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Attorney Docket No. 80027

INFLATABLE SEALING DEVICE

TO ALL WHOM IT MAY CONCERN:

E. MOODY, (2) JCHEN A. SCHEWEMIN,

L—‘l

BE IT KNOWN THAT (1) PaU
and (3) MICHAREL R. RYZIZSON, citizens of the Unizad Stazess of
America, emplcvees of the Unized States Governmant and rssidernts
of (1) Zarrington, Ccunty of Bristcl, State of Ehcde Islznd, /2)
Middletcwn, Ccunty of Newpcr:t, State of Bhode Island, ani (3
Fall River, Ccunty of Zristcl, States of Massachusetts, rzve

invented certain new and useful improvements ernzitle

n
I\
n
n
m
T

forth above of which the following is a specification:

JEMES M. KASISCTHKE, ES%.

Reg. No. 36562

Naval Undersea Warfare Center
Division Newport

Newport, PRI 022841-174%

TEL: 401-832-4736

FRZ : 40G1-832-1231
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Attorney Docket No. S0027

INFLATABLE SEALING DEVICE

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and
used by or for the Government of the United States of America
for governmental purposes without the payment ¢ any royalties

thereon or therefor.

ELZCKXGROUND OF THE INVENTION

(1) Field Of The Invention

The pressnt invention relates to sealing Zevices, and more
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particularly, relates : aling
sealing a docr covering an opening, such as a shutter door in
an underwater vessel.
(2) Descripticn Of The Prior Art

Many submarines include an outer hull witZ & shutter door
contoured to the outer hull. Thg shutter docr zpens and
closes, for example, to allow devices_té be ej;cted from the
submarine. In existing submarines, a clearancz is provided
between the shutter docor and the ocuter hull Eecause ~lcse

tolerance fitz cannct be ohtained in ship buil<ing wirthout
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incurring expensive manufacturing costs. Furthermore, as
sections of the pressure huil of the submarine are stress
relieved, the connecting components move in relation to their
original as fkuilt ccnfiguration.. Théreforef even 1f a perfect
tolerance fit was obtained with the-originél ship construction,
the fit would no longer -be perfect after the ship had been in
operation for a period of time.

This clsarance between the outer hull shutter door and the

actual outer null creates flow perturbations rssulting in

[
’

increased shir drag and shié flow noise. } an attempt to
solve this prcblem, newer ships have incorpeorztasd a flexible
seal around :the shu::er docr. Thecretically, the seal would
move when req;ired tv component orerations and return to
sealing posi:zion once the shutter was closed. This soluticr,
however, met w;th a numper of proclems.

When the shutters were closed, the seal sxperienced force
imbalances resulting from a lower pressure in tne outer

boundary laysr porticn of the hull as comparec o the

relatively stagnant se

I\l

pressure in the free flcod area of the
ship.. As a rzesult, the seal would open in ordzr to relieve the
pressure imbzlance, and once the pressure was rzlieved, the

seal would clsse again.
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This resulted in seal vibrations impacting the life expectancy
of the seal.

Ejecting devices through the open shutter also‘danages the
seal by flow forces and thsical forces associa;ed with the
ejection proéess. Additional damaging forces were caused by
physical interference between the seal aﬁd the movinc parts of
the shutter doorldﬁring operation. This exis:ing sea. design

was cantilevered aprroximately 2-1/2 in. from a solid support,

and the maximum deflection stress was absorbed
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ezl itself. This sezl design and the forces caused v moving

the shutter and ejecting devices through the cren shutier
resulted in excessive seal failure.

SUMMARY OF TEE INVENTION

-

Z first object is the provision of a seal which Ls not
subject to mechaniczl wear and tear as the docr whicn It
surrounds is opened and closed.

