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ABSTRACT: A pressure seal particularly suited for use in
establishing 2 seal between a hermetically sealed test
specimen and an associated test fixture disposed within an en-
vironmental test chamber, for purposes of subjecting the
specimen to changing conditions of pressure and temperature,
characterized by a rigid sealing member circumscribing an
opening through which a vacuum is drawn, and an annular
skirtlike, flexible sealing member formed of resilient and im-
pervious material depending from the test fixture in civ
scribing relationship with the rigid member in 2 manner such
that pressure may be delivered from the specimen to t
chamber, as a given positive pressure is established within ¢
specimen, and a hermetic seal established therebetween
given reduced pressure is established within the specimer
purposes of duplicating contemplated pressure conditio

may be encountered by a space craft as it approach
celestial body enveloped in an atmosphere.
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PRESSURE SEAL
ORIGIN OF INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is subject to the
ns of Section 305 of the National Aeronautics and
e Act of 1958, Public Law 85-—568 (72 Stat. 435; 42
2457).

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to pressure seals for
use in establishing hermetic seals and more particularly to a
oressure seal for use in coupling test specimens to test fixtures
within environmental chambers of the type employed in simu-
lating changing theoretical or known conditions of tempera-
ture and pressure which are encountered as a spacecraft ap-
proaches a given celestial body enveloped in an atmosphere.

2. Description of the Prior Art

The prior art employs various types of sealing devices for
sealing enclosures within the confines of environmental test
chambers. Among the sealing devices employed in establish-
ing hermetic seals between opposing surfaces of rigid bodies,
such as closure members for test specimens having sealed
compartments and the like, are gaskets formed from substan-
tially impervious materials and operatively crushed or forced
into deforming engagement between opposing rigid surfaces,
whereby gastight seals are established therebetween. In most
instances, seals thus established are maintained through cum-
bersome and often complex mechanical connections, and
sealing thus achieved frequently is incomplete due to an oc-
currence of blowouts resulting from normally encountered
r deterioration of the materials. This is particularly

he prior art also includes inflatable sealing members
apted to be inflated to assume an inflated condition
ween the rigid structural members to achieve the desired
ng. Here again, this type of seal frequently has not proven
ely satisfactory under changing conditions of extreme
rature and presuura such as those conditions normally
nd in environmental test chambers.

Furthermore, wh@re conditions established internally of a
test chamber continuously are varied, such as where entry
conditions are being simulated for bringing a spacecraft from
the vacuum of outer space to the high pressures of planetary
atmospheres, compiex systems mc@udm? pressure sensors and
various types of actuators and relief valves have heretofore
been required in establishing and monitoring pressure condi-
tions established for test specimens.

OBJECTS AND SUMMARY OF THE INVENTION

The present invention overcomes the aforementioned dif-
uities through the use of an improved pressure seal, includ-
ing a rigid annular seat mounted on the specimen and an annu-
far flexible skirtlike sealing member mounted on the test fix-
ture and extended to circumscribe and engage the rigid seat,
while being adapted to open and close in respomse to
preselected pressure differentials established across the seal
for thereby simplifying a duplication of conditions of at-
esp‘@emc entry wherein a spacee‘mfﬁ is suo}ected to continu-
ously changing conditions of preﬁs* ranging between those
co\mimo s wherein no pressure d ferential is established

veen the internal and external surfaces of the spacecraft
wherein the pressura des el ! externally of
:’ip essures est 3 rewithin.

t of the instan s to provide
seamg mem‘hcr for use in coupling test
test fixtures within environmental test chambers.
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-nodate duphc@txon of cond‘mons of
spacecraft.

Another object is to pmwde a pressure-responsive
use in an environmental test chamber, w vnd
in response to preselected changes in est
conditions, whereby conditions of atmos
spacecraft test specimens may readily be dup

BRIEF DESCRIPTION OF THE DRAW

FIG. I is a partially sectioned elevational view of an en-
vironmental test chamber of a i :
spacecraft entry and reentry condit‘noms and
opérative coupling of a test specimen wi
wherein a pressure seal embodying the principles
present invention is employed.

