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Figure 1

PCH TNFI ARI P STRUCTURE
ECHU INFLATABLE STRUCTURE

PEGASUS MECHANICAL DEPLOYED STRUCTURE



Figure 3

CHEMICAL RIGIDIZED SOLAR COLLECTOR

Figure 4

ELASTIC RECOVERY STRUCTURE
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Figure €

UNDERWATER ASSEMBLY OF BREADBOARD MOCK-UF
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Figure 7

ORGINAL PANEL JOINT UNASSEMBLED

Figure 8
ORIGINAL PANEL JOINT ASSEMBLED



Figure 9

UNDERWATER ASSEMBLY BY PRESSURE SUITED SUBJECT
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Figure 1 - Filament-Winding Technique Figure 2 - Fabric Layup

structure development. This fact

has been recognized by planners re-
sponsible for the development of ex~
pandable structures and explains why
most R&D structure programs that
are not flight-oriented have been car-
ried out at least to this level of devel~
opment.

The objectives of preprototype
structures development are some -
what limited, but do provide the first
attempt at establishing the feasibility
of a specific expandable structures Figure 3 - Large Structure
approach. The objectives generally
pursued may be summarized as
follows:

1. Apply a specific materials and fabrication methods
approach to a full-scale structure design

2. Fabricate a representative preprototype structure
(preferably full scale) to demonstrate and validate the
materials approach and fabrication techniques

3. Conduct the limited ground tests mentioned below to
establish feasibility

a. Gas leakage tests to determine gas loss under de-
8ign pressure conditions. Development goals are
generally in the range of 0.25 to 0.50 1b/day and/or
two to three percent of the volume per day for large
volume structures

b. Structural tests under proof-pressure loading

c. Packaging test to demonstrate packaging concept
and establish packaging loads

































attachment to the rigid frame of

the airlock entry hatch. The subse-
quent development, however, of
improved fabrication techniques has
overcome this problem for any fu-
ture design. After repair, the
measured leak rate was less than
0.5 1lb/day, comparable to the ini-
tial gas loss measured immediately
subsequent to fabrication.

3. CREW TRANSFER TUNNEL

Figure 9 - Lunar Shelter

An equally successful development effort was conducted on the crew transfer
tunnel program. This program was conducted under contract with the Air
Force Aero Propulsion Lab at the Research Technology Division (RTD). The
tunnel configuration as a preprototype structure is shown in Figure 10. The
tunnel structure represents a major integration of rigid and expandable struc-
ture design techniques shown in the structural joint detail presented in Fig~-
ure 11. The expandable structures approach also is pased on the elastic re-
covery materials concept, incorporating multi-ply dacron cloth instead for
the structural layer. The structural approach is determined by the nonsym-
metrical geometry of the structure design. The general characteristics of
this structure development are tabulated below:

Tunnel Dimensions
Design pressure 7-1/2 psi
Factor 5
Width 3-1/2 ft
Length 12 ft
Volumg 103 cu ft
Weight 227 1b

Repetitive packaging, deployment, pressurization, and leak tests were con-
ducted. The results of repeated testing produced no degrading effects on
either structural characteristics or leakage loss. Throughout the test pro-
gram, gas loss did not exceed a rate of 0.4 lb/day, compared to an allowable
rate of 0.5 lb/day.

4. LARGE STRUCTURES FEASIBILITY DEVELOPMENT
A development program recently completed at Goodyear Aerospace was
directed toward establishing the feasibility of fabrication methods, packaging
techniques, and deployment characteristics for large structures. This pro-
gram is being conducted under the direction of the Langley Research Center.
The preprototype structure in the final phase of fabrication is shown in

Figure 12. This design again incorporates the elastic recovery materials
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approach. The structural approach
for this design was dictated by the
sheer size of the unit. Dacron
structural tape appeared to be the
optimum solution, both structurally
and from the standpoint of fabrica~-
tion methods. The tapes are good
for about 4000 1b in ultimate tensile
test with approximately three miles
of tape needed to fabricate the struc-
ture. The characteristics of the
preprototype structure are as fol-
lows:

Figure 10 - Crew Transfer Tunnel

- £R0x Y SONOED

Large Structure Dimension

Design pressure 5 psi
Factor 5
Diameter 12-1/2 ft
Lengtih 37 1t
Volume 4400 cu ft
Weight 1500 1b

Figure 12 - Preprototype of
Large Structure



Since this program is current, no testing has been conducted yet relative to
packaging, deployment, and pressurization. Preliminary leak tests have
been conducted, indicating a predicted gas loss of about 2.0 1lb/day during or-
bital conditions which is well under the design goal of two percent loss.

D-21 AIRLOCK FLIGHT EXPERIMENT

Another current development program is the D-21 airlock flight experi~-
ment being conducted by the Air Force Aero Propulsion Laboratory. This
program represents the first time that an expandable structure will be sub-
Jected to the complete cycle of development testing and then flown in orbit
for subsequent orbital testing Figure 13 shows an artist's concept of the
D=-21 airlock in a flight experiment during a NASA S-IVB workshop flight.

I'he elastic recovery materials
approach is being used on the D-21
design also. Structurally, the ap-
proach is to use a steel-filament~-
winding technique, selected as opti-~
mum for this design. The expand-
able structures portion of the air-
lock covers an area of 77 sq ft
with the total composite weighing
about 35 1b. Out of this total com-~-
posite weight, the steel filament
wound structure weighs about 5 1b.
There are no structural joints any-
where in the expandable portion of
the airlock design, which should
provide ultimate structural integrity
and reliability, Figure 13 - Concept of Airlock
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Figure 1 30-Foot Diameter Grid-Sphere Satellite
and Payload Hardware

Figure 2. Major Parts of Grid-Sphere Payload















FIRST WINDING S

Figure 5. Grid-Sphere Prototype Material Fabrication






BASIC MATERIAL PANEL PATTERN POSITIONING PANE TRIMMING

SEAM OVERLAP MARKING PANEL REMOVAL

B

PANEL POSITIONING PANEL SEAMING ASSEMBLY TECHNIQUES
P —

Figure 6. Grid-Sphere Panel Fabrication and Assembly






Figure 7.

