafter 
will be more readily apparent. The flanges are brought 
together and maintained in juxtaposition by conventional 
threaded winged fasteners 17. Each of the fasteners is 
pivoted at one end thereof by means of a fixedly mounted 
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50 
to the subject in accordance with inventive principles for 
increasing human tolerance to effects of high level ac 
celeration. ' ' y 

An object of the present invention is the provision of a 
lower face, high pressure mask which positively insures 
for its airtight integrity while supplying a cyclic respiratory 
pressure to a subject undergoing acceleration. . 
Another object is to provide a lower face, high pressure 

maskin which the inflatable seals thereof are maintained 
at a minimum pressure necessary to insure airtight in 
tegrity of the mask. 
A further object of the invention is the provision of a 

lower face, high pressure mask in which the differential 
pressure effective to render sealing between the inflatable 
seal and the interior of the mask is maintained automati 
cally at a constant preselected value. 

Still another object is to provide a lower face, high pres 
sure mask in which the carbon dioxide within the mask is 
held to a minimum. 
A still further object of the present invention is the pro 

vision of fluid filled ear devices in a lower face, high 
pressure mask for precluding distortion of the tympanic 
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slotted projection 18 and retaining pin 19, as illustrated, 
and the fastener is thereupon operably accommodated into 
slots in the flanges. It should be noted that both the front 
and back section of the mask have no pressure of their 
own bearing on the subject at the upper and lower pe 
ripheries thereof when the flanges 14 and 15 are in mated 
position. The respiratory tube 44 and the exhaust tube 
45 are secured to the front section of the mask by threaded 
couplers 29 and 30, respectively. Flexible washers 46 
and 47 coact with couplers 30 and 26, respectively, to 
maintain each of the hoses in fixedly secured position. 
Restraining head straps 2 and 22 are provided to secure 
the mask in position and operably maintain it in a fixed 
relationship relative to the subject with the aid of cuirass 
26. Resilient pads 23 and 24 made from a material such 
as sponge rubber insure for a comfortable head pressure. 
At the lower extremity of both the front and back sec 
tions of the mask and integral therewith, ridges 25 and 29 
are provided, which ridges respectively interlock into a 
mating groove in cuirass 26, as illustrated in FIG. 2. The 
cuirass employed in the instant invention is a rigid, non 
deformable member made from a material such as alu 
minum, or the like, as in the exterior construction of the 
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mask. It should be noted that the use of a cuirass at low 
accelerative levels is not necessary, but is highly desirable 
at higher levels of acceleration for minimizing body de 
formation, as discussed in the referenced patent applica 
tion. Conventional fastening means 27 are supplied. In 
the absence of cuirass 26, it should be understood that the 
maskis appropriately secured at the armpits and shoulders 
by suitable appendage members, or a body harness worn 

70 by the subject. 
Referring next to the internal construction of the lower 

face, high pressure mask illustrated in the view of FIG. 

  



integral assembly with liner 34. 
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2, there is shown an elastic neckpiece 33, made from an . 
elastic material such as rubber so that it readily passes 
over the head. The flexible inner liner 34 is made from 
a material such as rubber, rubber sheeting, or the like, 
and is also designed to be pulled over the head along with 
the neckpiece 33. At the top periphery of the mask is a 
pneumatically inflatable seal 31 also made of an elastic 
substance such as rubber and is encased in a sleeve 32 
made from nylon, or other composition having limited 
yield characteristics. Accordingly, it is the purpose of 
sleeve 32 to prevent over inflation of seal 31, the latter's 
expansion being thus limited to the stretch characteristics 
of the sleeve 32. Sleeve 32 is attached to the liner 34 by 
thermal bonding, or conventional adhesives, thereby hold 
ing it in fixed assembly with the liner 34. Pneumatic 
tube 35 possesses tensile characteristics which are greater 
than that of seal 31 so that only the seal is capable of 
expanding. Tube 35 is constructed integrally with seal 
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4. 
selecting a desirable range of pressure differentials. In 
this manner, a pressure differential is obtained which is 
compatible with the minimum pressure required to main 
tain effective sealing. For the exemplary pressures men 
tioned and assuming the mask interior to be closed to the 
ambient atmosphere, the pressure within the mask is 10 
p.s. i. while that in the pneumatic seals is 12 p.s. i. above 
atmospheric pressure. 