FIG. 2 is a side view, on a somewhat enlarged scale, of a test

FIG. 3 is a fragmentary view, taken near the ju
test fixture and a test specimen illustrating, on an
scale, the pressure seal shown in FIGS. I and 2.

FIG. 4 is a perspective view of the flexible sealing member,
in a relaxed configuration, employed by the pressure seal illus-
trated in FIG. 3.

FIG. § is a plan view of an assembly of a
coplanar segments employed in fabricating the flex
member, illustrated in FIG. 4.

DESCRIPTION OF THE PREFERRED EMEOD

IMENT

Turning to FIG. 1, there is illustrated an environmental test

chamber 10 defined by a sealable shell
therein a test fixture 12. The test fixtur
test specimen 14 mounted in a
therewith through convenient mount
nmmiy coupled therebetween. The tes
trated, is an aeroshell intended to provide 2
spacecraft as the spacecraft approaches a g
enveloped in a gaseous atmosphere.

The test specimen 14 is, in testing, subjected t
various pressure established within the chamber
introduction of pressurized gas delivered viaa p
port 16 formed in the shell 11. Simulaneou it}
tion, the specimen is subjected to heat
through a plurality of high intensity xamps ig.
lamps 18 are arranged in banks and are di S'\OS
external surface 12 of the s pecamem 14 s0 th
the test specimen will not result in r?smé gase
practical matter, tend to interfere with the heat
by the lamps. While the bank of lamps forms ne sp
of the present invention, it is to be understood ¢
the lamps are supported on a cooling plate 20 2
coolant is circulated through a conduit 22 op
thereto. Where desired, reflecting surfaces 2
with the lamps for directing the heat flux to
test specimen.

Since it is important that the test specimen continuously be
monitored throughout its simulated entry inte atmosp

11 having mounted

“look™ *hmugh a conveniently formed p
shell 11, while a plurality of various elec
made with the specimen and associate
the use of electrical leads extended
epemms 28. As the monitoring circuliry smp
specific part of the instant invention, a de
oritted in the interest of brevity.
The fizxture 12 normally is sus
roller support 30, which, in turn,
roliing engagement with a conve
track is fixed to the shell 11 of th
an opening forming the door for
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2y be coupled with the test fixture and located
1amber at a position directly above the lamps
ovided for sealing the chamber. in practice,
supported for displacement along a convenient
pted to be displaced relative to the opening
or effecting a sealing closure therefor.

of a design which includes a plurality of
ly extended spiderlike truss members 38,
wed at their distal ends through connecting
innermost end portions of the truss mem-
h the external surface of a hermetically
ousing 41 defining therewithin a sealable

x housing 41, at the lowermost end of the
alingly joined to an annular plate 43 which
em%om The wall of the housing circum-
¢ opening, not designated, formed in the
chamber 42 is mounted in communication
i surfaces 44 of the test specimen 14, whereby
e internal surfaces may be achieved by
amber 42. The vacuum chamber 42, in
cted to a vacuum pump, not shown, through a
ure conduit 46 which extends through the
c ma ber 10 via 2 conveniently sealed port 48.
s intended that the shell 11 of the chamber 10
he door 34, and that gas under pressure be
the chamber, through the supply port 16, while a
ively is drawn through the chamber 42 thus to

i

ed differential in the pressures simultaneously
internal surfaces 44 aﬂd the external surfaces w

“seen’ ‘by aspacecraft entering the atmospheze
i body.

¢ the desired control, a pressure seal 49 which em-
es of the present invention, is provided. The
» fiexible sealing member 50 disposed or
downwardly from the fixture into sealing en-
¢ {est specimen in a manner such that as
ed within the chamber 42, below a predeter-
andfor pressure is increased within the test
ember 50 is displaced and thereby rendered
lishing a hermetic seal between the fixture

ated in FIGS. 2, 3 and 4, the flexible
an annular conﬁgumﬁion defining a band
"‘3’6 and resilient material draped from the
illustrated in FIG. 5, the member 50 is
arcuate sections 51 from a sheet of
d then joining the sections, by vulcanizing,
tened, relaxed ring. Therefore, it should readily
hat the inside and outside diameters of the
r member vary substantially and that the
caused to assume a truncated conical con-

rated for illustrative purposes, the ring 50, as
includes a body portion 52 and a skirt
he skirt portion terminating along the surface
12 greater diameter. The body portion, having the
iameter, is mounted on an annular support ring 56
¢ pewphery of the plate 43. It is important to
member is relaxed, as illustrated in
ater of the body portion 52 thereof is substan-
weter of the skirt portion 54 so that the
be mounted by being stretched over and

