@ https://ntrs.nasa.gov/search.jsp?R=19800002888 2020703-21T20:16:17+OO:OOZ
S L Y S
(VR L N VA
NASA Contractor Report 159055

Design and Fabrication of Elevon
Cove Thermal Protection Systems
For Aerospace Vehicles

Angelo Varisco
Albin Borysewiez
Willie Wolter

GRUMMAN AEROSPACE CORPORATION
Bethpage, N.Y. 11714

_CONTRACT NAS 1-14112
May 1979

NASA

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23665



NASA Contractor Report 159055

Design and Fabrication of Elevon
Cove Thermal Protection Systems
For Aerospace Vehicles

Angelo Varisco
Albin Borysewiez
Willie Wolter

GRUMMAN AEROSPACE CORPORATION
Bethpage, N.Y. 11714

CONTRACT NAS 1-14112
May 1979

NASA

National Aeronautics and
Space Administration

Langley Research Center
Hampton, Virginia 23665



. Report No.

2. Government Accession No.

NASA CR 159055

3. Recipient’s Catalog No.

. Title and Subtitie

DESIGN AND FABRICATION OF ELEVON COVE THERMAL
PROTECTION SYSTEMS FOR AEROSPACE VEHICLES

5. Report _Date
May 1979

6. Performing Organization Code

. Author(s)

Angelo Varisco, Albin Borysewiez, Willie Wolter

8. Performing Organization Report No.
1764-79

. Performing Organization Name and Address

Grumman Aerospace Corporation
Bethpage, NY 11714

10. Work Unit No.

11. Contract or Grant No.

NAS 1-14112

12.

Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, DC 20546

13. Type of Report and Period Covered

Contractor Rpt; 4/76-7/77

14. Army Project No.

15.

Supplementary Notes

Contraét Monitor: L. Roane Hunt and William D, Deveikis

16.

Abstract

A design study was undertaken to develop and fabricate a flightweight, effective,
reuseable seal for use along the elevon cove of shuttle-type reentry and hypersonic
cruise vehicles, The development work included in this report deals primarily with
membrane seals, both metallic and non-metallic., This type of seal spans the cove
gap between the wing and elevon, and does not depend on spring tension to maintain
contact along a flexing wing span. Technical requirements and criteria were generally

derived from the space shuttle and utilized for seal design.

17.

Key Words (Suggested by Author(s})
Elevon Bulb Seal

Metal Membrane Seal:
Hypersonic Vehicle

Non-Metal Membrane Cove Seal

18. Distribution Statement

Unclassified - Unlimited

21. No. of Pages

19. Security Classif. (of this report)
Unclassified

20. Security Classif. (of this page)
Unclassified

22. Price®
64

' For sale by the National Technical Information Service, Springfield, Virginia 22161




FOREWORD
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Structures Branch, Structures and Dynamics Division.

The program was managed by A. Varisco under cognizance of Advanced Develop-
ment Systems engineering. Major contributions were made by A. Borysewlez, Design;
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Section 1

INTRODUCTION AND SUMMARY

1.1 INTRODUCTION AND SUMMARY

A design study was undertaken to develop and fabricate a flightweight, effective,
reusable seal for use along the elevon cove of shuttle-type reentry and hypersonic
cruise vehicles. A critical design requirement was that the seal had to protect the
internal structure of the elevon against ingress of hot boundry-layer gases up to 1367 K
(2000° F) at pressure ratios across the seal greater than two. Proof of concept would
be demonstrated using an existing cove seal test apparatus to expose the seal to effects
of the aerothermal environment produced in the Langley 8-foot, high-temperature
structures tunnel. This facility is a large blowdown wind tunnel that operates at a
nominal Mach number of 7 and uses methane-air products of combustion as a test
medium. The cove seal test apparatus, shown in figure 1-1, consists of a fixed wing-
cove housing, a rotatable elevon, and aerodynamic fences at the side walls to channel
the upstream flow across the cove entrance. The development work included in this
report deals primarily with membrane seals, both metallic and non-metallic. This
type of seal spans the cove gap between the wing and elevon and does not depend on
spring tension to maintain contact along a flexing wing span. Technical requirements
and criteria were generally derived from the space shuttle and utilized for seal design
guidelines.

Three metallic cove seal configurations, formed as the letters "W, "S", and
"C", were analyzed for structural capability. In this application the membrane is
subjected to at least seven types of loading, with some occurring simultaneously.
Results from the analysis indicated that the most severe stresses occurred under seal
rotational bending and differential elevon/wing expansion. The calculated rotational
bending stresses were significantly beyond the yield limits of the material which implies
that fatigue failure would eventually occur. The calculations also showed substantial
deformation of the seal beyond the limits of the material under differential expansion.
Moreover, a working model of a wing-elevon juncture with a René 41 membrane seal
clearly demonstrated yelding at both limits of rotational travel and thus, confirmed the
analytical implication that metallic membranes are not applicable for use as cove seal.
‘The non-metallic seals were grouped into two categories called non-stretch and stretch
concepts. The non-stretch concept uses a non-metallic membrane configured as a "C"
with adequate length so that stretching is not required during elevon rotation and
deflection. This concept offers two important advantages: first, the membrane can
be fabricated with a Nomex cloth reinforcement which will significantly increase tear
strength; and second, a thermal blanket can be bonded directly to the membrane and
thereby provide a more predictable thermal barrier. However, to maintain the

Note: Use of commercial products or names of manufacturers in this report does not
constitute official endorsement of such products or manufacturers, either ex-
pressed or implied, by the National Aeronautics and Space Administration.
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required shape, metal battens must be molded within the rubber at suitable intervals.
The metal battens suffer from all the disadvantages of metallic membranes, such as
high bending stresses during rotation and extremely higher shear stresses due to
differential wing/elevon expansion. The shear deformation is especially serious
because the battens could twist and tear and thus cause membrane failure. Efforts to
reduce the fixity of each batten and to minimize the stresses were unsuccessful. There-
fore, this concept was eliminated from further study. For the stretch concept, a high-
temperature silicone rubber membrane was slightly stretched between the wing and
elevon. The primary advantage of this concept is its ability to accept any conceivable
structural deformation between the wing and elevon without leakage. Since no metal

is used in the basic seal, all stresses due to rotation or shear deformation are elimin-
ated. A thermal blanket that would permit stretching can be added to increase the
temperature capability of the seal. The stretch concept was retained for further
study.

Although the membrane geal offers high potential for use as a cove seal, the
ends of the membrane must also be sealed against chordwise walls such as at wing
stubs. Therefore, two design concepts were developed for sealing the ends of the
membrane against end plates in the cove seal test apparatus but which would also be
applicable in a flight vehicle. The first employs a Nomex high-density-pile carpet
wiper pad in each end plate. The ends of the membrane contain internally molded thin
metal battens which provide edge stiffness for wiping against the carpet. However, the
disadvantages of this design concept are that some leakage of air can occur through
the fibers, and cyclic life can be reduced from shredding of the fibers during seal
rotation. The second design concept employs an integrally molded '"P'" shaped bulb in
each end of the membrane. Metal battens are also used to support and maintain the

Aerodyns

Wing -caove housi

1764-0018

Figure 1-1. — Langley, cove seal test apparatus.
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bulb against the end plate. The bulb is designed with adequate diameter so that end
sealing is maintained during relative motion between the elevon and end plate. This
concept requires a low-friction interface, which was accomplished by applying a
ceramic dry film lube on the end plate. After considering advantages and disadvantages
of the various seal design concepts and analyzing their structural integrity, the stretch
curtain design concept with an integrally molded "P" bulb end seal was selected for the
test seal. Four seals were designed and fabricated, each using the stretch curtain
membrane, with four different '""P" bulb configurations. One seal employed a plain "P"
bulb. The other three employed modified ""P'* bulbs with three different knitelastic
polyester (Spandex) treads on the contactisurface of the ""P" bulbs to enhance end
sealing and to reduce friction between the seal and the end plate.

1.2 SYMBOLS AND UNITS

Although calculations were made in U, S, Customary Units, they are presented in
this report in the International System of Units (SI) also. Factors relating to the two
systems are given in reference 1-1. Symbols throughout this report are defined as
they are introduced.

The appropriate quantities for the SI units used in this report are:

Quantity Unit SI Symbol
length meter m
force newton N
pressure pascal Pa
mass kilogram kg
temperature kelvin K

Abbreviations for the following prefixes have been employed for multiples of
units in this report:

Prefix Multiplication Factor Abbreviation
centi 1072 c

milli 1073 m

kilo 103 k

mega 106 M

giga 10° G

1.3 REFERENCE

1-1 "Metric Practice Guide, E380-2 American Society Testing and Materials," June
1972.
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Section 2

DESIGN CRITERIA

2.1 THERMAL CONDITIONS

Although the elevon cove temperatures for the shuttle orbiter have not yet been
determined, a 450 K (350° F) temperature limit was initially assumed as a seal design
requirement. However, the possibility of spanwise flow could raise cove tempera-
tures in excess of 450 K (350° F). Additional effort would be required to estimate the
effects of spanwise flow. Therefore, to account for spanwise flow, a 533 K (500°F) -
temperature limit was arbitarily established as a seal design goal.

The current space shuttle orbiter is expected to experience the following
temperatures and pressures on the wing:

Mission Temperature K (° F) Ultimate Pressure (1)
Phase Min Max kPa (psi)
Pre-launch 267 (20) 339 (150) |  ——---———-
Ascent 267 (20) 339 (150) -29.4 (-4.2) +19.6 (+2.8)
On-orbit 172 (-150) 353 (175) |  —=m==—=---
Post heating 172 (~150) (2) -17.5 (-2.5) +23.8 (+3.4)
Ferry/horizontal flight | 219 (-65) 339 (150) | « =-mmmme——-

(1) 1.4 times limit pressure
(2) 533 K (500°F) seal design goal
2.2 MECHANICAL CONDITIONS

The primary requirement of an elevon seal is that it must accept any conceivable
structural and thermal displacement between the wing and elevon without leakage.
Therefore, it was required to know the amount of displacement a typical seal would be
required to accomodate, and then these data could be used as a design starting point
from which additional criteria could be developed. Since an extensive amount of
load/deflection data exists for the shuttle wing, these data were used in the Rockwell
International, ASKA finite element analysis, post processing program. In this
program, the wing and elevon are idealized into many nodes, and displacements are
determined for all the node points under many conditions.

Figure 2-1 illustrates the nodes which were gelected in the study. Node 164 is
located on the wing lower skin, between the inboard and outboard elevons. Node 96 is
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Nodes are located on
Wing lower outside skin surface

Forward

1 Node 164

V - — —
Node 2« “—— Node 96

Outboard <«+——

Outboard elevon

1764-0028 Inboard efevon

Figure 2-1. — LH shuttle wing/elevon configuration and node point locations.

located on the inboard elevon lower gkin at the outboard corner. Node 2 is located
on the outboard elevon lower skin at the inboard corner.

For the present study, data from reference 2-1 were used. Twelve reentry
conditions determined by Rockwell and Grumman to be critical for the wing and elevon
were checked, and these are listed in table 2-1 as items 1 through 12. These
conditions produce displacements resulting from mechanical and thermal loads. In
addition, the post heating conditions were searched and selected for maximum displace-
ments. These are listed as items 13 and 14 of table 2-1. Although seal leakage may
be permissible for conditions 13 and 14, it was considered important to know the
largest displacements that would be encountered as design information,

Mechanical and thermal displacements for nodes 2, 96, and 164 are listed in
table 2-2. A positive sign indicates outboard movement of the node, and a negative
sign indicates inboard movement. All nodal displacements are spanwise only. No
vertical or fore and aft displacements were considered. These values indicate that
the largest displacements occurred in the inboard elevon (node 96) for the post
heating conditions 13 and 14.