Lnother object is the provision of a seal which can seal
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large areas where ccraining a close fit is imp
Yet another obiect of the present inventicn is a z<al that

~an be used around a shutter docr to decrease z ship’z drag and
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hydrodynamic flow ncise without being susceptible to forces
that may cause excessive vibrations or seal failure.
Accordingly, the present invention features an infla table
.sealing device for use with a door covering an cpening in a
structure. The inflatable sealing devicg comprises a seal
retainer positioned around the opening in the structurse. The
seal retainer defines a retalner cavity and a slot ex:tending

from the retainer cavity toward the opening. 2n inflatzble

seal is positioned wicthin the retainer cavityv. ' The inflatable
seazl includes a perichery defining a seal cavi:zv and a ssal tip
extending frcm the periphery and into the sliot. 2 pressure

actuator is fluidly ccupled to the seal cavity < the

inflatable seal for rressurizing the seal cavity and inflating

ol

the periphery, whererv the seal tip moves thrcuch the slct and
into the opening to erngage and seal the dcor.

According to ths preferred embodiment, the zeriphery of

A}l

the inflatable seal ras an elliptical cross section in

2

deflated state. The retainer cavity is shapea such that the
periphery of the inflztable seal has a substantizlly circular
Crcss section when in an inflated state. The rztainer zavity

preferably has a firz: region with dimensions zzrnerally

corresponding to the elliptical cross section and a se-cnd
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region with dimensions generally corresponding to the
The seal peripherv

substantially circular cross section.
expands into the seccnd region when in the inflated state and
retracts into the first region when in the deflated state.

a sealable shutter

s The present inventicn also features a
6 door mechanism comprising a door together with the seal
7 retainer, the inflatable seal, and the pressure actuator. The
8 pressure actuator can be actuated by the door closinc cr
9 actuated independently of the docr closing. ’
10 In one embodiment, the pressure actuator includes a
11  bellows fluidly coupied tc the seal cavity -he.be-Lcws fcrces
12 an actuating fluid into the seal cavity when the bel.cws 1s
13 compressed. & door arm 1S preferably coupled -z the dcor for
14 compressing the bellcws while clcsing the docr. A sctring
15 positioned around the bellows uncompresses the zellows when the
16 <cseal is to be deflated. The doof can.include 2 hinge< docr or
17 a rotating dcor.
18
‘19 BRIEF DESCPIPTION OF THE DPAVWIIIGS
20 | These and other features and advantages <f the present
invention will be better understccd in viéw cf ~he fcllowing
with the drawings

21
description cf the inventi~n taken together w
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wherein:

FIG. 1 is a cross-sectional view of an inilatable seal,
according to the present invention, in a deflated state;

FIG. 2 is a cross-secticnal view of the infilatable seal in
an inflated state;

FIG. 3 is a cross-sectional view of a bellows mechanism
for pressurizing the inflatable seal, according to one
embodiment of the present invention; and

FIG. 4 is a elevational view of a dcor and door arm for
actuating the bellows mechanism, according tc cne emzcdiment of

the present inventicn.

DESCRIPTION OF THE PREFERRED EMECCIMENT

The infiztable sealing device 10, FIGS. I znd 2z, according

(=8

to the present invention, is used to seal a cccr 12 ::veringban
cpening in a structure 14. In the exemplary emoodimenz, the
inflatable seal device 10 is used to seal the zZap 1€ between a
shutter door and an cuter hull in a submarine. The Irnflatable
sealing device 10 of the present invention carn also ze used to
seal o:hér types of doors ~r structures that cgen and <lose.

The inflatable szealing device 10 includes a seal retainer

20 that retains an inflatahle seal 22. The inflatable seal 22.
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includes a seal periphery 24 defining a seal cavity Qé‘ahd a
seal tip 28 extending from the seal periphery 24. The seal
cavity 26 1s pressurized to inflate the seal periphery Ii4 and
cause the seal tip 28 tc seal the gap 16. The inflatable seal
22 is self-adapting to provide effective sealing despi:e
construction variaticns and tolerances resulting in ureven gaps
between the shutter door edge and the submarine hull. Also,
complete failure of the rubber portion of the seal tip 28 will
not result in an excessive gap between the deocry and hull. If
desired, the seal tip 28 can alsc ke contcured to match actual
clearances becween mechanical parts and can be custom ccnzoursd
in place to accommocate unique hardwaré cn a ship withzouz
affecting the inflatzble periphery 24 of the szzl. The seal
periphery 24 and sea’ tip 28 are preferably mclied as cne piece
from an elastomeric material or cther material suitablese for use
as a sezl.