Four-Foot Sphere Packaging Sequence

51



TIME ~ 0.5 SEC

TIME =~ 0.56 SEC TIME ~0.59 SEC

TIME ~0.66 SEC TIME ~0.69 SEC

TIME ~ 0.72 SEC

Figure 8. Four-Foot Sphere Deployment Sequence



Figure 9. Summary of Wire-Grid Sphere Experiment

Figure 10. Nose-Mounted Dual OVl Vehicle
on the Atlas-D Missile









Figure 11. 24-Inch Mobile Telescope for Tracking and
Measuring Satellites (Developed for NASA-LRC)
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Figure 12 Normalized Stellar Magnitude Versus Phase Angle (20 July 1966)






Figure 13. Passive Communication Satellite Concepts
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(2) application of a coating. The film
technique was chosen because 1t 1s iIn-
herently lighter and the fabric is not
saturated with the sealant and therefore
is capable of later absorbing more rig-
idizing resin. A 1/2-mil Mylar film
barrier was used in early specimens
Later, 0.4-mil nylon was used In addi-
tion, VITEL® PE-207, Goodyear poly-

ester, was used as the adhesive Lami-
nation was achieved by using vacuum
bagging techniques and oven cure The

resulting composite is not affected by
prolonged exposure to the resin solu-
tion, which contains ethyl acetate sol-
vent. Lamination is done before trim-
ming the sandwich fabric into pie-shaped
gores for joining into the three-dimen-
sional curved shape. Film fabric tape

is used to join the gores and seal the

edges The tape is applied using the Figure 2 - Inflated Parabolic
same thermosetting adhesive and 1is AIRMAT Structure
cured with a hot iron

MIRROR SURFACE QUALITY

A coating was sought for the back side of the metallized film that would
(1) minimize permanent degradation resulting from folding and packaging, (2)
prevent any show-through on the mirror surface of adjacent textured materials,
and (3) help capture the parabolic shape of the mirror, obtained by inflating the
Mylar film

The best back-side coating was 8 to 10 mils of urethane elastomer applied
by spraying. This improved (but did not eliminate) folding degradation and
eliminated show~-through of adjacent material texture. The coating's ability
to hold the Mylar film in its parabolic contour was insignificant; thus, the
structure had to hold the film in its contour, and all loads were transmitted
through the bonding layer.

BONDING LAYER

The bonding layer has to satisfy several rather difficult requirements:
(1) it has to be soft enough to permit packaging, (2) it has to transmit uni-
formly sufficient load from the deployed sandwich structure to the coated film
to stretch the film to the desired contour, and (3) the tolerance of fabrication
of the sandwich structure has to be compensated for by varying the thickness
of the bonding layer.

A flexible foam system would be most appropriate. This system was in-
vestigated and was used on several five-foot diameter models. A flexible

*
TM, The Goodyear Tire & Rubber Company, Akron, Ohio.
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urethane foam was used. This material was applied by pouring, and the re-
action time was slow enough to permit installation of the inflated sandwich as~
sembly after applying the foam. A layer of very open cell foam (1/4-in. thick)
was bonded to the concave side of the sandwich assembly before placing inpo-
sition over freshly poured foam. This layer served as a bleeder to prevent
air entrapment and helped take up difference in gap between structure and in-
flated assembly due to tolerance by allowing the fresh foam to flow into the
open cell layer.

Figures 3 and 4 dipict the level of development at this stage; Figure 3
also shows mirror surface quality. Figure 4 shows the variation of flexible
foam thickness and penetration of the flexible poured foam into the open cell
layer.

RIGIDIZED DROP YARN-TYPE FABRIC

BLEEDER Figure 4 - Composite
| LAYER e Mirror Specimen

T €0 MY (Cross-Section View)
METALL (ZED MYL
WITH ELASTY ANT | ~MARKOFF
COATING ON BACK -
cads vt

FLEXIBLE
FOAM
BOND I N6
LAYER

Figure 3 - Composite
Mirror Specimen

Despite the significant advances derived from the above-described effort
it was questionable whether the structure contour could be controlled well
enough to permit using a foam bonding layer of reasonable thickness without
costly tooling effort. In addition, packaging of the structure still promised
significant degradation of the mirror surface.

PACKAGING STUDIES

While the preceding work was being carried out, some concentrated ef~-
fort was expended toward solving the packaging problem. In carrying out this
study, a somewhat different design philosophy was developed. If a mirror is
to be folded, the fold pattern first must be determined. As soon as the fold
locations are defined, stiffer materials can be used between the folds. The
propagation of folding wrinkles from the fold lines is thereby virtually elimi-
natea.
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This philosophy led to the development of a fold pattern that was used on
all remaining mirrors made on this contract T'his pattern, in effect, per-
mits the folding of the outer portion of the mirror inward toward the hub by

first taking tucks in the outer portion
already folded assembly so the entire unit can be br
cal shape, which is slightly larger than the hub in diameter and has a length

Secondary tucks then are taken in the
ught up into a cylindri-
approximately equal to one~half the mirror radius

Figure 5 shows a five-foot diameter model constructed to evaluate this
five -foot di-

concept This mirror was built by first making a conventional
ameter inflated Mylar layup and applying approximately 0.020 in. of epoxy
to th ck This was followed by a heavy layer of fabric, which simulated

{ the AIRMAT planned for structural material

ts extending through the My~

the foiding characteristics
lines, the cut

The mirror then was cut at the fold
lar and epoxy shell; thus, the fabric could act as a hinge for packaging

Figure 5 - Folding Study of Five-Foot Diameter Mirror Specimen

NEW DESIGN CONCEPT
The new design philosophy that emerged was based on the following fac-

tors:

1 Make an inflated film mirror (see Figure 6) in the
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FABRICATION AND TESTING OF 10-FT
DIAMETER MIRROR

The next program phase involved 10=-ft diameter mirrors. The system
I I )
used closely followed the concept derived from the early screening effort.