0. 

31 and is detachable from coupler 36 so that it may be 
conveniently threaded through a hole, not illustrated, in 
the top portion of the back section 13 of the mask. At 
the lower periphery of the mask, the pneumatically in 
flatable seal is similarly encased in a sleeve 37. The con 
centric structure consisting of the seal and sleeve is in 
terposed between the neckpiece 33 and the liner 34, the 
various elements being all bonded together to form an 
integral assembly by means of thermal bonding, or high 
strength adhesives. Hose 38, comparable in construction 

The cyclic variation of pressurized air to the subject 
is accomplished by electric motor 53 rotating at a speed 
which corresponds with the respiratory period of the sub 
ject. A suitable speed control. 54 of a type adapted to 
control the field excitation of motor 53 is provided such 
that cam 56, which is mechanically coupled to the motor 
as indicated by the dotted line notation, is driven at a 
speed comparable to the respiratory rate of the subject. 
Cycling valve 57 of a conventional type having suitable 
apertures or ports is mechanically linked with cam 56 
such that actuation of valve 57 causes it to periodically 
open and close. Exhaust outlet 58 is in communication 
with the exhaust hose 45 when the cyclic valve is in the 
open position, and in the closed position of the cycling 
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valve, the exhaust exit 58 is blocked to the hose 45. Valve 
57 includes manual adjustment provisions for controlling 
the flow of air therethrough. 

During operation of the respiratory apparatus, the pres 
sure within the mask varies in an oscillatory manner by 

to tube 35, is threadable through a hole, as illustrated, in 
the back section 13 and inserts in coupler 36 for facile at 
tachment. The ends of both the respiratory hose 44 and . 
the exhaust hose 45 entering the mask are bonded to the 
liner 34. Thus, it is apparent that a closure is provided 
such that under the influence of pressurized air entering 
through hose 44, the liner assumes the position illustrated 
in FIGS. 1 and 2, operably coacting in substantial con 
tiguous relation with the rigid non-deformable front sec 
tion 13 and back section 14, which serve as reaction mem 
bers. - - . . 

Referring further to the showings in FIG. 1 and FIG. 
2, there is portrayed an earpiece 39 of the general type 
described in patent application, serial No. 789,755, of 
Reuben F. Gray for Fuid Filled Ear Muffs filed January 
28, 1959, now Patent No. 2,933,086. Filler plug 41 and 
the filler tube 42 are provided, as shown, the tube 42 being 
sealed at the point where it protrudes through liner 34. 
In order to insure that proper tension bears on each of 
the earpieces 39, a coil compression spring 43 having 

30 

35 

40 

virtue of the fact that exhaust outlet 58 periodically opens 
or exposes the interior of the mask to the atmosphere. 
The partial cyclic effluxing of air from the mask through 
exhaust outlet 58 causes a lowering of mask pressure. 
The extent which this pressure decreases is controlled by 
the manual adjustment provisions of cyclic valve 57, pre 
viously mentioned. The lower limit mask pressure is 
again a function of the contemplated acceleration, and 
may be for purposes of illustration, 5 p.si. above atmos 
pheric pressure. The decrease in mask pressure is reflected 
at hose 28 Supplying pressure to the pneumatic seals 
through the pressure differential valve 52. Since the latter 
operably maintains a constant preselected pressure dif 
ferential to exist between hoses 28 and 44, the pressure 
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suitable tension characteristics is interposed between the 
earpiece 39 and liner 34. The respective ends of the 
coil spring are fixedly attached in conventional manner 
to liner 34 and the earpiece 39, forming thereby a unitary 
assembly with the liner. If desired, the entire mechan 
mism may be molded in a rubber composition to form an 

Referring next to FIG. 3, there is a schematic illus 
tration of respiratory apparatus for supplying a cyclic flow 
of pressurized air to both the interior of the mask proper, 
and the pneumatic seals. Source 48 is a compressed air 
or oxygen bottle. Manually operable valve 49 controls 
the flow of air to regulator 51, which establishes the per 
missible upper pressure limit of the air being supplied to 
pressure differential valve 52 and the intake sealing tube 
28. An illustrative upper limit pressure for the air at the 
junction of pressure differential valve 52 and the sealing 
tube 28, for example, is 12 p.s. i. above atmospheric pres 
sure. The value of this pressure should be understood 
as being a function of the contemplated acceleration, in 
accordance with concepts set forth in the previously men- . 