The net spanwise relative displacements between the wing stub and inboard and
outboard elevons are listed in table 2-3. These were determined by properly combin-
ing the mechanical and thermal displacements in table 2-2. The column headed
"Comb" (combined) in table 2-3 lists either a ""C" (for end-seal compression) or an
"E" (for end-seal extension) after each value. A "C' displacement indicates a net
reduction of the space between the elevon and the wing stub side wall; whereas, an "E"
displacement indicates an increase in that space. Maximum displacements for

2-2



reentry and post heating conditions are listed in table 2-4. No extension of the space
between the inboard elevon and wing stub is indicated at reentry, but substantial
spanwise displacements occur during post heating. The largest displacement in the
compression direction is 0.68 cm (0.267 in.) and 1,05 cm (0.414 in.) in the extension
direction for a total excursion of 1.73 cm (0,68 in.). The spanwise compression
must be accommodated in designing an end seal; otherwise, excessive seal compression
and crushing would result. However, if the spanwise extension were to be accommo-
dated, a larger end seal bulb diameter would be required, which would significantly
reduce end-seal flexibility. Since this larger extension occurs during post heating,
seal integrity would not be affected if a small gap were allowed between the end seal
and stub wall by using a smaller end seal bulb diameter.

Table 2-1. — Critical wing elevon loading conditions.

SF76 Data (1)
Item Load Group Reentry Condition
1 G2%R0585 Tail Sun, Reentry - “I.OG Maneuver, Mach = 8.0
2 G21R0586 Tail Sun, Reentry -1.0G Maneuver, Mach = 10.0
3 G21R0587 Same as 2 Except Entry Angle
4 G21R0588 Same as 2 Except Entry Angle and Gross wt
5 G21R0589 Same as 2 Except Entry Angle
6 GO9R0590 Tail Sun, Reentry, Sym Maneuver, Mach = 10.0
7 RO9R 1300 Mission 3 Reentry, Sym Maneuver, Mach = 10.0
8 G21R0591 Mission 3 Reentry, 1.0G Maneuver, Mach = 8.0
9 G21R0592 Mission 3 Reentry, -1.0G Maneuver, Mach = 10.0
10 G21R0593 Same as 9 Except Entry Angle
11 G21R0594 Same as 9 Except Entry Angle and Gross wt
12 G21R0595 ' Same as 9 Except Entry Angle
13 G3ARO0001 (2) TAEM Yaw Maneuver}
Post Heating Conditions
14 G3AR0011 (2) TAEM Yaw Maneuver

1764-0038

Items 1 through 6 are mechanical and cold thermal conditions combined.
Items 7 through 12 are mechanical and hot thermal conditions combined.
(tem 13 produces maximum end seal compression,

Item 14 produces maximum end seal extension.

(1) See reference 2-1. -

(2) Terminal area energy management
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" Table 2-2. — Mechanical and thermal node displacements.

Wing Inboard Outboard Wing . Inboard Outboard
SF76 Data Stub Elevon Etevon Stub Elevon Elevon
Item| Load Group Node 164 Node 96 Node 2 Node 164 Node 96 Node 2
cm {in.) cm (in.) em (in.) cm (in.) rem (in.) em (in.)
1 G21R0585 +0.051 +0.163 +0.099 -0.328 -0.150 -0.051
+(0.020) +(0.064) +(0.039) -(0.129) -{0.059) -{0.020)
2 G21R0586 +0.058 +0.15 +0.127 [ 4 A
+{0.023) +(0.059) +(0.050)
3 G21R0587 +0.06 +0.137 +0,157
+(0.024) +(0.054) +(0.062)
4 G21R0688 +0.066 +0.016 +0.198
+(0.026) +(0.063) +(0.078)
5 | G21R0589 -0.325 -0.297 -0.447
-(0.128) -(0.117) -(0.176) ¢ L '
6 GO9R0590 -0.16 -0.328 -0.315 -0.328 -0.150 -0.051
-(0.063) -{0.129) -(0.124) -{0.129) -(0.059) -(0.020)
7 RO9R 1300 -0.16 -0.328 -0.315 +1.22 +1.45 +1.173
-(0.063) -(0.129) -(0.124) +(0.480) +(0.571) +(0.462)
8 | G21R0591 +0.051 +0.163 +0.099 ﬁ $ [
+(0.020) +(0.064) +{0.039)
9 G21R0592 +0.058 +0.15 +0.127
+(0.023) +(0.059) +(0.050)
10 G21R0593 +0.06 +0.137 +0.157
+(0.024) +(0.054) +(0.062)
1 G21R0594 +0.066 +0.16 +0.198
+(0.026) +(0.063) +{0.078) Y v
12 G21R0595 -0.325 -0.297 -0.447 +1.22 +1.45 +1.73
-(0.128) -(0.117) -(0.176) +(0.480) +(0.571) +(0.462)
13 G3AR0001 -0.102 +0.577 -0.025 - - -
-(0.040) +(0,227) -(0.010)
14 G3AR0011 -0.269 -1.321 -0.046 - —_ -
-(0.106) -(0.520) -{0.018)

1764-0048

+ Outboard Spanwise Displacement

Inboard Spanwise Displacement |
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Table 2-3. — Net spanwise relative displacements of wing and elevon.

SF76 Inboard Elevon Outboard Elevon
Data Net Relative Net Relative
Load Displacements of Displacements of
ltem Group Node pt 96 & 164, Node pt 2 & 164,
cm (in.) em (in.)
Mech Therm Comb Mech Therm Comb
1 G21R0585 +0.112 -0.178 0.290C +0,048 -0.277 0.325E
+(0.044) -(0.070) (0.114) 4(0.019) -(0.109) (0.128)
2 G21R0586 +0.091 T 0.269C +0.069 ) 0.345E
+{0.036) {0.106) +(0.027) (0.136)
3 G21R0587 +0.076 0.25C +0.097 0.373E
+{0.030) {0.100) +{0.038) (0.147)
4 G21R0588 +0,094 0.276C +0.132 0.409E
+(0.037) {0.107) +(0.052) (0.161)
5 G21R0589 -0.028 0.648C -0.122 0.155E
| -(0.011) v (0.081) -(0.048) ) (0.061)
6 GO9R0590 -0.168 -0.178 0.010C -0.155 -0.277 0.122€E
-(0.066) -(0.070) (0.004) -(0.061) -(0.109) (0.048)
7 RO9R 1300 -0.168 +0.231 0.064C -0.155 +0.046 0.201C
-(0.066) +(0.091) {0.025) -{0.061) . +(0.018) (0.079)
8 | G21R0591 +0.112 ? 0.343C +0.048 4 0.0025E
+(0.044) {0.135) +(0.019) (0.001)
9 G21R0592 +0.091 0.323C +0.069 0.023E
+(0.036) {0.127) +(0.027) (0.009)
10 G21R0593 +0.076 0.307C +0,097 0.051E
+(0.030) (0.121) +(0.038) {0.020)
11 G21R0594 +0.094 0.325C +0.132 0.086E
+(0.037) * (0.128) +(0.052) * (0.034)
12 G21R0595 -0.028 +0.231 0.259C -0.122 +0.046 0.168C
-(0.011) +(0.091) (0.102) -(0.048) +{0.018) (0.066)
13 G3ARO0001 +0.678 —_ 0.678C +0.318 — 0.318C
+(0.267) (0.267) +{0.125) (0.125)
14 G3AROOLi -1.052 — 1.052E -0.262 — 0.262€
-(0.414) (0.414) -(0.103) {0.103)
1764-0058
+ Outboard Displacement Cc Compression of Wing Elevon End Seal
Inboard Displacement E Extension of Wing Elevon End Seal
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Table 2-4. — Maximum relative displacements.

Condition Inboard elevon wing, cm (in.) Outboard elevon wing cm {in.)
Reentry 0.343(0.135) C,0.000E 0.201(0.079) C,0.409(0.161)E
Post heating 0.678(0.267) C,1.052(0.414)E 0.318{0.125) C,0.262(0.103)E

1764-0068

C Compression of wing/elevon seal

E Extension of wing elevon seal

Maximum relative displacement between the outboard elevon and wing stub are
smaller than for the inboard elevon. The largest displacement in the compression
direction is 0.32 c¢m (0.125 in,) and 0.41 cm (0. 161 in,) in the extension direction for
a total excursion of 0.73 cm (0. 286 in.)

Based on the above data, the following end seal diéblacement criteria were
selected:

Flight Displacement cm (in,)

Condition Compression Extension Total.
Reentry 0.71 (0.280) 0.46 (0.180) 1,17 (0.460)
Postheating 0.92 (0.280) 1.07 (0.420) 1.78 (0.700)

The 0.71 cm (0.280 in,) displacement in the compression direction provides
adequate room to prevent seal crushing. In the other direction, the seal will be
required to prevent leakage with a 0,46 cm (0. 180 in.) extension of the interface. The
1,07 cm (0.420 in.) extension requirement is noted for informational and structural
clearances only. These criteria are illustrated in figure 2-2.

2.3 REFERENCE

2-1 Rockwell International, '"Shuttle Wing and Elevon Internal Loads Report -
Vehicle 102 Vertical Flight," March 1977.
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‘Wing

X = erapin A
stub — Elevon X = static distance
side wall
. 0.71 em ,
—X - (0.28in) COmPression  Entry conditions
(1.17 cm) Total displacement
I+ X +(g?g.?:1 y  Extension {0.46 in.)
—x - 0-71cm Compression  Post heati dition:
% (0.28 in.) ost heating condition:
h———————————————
(1.78 cm) Total displacement
1.07 cm . .
d‘ X + (0.42in.) Extension (0.70 in.)

1764-0078

Figure 2-2. — End seal displacement criteria.



Section 3

METAL MEMBRANE SEAL CONCEPT DEVELOPMENT

3.1 METAL MEMBRANE SEAL CONCEPTS

Metal membrane seals were studied under the present program. Although
they introduce peculiar structural problems, they offer the unique advantage of higher
temperature capability without the use of thermal shields.

Various seal shapes were studied, and the more promising configurations are
illustrated in figure 3-1 ("W shape), figure 3-2 ("'S'" shape), and figure 3-3 ("C"
shape). Note that the lower surface of the wing is shown facing upward for consist-
ency with the orientation of the test apparatus in the wind tunnel.

3.2 METAL MEMBRANE SEAL ANALYSIS

The three seal configurations, made of Rene"41 material, were analyzed for
structural integrity under the complex structural and thermal loading conditions
expected. Table 3-1 summarizes the results of the analysis, and the calculations are
given in appendix A. As shown, the seal can be subjected to at least seven types of
loading. Additionally, some of the loading conditions occur simultaneously. No
attempt was made to combine the various conditions, but each condition was analyzed
as simply as possible to determine the relative magnitude of the stresses. The "W"
and "S" shapes were not checked for all conditions because they were inferior to the
"C" shape.