The seal retainer 20 is secured to the structure -4 around
the opening. In one example[~the seal retainer 20 is zclted to
the structure 14 witz a bolt (not shown) extending thr’ughka
boclt hole 29 in the retainer 20. The seal retainer 245 includes
a retainer éavity 30 that houses the seal peripnery 24 and a

retainer slot 22 that houses the seal tip z2. FProtecting the
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seal periphery Z4 within the retainer cavity 30 improves the

reliability of the inflatable seal 22. The seal retainer 20 is

b

preferably formed into two pieces, 20a, 20k for ease o
manufacture, seal installation, and seal replacement. Thus,
new seals can easily be installed to accommodate chances in
component clearances resulting from ship structural chznges due
to stress relieving.

The inflatable seal 22 and retainer cavity 30 are designed
such»fhat the seal tip 28 is completely wiﬁhin the rezzainer
slot 32 when retracted (see FIG. 1) and extends cut c? =he

retainer slot 32 intc the gap 16 when extended rsee =-3. 2).

=

herefore, if the docr 12 is opening/closinc cr if hiz=
velocity flow or an actual device passes throuch the crening,
the seal tip 28 is ccmpletely retracted and proiscted from

physical or direct hydrodynamic ccntact.

n

The seal periphery 24 preferably has an elliptical cros
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section in its natural or deflated state (see F
sdbstantially cifcular Cross section in its infizted zzzze (sze.
FIG. 2). The retainer cavity 30 preferably inciudes z first

cavity region 20a having dimensions generally Torresponiing to

the dimensions ~f the elliptical cross section focr housing the

s=al periphery 24 in the deflated state (FIG. 1, and 5 zecond
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cavity region 30b having dimensions generally corresponding to

the circular cross secticn for housing the seal periphery 24 in

the inflated state (FIG. 2). As the inflatabkle seal 27 is
inflated, the seal periphery 24 expands intc the second cavity

region 30b and forms the circular cross secticn. When the

inflatakle seal 22 is deflated, the seal periphery 24 has a
natural tendency to return to the elliptical cross section and

will retract back intc the first cavity region 3Ca.
A pressure actuator 40, FIG. 3, 1s fluidly coupled to the

cavity 26 of the inflatable seal 22 fcr prsssurizing and

n
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inflating the inflatatle sezl 22. The pressurs actuazcr 40 can
supply an actuating cas or fluid tc the sezl czwity 24. The
use of an actuating fluid results in minimal svstem imrzacet

related to changes in ships depth. By varying the amcunt cof

pressure applied in ccnjunction with the s=szi
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properties, the design can be custcomized tc vrcvide prorer
performance for varying hydrodynamic envircnmerts.

According to the exemplary embodiment, the pressure
actuator 40 includes z bellows 42 fluidly coupl=zd to tze seal

cavity 25 by way of a pipe connection 44. In uzper e
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45 1s crupled to the rellows 42 for receiving

force tro compress the hellows 42 and cause an aztuating fluid
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to pressurize and inflate the inflatable seal 22. A bkellows
spring 48 is preferably disposed around the bellows 42 applies
a force to the upper end platé 46 to return the bkellows 42 to
its non-compressed positicen.

A lower end plate S0 of the bellows 42 is mounted to the
structure 14. The bellows 42 1is preferably elevated from the
structure 14 using a foundatién plate 52 with support legs 54.