70. tioned patent application describing apparatus for con 
trolling the volume of air and distribution of blood in the 
body. The pressure differential valve 52 is a reducer op 
-erable to provide a constant preselected pressure differen 
tial, for example, 2 p.s. i., between the respiratory hose 44 
and the intake hose 28, and includes manual provisions for 
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Supplied to the pneumatic seals is always greater than the 
internal pressure of the mask. Hence, in this manner, 
effective sealing is provided consonant with considerations 
of comfort for the subject. Furthermore, it is apparent 
that the periodic effluxing of air from the mask results in 
a minimum of carbon dioxide to be accumulated in the 
mask. 

With respect to operational details of the lower face, 
high pressure mask, the upper and lower pneumatic seals 
thereof are inflated concomitantly with the oscillatory 
pressure supplied to the interior of the mask. For the 
exemplary limits of mask pressures set forth, the pressure 
within the pneumatic seals varies between the upper and 
lower limits of approximately 12 and 7 p.s.i.above atmos 
pheric pressure. Hence, the pressure in this instance in 
strumental in rendering sealing is a differential pressure 
of 2 p.s. i. existing between the interior of the mask and 
the pneumatic seals. Since the upper and lower sealing 
mechanisms are in continuous contiguous relation with 
the subject about the periphery of the head and neck 
shoulder junction, as illustrated, the inflation of the 
pneumatic seals to the limit permitted by the sleeves 37 
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and 32 develops the requisite body pressure for render 
ing sealing between the inside and outside of the mask. 
The rigid non-deformable front and back sections of the 
mask Supply the necessary restraint or reaction force. 
Thus, in the manner set forth, the lower face, high 

pressure mask provides for the airtight integrity of the 
mask in an environment in which the subject while under 
going acceleration is immersed in a closed constant vol 
ume chamber filled with a liquid medium. In addition 
to the maintenance of a sealing pressure consonant with 
considerations of comfort and that required to render ef 
fective sealing, the lower face, high pressure mask cycli 
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cally exhausts the interior of the mask so that the accul 
mulation of carbon dioxide is held to a minimum. More 
over, the lower face, high pressure mask of the instant 
invention embodies fluid filled ear devices as described 
in the referenced patent application pertinent thereto for 
precluding distortion of the tympanic membrane in the 
auditory canal of the subject. 

It should be note that while an embodiment has been 
set forth which is basic in form, other features which do 
not detract from the spirit of the invention may be Sup 
plied. For example, there is disclosed in one of the refer 
enced patent applications appropriate structure for en 
abling the respiratory apparatus depicted in FIG. 3 to op 
erate automatically at the resiratory rate of the subject. 
In addition, a bellows including a rotating joint may be 
incorporated at the neck-shoulder junction in the inven 
tion if a greater degree of freedom of movement on the 
part of the subject is desired. Moreover, while fluid 
filled ear devices are essential within the concept presently 
entertained for increasing human tolerance to effects of 
high level accelerative forces, the use of these devices 
may be obviated if mixtures of low density gases, such as 
helium and oxygen in proper proportion, are employed in 
the respiratory tract. 