As shown, the most severe stresses occur under seal bending (condition II)
and differential elevon/wing expansion (condition V). Under condition II, the stresses
are beyond yield limits of the material. Although the seal could possibly survive
the 100-mission requirements, fatigue failure will eventually occur. A small working
model (see figures 3-4 and 3-5) for applying flexure tests to the metal membranes,
was fabricated with heat treated Rene 41 "W'' and "'S" shaped seals detailed in
figure 3-6.

During rotation, yielding occurred at both limits of elevon travel, 40° up and
25° down. Under condition V, extremely high stresses occur due to the shear
deformation of the seal. These stresses result from differential expansion between
the wing and elevon. The stress is zero at the fixed center hinge and increases to the
maximum at the elevon edges, 178 cm (70 in.) each side of the hinge centerline. It
is estimated that substantial deformation of the seal would occur beyond the limits of
the material. For that reason, and because of the time and man-hour limits in the
seal development program, no additional work was performed on metal curtain seals.

3-1
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Elevon 25° down

Elevon 0° (neutral)

Elevon 40° up

1764-012B

Figure 3-4. — Model of metal “S’’ membrane seal.
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Model of metal "W’ membrane seal.

Figure 3-5

1764-0138
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1764-0148 age after forming

Figure 3-6. — Flexure test model seals.
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Section 4

NON-METALLIC MEMBRANE SEAL CONCEPT DEVELOPMENT

4.1 STRETCH MEMBRANE

4.1.1 Design Concept

Non-metallic (rubber) materials, although temperature limited, offer good po-
tential for meeting cove seal requirements. Basically, a non-metallic seal consists
of a membrane that is slightly stretched between two support members attached to the
elevon and wing. The concept is illustrated in model form in figure 4-1 where the
elevon is shown in meutral, maximum down, and maximum up positions. As indicated,
membrane stretching occurs during elevon rotation. This feature is accomplished by
locating the membrane attachment to the wing off the elevon hinge axis. The primary
advantage of this concept is its ability to accept any conceivable structural deformation
between the wing and elevon without leakage. The seal material is GE Silicone Rubber
SE-577 which is stable up to 589 K (600° F) and has a brittle point below 158 K (-175°F).
This material can be stretched over 200% with no permanent set and has a minimum
tensile strength of 9.65 MPa (1400 psi).

Figure 4-2 illustrates a stretch concept curtain that can endure higher temper-
tures than the concept shown in figure 4-1. This capability is accomplished by adding
a thermal blanket to the front surface of the membrane. The blanket will employ a
suitably coated high-temperature sgilicone cloth to retain a glass fiber felt insulation,
which would be selected for insulative efficiency at around 811 K (1000° F). The
blanket is designed in the neutral (0°) position with adequate length (see detail of
figure 4-2) so that it does not stretch during elevon deflection. To eliminate any gaps
between the blanket and the seal and to keep the outer blanket firm, a separate half-
moon shaped filler blanket is employed as illustrated. Figure 4-2 also shows the
estimated configuration of the blanket and seal in the 25° down and 40° up positions,
which are the limits of expected elevon rotation.

4.1.2 Stretch Membrane Pressure Analysis

The stretch membrane seal was analyzed to determine membrane stresses and
deflections under the 29.4 kPa (4.2 psi) ultimate pressure load for the shuttle wing
tabulated in paragraph 2.1. A 0,20 cm (0. 080 in.) thick membrane of GE Silicone
Rubber (SE-577 compound) was assumed. The results of the analysis, whose calcula-
tions are given in appendix B, are as follows:

Max tensile stress = 0.405 MPa (58,8 psi); allowable 9,65 MPa (1400 psi)

Max deflection 1.133 cm (0.445 in,)

Max elongation 24% (allowable 200%)

4-1



Elevon 25° down

Elevon 0° (neutral)

Elevon 40° up

1764-0158

Figure 4-1. — Model 6f stretch membrane seal.
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As indicated, the stress and elongation are well within the material allowable
limits,

4.2 NON-STRETCH MEMBRANE

4.2.1 Design Concept

The non-stretch membrane seal is an alternative for meeting cove seal require-~
ments. This concept, shown in figure 4-3, is configured as a letter ""C'" with
adequate length so that stretching does not occur during elevon rotation and deflection.
The concept offers two important advantages: first, the seal can be fabricated with a
Nomex cloth reinforcement which will significantly increase the membrane tear
strength; second, the thermal blanket can be directly bonded to the membrane and
thereby provide a more predictable thermal barrier. To help maintain the required
shape, metal battens are molded within the rubber at suitable intervals. To improve
edge sealing, the end batten is designed to provide edge stiffness for sealing ends of
the membrane,

4.2.2 Non-Stretch Membrane Pressure Analysis

The non-stretch membrane was also analyzed for pressure loads. The calcula-
tions are shown in appendix C. The stress, deflection, and elongation were determined
for a non-reinforced rubber membrane and are as follows:

Max tensile stress (rubber) 0.316 MPa (45.9 psi); allowable 9.65 MPa

(1400 psi)

Max deflection 0.58 cm (0.23 in,)

Max elongation 18% (allowable 200%)
In this case, the stress and elongation in the rubber are also well within
allowables,

The Nomex cloth reinforcement was also checked for positive pressure. The
stresses and elongation, however, are negligible because the cloth was a modulus of
elasticity of 1379 MPa (2 x 10 psi), which is approximately 800 times stiffer than the
rubber membrane. For negative pressure, the metal battens will maintain the shape.

4.3 NON-METALLIC END SEAL CONCEPTS

Membrane end seal configurations made of several materials were evaluated in
various mated combinations using the seal development fixture shown in figure 4-4 (a).
With this fixture, end seals were cycled against an end plate.

4.3.1 "P'" Bulb End Seal

A basic "P'" bulb end seal is shown in figure 4-4 (b) and on drawing AD1001-204
(see appendix D). This design employs an integrally molded '"P" bulb to achieve edge
sealing. Metal battens are used to support and maintain bulb contact against the end

4-4
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plate. The advantage of this design is that no seal wiper pads are required on the
edges of the membrane, and it may be used with either the stretch or non-stretch
design concepts. The bulb is designed with adequate diameter so that edge sealing is
maintained during relative motion between the elevon and end plate. A ceramic dry-
film coating (Vitro Lube, NP11220), capable of service at temperatures up to 700 K -
(800° F), was used on the end plate to reduce friction at the interface. However, during
rotation of the seal in the seal development fixture, some amount of bulb rolling was
encountered when engagement between the seal and end plate surface was increased.
Further testing indicated the need to reduce friction substantially to increase bulb life.

4.3.2 Low Friction Bulb End Seal

A low friction bulb end seal is illustrated on drawing AD1001-206 (see appendix
D). This design utilizes an ovalized "P" bulb with a Nomex elastic strip that is bonded
to the seal. The maximum compression of the oval "P" bulb is illustrated in figure
4-5, However, for tests to evaluate frictional resistance in the seal development
fixture, a "Spandex' rub strip was used in lieu of the Nomex elastic strip. The seal
was rotated in the fixture in contact with a Vitro Lube coated end plate, and results
indicated a smooth sliding action without apparent bulb rolling. Three test articles
were developed employing three variations of '"Spandex" rub strips which will be tested
in an end seal test fixture at NASA Langley Research Center.

4,3.3 Carpet End Seal

A carpet end seal is shown in figure 4-4 (¢) and on drawing AD1001-205 (see
appendix D). This design employs a Nomex high density pile carpet wiper pad. The .
carpet is engaged by the silicon rubber membrane which is edge stiffened with internally

51.9

0.53
- (20.435) _ 99
TO € SYM {0.21) max. comp.

Existing
plenum lip

/ , D

retainer

Dimensions in cm {in.)

[ 1.93

e e
1764-0198 (0.76) Expanded

Figure 4-56. — Maximum compression of oval end seal.
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‘molden thin metal battens. Various woven pile materials such as Nomex, Nomex and
Teflon, and quartz fiber, shown in figure 4-4 (d), were tested in the seal development
fixture for frictional resistance and cycle life.

The fiber pads were cycled to various engagement depths by the membrane, and
the following results were indicated:

e Excessive air leakage occurred at all levels of membrane penetration

e Drag encountered at maximum membrane penetration resulted in seal fold-
over due to frictional resistance between the silicone rubber and fiber rub pad.

e Increased fiber length to reduce drag resulted in greater air leakage '

e Excessive fiber shredding occurred from high friction of the silicone rubber
membrane,
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Section 5

NASA COVE SEAL TEST APPARATUS MODIFICATION

5.1 DESCRIPTION OF PROGRAM

The existing cove seal test apparatus in the Langley 8-foot, high-temperature
structures tunnel (figure 1-1) was originally designed for testing a spring-loaded wiper
seal. The decision by NASA to evaluate a membrane seal required modifying various
components to accommodate membrane seal installation. These modifications are
shown on engineering drawings presented in appendix D.

5.1.1 Seal Installation, Drawing AD1001-200

Final assembly and installation of a Nomex fiber carpet and a "P" bulb end seal
are indicated. Included in this drawing are the fence and elevon assembly rework
required for the cove seal test apparatus.

5.1.2 Leading Edge Assembly, Drawing AD1001-201

The leading edge of the elevon was redesigned to accept the membrane seal and
both the ""P'" bulb and carpet end seals. This was accomplished by the use of separate
end plates mounted to the leading edge. .

5.1.3 Seal Holder, Drawing AD1001-202

A seal holder was required to accommodate attachment of one edge of the mem-
brane seal to the wing-cove housing. The seal holder will be attached to the original
cove housing as shown in drawing AD1001-200.

5.1.4 Seal Adapters, Drawing AD1001-203

Various adapters were required to permit evaluation of both the "P'" bulb and
carpet end seals using the same test apparatus. The design criteria were based on a
predetermined membrane seal stretch requirement in the elevon neutral position (0°).

5.1.5 Seal Assembly, Drawing AD1001-204

The membrane seals to be used in the cove seal test apparatus are equipped with
either a "P'" bulb end seal or a flat end which will engage a Nomex carpet rub plate.
For both types of end configuration, steel battens are used to support the end seals and
to provide stiffness during elevon rotation. Each seal was matched to its respective
adapters for mounting in the test fixture.
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5.1.6 Rub Plate Assembly, Drawing AD1001-205

Two end seal rub plates were designed to function with both end seal concepts.
Each contains provisions for thermocouple installation to monitor temperature on
either side of the membrane seal.

5.2 NASA END SEAL TEST FIXTURE

A test fixture was designed by NASA to obtain cyclic life data for a typical ""P"
bulb end seal configuration. The fixture, illustrated in figure 5-1, has the capability
of maintaining a designated pressure on the membrane seal and adjustment for
stretch and end seal pressure. The "P" bulb end seal configurations to be tested in
this fixture are shown on drawing AD1001-206,

1764-0208B

Figure 5-1. — NASA end seal test fixture.
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Section 6

ALTERNATE SEAL CONCEPTS

6.1 ALTERNATE CONCEPTS FOR SPACE SHUTTLE ELEVON COVE SEAL

Three additional seal design concepts were developed and relate specifically to
adaptation of the non-metallic membrane concept for use as the space shuttle elevon
cove seal. The membrane concept could be utilized as either the primary seal or to
provide redundancy.