Inflated Film Subassembly - Figure 10 shows the layup, which was com~-
prised of 60 one-mil Mylar gores. Inflation to proper contour was achieved
with an internal pressure of two inches of water. This was followed by spray-
ing on a urethane primer coat. Next, two coats of epoxy were applied by pour-
ing. A good reflective surface was achieved, although not so uniform as that

which could be obtained by spraying. The material used was a mixture of
three parts DER 332 to two parts Versamid 140 Two coats were applied,
which resulted in a total thickness of approximately 0. 025 in. The epoxy
coats were followed by a urethane coat (applied by spraying). This material

was elastomeric urethane with an amine curing agent

Figure 10 - Inflated 10-Ft Diameter Mirror Layup

The shell coat was followed by application of a Dacron cloth layer (8.9
oz/sq yd). This cloth was applied in eight gores and was bonded using the
urethane described above. The urethane again was applied by spraying. Fig-
ure 11 shows the inflated Mylar with the shell coat applied and in the process
of having this cloth applied.

AIRMAT Subassembly - The AIRMAT used was Dacron and was made to
the specifications given in Table 1

97




Figure 11 - Inflated Mirror Shell
with Dacron Buffer Fabric Being
Applied

TABLE 1 - AIRMAT SPECIFICATIONS

Item Specification
Thickness 1.8 in.
Width 60 in.

Warp material 220 denier, Type 52 Dacron, 84 ends per
inch, 7 turns, heat stabilized for minimum
shrinkage at 275 F

Fill material 440 denier, Type 52 Dacron, 40 ends per
inch, 3-1/2 turns, heat stabilized for mini-
mum shrinkage at 275 F

Drop threads 1100 denier, Type 52 Dacron, 1/2 to 3/4
turn, drop-thread count 4 wide X 5 long
(35 sq in. ) in plain weave arrangement,
heat stabilized for minimum shrinkage at
325 F

The above fabric was sealed with 0.4-mil nylon film by vacuum baglami-
nating and oven cure. The gores were pretrimmed to the proper developed
pattern (see Figure 12). The outer edge seal then was made on the individual
gores. The next step was to assemble 15 of these gores into a complete three-
dimensional parabolic shape (see Figure 13). The assembly then was attached
to the hub ring and the entire structure unit placed on the inflated Mylar envel-
ope to check conformity of shape to the Mylar assembly.

A primer coat of urethane then was applied to both sides of the AIRMAT
assembly and to the inflated mirror assembly. Using the same material, the
two subassemblies were joined (see Figure 14). The back ply of Dacron fab-
ric (8.9 oz/sq yd) was bonded to the back side in gores, with the warp and fill
yarns oriented radially and tangentially. At this time, the basic shape was
established and was the same when the Mylar film was first inflated.
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Figure 14 - Inflated Mirror After
AIRMAT Attachment

Next, the mirror was suspended (see Figure 15) and a strippable protec-
tive coating applied to the mirror surface The mirror surface then was cut
at each fold line The cuts extended to the buffer ply of fabric I hese cuts
were wide enough to permit folding without severe strain on the sandwich

structure and to minimize peeling effect between the shell coat and the buffer

ply Figure 16 shows the mirror after cutting The mirror was supported at

the hub only; the shape was maintained by the pressure i1n the sandwich struc-
ture

The next step was to fold the mirror in its packaged condition Figures
I b B [

17 and 18 show the unit as the folding operation progressed Figure
different view of the mirror after the folding was completed

19 1s a

After folding, the mirror was returned to its open position, after which
the n\ilu(lun/rn;xdumg system was installed The rigidizing gas inlet was
manifolded inside the hub. The six gas outlet ports were spaced equally on

the back of the AIRMAT near the periphery The flexible lines were attached

99




Figure 17 - Deflated M )rror Figure 18 - Deflated Mirror

(Folding Started) (Partially Folded)

radially to the back side of the AIRMAT and also brought together inside the
hub (see Figure 20) Fhe mirror was refolded and shipped to Wright-Patter~-
son AFB Davton, Ohio

lesting - Deployment was first demonstrated in ambient conditions be -~

fore impregnating F'he mirror was placed over a male tool and impre

Blec

The resin (80( as introduced at the six ports near the periphery
The § ts were cl 1, using a vacuum pump attached to the one-inch in-
let port at the hub, the specimen was evacuated This moved the resin from
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Figure 19 (Above) - Folded Mirror
(Side View); Figure 20 (Right) -
Ten-Foot Diameter Mirror Ready
for Vacuum Chamber Deployment

Figure 21 - Ten;Foot Diam-
eter Mirror During Impreg-
nation

the periphery to the hub. This flow was helped by using Teflon paddles to
force the movement in the proper direction

Immediately following impregnation, the mirror was folded, the hotwire
cut off, and the Mylar sleeve put in position. The mirror was placed in the
vacuum chamber, and all connections were made to permit deployment,
vent boiloff, and rigidization in the vacuum chamber

sol~-
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Figure 22 - Before and After Deployment in Vacuum Chamber

Four-Foot Diameter by 8-Foot Long Cylinder - One four-foot diameter
by eight-foot long cylinder was built. Dacron fabric was used as the struc-
tural textile material in the cylindrical section. This material was sewninto
a fluted configuration. The flute geometry was designed so all internal pres-
sure of the cylinder was carried on the inner fabric, which was three plies
thick. The fluted assembly was sealed with nylon film, and an internal pres-
sure bladder was used for the primary internal pressure seal. The cylinder
ends were hemispherical and constructed from fiberglass laminate and alumi-
num componente. Manifolds were incorporated at the interface of the fabric
cylinder and rigid ends as a means of acquiring uniform impregnation and gas
flow for drying and rigidization. This unit was impregnated at Goodyear Aero-
space; most of the solvent in which the resin was dissolved was boiled off. The
specimen was sealed and transported to Arnold Engineering and Development
Center in Tennessee. The unit was piaced in the vacuum chamber and the
chamber evacuated. Deployment then was attempted; however, premature
rigidization had taken place, and deployment was impossible. This apparently
was due to a small amount of moisture having reached the resin, which is quite
reactive at this solvent level. The article had been impregnated 12 days prior
to the deployment attempt.