It should be understood, of course, that the foregoing 
disclosure relates to only a preferred embodiment of the 
invention and that numerous modifications or alterations 
may be made therein without departing from the spirit 
and the scope of the invention as set forth in the append 
ed claims. 
What is claimed is: 
1. In combination, a mask having an upper and a lower 

periphery dimensioned and contoured to fit over the nose, 
ears, and encircling the back of the head of the wearer 
at the upper periphery exposing the eyes and top of the 
head of the wearer and extending to the neck-shoulder 
junction at the lower periphery, inflatable sealing means 
secured to the upper periphery of said mask, a pair of 
fluid filled ear devices, each device being fixedly attached 
to the mask adjacent and contiguous with the ears of 
the wearer, inflatable sealing means secured to the lower 
periphery of said mask, and respiratory means coupled to 
said mask. - 

2. In combination, a mask having an upper and a lower 
periphery dimensioned and contoured to fit over the nose, 
ears, beneath the eyes, and encircling the back of the 
head of the wearer at the upper periphery exposing the 
eyes and the top of the head of the wearer and extending 
to the neck-shoulder junction at the lower periphery, 
pneumatically inflatable annular sealing means secured to 
the upper periphery of said mask, a pair of fluid filled ear 
devices, each device being fixedly attached to the mask 
adjacent and contiguous with the ears of the wearer, 
pneumatically inflatable annular sealing means secured to 
the lower periphery of said mask, and respiratory means 55 
coupled to said mask. 

3. A lower face high pressure mask, comprising in com 
bination, a relatively rigid outer member having an upper 
and a lower periphery dimensioned and contoured to fit 
over the nose, ears, and encircling the back of the head 
of the wearer at the upper periphery and extending to the 
neck-shoulder junction at the lower periphery, a con 
tinuous relatively flexible inner liner member operably 
disposed in substantially contiguous relation with said 
outer member, inflatable sealing means connected to said 
liner member and said outer member at the upper pe 
riphery and the lower periphery of said mask, and means 
coupled with the inner liner member of said mask for sup 
E. a pressurized respiratory fluid to the interior of the 

aSK. 

4. A lower face high pressure mask, comprising in com 
bination, a relatively rigid outer member having an upper 
and a lower periphery dimensioned and contoured to fit 
over the nose, ears, beneath the eyes, and encircling the 
back of the head of the wearer at the upper periphery 
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6 
and extending to the neck-shoulder junction at the lower 
periphery, a continuous relatively flexible inner liner 
member operably disposed in substantially contiguous 
relation with said outer member, pneumatically inflatable 
annular sealing means connected to said liner member 
and said outer member at the upper periphery of said 
mask, means adapted to be worn about the neck extend 
ing therefrom and terminating at the lower periphery of 
the mask, pneumatically inflatable annular sealing means 
connected to said liner member and said outer member 
at the lower periphery of said mask, and means coupled 
with the inner liner member of said mask for supplying a 
pressurized respiratory fluid to the interior of the mask. 

5. A lower face high pressure mask, comprising in com 
bination, a relatively rigid outer member having an upper 
and a lower periphery dimensioned and contoured to fit 
over the nose, ears, and encircling the back of the head 
of the wearer at the upper periphery and extending to 
the neck-shoulder junction at the lower periphery, a con 
tinuous relatively flexible inner liner member operably 
disposed in substantially contiguous relation with said 
outer member, inflatable means attached to the liner mem 
ber at the upper periphery between the outer member 
and the head to provide for sealing, a pair of fluid filled 
ear devices, each device being fixedly attached to the in 
ner liner member adjacent and contiguous with the ears 
of the wearer, inflatable means attached to the liner mem 
ber at the lower periphery between the outer member 
and the neck-shoulder junction to provide for sealing, and 
means coupled with the inner liner member of said mask 
for supplying a pressurized respiratory fluid to the interior 
of the mask. - 

6. A lowerface high pressure mask, comprising in com 
bination, a relatively rigid outer member having an upper 
and a lower periphery dimensioned and contoured to fit 
over the nose, ears, beneath the eyes, and encircling the: 
back of the head of the wearer at the upper periphery and 
extending to the neck-shoulder junction at the lower pe 
riphery, a continuous relatively flexible inner liner mem 
ber operably disposed in substantially contiguous rela 
tion with said outer member, pneumatically inflatable an 
nular means attached to the liner member at the upperpe 
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riphery between the outer member and the head to pro 
vide for sealing, a pair of fluid filled ear devices, each de 
vice being fixedly attached to the inner liner member ad 
jacent and contiguous with the ears of the wearer, 
pneumatically inflatable annular means attached to the 
liner member at the lower periphery between the outer 
member and the neck-shoulder junction to provide for 
sealing, means coupled with the inner liner member of 
said mask for supplying a pressurized respiratory fluid to 
the interior of the mask, means coupled with the inner 
liner member for exhausting the interior of the mask, 
and means respectively attached to the outer member at 
the upper and lower peripheries thereof for securing the 
mask to the wearer. 