6.1.1 Primary Seal Concept

Figure 6-1 illustrates use of the membrane concept as the primary elevon cove
seal for the shuttle. In this application, the honeycomb support structure on the wing
would be slightly modified so that the attachment of the membrane to the wing is located
on the hinge axis to preclude membrane stretching. A membrane attachment fitting
would also be required on the elevon leading edge structure as shown. Also shown is
a relatively simple thermal blanket that has been added to protect the membrane for
temperatures above 533 K (500° F), "P'" bulb and carpet end seals are shown in
section A-A.

6.1.2 Redundant Concept

Figure 6-2 illustrates use of the membrane concept as a redundant seal that could
be added to the current shuttle primary cove seal. As shown, one end of the membrane
seal is directly attached to the existing rub tube but behind the existing elevon wiper
seal. The other end is attached to the elevon leading edge structure, which would
require minor modification for an attachment fitting. Installed in this manner, the
membrane would provide the required redundancy, but since the attachment to the rub
tube is off the hinge line, the membrane must stretch.

6.1.3 Wiper/Membrane Redundant Concept

Figure 6-3 illustrates a fully redundant design that uses a wiper seal forward and
a membrane seal behind it. This particular design places the rub surface on the
elevon, which provides additional room for the wiper seal and permits placement of
the bending edge of the membrane close to the hinge axis for minimum stretching. The
detail shown at the lower left in figure 6-3 illustrates some optional features which are
possible with this design concept. These include use of a thermal barrier system and
a gas purge system to block entry of hot boundry-layer gas past the wiper seal.
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Section 7

CONCLUSIONS

The present design study was conducted to develop a flightweight, effective,
reusable seal for use along the elevon cove of shuttle~-type, reentry, and hypersonic
cruise vehicles. The basic design approach focused on membrane seals, both metallic
and non-metallic. The seals will be evaluated in a NASA cove seal test apparatus
that is used in the Langley 8-foot high-temperature structures tunnel, which is a
large Mach 7 blowdown facility.

There are many varying factors which must be considered from the design aspect
for membrane seals. Among these is structural mass which relates to different
thermal expansions. Other factors include elevon cove size limitations, effects of
spanwise flow on temperature, and rotational axis location relative to the adjoining
structure which affects membrane stretch. The stretch non-metallic membrane seal,
with or without insulation, would accomplish the primary objective of elevon cove
sealing along the span. However, the problem of sealing the ends of the membrane
is quite significant since reentry conditions produce large deflections from mechanical
and thermal loading in a spanwise direction. These deflections produce large gaps
which must be sealed during elevon rotation. The application of dense woven fiber pile
at the ends of the membrane was ineffective in sealing these large gaps and allowed a
high leakage rate., However, a "P' bulb molded into the ends of the membrane proved
very effective in sealing the ends when rotated against a low-friction surface., Membrane
seals with a "P" bulb at the ends were delivered to the NASA Langley Research Center
and will be evaluated for cyclic life characteristics in an end seal test fixture.
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Appendix A

METAL SEAL ANALYSIS

Units Conversion

All calculations and dimensions are in U.S, Customary Units. The following con-

versions can be used to convert to the International System of Units:

Multiply

inches
pound-force/inch2 (psi)
Pounds (mass)

pounds (force)
pound-force-inch
pound-m.':l.ss/foot2
degree Fahrenheit

By

2,540

6894, 757

0.4536

4,4482

0.11298

4,8825

(5/9)(temp °F + 459, 67)

For

cm
Pa
kg
N
Nem

kg/m



Appendix A

METAL SEAL ANALYSIS
CONDITION 1

Displacement parallel @ @

to hinge axis = DyT

s _ Deflection _ Dy w
Load W
"W" for completé tube gives same results
as g for + tube
N
.. for 1 tube with
ends continuous
Dy = O.lh2§2W25R3) W
B EI
Total deflection of 1 + 2 + 3 = Dy =Dy, + Dy, + Dyg

Dy; = Dy, .~ Dy_ = 2Dy, + Dy,

Load W is same for all elements
_ o.1h9(2w)(Rl3)

«» Dy
1 EI
3
by, = O.l’+9(2W)(R2 )
EI
W = DylEZ[ - Dy2EI

.298Rl3 .298R23

3 3 3 3
.596WRl + .298w122 - .1l+9w(l+Rl + 2R, )
T EI EI EI




Max + M = .3183 WR

W = D¥phl

3 3
.1&9(&31 + 2R,)

Calculate load per inch of length then:

w3 _ &3
12 T 12

w

I =

3
W = D¥gBt

1.788(th3 + 2R

3
57)

3
Max + M = .3183 R, = -SLO3RDYLEL
.1788(1+Rl3 + 2323)

3 3

3 3 3 3
th + 2R2 2Rl + R2

MMax C M Max 12t 6 M Max

1 2t3 £?

f Max

£ Max = ' 92O5R Dy Et

3 3
2Rl + R2

Assume .008 Rene' 41 - Solution H.T.
= 31.6(106) psi @ Room Temp

Rl = .32 in.

= .40 in.
R2 in



£ Max = -5625(.40)(31.6)(10°)(.008)Dy,, _

4.11 (10°)Dy
2(.32)3 + (.L0)3

T

DyT, in. f Max, psi w, #/in.
0.5 205.5(105) 17.46
0.6 2&6.6(103),,, 20.96
0.7 287.7(103) 24 ks

«  Dvp 31.6(10%)(.008)3
1.788 [4(.32)3 + 2(.10)3y

= 34.92Dy,, #/in.

All radii the same size ("W" Seal)

"R <R 1.0k
R, =R, = R 3

1 2 35 R=

= 347 in.

E = 31.6(106) psi; t = .008 in.

£ Max = 19265 Dypet

3R°

6
£ Max - +2625(31.6)(10°)(.008)(Dy,)

= 3.68(10”)0y,
3(.37)°
Dyqs in. f Max, psi
0.5 184.2(103)
0.6 221.0(103)
0.7 257.9(10%)



One Large Radius ("C" Seal)

by - o.1g%g2wn3); 4 - DYEI

298R3
l.O68DyTEI 3
. ¥
MMax=.3183WR=—R—-2—,I-12
t
1.068EDy,..C  .534EDy,
¢ _M M;x c _ ' T _ . T

2 2

R=1.04 in.; E = 31.6(106) psi; t = .008 in.

534(31.6)(10%)(.008)Dy,y
f Max =

= 1.25(105)DyT

(1.04)2
'
Dyqs in. £ Max, psi W, #/in.
0.5 62.&(103) 2.09
0.6 7h.9(1o3) 2.50
0.7 87.&(103) 2.90

6 3
Dy(31.6)(10){(.008)
W= (T )y T 18y

Two Different Radii ("S" Seal)

R, = .32 in.; R

1 5 = .70 in.

.298wnl3 .298WR23 .298W(Rl3 + R.3)

2
Dyp=—%1 * = _ EI




Max + M = .3183WR

3
DyTEI DyTEt
W= 3. _3° 3. _ 3
.298(Rl + R, 3.576(R1 + R, )
.O878R2DyTEt3
Max + M = .3183WR2 =3
R” + R,
MMax C 6 M Max
f Max = T = >
t
.5265R,. Dy, Et
£ Max = 2T 107Dy
RS> + R T
1 2
Dyg{’ in. f Max, psi
0.5 123.9(10%)
0.6 1&8.8(103)
0.7 173.6(103)
CONDITION II (Rotation only -25°)
3 3
- . _t~ _ (.008)
Dx—__]_S in. I—l2 ———1-2—-—
v Dy = =1.0 in. E = 31.6(106) psi

—e [

0 EI = 1.348 in.
0 8=

E% = .7418

R = 0.7 in.
Sin g =0
Cos g = =10

= 4,26(10"

8

) in.

Y



Dy = E_% [ﬂRzMO + %R3v + 2R3H]

1 2 it
Dx = I [2R"Mo + 2R3V + §R3H]

1 2
g=ﬁ[nRMo+nR2V+2RH]

M = Mo + HR [Sin (n-x)] - VR [Cos (r-x) + 1]

1.0 = 7418 [(.7)%Mo + é121(.07)3\/ + 2(0.7)3H7
-1,0 = 1,1419Mo + 1.199V + .5089H

-.15 = .7&18[2(.7)2Mo v 2.1 + g(.7)3H]
-.15 = .7270Mo + .5089V + .399TH

0 = 718 [n(. Mo + n(. TV + 2(.7)%H]

0 = 1.6313Mo + 1.1419V + .T270H
+ 1,4286 = -1,6313M0 + (-1.7129V) + (-.T727T0H)
1.4286 = -.571V
_ 1.h286 _
vV = 5 2.502
1.1232 = ,7270Mo + .3997H
-1.2732 = =-.T270Mo + (-.3240H)
-.15 = .0757H
T E
H = o757 1.982



Mo

_ -1.1419(-2.502) - .7270(-1.982)

= 2.635 in.-1b

1.6313

X = 1 (fixed end)

M = 2,635 - (1.982)(0.7)(0) - (-2.502)(.7)(Cos O + 1) = 6.1378 in.-1b

H
"

I

MC _ (6.1378)(.004) _

h.26(1o’8

X = g (middle)

) +576319 psi

M = 2.635 - 1.982(.7)(1.0) - (-2.502)(.7)(Cos ¥ + 1) = 2.999 in.-1b

S

2. . 004
L,26(107")

x = 0 (moving end)

M= 2.635; f = 2.635(.004) 247418 psi
L4

.26(107°)

R = 1.04 in,

-1.0 =
-.15 =
0 =

+.9615

2

1

2

= +281596 psi

.5206Mo + 3.9321V + 1.6689H

6047™Mo + 1.6689v + 1,3108H

Ll236Mo +2.5206V + 1.6047H

-2.4236M0 +

(-3.7808V) + (-1.6047H)

.9615 = -1,2602V

_ 29615
V-?Ci%zae'- -7630

1.9232 = 2.4236Mo + 1.6047H
-1.6967 = -2.4236Mo + (-2.L4236H)
.2265 = -.8189H

_ L2265
H = 5 -.2766

Mo = (-2.5206)(-.7630) - (1.6047)(-.2766) _ .9767 in.-1b

2.4236



X = g (fixed end)

X
]

L9767 + .7630(1.04)(2.0) = 2.5637 in.-1b

g o 2:9637C.00%) o) om0 psi

L.26(107")

.
1]

g (middie)

=
[}

.9767 - .2766(1.04)(1.0) + .7630(1.04)(1.0) = 1.4826

oo LMO26CO0) o
4.26(10

)

(moving end)

.9767( .00k .
f = _L(ﬂl = +91709 psi
L.26(10”

)

CONDITION III (Bending of Seal with wing)

CONSTANT MOMENT CURVE (R = Constant)

_wm?
Y =% ‘
0.32 | R —— |
y - 2VET |
12 - 69.5 —
282

e _ MC _ 2yEIC _ 2BCy
1 15° 12

y=.321in.; 1 = 69.5 in.; E = 31.6(106) psi; C = 1.0k in.
_ 2(31.6)(106)(1.oh)(.32)
(69.5)

CONDITION IV (Compression in Seal Due to Cold Soak @ -150°F)

= +4354 psi (constant along length)

AT = -220°F

£ = 3&(106)(QAL - gRene') -220 = -44B880 psi in Seal

where: AL = 13 x 10_6 & aRene’= 7 x lO—6

(tension in seal due to max. temperature @ 350°F uniform)



AT = +280°F

f = 28.5(106)(13-7)(10'6)(280) = +47880 psi in Seal

CONDITION V (Shear Stresses due to End displacement; Elevon-Wing

Differential Expansion)

.086 in/
€. = F5g5 = .0263 in max
s 3.20T~-_ 7 developed length of "U"

fs - € G
s

_E _ 31.6(106)
T 2(1+) T 2(1.3)

G = 12.15(106) psi

(at seal end) fs = .0263(12.15)(106) = 319545 psi
(at mid point) fs = 159773 psi
(effects of differential spanwise thermal expansion between wing and elevon)
Largest distance between hinges:
Yw = 282 - Y = 212.5 = 69.5 in.
Wing colder than elevon by 95°F
5 = oAl = 13(10'6)(95)(69.5) = +.086 in.
Wing hotter than elevon by 95°F - § = -.086 in.
Total movement = .172 in. @ Yw = 282
CONDITION VI (Metallic Seal - Effect of AT Between Wing, Elevon & Seal)
Max. Seal Temp. = S00°F @ 5700 Sec. (Mission 3)
Mission 2: T Wing = 20°F
T Elevon = T75°F
T Seal = 350°F (500-150 for mission 2)
Between Yw = 282-Yw = 212.5 = 69.5 in.