The present state of the art of the rigidizing resin system indicates that

proper drying procedures of the structure prior to impregnating and accurate
control of solvent removal level would result in a reliable system.

CONCLUSIONS

The Vaporset resin rigidizing system utilized in this program has good
potential for future use. The scolar collector concept developed and demon-
strated is feasible and with refinement ultimately could be used in a space
system. The resin system also can be considered seriously for application
to other structure types.
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of minimum astronaut participation con-
sidering the large number of individual
experiments to be performed on NASA
Flight AAP-2. Specifically, the objec-
tives of the experiment are as follows:

1. To ascertain the ability of expand-
able structures to withstand the
boost and launch phase of a typical

mission profile with subsequent
successful deployment in orbit

2. To validate the successful per-
formance of expandable materials
in operational use when subjected
to the total orbital space environ-
ment

Figure 5 - D-21 Airlock Deployed
from Mounting Location

3. To evaluate structure packaging techniques and deploy-
ment dynamics

4. To evaluate space environment effects on expandable
materials after prolonged exposure (six months)

wm

To demonstrate the compatibility of expandable elastic
recovery materials in airlock designs with the dynamics
of astronaut ingress/egress

6. To establish design parameters and requirements for
elastic recovery airlocks for future manned orbital labo-
ratories

-J

To provide a baseline from which to extrapolate the ap-
plication of expandable structures technology to other
uses such as crew transfer tunnels, space shelters, and
controlled maintenance stations and storage depots

TECHNICAL DISCUSSION OF D-21 EXPERIMENT

The experiment total flight package consists of four distinct units of hard-
ware: (1) the integrated D-21 airlock package, (2) a control panel mounted in-
side the NASA airlock module (AM) for remote control of the experiment, (3) a
wiring harness interconnecting the D-21 package with the remote control panel,
and (4) a container for earth return of material specimens.

The D~21 airlock package, shown in Figure 4 and in an exploded view in
Figure 6, is comprised of the following subassemblies: (1) packaging system,
(2) airlock structure assembly, (3) hatch assembly, (4) pressure bulkhead
assembly, (5) pressurization system, (6) telemetry data system, (7) electri-
cal system, (8) mounting structure assembly, and (9) experiment control sys-
tem.
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Figure 1 - Collapse of Santos-
Dumont's Airship No. 2, 11 May
1899 (First Phase)

)
it
-t
3
Figure 2 - Collapse of Air-
ship No. 2 (Second Phase)
Sl
-~

Figure 3 - Collapse of Air-
ship No. 2 (Third Phase)—=

Figure 4 - Santos - Dumont's
Airship No. 3
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Figure 9 - Moment-Deflection Relations
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Metal Fabric Bending Specimen at Near Collapse
L.oad, Packaged Metal (p 4 2 psig; P = 21 1b)
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Collapse Moments for Pressurized Fabric Cylinders
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Fig. 1 Aerospace Environmental Facility

Fig. 2 Aerospace Research Chamber
(12v)

Collimator Mirror
Solar Dome

—Optical | ntegr ator

12 V Chamber

Test Volume —

Fig. 3 Optical System for
Solar Simulator
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Fig. 14 Aerospace Research Chamber Fig. 15 Aerospace Research Chamber
with Solar Simulator (7V) with He-Cooled Liner

Fig. 16 Packaged and Deployed 1/6-
Scale Modr i, Space Shelter




Fig. 17 Model 2 Mounted on Load Cell

Fig. 18 Model 4 Test
Configuration

Fig. 19 Model 3 Resin Impregnation
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Fig. 20 Packaging Model after
Impregnation

Fig. 21 Packaged Model in
Test Chamber

Fig. 22 Model 3 Partially Deployed
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Fig. 27 Models 3 and 4 after
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Fig. 36 Inflatable Crew Transfer Tunnel

Fig. 37 Packaged Tunnel Inside Canister
Mounted on Carrier Bed

Fig. 38 Deployed Tunnel Prior to Being Packaged
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Fig. 39 Tunnel Packaging
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Tunnel Installed in Test Chamber
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Fig. 43 Tunnel Deployment
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Fig. 55 Cross Section of Flexed Samples





































FIGURE 2 FIGURE 3
PARABOLIC MOLD FABRICATION RIB MOLD

FIGURE 4 FIGURE 5

FIBERGLASS CLOTH CLOTH AND FRAME LAYOUT
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FIGURE 6 FIGURE 7

CLOTH IMPREGNATION DRAPE OF IMPREGNATED CLOTH
WITH POLYSULFIDE

FIGURE 8 FIGURE 9

HAND FORMING OF IMPREGNAT:D OVEN CURING OF IMPREGNATED
CLOTH TO MOLD CLOTH ON MOLD




FIGURE 10 FIGURE 11

ATTACHMENT OF RIB ASSEMBLY OF PARABOLIC MESH SHELL
WITH RIB SOCKET AND RIB

FIGURE 12 FIGURE I3

FABRICATED ALUMINUM HUB APPLICATION OF VACUUM
DEPOSITION SUBSTRATE
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FIGURE 14
FEED SUPPORT STRUCTURE
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111. PACKAGE DESIGN

['he type of pac kage shown in Fig. 1 was initially (iv\(-lnpvd to meet

most of the above requirements when 1sed with honeycomb construction and
this package, the honeycomb section
vize loss of liquide into the vacuum while

acts as a baffle or sump to minimiz
he chemical reactants are contained in the
a hole size ¢ ul,:x'\)llt'r

section A number

two-component chemical sealants, In

the reaction is proceeding I
spacers and the rubber sheet on the exit face acts as

to minimize loss of the liquid re:

>
~

of variations of this basic construc tion were made during the program,
Figure 2 shows one variatio: 1sing an v-;,u.\v—:‘.m-rgl.ms entry face

v v y
. € ’
i
88 -i k a .
Armete . A A
b 1
88 - . g
. kag ge " M AJ
F « ndard t pa ent emica

Figure 2,
Appearance of
ithree compart-
ment chemical
package,
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Figure 3 illustrates seal formation in this type of construction and also
shows the "flowering'' on the exit side of the package when the rubber hole
size controller is omitted, Later in the program, a single compartment
package was developed which was more applicable to skin and strir.\.ger
construction, This package was simply an elastomeric container filled
with a one-component sealant, held between the wall surfaces, In most
cases, both types of packages were made from four to six inches square
for ease of handling and for use with the impact test apparatus,

Figure 3, Cross section of

an impacted three compartment
package showing sealant
distribution,

IV, TEST METHODS

An important consideration at the beginning of the program was to
establish a satisfactory test method, Initially, a simple, manually operated
vacuum perforator was used to test the packages under differential pres-
sure conditions. Evaluation of sealant systems with this device was not
adequate since impact shocks and pressure wave characteristics were not
present,

The second test method, developed and eventually used for the major-
ity of the tests, used a dynamic particle accelerator shown in Fig. 4, In
this apparatus, a 1/8-inch diameter spherical brass or steel projectile is
fired through a distance of 8-1/2 feet in a vacuum of approximately 100
microns, The projectile is propelled by an 18 grain charge of #4227 DuPont
rifle powder contained in a Remington #222 cartridge case and impacts the
target at velocities of from 5500 to 7000 ft, /sec. The test apparatus also
contains electronic velocity measuring equipment to indicate or record the
speed of every shot
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Figure 4, Dynamic
particle accelerator
used for high velocity
impact evaluations

g AN,

The sample package is mounted at the far end of the vacuum chamber
and acts as a seal for a two-inch diameter hole in the chamber, Surround-
ing the package, and also sealed to the wall of the vacuum chamber, is a
second chamber which acts as a particle backstop and also makes it possi-
ble to determine the leakage rate tirough the impacted specimen quantita-
tively, by means of the flow meter and manometer shown in Figure 5,
Constructed in the front and back chambers are viewports and lights to
allow visual observation of impacts and seal formation,

()
i
Figure 5 Leéakage
rate equipment for

dynamic particle
acceleration
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Figure 7, Varying thickness packagas
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Vi, IMPACT TEST RESULTS

During the course of the investigation, a great many shots were fired at
many types of sealants contained in several package configurations, There-
fore, a simple comparison of the number of shots versus the number of per-
fect seals is meaningless since many of the tests were with new, untried
sealant systems, However, with standardization of the double component and
the single component systems, it was then possible to establish some kind of
a reliability figure for each system, Table 3 summarizes the performance
for each type of sealant when impacted with 1/8-inch projectiles at a velocity
of 5500 to 7000 fps,




Table 3 Sealant Reliability

Sealant Type 'I"T’F rfect | ____ Seals with Teakages
Seals 0 :nwloc’)'(‘i C _11_11111 | S (_) cc/min
Twu—('fuxnp()m*r t I 65% 109% 259,
System
Single Component | 80% 0% ] 10%

Tests were also run at hypervelocities of 20, 000 - 22, 000 fps using
light gas gun fac ilities. Because of the considerably greater cost of these
shots, only a few were made. The tests indicated that the probability of
forming perfect seals or seals with low leakage is somewhat less than at the
lower velocities, but still about 60% T'his probably would be higher with

increased testing,

In a final test of the single-component system, a demonstration was
held at Wright-Patterson Air Force Base, In this test, a spec ial 2 ft, sq.
structure with four separate 1 ft,  sq. compartments was placed in a space

chamber., Each test compartment was internally pressurized to 5 psia,
while the external chamber pressures ranged from 5to 2 x 10-° Torr during
the various shots, Figure 9 shows the appearance of the demonstration

structure, Figure '0 shows a typical distribution of the balloon packages
inside the test specimen,

Figure 10, Typical distribution of
balloon packages in large impact
specimen,

Figure 9, Structures used for
demonstration at WPAFB



































































Inflatable Parabolic Antenna
in Test Fixture
Figure 11
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PLANAR EQUIANGULAR SPIRALS

LOG PERIODIC FOLDED
SLOT ARRAY

FIGURE 17
OTHER UNFURLABLE ANTENNAS
DESIGNED BY G.T SCHJELDAHL CO |
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MISSION IDENTIFICATION

The next logical step in the evolutionary advancement of manned participation in
space is the extension of his activity into participation in extravehicular missions
such as will be required for the erection, assembly, operation, and maintenance of
large structures.

Figure 1 is a partial listing of potential structural assembly, techniques and
their related missions. Shown in Figure 1 are five of the more predominant missions
that have been analyzed as a result of a number of studies over the past several years.
Antenna erection, maintenance, and support operations are shown as one task. Space-
craft vehicle support operations such as construction of RACKS, airlocks, and asso-
ciated assemblies on vehicles such as the SIVB workshop for in orbit experimentation
are shown as another. Total vehicle assembly as in the case of large orbital space
stations of the MORL class which will consist of interlocking modules is depicted as
another mission. Assembly of structures that might be operative remote from the
parent craft, such as large X-Ray telescopes (Referenc. 1) is still another mission
shown.