7. A lower face high pressure mask, comprising in com 
bination, a relatively rigid outer member constructed into 
at least two sections including fastening means therefor, 
each of said sections being adapted to be brought in mat 
ing position with each other and secured by said fastening 
means in fixed assembly, said relatively rigid outer mem 
ber in said fixed assembly having an upper and a lower 
periphery dimensioned and contoured to fit over the nose, 
ears, beneath the eyes, and encircling the back of the 
head of the Wearer at the upper periphery and extending 
to the neck-shoulder junction at the lower periphery, a 
continuous relatively flexible inner liner member operably 
disposed in substantially contiguous relation with said 
outer member, pneumatically inflatable annular means 
attached to the liner member at the upper periphery be 
tween the outer member and the head to provide for seal 
ing, means adapted to be worn about the neck extending 
therefrom and terminating at the lower periphery of the 
mask, pneumatically inflatable annular means mutually 
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. attached to the inner liner member and said last named 
means at the lower periphery between the outer member 
and the neck-shoulder junction to provide for sealing, 
a pair of fluid filled ear devices, each device being fixedly 
attached to the inner liner member adjacent and contig 
uous with the ears of the wearer, means coupled with 
the inner liner member of said mask for supplying a pres 
surized respiratory fluid to the interior of the mask, and 
appendage means respectively attached to the outer mem 
ber at the upper and lower peripheries thereof for secur 
ing the mask to the wearer. 

8. In acceleration protective apparatus including a 
mask adapted to be worn over the lower face of the 
wearer and provided with pneumatically inflatable seals 
for securing airtight integrity of the mask, the combina 
tion of said mask, apparatus for cyclically supplying a 
pneumatic pressure to the interior of said mask at a 
respiratory rate including a sealing pressure to the pneu 
matically inflatable seals comprising, a pressurized source 
of pneumatic fluid, a regulator including a valve connect 
-ed to the pressurized source of pneumatic fluid operable 
to limit the pressure at the output of the regulator at a 
preselected level, means coupled between the output of 
the regulator and the mask for reducing by a constant pre 
selected amount the fluid pressure entering the interior of 

- the mask, conduit means connecting said pneumatically 
inflatable seals and the output of the regulator, motor 
means including selective speed control means for ad-l. 
justing the speed of the motor means for cyclic corre 
spondence with the respiratory period of the wearer of 
said mask, and means including a cycling valve mechani 
cally linked with said motor means and coupled to said 
mask for periodically exhausting the pneumatic fluid 
from the interior of said mask, whereby said periodic 
exhausting is instrumental in operably maintaining cyclic 
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variation of the pressure within the mask including the 
pneumatically inflatable seals at the respiratory rate of 
the Wearer. r 

9. In combination, a mask having an upper and a 
lower periphery dimensioned and contoured to fit over the 
nose, ears, and encircling the back of the head of the 
wearer at the upper periphery exposing the eyes and 
the top of the head of the wearer and extending to the 
neck-shoulder junction at the lower periphery, inflatable 
means secured to the entire upper and lower peripheries 
of said mask, and respiratory means coupled to said 
mask. 

10. In combination, a mask having an upper and a 
lower periphery dimensioned and contoured to fit over the 
nose, ears, and encircling the back of the head of a 
wearer at the upper periphery exposing the eyes and the 
top of the head of the wearer and extending to the neck 
shoulder junction at the lower periphery, first inflatable 
means secured to the entire upper periphery of said mask, 
Second inflatable means secured to the entire lower pe 
riphery of said mask, and respiratory means coupled to 
said mask. 
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