5 Wing = 13(10'6)(-90)(6905) -.0813 in.

5 Elevon = 13(10'6)(5)(69.5) +.00L45 in.

§ Seal = 7(10'6)(280)(69.5) = +.1362 in.



¢ Wing = -.00117 in/g

€ Elevon = +.000065 ln/in

e Seal = +.00196 ¥ in
Average ¢ of Wing & Elevon = -.000818 in/:‘Ln
Stress in Seal = (-.00196-.000818)31.6(106) = =87770 psi
Max. Seal Temp. = 1000°F @ 5300 Sec.
T Wing = -T0°F
T Elevon = +25°F
T Seal = 1000°F
€ Wing = 13(106)(-1ho) - -.00182 1/n
¢ Elevon = 13(106)(-h5) - -.000585 1%/ i

+,00651 in/in

6
¢ Seal = 7(10)(930)
. in/
Average ¢ of Wing & Elevon = -,00120 in
Stress in Seal = (-.00651-.00120)(31.6)(106) = -243636 psi
CONDITION VII
PRESSURE DIFFERENTIAL ACROSS SEAL \ ;f
T =
Case 1 r = 1.04 in.

Straigth Edges Clamped

2

Cetdat1)

crit l2r3(l-v2)

(31.6 x 106)(,008)3(9-1)

P . = 10.54 psi @ R.T.
erit  yo(1.04)3(.91)

9.24 psi @ 500°F

Case 2 r =.70 in.

Straight Edges Clamped

{316 x 106)(.008)3(§)
T 120.77(o1)

= 34.57 psi @ R.T.

30.30 psi @ 500°F

A-10



Appendix B

STRETCH CONCEPT PRESSURE ANALYSIS

t Units Conversion

All calculations and dimensions are in U.S, Customary Units, The following con-
versions can be used to convert to the International System of Units:

Multiply By | For
inches 2,540 cm
pound-force/inch2 (psi) 6894, 757 Pa
Pounds (mass) 0.4536 kg
pounds (force) . 4.,4482 N
pound-force-inch 0.11298 Nem
pound-mass/foot2 ' 4,8825 kg/ m?
degree Fahrenheit (5/9)(temp °F + 459, 67) K



APPENDIX B
STRETCH CONCEPT PRESSURE ANALYSIS

Rubber Thickness
Orig. Length
Deflected Length
Radius of Curvature
Uniform Pressure Load

g o
o

2
Pb
S=b+bE=b(l+E) S—b(l+’4rtE)
V Sin 6 T ‘
T=3m ) Sin 5 =75 S =2 or (g is in radians)
-2 in a2 2T _oagml 2T
vV = > Slne_ﬁ 6 = Sin =0
2
f='T‘ T:P_b
. Ly
Pb Sin 6 -1 b
L= S = 2r Sin" 5 )
i - L . -1 b _b Pb -
Sin Ler r Sin = 52 2(l+m) 0
2 '
T ol R _ 2 Pb =
f= Lrt Sin U5y " or (l+hrtE) 0
-
LrtE



Therefore:

b=2.01in.
t = .08 in.
E = 250 psi
P=4.2 psi

r, in. f(r)

1.0 + .360
1.10 + .0ko
1.20 - .023
1.15 + .001

U

vy = r(l - cos 8) = 1.15(1 - cos 60.4) =.582 in.
=1 =-:-§?')-6- = .183 in./in. = 18.3%

B = Sin_l.g; sin-l '%TITI;} = 60.4°



Appendix C
NON-STRETCH CONCEPT PRESSURE ANALYSIS
(NON-REINFORCED RUBBER MEMBRANE)
Units Conversion

All calculations and dimensions are in U.S. Customary Units. The following con-
versions can be used to convert to the International System of Units:

Multiply By For
inches 2,540 cm
pound--force/inch2 (psi) 6894, 757 Pa
Pounds (mass) 0.4536 kg
pounds (force) 4,4482 N
pound-force-inch 0.11298 Nem
pound-mass /foot2 4,8825 kg/m
degree Fahrenheit (5/9)(temp °F + 459, 67) K



Appendix C
NON-STRETCH CONCEPT PRESSURE ANALYSIS
(NON-REINFORCED SILICONE RUBBER MEMBRANE)

r i H
AN
o U h
—— , -
v \Y
b -1 b b Pb
- Iz —_— - -
3—2(1+E) Cos 2r E; ET:E+
Pb b
V—"'E y-h+r-§
T:PI' h=vr2-b2
T = LA '
~ Cosb f__P_r
Pr -t
f=E—
H=h+r1r
Pr
€=
b Pr
s=7 (1+355

S:TTI‘+2BI‘=I‘(1T+29)

Cos 9:%:2—:

9=Cos-12—:
S=r(n+QCos-l—2-f-;)

nT + 2r COS.flé—E-ﬂg(l +%)=o



el

l
1 r
y[t/'hl*

o Jemm_— o |

b=1.7T in.
t = .08 in. * ]
b A.
P=L,2 psi - T
E = 250 psi
Cos™t —'8—3 - 2238 4 1,290 = 0 = £(r)
r, in. f(r)
1.0 +.5098 £ = Et - i._z_(._sz%g_z = 15.9 psi
-90 +.1415 ¢ - 222 - .18k - 18.1%
.86 -.1096 b
y=h+r- 5
.87 -.0296
h —4 r2 - b2 = ,206
.88 +.0348 - T -
875 +,0039 |
874 -.0025
St = .87L5 in. y = .206 + .8745 - 2L = .23 in.

2

h+r=.206 + .8745 = 1.0805 in.

o=}
]



Appendix D
COVE SEAL TEST MODEL DRAWINGS

The parts required to modify the Langley cove seal test apparatus are shown
on the following drawings:

AD1001-200 Seal Installation

AD1001-201 Leading Edge - Elevon
AD1001-202 Seal Holder

AD1001-203 Seal Adapter

AD1001-204 Seal Assembly

AD1001-205 Rub Plate Assembly

AD1001-206 Seal Assembly - Spandex Rub Strip

UNIT CONVERSION

All dimensions shown on the drawings are in inches; to convert to centimeters
multiply by 2. 540,

D-i



~ ELECH YO AEACE SBAL BY AMASA

ADAOO - 2O/ -
LEAomG BOGE Ai’;\ T AOOO! - 3O~ ? SBAL MR
AN - [

e e e

~ALAOOY - BOB- 23584 | OETA N

T AL JOA~ SEAL ASSY

-n

.
|

! | ! OO - 202+ IEAL X O - ADDy B3 B SEA ACAOTER
| '

-~ REANCE TD SN X DER LN By AASA

e SECTION AN AL/ 200-3 SEAL 1//STL
(SAMIEAS -1 FACEST AL S0 inv]

(3&E o7 1)

T ELE SON T FENCE SEQC By ~VASA
§ AP0 203 45 se 4 mocOEE

ADIOD PO/ = - -4 -- —_— -
LEADIG RO ASSY. I
- - — e . -

o ) \

o - COWEIING S WD <) O IO D CAD B¢

- 1 o S
Al 51 Q00 - 5 SCOE (61 —\( T . ! “ﬂoﬂz‘:: =
@ = . \ i —ADXY - POB -2/ SBIL S TAMNERE

- . — ADAOGy Jot- 3 SMAL ASSY

T‘"V’]

TS Ml ACGLATS ATCK
&y AASA ™

BISING S8 A d 1 ——— |
FOC MDD A0 Scomy (BRCE) |

H ‘ \ MERODD B CE A S PR )
! ADNOO! - PO2 -1 IEAL MAOER \ —A OO 2031 IEAL ADARTER
i FENCE PO IEAL MO SBay By A ASA
B SECTION NN AD/I00I- 2001 SEAL INSTL g
1764-024B (3oE roTeE 1y

JR— - \
\ N AFS XCOC - & BT (1)




wAYN4 LNOQTI0Y

o AAS4

= ADAOO - 30/ - Bre)
Lol - Y-V s \

/“’\a T
Oy AaSq
—— ———
323584 L O TR g
A0, 2ot v skal ASSy /’
—— !
%

LENQCK LOEIRBOE -/ £¢, OA/ ASSy”
\&—%Lg

D82 Bom L5 5)

A Ead
L SIOE SHA iy [
e 2N, B ooa

ADCD!- 203 v (e
"y e - \Aaaoz-m-zzrmr)
Oy 47454
. 3 TN 4B 208 + ey
“N’)‘r g \ 480 20v-3 ress)
woce } g " A -203 19 ) - w e
e e— . ———— ‘M;/?ﬂ.-,
\¢o:u-«aoz-saeaam; ’ Scemocs)
17571
T — f——— vay !
i
NG Mo A8k ;O 2 O AL S i \y\ v
ﬁ(’m-:)am: N

O s, ~ . L] .

4002082/ S 0t ramage -~ %
= ADOO, 2. 8 R~ 7 ASsy

IO L D O —eay
[ )

SOCATR &u) SPAr @ Lray

. TLUOSMIET for .,
~ e ﬂb-dLDSMb)u«O
o

EISTNAG Ao, O Oy
-
IO B KT G D ay " APt O <t s >
AN - 205 ’ B Aungy ok corta
- P
LOSI98CT -8 fswonsy) —

LO33~ 807 om0,
v

LO53480¢ rans) ——/

CD-STLS 7. & Suuy .