ASSEMBLY TECHNIQUE
MODULAR ASSEMBLY
ERECTABLE

EXPANDABLE

FORMED IN PLACE
CHEMICAL RIGIDIZED
COMBINATION

Figure 1. Potential Structural Assembly Technique and Related Mission
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Behavioral studies

Assembly of large structures

Astronaut transport

Remote maneuvering inve stigation

Crew rotation

Cargo transier

Propellant handling

Maintenance of spacecrait

Space rescue

Equipment retrieval

Deployment aid

The candidate maneuvering units for the wccomplishment of these missions (as
shown in Figure 3) are

HHMU (Hand Held Maneuvering Unit) RMU (Remote Maneuvering Unit)

AMU (Astronaut Maneuvering Unit) DMU (Dual Maneuvering Unit)

W1, (LB) 178/861 445
(UNMANNED/MANNED)

(SEC) 4000 3000
2 HR ECS 1 HR ECS

T

Figure 3. EVA Maneuvering Units

351






incapacitated while wearing a DMU, it could be remotely commanded back to the
parent spacecraft by the pilot in the spacecrait If the astronaut has simply drifted
away from the parent vehicle, the DMU could be sent out unn anned from the vehicle
without endangering the remaining astronaut. The stranded astronaut would don the
unit and return to the spacecraft. This rescue mode has been simulated in the KC 135
shown in Figure 5. For this test, a remote control package was added to the Gemini
D-12 training unit giving it the capability of "flying' as a DMI

A. Remote Controi Station

C. Manned Mode Inbound D. Return Completed

Figure 5. DMU Rescue Simulation



EVA SUPPORT STRUCTURES

In addition to identifying the potential support role of EVA in conjunction with

large structures, it is appropriate to consider what structures will be required to
support EVA. Figure 6 depicts some of the potential
airlocks, restraint devices, and support structures

brief discussion of some of the more pertinent EVA support structures.

EVA support structures, such as

['his section of the paper is a

RLOCK DONNING AND DOFFING STATION

REENTRY CAPSULE DELIVER Y

STORAGE AND (el 4

] 3,
| =
2 o

o

g &

Figure 6. EVA Support Structures

EVA EGRESS/INGRESS

Considering EVA excursions for the performance of any "outside" task, it is
necessary to establish the most effective method for astronaut egress ingress The
penalty associated with the inherent requirement of spacecralt egress/ingress hard

ware is often overlooked in the evaluation of EVA mission performance.

lhere are several methods available to satisfy the egress/ingress requirements
Fhey are: (a) vent the entire cabin as in the Gemini program, (b) pump and store the
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The example selected in this paper is the assembly support, calibration and mainte-
nance of a large antenna in earth orbit, as will be required for limited area communi-
cations, point to point communications, and millimeter wave radio astronomy. Figure
8 is a schematic depicting EVA antenna support operations.

" | CALIBRATION&
MAPPING

Figure 8. EVA Antenna Support Operations

In-orbit operations are required in order to achieve the large apertures (approx-
imately 100 ft) necessary for these missions, specifically, to determine the boresight
axis, beam pattern and field strength of the antenna to verify its operating character-
istics, and pointing capability and subsequent in-orbit adjustments of the antenna to
maintain the proper surface contour. This is particularly true in the astronomy
missions wherein calibration on a known source is necessary.

Figure 9, gives a first approximation of antenna characteristics and required
manufacturing and assembly tolerance (K). A K of 1/4000, means that the antenna
diameter, surface variation, and relative position of the feedhorn to reflector shall
have a mean deviation from nominal values not to exceed one part in 4000. Atpresent,
earth manufacturing tolerance is limited to about 1/4000.

High frequency operation will impose severe dimensional tolerance require-
ments of the order of 0.01 inch rms surface deviation. Referring to the figure, it may
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manned and 90 unmanned for the cost breakeven. Also spotted on the curve is the
region of probable maneuvering capability in terms of available payload weight of a
typical parent spacecraft. The region depicted upon the curve represents 20% of the
nominal payload available or 1000 pounds. The system weight includes both initial
weight of all systems (vehicle, reservicing, retrieval devices, etc.) and weight of fuel
expended. Weight breakeven represents the number of flights at which the initial
advantage of the DMU lower system weight is compensated for by the relatively higher
fuel consumption rate of the DMU compared to the AMU and RMU.

The foregoing discussion has attempted to establish the value of EVA for cer-
tain antenna operations and the effectiveness of the DMU as an EVA maneuvering unit.

SUMMARY AND CONCLUSIONS

In order to interrelate the items previously discussed in this paper, it is
appropriate to show an integrated mission profile. Figure 11 presents an integrated
profile for EVA support of an antenna system, as well as the EVA requirements in
terms of manned, and remote operations necessary to fulfill that particular mission.

Figure 11. Integrated Mission Profile
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Figure 5 - Sixty-Foot VHF -UHF
Inflatable Antenna Mast (Packaged)

Figure 7 - LF Antenna Mast Figure 8 - LF Antenna Mast
Model Model (Fully Erected)

System Operation - Erection and retraction of the mast are « ontrolled by a strap
that is attached internally at the top of the mast, extends down through the mas
and is attached to the re el shaft in the base structure.

shaft retracts the control strap,
material is rolled on the reel.

+
()per'xun of the reel

which pulls the mast inside itself until all mast

The guy cables are pe rmanently attached externally on the mast and are reeled

in with the mast. Thus, when the mast is inflated, the guy ables and top-loading
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GER-13195A

e —

N ‘ i

Figure 9 - Extremely Lightweight Antenna Mast (Five -Inch Diameter)

design, erection and retraction are continuous; no intermediate stops at guy
stations are necessary.

Experience has shown that packaging ratios as low as 2 to 1 can be expected.
That is, the packaged volume is onlytwice the actual material volume. Normally, a
very good packaging ratio would be about 3 to 1 using a standard vacuum-
packaging technique.

Inflation Devices - Air compressor systems are used on the larger masts, but
much effort has been put into development of manual pumps.

As part of past research and development efforts to find a suitable manual pump
for use with inflatable masts, several commercial pumps were evaluated
Figure 10 shows some oi the commercial pumps tested. None was satisfac-
tory for the weight, pressure, and volume required; therefore, Goodyear Aero-
space initiated a design study to develop a better pnmp. Goals were set up for
minimum weight, minimum package size, pumping capacity, and back pressure
for a mar.ual pump. Several pump configurations were fabricated and tested
(see Figure 11). The best design was a foot-operated configuration (see Fig-
ure 12).