This allows the piping 44‘to pass between the fcundaticn plate
52 and structure 14 to the inflatable seal 22. The piping 44

vetem with no dynamic sezls rzcuired.

n

is preferably a closed
The lower end plate S50 is preferably bolted tc zhne focundation
plate 52 using foundation tolts E£§.

In the exemplary embodiment, a door arm €7 ls ccurled to
the door 12 and can be pcwered by a power cylinder (rnc: shown)
tc .open and cilose the docr léi As the docr arm 20 clcses the
dcor 12, the coor arm 60 contacts upper enc plats 46 zand
compresses the bellows 42 to force the actuating fluiZ through

the piping 44 and intc the seal cavity 26 ts exgand tires
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inflatable sezl 22 (FIG. 2). Although a hingeZ door :

3

Y

shown, a rotating docr can also effect the necssszary mcrtion to

activate the system. The door arm 60 preferably compresses the

bellows 42 when the doocr 12 is clozed to itz fully clozed

16
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position. Thus as the docr 12 moves in its final few degrees
of rotation, the inflatable sea; 22 begins to expand and the
seal tip 28 mcves ﬁoward its extended positicn within the gap
16 (see FIG. 2Z). When the docr 12 is fully clecsed, the bellows
42 is fully ccmpressed and the seal tip 28 is fully extended.
Thus, actual chyvsical contact between the seal 22 and the decor

12 is only effected as the door 12 comes to its final closed

position.
‘Other tyvpes of pressure actuators can alsc be usec to
ressurize the inflatable seal 22. The sezal
inflation/deflation can alsoc be provided totally ilndependent cf

the door operztion. Zccording tc another alternative, the
inflation/deflation cf the inflatable seal 22 czn precsce
physical moticn of the surfaces cIi the shutter Zdoor seszaling
surfaces by use of arn inflation device which crerates
independently from dccr operatiorn.

When the door 12 starts to coren, the docr zrm 60 begins‘to
release the fcrce compressing the bellows 42. The bellcws
spring 48 then extends the bellows 42 to the ncn-compressed
position and the actuating fluid is drawn back into the bellows
42. The withdrawal cf actuating fluid from the zeal <a7ity 26

combined with the natural tendency of the seal
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return to its elliptical cross section, results in the seal

periphery 24 returning to the first cavity region 30a and the
retraction of the seal tip 28 into the retainer slet 3I. By

retracting the seal tip I8 prior to motion of the shutter door

12, damage tc the seal tip 28 during shutter cgenin
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closing operation can be prevented. Further, confininc the
seal tip 28 within the retainer slot 32 prevents damace to the

sezl.
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Accordingly, the ini

invention retracts the seal when the door is crened sc that the

sezl is not subjected to hydrodynamic or ghysical lcais wWhen
the dccr is closed, the inflatable seal is inflzated ani the ¢ap

between the shutter and wall is sezled with & rubber szzl

backed by meczal.
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Attorney Docket No. §0027

INFLATABLE SEALING DEVICE

ABSTRACT QOF THE DISCLOSUK

tr

docr, such

[\

An inflatable sealinc device is used tc seal

as a shutter door in a submarine, when the decor is closed. The

inflatable sealing device includes a seal retainer positicned

around the open 1ng throuch a structure, such &s z submarine hull

or other type cf wall. 2n inflatable seal 1g gcsitionsd with a
retainer cavity within the seal retainer. The inilatab.es sea.
inciudes a sezl periprery and a sezl tip extencding from the seszl

in an inflated state such that the seal tip extends 1ntc a gap

tc seal the doccr when the inflatable seal is pressurized and

inflated. The seal tip retracts into th sezl rztainer whnen the
inflatakle seal is deflated. . pressure actuatcr, such as a

bellows, 1s used to prescur17e the inflatakie s=zl usinz an
actuating fluid. The kellows can be compressed Zzing a 4cor arm
coupled to the door such that the seal is autcmatically actuated

tc seal rthe docr as the donr reaches its fully <losed positicon.
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