X REE
8 4 oo | 250
= \ \ —-— - 128
LO534807-3 rvec) N ‘on/oo/-M»//R:e-/wsn < M)A s 205 2Rt ST goay
AOomEs s DEran) ADIOO!- 205-3 (G- T ) AL e, LR T X VorT €~y
LODTE L1 AT G MKES (1) mrcug ——
Ve —— LOE3v807 A 29902590 04 wois 12 "“0'3“:”‘0"‘"
~ ~ 208, C3& 100" A 2 7ohe IR 3,08) &Se 90 L3S 3
. o K B L T G htre D cads e AR RN TE S by Gpac,
lanal 222 1))
‘MO NEY
¥ AV SA

A0 - 208
a~)

MOl B GBS EM, 2 Ry e s ELOAr O a5
YIEW Lok OUTED £ &/ S/OE suny

f LN S/OF (E@({ A5 Sy

) LERORE OF L D532 307 AEACE

_—




yOLDU”f F OIS

DN ASSY

@ 00—
MK O
AATURE (e wy

TASCy ~R02 -/ L)

(—10594&27 ~Sresc)
/

r
|

LOSIIE0S -/ (s ~

“39‘7"‘ _ _
Lz (=
- a8 eEs)
/
|
e e, .
— o rs5ress
- ADCO- 205 -1
U Ao 205 0oy '
- "
S

 TNEL O COLIRE wvl =y
e

~LOSN257 fCer)
LAl TV - PRy MO O )

I

— 50
- I‘ ~ 128 rEmTy

ANOTES
/

pAd =i
AS3Y 7 (NI AROCHO s

e £ ASSBIOE AD/CC) 204/ e 3,

20 <0,

TR AL, POB (R A AD
(e ~) o ALLC, 2O T (- 2) g 4
AOC POD -2/ (M- T A3 s

b Mrracy mes - 435y o AD /- 20, -,

WTH AAS OB SIS

€ ATACH MDD, ACP-1 SED, wi D>
O& AL/ -S08 -3 (D2 T, S, G st
XX ET MO CaalS ScEFis

T WNESEET A B ASSy (NTD WE Ol

NSNS O € o3 T Ny G O 5B £
INSIPIC PR Ly AT A s,

<

€ ArriCl ADOC - 207 COSIVms =

W TTMIG G - 2B i & & HACET A
 Araca atvao,. S 200 AnES

2 4Door 257, SO A VP

T ADMD- D34 e 1)

- AL B3 3 e 2y KE€€

LD ET29006 )

LT LDSAY 8073 fersy
(Moo ko)

/‘(DSﬂ‘SG’A‘/&f)
‘

o T
A
| — oecurrme g
-, 5
—_——
In

(AR} ST L M) 4Dr0C 2082(E08-1 MSTL B as

(R -8 insTi g N
e X

-

RS e Goac:,

SN, DR MO OO0 £ Oy 5

o

\\\_

/
JAD O 20T A o S s e &)

Do - s

SHUTILE THERLMAL SFAL MAD=L

BOTTOA VEW (O kA G O ag Toiminesms }
Scace 2 7




FOLDOUVT FrAmS

_’:Z_I_I
PR 7T A W O S O

Al amocy - 200 ¢ * 3 A SIS -SOB)
oy a3 2093 (%,

ApeC T XY - FIEh

[ Ow ver wact -rammt)
poaD = W P2l
Yo s O At SA 72514

— AL - 202/ DES) /-LD 534807 - SrERA)

; S D534 807 -3 (REF)
i (AOOED)
NOTES

/£ A_%LLM_’ZM
e ' ASS BB E ADI 204~/ (R -3) O QDO RO (L1
e ADKI 203 = S AD O -ZO3-8 (M-‘)lwz’ds
“ (T~ ok ADOC 2057 T (€A f ACwaos P03 (FTE A £ o
. AOw0-FOB -3/ (RM-3) MTH AAS I RF D LRSS
! » arrace A 435y TD v 01Ol UL O CEALDNG EOGE
; v S POW T SCCES
) ¢ ATTACH ADKO/ 021 SESL MK OER TO MO0 - 203~ (DB~
o ADIO/-EOF I AE-D) SPC RO TER WweT™ Uy 2B TS
1 1 SN ET MO ScCHAS
P I b | a N SEET BNLVON ARSY NTO LS MO L DA S TR Seoun? O
| . NS P EE, SR TING O SO BAOS MG ST TR I
LS 2o s
& ArrmcH ApO0r- 202 TO LD SIIBOS -/ CONE MRS v TRt
TG L 3B X SE RALET WD > TR S

£ Aarace aovo0!- 208 ENO AATES
| 2 ADYoo/- 2024 SEHC mox R D BT s Al 3 I “sTe

.- AMOA?(,:-/(MI)
A O3 DR 2) (o) !

_~LD527806 7 (R2E)

[ i ,r"LDSS4&>7'3 reer~)
- (OO L)

(‘LDSB‘.BO?-J(&‘)

.

1
Aot DTN
T Ripund /
T — I = o
F———— - .
BN SO

oo WA T

SHUTTLE THERMAL SEAL MAN-L

B TOM V/E W LOQETING WAL nanrEL])
(ScAcE 2 4

Figure D-1. — AD1001-200 Seal Installation

D-1



<€

]

1
I<I<THN

g
]

FOLDOUT FRANE

G 4
~
/\ /o
A "
I /\\ Sl ANSEDISmenrs)
| '
/ b“_‘m*\“—q

DML /IO~ R/ 7 565 Dpgo ——

K 9O » 28 L

TAL 190 -32 il . 88 5 I8 OF Sx>
(I Acax) (Pory enDs )

ANOR L0l O~ 1t

R
. - My

(X AacES) Moy #0535 )

END VIE WY ICOVER BEMOVED)

1764-0258




FOLDOUT FRAME

<

SIS

“
<

TRD /G032 it I Thaty
(A AacaS) (Pory £nos )

/- o/ eec)

. O~/ 4SSy
\\ S\ -ZaAssy

875 — - \

23

Secrans 13403
(7%° 34¢cs)

/—'ﬂmea« 210 90 - 489 DECm
csa

TAs 250-, ZG(M 33 » 00 OEE,S
(OAACES) SesrorE )

7427
2447

ENOD VIE W EICOVER BEMOVED)




~ //

L —
T
szl
iy
//
i —- - a7 ——
\ ase /' ..__34-_..;
/62 [ ‘ .
% T~ \

5ot
\

N 375 /oo ws)

AL
I

AUNOD Lud Q17O ~2/P0 = 688 D&

AD/OO/- 20/ -/ LEADING EOGE ASSY
ADIOQ~ 2O/ =T (S04 A4S/ EXCECT AS Doun)

S PO* =

TAS 5D 288 PN-28 5 KO0 DEBO
(/6 Xxaces)

) } MO
a [S— Le DEvL 7T 200- 20%) e — . 7
[ : // CS€& Ko #. 990 Lak AN 2-.
25.29 Pt MDAMATES ~ (S ARCS) \\ :
N
Secron 13- X
(X% 3Aacs) .
3906
QETAN ~IBLEND PLATE (SHA) ~— 00 wo- “'"@
4 (0] -
/S (SArE 4T 3 ExCAS SHA,
oA I ALNCAT SN o,
2 88 DEE”
- SO0 DEELS
=,
AT oo ]
40,25 _r
- 9EQSO B ¥ 290 (38 6y - e
- -2 -l
|
f b
» ? —_— ‘ % ¢ 4 9 — —$17«~
! ‘
4 h
! e
- -- - - - —- E EE
Jgasa;; - Tt .;!
IaaN = L
. - -5 125
e e . e
NS N S - s * g e g S D ————— #7173
M ]
// i
// i
7 BPOONST
- e BB @RI R0 - — e e
/4 - 20X/ <o




Tr BTN U N e AN R ey T I SOV A e akismary et e b oa em U e -

i, e PP

LN L0 G S e T Ckatd rd oo

_.»-ww"».M » e __»‘,_‘_s.-h-..,‘ -

wlalc ks

Rk d

FULDOUT Framic

[ ) E
e O | ABOBAN
e ooy ())-1 -5 -4 A
P ()_J‘_,_,, (a, "~
P -8 -4 )
72 .u-/‘ ISq -4 Al
M a5
onngtr [rMs o~ 1
W Secr B-8 4485° "“-" i-h
Py imz L2
N . 375 (OCVE)
L
/
AIES:
;g \ L= MARH DRYLL TO LD IV B0 Sl O TEMHATE
> ! R-ADIORI B L £.ASSY AW B8 CREDIED By B AV NG
\ ADICO, O/~ 1B f~ o SVD AATES § £EXACHS
. WTH ADICDI-204-78 -4y RATES.
,'/'/
7906
NO PLATE (SiyAL) — o =~ ""@
ac) -— N
AT AS /) EXCAT S
=4
1 T oor
=]J - 74
! 20
& - § S 1
| -
—cig -/ ASY
] -vs) O -3 ASSY
12
— 41 =Exe _ —AMS /5038-8 Semw (E)
-_4/
- |
_";ﬁ____":: falgl: _#TY
Y 1 I
/ T (i aas gms-g | A ad 1
— + 7 T 0 27 =, <22~
) 71 48 P TE XTI
‘ ! L8 woT ‘.L‘ Eand BaarE ‘ e rnr
h ] A s i -v; 32034 Ly X1
Do & 7+7 7l 70i% FC ES T X1 LY --2X._ 7]
—— [ 7,”-1‘ -——— 53 X BYY
_’; 20:/-/ 4 & A35Y +
=/ GOV SASE | CBsv{ SAEC | STDCX I8
S CART MO GEIAISIOV| MATER ML bl
et W ——are L
WAS/- 111 T N, -
QDA 21/0-2/90 * 6880665 == - EOGE-
0%« 2?5 ovd L o LLEADINMG ﬂfVOV
25: aaa::_‘)-sa-.masa * =L 'nwmt TIEDAL _SOEL MO,
Al Ao 200 | / OO/
mz.l AG<TASSY 1 = BE ; AL -2o/ |G
e, ADKos-20/-3

Figure D-2. — AD1001-201 Leading Edge — Elevon

D-2



£OLDOVT FRAME

500 - e e - -
4 . —z
B S NN
u
i
{
T_—______";‘_"‘,—,-—"—__-___— - T - T
U
|
|
i
i
i
N PR R TgyoTs
— S - - 4(_‘;. -y -
\
— 28 -
TOKL AC256 2y
ChBoRe 8/25 Lva

B2 COL BAD - I ES
CAQT AT N O TO LD S?
CONE MOUSIA B TEM S

1764-0268B




FOLDOUT FrAmE

T MS2/209,A15 (11)
T WETAL REQGSS/8330

TARL DR/, TA&Y

(SEE ADKXD -FO3 -1 #- 3 FOE Lol M LOMOPi G
/ MO LE £ STE B}

R —— PO EQ SO f# O25)

——— = . - -

& svmr

BEQ SO (¥ BT

De ¢ =236 20y

CBoRE 8/25 vA

2 DL DD - SAOLES

WOV ATCH O TO LD S 34805
CONME AMOUSIA @ TEM 4L a7E)

1728 -

/250




SN——

S - e

oe7arl. i)
(scace 24/

R

0 ———
/]I FESEl Pnebtaey ol .-uw]v A,
P2 X

70 (A% 2730IEH S | b e ]
/

—— T
A5/90,-203 -1 S MoucrZ Y TOITTIIS/ QR A THM " l§o-439F S

4
AD10Q - POR -/ W DELALLY

1 JRNNENEENN . S

-—L~4——<$ Damra om.gorm:y| amareas | Gowr svac | e |srooc Sre
= 7 etk A

[ L]
PIAT S RN D

A AR G
IOV W Y (17M

[A0700/-200 |

[ ZedL MOULOER
[ ot FTLM e Byd AL SEAL +000G

AQOEL| MEAT ASSY

.