This pump, which weighs eight ounces, can pump at a rate of 3.0 ¢fm and can

operate at a back pressure of up to 10 psig. A version of this pump was supplied
to Rome Air Development Center (RADC), N.Y., with the 60-ft VHF -UHF
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Figure 12 Mast Inflation Foot Pump, Eight-Ounce Model (Left) and Im
proved Design of Mast Inflation Pump (Right)

During a past pregram, full-scale development ast models were tested to study
new materials with improved shear stiffness to preclude the bow-string effect.
These tests indicated that a mast made of a single material was not adequate

On models using a single material that was flexible enough to provide durability
and efficient packaging during erection and retraction, the mast was not stiff
enough to prevent bowing and buckling during retraction. Where material stiff
enough to prevent bowing was used, it was not flexible enough to provide for d

rability and easy, efficient retraction. As a consequence, a variable modulus
concept was evolved In this concept, the inflatable mast is made up of alternate
vertical panels of stiff and flexible material.

In the design that finally evolved, the stiff material consisted of a lightweight
nylon cloth laminated to a heavy Mylar film; the flexible materiai consisted
lightweight Mylar film laminated to a heavy nylon cloth, with a f chl
prene elastomer between plies to act as a flexible pressure barrier

The panels of stiff material were located diametrically opposite to each other,
with the width parallel to the axis of the reel shaft in the base When the mast
was retracted, the panels rolled flat on the reel T'he flexible fabric between
these panels provided the flexibility to p2rmit retraction, while stiff material
provided the necessary shear stiffness to keep the mast rigid and straight I'}
concept proved to be very satisifactoryunder test, with no significant deteriora
tion of the mast fabric during erection and retraction cy ing. [his constructi
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Figure 17 Environmental Figure 18 Environmental
Endurance Test (50-Ft Endurance Test (50-Ft
Inflatable Mast) Inflatable Mast)
Figure 2( ows a seaplane used for studying the feasibility of vertical floats.
For the first time, a practical open ocean-based aircraft was proved to be ca-
pable of sustained station keeping on the ocean surface without developing mo-

tion sickness that hampers crew performance

g Bridge - Another application of the auto-mast design is an automati-
cally extendable lightweight floating causeway or pontoon bridge. The loss of
time in getting men and equipment from ship to shore during an amphibious
military operation or across any body of water usually is a severe praoblem. In
addition, space and payload weight are critical factors during landing. Present
systems are bulky, heavy, and take too much time to assemble. Even though

considerable weight can be saved by reducing the weight of individual compo-
nents, the auto-mast design concept minimizes not only the weight problem but
also the problems of packaging size and assembly time. Overall, Goodyear
Aerospace feels that the proposed lightweight quickly erectable causeway design
offers a definite advance in the state of the art. It would be designed to carry
either tracked or wheeled vehicles. Figure 21 shows the proposed design as

well as a cross-section view,

T'he company's causeway design concept consists of four automatically extend -
able and retractable pontoon modules connected in parallel. Each pontoon module
is packaged in approximately six-foot cubes and can extend up to 200 ft. Sec-
tional lengths of more than 200 ft may be possible and will be considered in fu
ture studies.
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Figure 20 - Seaplane Used for Studying
Feasibility of Vertical Floats

SECTION A-A ©

Figure 21 - Automatically Extendable Lightweight Causeway

The causeway design concept is made up of separate pontoon modules that could
be grouped together in parallel to make any width of causeway. In some cases,
even a single pontoon assembly anchored in position may be adequate if it is
needed only for personnel. It would provide a roadway only six feet in width.
However, studies have been limited primarily to a design using four pontoons
and two stabilizing sponsons for heavy payload applications. A technique of
assemblying an expandable causeway is shown in Figure 22.

Space Structures - Space structures provide a number of natural applications
for the auto-mast concept. One recently proposed concept was for a lunar
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SPACE FLIGHT SAFETY
By

Dr. Eugene B. Konecci
Alice G. K. Kleberg Professor
College of Business Administration
The University of Texas at Austin
Austin, Texas 78712

The year 1967 will be marked in history as the first tragic loss of life in the
U.S.A. and U.5.5.R. space progroms. A flash fire in the Apollo | spocecraft
during a simulated launch test on the pod ot Cape Kennedy on January 27 cloimed
the lives of three great American space pioneers: Virgil (Gus) Grissom, Edword
H. White, oand Roger Chaffee.

This unusual incident at the beginning of the Apollo Lunar Landing progrom has
coused o great deal of discussion, consternation, and focusing of attention on the
SAFETY aspects of manncd space flight. Questions like, 'What happened ?*

"How could it have happened? " "What can and will WE do about it7" were asked.

The official NASA investigation ond the Congressional hearings were professionally
ond ethically conducted. NASA investigators probed deeply into the manned spoce
progrom, ond their effectiveness con be measured by the large number of progrom
changes already in effect or to be implemented shortly. As an example, the new
office of Flight Safety within the Manned Space Flight organizaticn was announced
last week by Dr. George E. Mueller, Associate Administrator for NASA's Monned
Space Flight. The fine work of Congressmon Olin Teague and his subcommittee
points up the strength of our democratic system of checks ond balances.

The results of the Apollo investigations and hearings are common knowledge, having
been covered extensively by the press, radio, TV, ond trade journals. Many
factors combined made the occident possible. Some critics are disappointed be-
couse there is no single scapegoat. Management at several levels in the Apollo
government-industry team assumed, as they should, the responsibilities for the
occident and other progrom deficiencies.

Management and Responsibility

Management means responsibility. At this time | would like to quote an approprio®
statement, relative to management in general, mode by David G. Moore ir
October 1960 issue of Nation's Business:
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A model of the vehicle illustrating the re-entry heating effects is shown
in Figure 2. 3 feet long with a wiz
Three inflated tapered tubes would constitute the leading edges and the keel
boom while a light weight wing membrane between the keel boom and each
leading edge boom would assume a semi-circular shape during atmospheric
flight. The man would be enclosed in an insulated crew capsule in the center
keel boom along with the necessary life support and flight control equipment,

1
) -

1g spread of 28 feet.