'eiaAed state, whereby its sealing charac-
wced as a pressure differential is developed
imen and between the pressure of the
ssure of the pressure chamber 10.

oving the resilient memory forces of the
achie @d by stretching the member 86, for
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securing the member about the supporting rmg 86, an alu-
minum binding strap 58 is positioned in ing engagement
with the external surfaces of the sealing member 5€ and is
secured in place through a stainless steel band 60.
While numerous specimens of a type conforming t¢ an
open-topped container could be mounted on 2nd secured to 2
fixture which utilizes the pressure seal 49, as illustrated, and as
presently utilized, the pressure is empioyea to establish a her-
metic seal between an aeroshell test specimen 14 and the fix-
ture 12. )

Mounted to cooperate with the member 50 to aid in achiev-
ing the desired hermetic seal, there is provided a rigid sealing
member 61 having an annular configuration and external seal-
ing surface forming an annular seat 62 extending about the
periphery of the aeroshell and extended inwardly thereof. The
rigid sealing member is coupled with the aeroshell in any con-
venient manner such as through means including a weld 64
and a convenient sealing material 66 which serves to assure
establishing of a hermetic seal between the member 61 and
the internal surface of the aeroshell.

The sealing seat 62 of the member 61, when opem*w
disposed, is in deflecting engagement with the internal sur-
faces of the skirt 54 so as to retain the skirt in a deflected con-
figuration, FIG. 3, whereby pressure established within
chamber 10 serves to act against the external surface of the
skirt and force the internal surface of the skirt into engage-
ment with the annular seat. As the flexible sealing member 50
is fabricated in a manner such that the body portion 52 has a
diameter substantially less than that of the skirt 54, an opera-
tive deflection thereof does not establish significant stresscs
within the flexible skirt. Consequently, a high degree of
resilience and flexibility is retained by the flexible sealing
member 50 when it is seated in operative engagement with the
seat 62 of the sealing member 61.

Furthermore, it should be appreciated that by varying the
extent of imposed deflection of the skirt 54, the pressure dif-
ferentials required to establish a hermetic seal between the
surface 62 and the inner surface of the skirt £4 may be varied,
as desired, thus to impart a high degree of versatility to the
pressure seal.

the
the

OPERATION

It is believed that in view of the foregoing description, the
operation of the device will be readily understood and it will
be briefly reviewed at this point.

It should be apparent that various open-topped containers
operatively could be sealed mxpxovdnz the seal of the present
invention. However, for purposes of illustrating the opeva?mn
of the instant invention, 1t will be assumed that an aeroshell o
a generally inverted conical configuration is coupled to the
test fixture 12 and suspended in an operatively sealed environ-
mental test chamber 10. Beneath the external surface 19 of
the aeroshell there is the bank of high intemsity lamps 18
which serve to establish the required heat flux, while a positive
pressure is introduced into the chamber by delivering suitable
gases, such as nitrogen, under pressure, through the port 16.
The rigid sealing member 61, connected to specimen 14, is

disposed adjacent to the test fixture in deflecting engagement
with the skirt 54 of the flexible sealing member 50.
Should the pressure within the iest specimen 14 be in-

creased above that present within the test chamber 10,
sealing members 50 and 61 of the pressure seal 49 psrmit
gases to escape outwardly, as mdaca by me arrows m FIG.
3, into the chamber 10. However,
chamber 10 is increased abeve mhm i
specimen, the skirt 54 is forced i ng
the seat surface 62
ing mr@ssum differen
of the seal 50, gc' g

38154

of the rigid Sfa’ﬂmg member 61.