ADC/-202/

= 1%512 | £ Droo/- 202 |4

I 7 8

Figure D-3. — AD1001-202 Seal Holder




o\

— —————
' S -
=-—-;-
g-_’—a-- V] - Tt - -t
-
= —— e —_——
S - — S Rt
T k] -- ’ « <« s + < ® «
a Y] 1 5
5.=F-.-. 7 ’“,}u’ _"
Ve | (MLt e R 4 <
L S
S s e T il a &1—4&5;?;;
EnS i AL
e
s, —— -
— T T
et | T e e
- DI T o THT e T P
!5—-- T W o ‘ ¢ ] [ +
-~ oo i {-‘ ‘ ‘ ' ‘
Bemas w o —
- e — 3
= e e
i e ¥ T
”’ o ) 3
. —— = 0 2 3%
(586 MDD B,
ALVOOr - 2
i
- ADCDY - PO B AAOTE &>
- S e e e L msoses
- 4 e
,L T 4 I + — o Ty F T .
s psy | )
| - _ -
—~— - eSO G
(SO AL v id = R
ADr20/-2:
K%
~ABOO- POI <1 ADwvEL
- . o - S loso g0 g4
— ¥ d ——
‘ « 4 . * * *
=, vy — -
11 7115{* - + - + hd
1 . —— ©EQIO @y C
L.,» T B B L feaeasdaioeia
ADOO! -«
Se
- ost
I~ [
\(M OPvS" - e R a2
N A

1764-0278

vEW N A (LOTLTED 90 )

(rYP 807 :fw,bJ
Lo £l

% sciis 9/
ACTML S 1E




EOLDOUT Frnive

Dﬁ

e

i
!

89 — - et g
! LR Dok M 24
- ~ o . o . &L 9O - 25 -
. . K} + - - + +— e RN v L
- R R R ‘2 Ac:,
R ST o S
“ €
L p— — , .
XA S Ao Y me‘amw . it
I ALAPTER (g U i, T
Py 00 D!
175 28y 202
= AN La 12 - 1A
-
+ t + 4 + 4 + 5;‘:?;"0‘,',:;’,,‘31,,””
r2acs)
4+
Y S,
’l& oen) i I
z-z‘mﬁae —~rreee) e i
TALETEL @ ) QT mY I s G
12 14 ~ bl 0’( .ya‘ i ug .
w rQy

as‘ = MS2/209E/ 10
,/ﬂvsru %:zssn

£ orN L
(2/ acsy

+ — - A e —————— - —
> 780) ‘ s00
AU AL O 44T PROST B 7Y BEN) 1
> -
ALAs-TELA Y SOC IS 26Ny ﬂg
ST (7 ML)

A\ﬁA S5

o o)
H MS 2/2095/ -0
B R Sm——Y et R S S ' ‘r'fw"Z‘e:f";.f‘.:f”"”
s P43,
¥ - N e b e § e 4
B e T e o

Py

L AP A \ - oL F (286 263)
Tz @ ~OLES)

“w

QOL- B 2

s -
| v
Jo's‘f’vﬁ/ — Cad A OP S .
-— oo —— S/ scs perac o
83 “
! F-~2 ©
- /2
' ’ -12R
Prae -4
-6
Ty
' '
B
- v 325K)

=S

AcrvaL S2<

n'—] @

—— a0

2OEDIAET 10 (99 I8y
' CSBE AL VD DB 1T R S A, S0k D 8

ALIOO! 203 -2 3 LETA/NER
Scak i”

£273

(k2
-1
»
] B — ) 7 7
f I oo ForOI e 1 99( 19 380) ———
r (BA7? AL OO - POB 7S COBL OO s G 2hOu A Soa ™4

u 1 .
?7%’-&—&——&—"‘}""4‘ I . n k-
] s

AD/OO-203:2/ EETAINER ¢

RALE A S 2E

F— <

YR 7 - e

POLQ L@ P 004 D 1PO) — 7 e
SOE ACDCY - 203 74 - B AE DML aors D i i & A

1 . -
R N R

ual..<

AN LID2-/9 ELTAINSE o0

A& mALTS T

\' s
7 ya o
- , TN
- -2 i

- S L

— -
TN i
~ - ‘
“ S —lee— 2375 :
i '
I 1] '
) . L #oocess)
SN
2375 . 7=, '
! ' e

—= ( tr

A e
) e

- t 14 Not

———— 08

wEw G142 .
e '8 " {rve BT Er0S)

scaAlE 2/




FOLDOUT rrams

-l
T45 ol
—_— _ul
kD i & S VI '] @ /e% 252
T et b | [
i
—-J‘ L—‘ 25
A4 .
E/A/‘S? Lg(e%y’%“m 0
<. C2, Aca) §EC7'/O/\/( 4]
_Seres 27
\
-UR

\ O * T K00 -

(24 ACS)

Caaant 390

z08)
p- 2
';—‘r -

52
T

e s

secrion IF=F

P X I R

- SR
o4 - 7i NS g eSS

T 4
{ oo 2

= p Y e b b —
—— ¥ ¥ ~’§—— : =+ Scacm= 2/
[ N
TAINER (1 #=02) N
ze - Qe e 70200 -206)
- CSa 00~ - ol
- 75 - @ xcs)
| (mre) |
el a2
- —
PR ol S ‘
Sy
— '
I i i
i 4 :
\ 356 I
1 ‘ Claai| wsvive s va L vlils Cory — ARG SR
. | 2. 2078 - rafke | QO-A-1P/8 26 <70 WO
1 :—'\ ‘ - vy 2008 - ras | B0 A " 25ah | 7 o.:,"
— Fr - . o
- : e — ot 1 oeg2 d ia
N 5 (5] aanvpe | D3 I8 2-2007 Cesa fev29
0 ] 7 i A |rere Fa8 |G@-A Se420
l' 1 =8
- L L~ 74
—— - OF AQCQ7- Do 3 ! L apas Neul AN
A AT AN et e | Mn i, | GovrShe_ | (B i | SO 822
— . S ARG TR
En/d-0 e T ki ——
%4 2 o - Y] (7 ) - ]
v BT EADS ) b W ] — L7 L SE£AL AQARPTEE ]
Scag 2/ ’r".""—jm [ Sy Ivemngas i Mops, ]
AT ATy 203~
TTTaowo-200 | 184 T
e |23 26512 IAOIOO/-ZO-? C
[]

B S alron 2% 21723

Figure D-4, — AD1001-203 Seal Adapter

D-4



e -OS0
F /
I S —
L] L_:::::—_‘: S
S
b o— —

: Y ,_—Aaqr;v-m-.«/, +3
% A /
— (¢ rrexe)

—

Secron 13°13
s o/

s | ]

LRTAIL AKX 2044/ 57
WU B/
o —
o
A

e =
I Y

L AN

- oo

Secrrons A-A

Scaca 2/

(rwe gorsy ENDS)

1764-0288




— 2
/

/ ‘—J. - - :»4;/‘.9:79(”-3:»
—e —— o o ¢ ¢ B ¢ ——b——

&
4
o -—
]
e
)
+
|
+ |
|
|
|
|
|
|
< |
|
|
{
»¢_|1_..
|
|
|
*
}
|
ﬁ
Lo |

2086 °® 2A0% ~FO./20)
nes)

<088
0. 82

A

A - FOE-17(B) AONVQO/-204-3 SEAL ASSY

AONME X CLOTV

- e
} J\ i i
~LR -

\Au.‘D
Lo

m—g L' ose t 48 273 4
A0/ - QOE [ STRAL

RETAK ADKCC/-FOI~S ST QETAlL ALY - 0¥ (5 STRAR
Scaym -/
0 v{o;:orx 280)
| ' | | ) I 1 t i ] { ' | !
T T [ 1 i T M | 1] T ¥ T T I 1
B

-He
—He

- — -- T - " - ’ —_— ¢ -
T f f f T ; ! ? T I ! ! T v
\\ ADKOOI- 2091/ ¢SW An

20 6050 @ 2006 (4D 12D)
recn)

N\ aorcoy-209-13 12)

AD/O0I-204-/ SEAL ASSY




ADOCY - DOV~ E

. 200 : 2004~ 2/ HOXBS
TO MATEN AD/OCO/I-TOFVE

17"

OO < 240 DA - P/ MOLLE'S
TOMATCN ADKO!-TOS VT

.09

i g %A‘am G Suscone Bossm
Se

-577
& SKIL To M AUCAISRO SRr M ES IvC
LW MASE .

DR R T

-

- 2OO-ZROLNA -2/ MOLES
TOAMATCH ADNOO /- 203 -3 -

il &

A

ALYCCY - O | /A

DiCo /204, "

~

" e R i

ey, B



EQLDOUT FRAME

i
i

) YAE N T 2500 2Acy
i
e ' e + ) S
- @ > S 1900 - L.
hl ;?. /875 H“‘gm\ ? 'é: _ «gz J _! <sa /m"?;%a:mas/w
15)51 ( J \(A 7 A (19 MoLLY)

— i
o 9 v o ”’e/ L.—-"’/ I 375
(rAcs) 7«’5—4 32
/, 3

-/ T Shy
s [T AOLY - 20517 (3FE vorE QY
! kD 28

«
|
]

——— e 2E
~ ACKCON- IO V5 M arE

= 080
| P50 [ud g
(2mocss) ’ L 3esne

- rsaes)

N
e 7 =I5 e
%2 \.\__ YIS BT )
. G OO 22 APNESe

(see vore 3]
TA/L ROIOO)- 205 ~3 SN ADIDO) P05 5 RATE ASSY Sss ADVOCY - 205
~AOPP -6 AATE ASSY 0OD g
@
/.s:/‘(m
’ Tt 823 /ens
e
GAT 09221 ——]
AOHES 1 &
a8 vore ——

sec o A

\— AN A OY (4 A
RISV AL,

AYOO/ 205-1 BUBLPLATE ASSY
AP -205-3 LUB DLATE ASSY

1764-0298




KALODCATE B/ev ) -G¢ 81
ASYY. (OO0 MW7 sisaca =)
LRl A ) SR Rr
T fOn/

&

MITES:

587
]
2o {
H
T s 2508 r2Acy

[

1

= 1900 rRIO o4
CS& /Q0" « IR0 L (WX 51005)
19 ooy

375
AOUOY -20O5-17 (MU 0OrE Y
EAC SEAL

AN 0T 45 M ATE

AZ%,,L--

/ALY CROAIIK Doy M it L uDE (vi?RO Ll NOT 1220) 100
AQEA DrOurs P 0OCE - 0 OOOA rwrcat
WA AMTION Al FHOCBIS WO ITRES
SOBT CHeia I
Sourw GaTl, Ca 9020/
2. WOV Ol B4 T O MAr NI ARL OFF MO M X S Bl b1 T™ A
Pl Dl Ges T O DS - O Ol DENETY TT B DN Rl T 7O

SCniMGHL ¥D-8429 -«
S e WO Sonal . Scuil Il (el - TiyTie Sec Orwsons

/!sl' .b/‘% P
T, ¢ 1-4
B Ay GMHAIOLTZ, AR G353 22600 Bocny TPrd

o CAGRCOTION PEOCHES ADE /D114 A3 AP O S
G D OIS B OO FANONE L Rrt ) IV TO BE 219 LD oAS
A OROANCE ANTI L D1 B - Lty O 3 10/ MR TEE R, IS
ACCORDAN L MTV LSA A - PO IH AND TU Doy SR Ay 7O
AL A R58/8 T L
b ADC-/3 51 TR SEOU STRO (s PQIT"LAOE Seate. i BE 18D T
PO N 51 AN D) THERE Sl L N A RO TI DI, O
CHRS CONC RO N G AT IEOE Aot EOE R T % X
C AP OC LAVERS 12 Miniisbiid D€ 125 BNl
TIorial

cne

O RS LHRECTION ol
€ LHATEL/OR SREUL T BE Som™ a7ty T FREa 70
ML 50T SAACTOMY MAAL KN 130

AL OOy

AR IO (SEE rCTE ()