crease, the sealing cl
cooperation with the &

15

tech Dort:o 18
tions of the test specimen ;\4. Therefore,

Le4
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disposed between the test fixture and the aeroshell closes au-
tomatically and a time dppendem pressure differential is
established across the asroshell, in 2 controlled manner for
(,pea*eay simulating entry of the aeroshell into the atmosphere
of a celestial | “mcy Should it be deemed advisable, for pur-
£ g entry conditions, the ﬂcw of gases
ough the condu.t 46 may be revised so that the
pressures within the test specimen are increased for thereby
”stmg a withdrawal from the encountered atmospnere
1 % time as a zero pressure differential is established
between the sur"aces of the aerosheh the pressure increase

2
Intil such

4 O3

the pressure within the aemsheil is caused to exceed the
pressure within the test chamber, the pressure seal 49 auto-
matically releases the pressure within the aeroshell permitiing
the pressure to escape into the chamber 10, whereby a series
of Twomma}“y encountered pressure conditions may be
selectively established by varying the pressures between the
d internal surface of the test fixture for thereby
ing 2 pressure history of a controlled ronﬁgumtion
nd remmermng a selected encounter with 2 ;nvpn celestial

In view of the foregoing, it should be apparent that the
resent invention provides a pressure seal which has particular
itility in environmental test chambers for establishing condi-
tions simulating entry into planetary atmospheres and is
adapted mmmamcaﬂ!\y to close, and to open, in response 10 en-
countered conditions representing theoretical pressure condi-
tions encountered by a craft as it is approaching a celestial
body.

Although the invention has been herein shown and
described in what is conceived to be the most practical and
preferred embodiment, it is recognized that departures may be
made therefrom within the scope of the invention, which is not
to be limited to the details disclosed herein but is to be ac-
corded the full scope of the claims 50 as to embrace any and
2li equivalent devices and apparatus.

We claim

1. In a test fixture for use in a positively pressurized environ-
mental test chamber and including means for coupling the fix-
ture with a sealed test specimen of a type adapted to be nega-
tively pressurized through the test fixture in the presence of
positive ambient pressure for thereby simulating theoretical
conditions of pressure differential encountered in a spacecraft
entry into an atmosphere, a pressure seal comprising:

A. a flexible, resilient sealing member having a stressed
body and an unstressed skirt including a sealing surface
extending between the test fixture and a test specimen;
and

B. an inclined rigid sealing member including means defin-
ing 2 seal seat coupled with the test specimen and ex-
tended into deflecting engagement with a sealing surface
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espyct to pressares estabhsbed
established pressure differential serves 5 10
into engagement with the seal seat for thereb
ing a hermetic seal therebetween.

2. The pressure seal of claim 1 wherein the
member comprises a flat annular mcm‘b@f £
ty of arcuate segmenis interconmected at th
thereof to form a planar annular member 2
an annular member substantially conform
conical configuration when arranged in an o
tion.

3. A pressure seal for hermetically seali
ing an open top and a cover membes
thereto comprising:

A. a mounting defined by an annular
stantially rigid configuration depe
member;

B. a rigid sealing member including an a
an open top for the container having
defining a qealmﬂ seat; and

C. = flexible sealing member Kcrrmed O
and impervious material ir
stretched within its elastic
mounting in a circumscmbmg
skirt portion depending in a relax
having 2 first and f-:econd mutually o
first surface being extended into
ment with said seat, whereby as the
jected to a pressure of a magnitude g
the pressure to which the first surface is ¢
first surface is forced into sealing e
seat for establishing an hermetic s
tainer and the cover member.

4. The pressure seal according to claim 2 wherei
ble sealing member is formed of a plurality ¢
arcuate coplanar segments coup!ed into
member havmg an annular conf'gumtmn a

in

g ﬁ

S.A pressure responsive seahng mem%er haviz
conical configuration including:

A. a stressed annular body portion formed of a resil
flexible material and having a given diameter m
a rigid support;

B. a flexible, impervious unstressed skirt portion depen
from the body; and

C. an annular rigid sealing member including an annular
seat adapted to receive the skirt in sealing engagem
therewith in the presence of a pressure
established between the opposite surface