— LN ABE
/ (IO < O& ABT r220)

/- ETE-

ALY DO -1 5 ATE

204 227 APNES18
< MOTH 3)

AALTE ASSY Sont
RATE ASSY 2P0

o)

AN A Oy (¥ ACS
(AU AAL 20

AP 205 -7 A T ATSy Sary.
2MANR 4Xy OO

~ O

- ADKXD ! - 2OT -1/ Sy
ADKOOL - QOSAT OO

ADON-A05-3 LUB DUATE ASSY (SHN ) - OFPP

Tk -
: A
77 — —
YAYY] Ty on
oty meim o O
/! ] i -
1] 1] /| Aarg WIE $7C_ |we 37032 o~ 70§
7 . - = Acare dgiy| O C
£ = mﬁé@,ﬁ
-, N Pt
ADVQO 205/ BUE PLATE ASSY (SHN) -2 0P )] L ST 3 S — ;
"'7“‘,’,5 2] neram |aexce MATERAL | GOTISARC | AN S | STicm 5oEE ‘
L] — . SN !
£y " ALAS S S YL L8 L TU]
¥
s 1 { U8 OLATE ASSY ] (
. - LMY ITLE TMELSS4L SRAL MCONK., ] :
x B
—_ b - - -
soaee| vERT AsSYy | AR 26512 RO007- 208
ADCO,L 203 -1 4 5

Figure D-6. — AD1001-205 Rub Plate Assembly

D-6




an

i
L
PO,

— m!! 1(\00“6:1

DEAN F-|° (DEANLY 206 3455,)
Scacm 24

/785 (g )

(ma-7) ()
(R=-3) (
- (oe-3) |5
ey |
2r2

HGE s

o&TA/. (242 (R A0/ 206 <1 A3sy)
L LA U lG
/

2
(TYP &orei £403)

1764-0308




———— WO

- e /3

S
,_:7:_

)

-~
ATl reaneo 206 3435w DETANLG s rrcacwar-200- SAssy) ) L7 LW om0 20674
Scacs 2/ Scas g / ScAcs 2
Lo o3

17YP ZOIM ENDS)

TYP Borrd a5 )

’NS?/LL 42N JONT ELAE TN
>~ Y, 5

27
(.!cwz 273)
- oess)

ag/mne)
[ N t o
! v C ; DY
1 e ; o i - £
| e ' cbe ' o — Sl | el -8
| 3 ?1 _— 2z i ey
| and b
- DETAN ALICO -2 001 { SO DETAL AYOO/ 206 /3 STl
- (roe-7) (] Scace 2/ ScALE 2/
(==-3) (3
o T tme.3) |
(o) (5 ]
22

P _L H \ \ {ml
us = MOLMS TOOL W ITI D ,
ReEEe— | | aradsa

. Iy Z2B0UXEF) — . ..
N k&—‘J -.a7
\\ T T T T T T T T T T T e e 7~ - - - -
P l!'!; (ROR ALY 120 +/ A3SY,)
227/
T Bas03)

ADICO/ - 206~/ SEAL ASS Y (mens)
AD/IOQ- 206 -3 SFEAL ASSYy”
ADIOOI- 206 -5 SEAL 4557
ADIOC/ - 206 ~7 SEAL ASSY




12 OVA RS OV P B AT
b at. AP NSL O D)
MRt eI BT ETY

/185 ) o e 2]

- SANDC & T1O (ACI MO
P B O L3P

INITALE ame BTV ET)
(5ms Awsrr 1y

i

S

VEW B8 imcacos 2a 3455y
672/ [ )oK e sono-206 7452) -

Scaes e/

\ ”'VP&’WQ‘MQS)
- -
' d ’) T STy 4120w s EcasT
(

w o Rr 8577

Ve PRI ot (nns ™y
/
(€ aor” 2 13)

N N
23282 R 28

TAN A/ Z06 13 STRAS
EALE L L

V/E NN tmoc aomasr 206 -1 ass)

ATE (2043 Ty f,  Alrirse six, F-% 4+ ?)

—/ /8
22 .
1 - -
t -
o T

\

- E srer

2206~/ SEAL ASSY tmewny
12206 -3 SEAL ASSY
- 06 -5 SE4L AS5SY
1206-7 SEALASSY

MNANNEL AT O D - 1y 2

] - Svare 3
(420 w) T F1130 6y

)

LA,
s —ncfn ™ e, 5T
270 AT )

fron: 7 | ) -
(Ren: 5) 1y —mnd
(A:)E-S)u'!“'—‘

(A ) 5\‘—

MOTES

/BT ELASTC R 0 2 TF 62 “Stngr
G TANID e Scomwid Bmigrc ¢

P L2l G a2 004 (R
Coxrow Elc T PST win fc

L Frex e €, Suaonim A
o ST AATEE ML GE Suxont £.
& SFAT TL BE DO AL ZOAS

Lo GG =

WE BT A S T




FAT e

57

4z

~xwo
w5
v 577

3.ay)

G e
TO D . s 24

Sy m Yy A
AP ) B RIUNERY

(o 3) {D‘—_
(e ;)‘f;‘—‘
(A'u&'d)ﬂ“i‘—‘

ey (-]

Y
[ - ————

[-—

MTES

! LT LLASTIC ROt p 8 STEM 0Dl 5 # 700 (25 wn ) v 713( 76 KAOE) Aoy BE
T O M SOWLL ELSTIC (RO Siviarmipaas. S.C (2930y)

D Lras Haor iz /2 0w Rty o3 res) Py Be2 o8 ANk 5 MEOAS
Couromw Eazre, JPST wns fc Adgus Yoeu, NY (I0036)

I Surcone Boamn e Cortooons BT/ ETIMNAY 86 O Tl RIS
L Ltevemec, Sieaioner s Lr, Warrsrep, N Y

A ST AT ML GE Snn o 2. SE-577

& SFALD T B8 P NALE D SN MBS Jnke | TABNTON, PSS

T SIS R

o)

X
/ /\T
Tr

— ARy

C X e)

TR A0 00 206 -5 A 55Y)
W TA e PP B e A=)

t

APOOXTL | ANRST ASSY 3
" ADOOL X%, 3-5,-7

Y
2

Figure D-7. — Seal Assembly — Spandex Rub Strap

D-7



NASA Contractor Report 159055

Distribution List
NAS1-14112

NASA Langley Research Center

Hampton, Va 23665

Attn: Report & Manuscript Control Office, Mail Stop 180A
Roger A. Anderson, Mail Stop 244
Herman L. Bohon, Mail Stop 158
Dr. Sidney C. Dixon, Mail Stop 395
H. Neale Kelly, Mail Stop 395
Allan Wieting, Mail Stop 395
William Deveikis, Mail Stop 395
L. Roane Hunt, Mail Stop 395
Joanne Walsh, Mail Stop 395
John L. Shideler, Mail Stop 395

NASA Ames Research Center
Moffett Field, CA 94035
Attn: Library, Mail Stop 202-3

NASA Dryden Flight Research Center
P.0. Box 273
Edwards, CA 93523
Attn: Library
Al Carter
Roger A. Fields
Walter Sefic

NASA Goddard Space Flight Center
Greenbelt, MD 20771
Attn: Library

NASA Lyndon B. Johnson Space Center
2101 Webster Seabrook Road -
Houston, TX 77058
Attn: JM6/Library
John W. Kiker, EW-3
Norman A. Piercy, EW-3
Carl D. Scott, ES-3

NASA Marshall Space Flight Center
Marshall Space Flight Center, AL 35812
Attn: Library, AS6IL

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91103

Attn: Library, Mail 111-113

DL-1

Copies

O = (1 N b b ot b ot b

[ Sy S P

Pk b pd i

DR, )



Copies

NASA Lewis Research Center

21000 Brookpark Road

Cleveland, OH 44135

Attn: Library, Mail Stop 60-3 1

NASA John F. Kennedy Space Center
Kennedy Space Center, FL 32899
Attn: Library, NWSI-D 1

National Aeronautics & Space Administration
Washington, DC 20546
Attn: RW-3 1

McDonnell Douglas Corporation

Post Office Box 516

St. Louis, MO 63166

Attn: Library 1

AVCO Corporation
201 Lowell Street
Wilmington, MA 01887

Attn: Library 1
Bell Aerospace Compnay Textron

P.0. Box 1

Buffalo, NY 14205

Attn: Library 1

General Dynamics Corporation

P.0. Box 1128

San Diego, CA 92112

Attn: Library 1

Republic Aviation Corporation
Farmingdale, NY 11735
Attn: Library 1

Lockheed Aircraft Corporation

111 Lockheed Way

Sunnyvale, CA 94088 .

Attn: Library 1

LTV Aerospace Corporation

P.0. Box 5907

Dallas, TX 75222

Attn: Library : 1

DL-2



Copies

Martin Marietta Corporation

P.0. Box 179

Denver, CO 80201

Attn: Library 1

Rockwell Internation Corporation

International Airport

Los Angeles, CA 90009

Attn: Library 1

United Aircraft Corporation

400 Main Street

East Hartford, CT 06108

Attn: Library ‘ 1

Northrop Corporation

1001 East Broadway

Hawthorne, CA 90250

Attn: Library 1

The Boeing Company

P.0. Box 3707

Seattle, WA 98124

Attn: Library 1

Air Force Flight Dynamics Laboratory
Wright-Patterson Air Force Base, OH 45433
Attn: Library 1

Rohr Corporation

P.0. Box 878

Chula Vista, CA 92010

Attn: Library 1

Hercules Incorporated

336 Weir Street

P.0. Box 1091

Taunton, Mass. 02780 1

NASA Scientific & Technical Information Facility

6571 Elkridge Landing Road
Linthicum Heights, MD 21090 30 & original

DL-3



. Report No. 2. Government Accession No.

NASA CR 159055

3. Recipient’s Catalog No.

. Title and Subtitle

DESIGN AND FABRICATION OF ELEVON COVE THERMAL
PROTECTION SYSTEMS FOR AEROSPACE VEHICLES

5. Report Date

May 1979

6. Performing Organization Code

. Author(s)

Angelo Varisco, Albin Borysewiez, Willie Wolter

8. Performing Organization Report No.
1764-79

. Performing Organization Name and Address

Grumman Aerospace Corporation
Bethpage, NY 11714

10. Work Unit No.

11. Contract or Grant No.
NAS 1-14112

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Contractor Rpt' 4/76-7/77
National Aeronautics and Space Administration 14. Army Project No.
Washington, DC 20546

15. Supplementary Notes
Contrast Monitor: L. Roane Hunt and William D, Deveikis

16. Abstract

A design study was undertaken to develop and fabricate a flightweight, effective,
reuseable seal for use along the elevon cove of shuttle-type reentry and hypersonic
cruise vehicles. The development work included in this report deals primarily with
membrane seals, both metallic and non-metallic. This type of seal spans the cove
gap between the wing and elevon, and does not depend on spring tension to maintain
contact along a flexing wing span. Technical requirements and criteria were generally
derived from the space shuttle and utilized for seal design,

17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Elevon Bulb Seal
Metal Membrane Seal Unclassified - Unlimited
Hypersonic Vehicle
Non-Metal Membrane Cove Seal

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price’

Unclassified Unclassified

64

.For sale by the National Technical Information Service, Springfield, Virginia 22161