The vehicle would be

Figure 2. Re-entry Paraglider

Due to its maneuvering capabilities, this lifting vehicle would be capable
of landing anywhere within an earth footprint approximately 1, 400 miles long
and 450 miles wide. Additional details concerning the proposed design of the
paraglider, along with its trajectory parameters and aerothermodynamic
characteristics, were presented in a paper at the Second Aerospace Expand-
able Structures Conference in May, 1965. This paper also presented details
of the physical construction and properties of the nickel-chromium metal
fabric used as a flexible structural material. The impregnation or satura-
tion with high temperature silicone rubber and the coating of the vehicle with
a varying thickness of the necessary ablative silicone rubber were also dis-
cussed in the previous paper.

One of the most significant developments of this program was the special,
semi-automatic, deep throat welder which was designed to make flexible,
high strength seams in metal fabrics. The welder makes two rows of closely
spaced, small diameter spot welds in the fabric using a 1/2 to 3/4 inch over-
lap of the fabric layers. At least five layers of fabric can be joined so inter-
secting seams and multiple plies can be accommodated permitting the con-
struction > surfaces with compound curvature.
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I'he welder has a seven-foot d""i’ throat and

) » 7
t 118 showa rigure 5 in this
the horizontal arm or center arm is i arm is used for

g longitudinal and circumferential

seams in cylindrical shapes. A

L"-shaped arm can be substituted

such as the

for the horizontal arm so that
S toroidal apex of t

The speed of the welder is oper:

cuit in the 1
trol

he paraglider, can be welded.

a foot I'M"ILLI

a timing cir-

pper control box at the rear of the machine timer con-

per and lower welder head, as well
g of the weld current from the

s the synchronized speed of the

as the pulsir

welder power supply
lower control unit at the rear of the machine. T} .

aCnNi1ne

1T¢

operate at seven different speeds from approxim:

1
Che heads can be rotated at various angl

support so that joints may be made

Figure 3. Special Welder for Metal Fabric

The extensive qualification testing on this welding system shows that the
weld strength exceeds 89% of the parent fabric strength for a large popula-
tion of tensile test coupons at the 907% confidence level. The original goal
was a weld efficiency of 85% and statistical analysis of the qualification test
results indicate that there is more than 99. 95% confidence that the average
tensile strength of a two-layer weld exceeds this value. In welding the com-
plicated, toroidally shaped apex of the paraglider, the average efficiencies
01 process control test coupons were 92% for two layer and 87% joint ef-
iency for five layers.
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['he entire fabrication technique egir t L very areful 1ttir L8

i 1strated in Figure 4, of the metal fabr ng templates which have pre
viously been fitted to m e fabi s the wved up on these
forms and ""basted' in A 1] ta e discl power
supply and a hand-held rode th the elect eing a
thin copper strip inserte roposed joint After basting, the
form is removed from X ture (in the 2se of the apex it must
be disassembled from ture A the unsupported flexible

material is taken to the large elder For a structure with maximum
shear strength in the reinforcin skin, permitting torsional loads, two
similar structures are assembled with one having the fabric in bias rela

tionship to the other One of these plies is then inserted within the other

and the form again placed within the two ply fabric assembly 'his fabr
assembly on the form tool is then vacuum impregnated with a liquid sili
cone rubber [he impregnated fabric may subsequently be overlayed or
oated with additional protective r ablative yatings 1f requi d he
impregnation process was the subject ol y rable developmental efiort
and the technique which was adog d es ted ir ymplete saturatior the
fabri th no voids his mportant for a pace str: ture, since 01ds
vould tend to ster ind dela Le f the str ture ere ¢ ysed to hare
va um, mtact of the metal § aments wo d ne t tr sfer
and encourage ternal fab1 abrasion during - i flight
flexing




The objectives of this program included not only the development of
material systems and manufacturing techniques, but the testing of a number
of components of the paraglider using simulated re-entry loads and tem-
peratures to prove out the design technology as well as the fabrication
methods. Fifteen 7 to 10 inch diameter, open ended frustums (tapered
cylinders) were fabricated including complete impregnation and ablative
coating. These were tested with end closures in place at internal pres-
sures producing the proper reinforcing fabric loading while torsion, shear,
and bending loads were applied both at room temperature and tempera-
tures simulating those of the re-entry regime.

Figure 5. Bending Test on 7-inch Diameter Bias Cylinder
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ure 6, Frustum Set Up for Test Figure 7 Vie yf Frustur

Fatigue L.oads and Pneumatic Bursts After







nres
heatir
separ
the )

1. irate
fold

lcwed D

\s 1

I ire |

bration

1 &
P
;e
r
A
4
|
f

Doom

R




The boom was then remounted on the test support inflated and enclosed
in a plastic tent which was purged to about 1 %o oxygen to simulate the oxy-
gen partial pressure at the re-entry heating altitude. The metal fabric
substrate was heated to 800-850°F for ten minutes during which normal
charring of the external ablative surface occurred with char reaching ap-
proximately 2, 000°F. During this heating period the boom was cycled ten
times from 0 to 100% of combined limit loads at one cycle per minute.
Immediately thereafter, while still being heated, the boom was subjected
to a fundamental natural frequency (determined during room temperature
testing) of 16 cps at 0. 25 g for one minute.

After cooling, the boom was inspected and although severe charring
of the ablative material occurred, no significant leakage of pressurizing

gr
gas occured as a result of the heating, due to the fact that the impreg-
nated metal fabric substrate showed no damage. The first post-

temperature test performed on the boom was another cyclic limit load,
fatigue test requiring the combined limit loads of 340 pounds on the tan-
gential wing attachment flap using a whiffletree loading device. The
specimen showed no adverse effects from this test. Another vibration
test was conducted, and finally combined loads were applied in increments
up to a maximum of 300% of design limit load or 1, 020 pounds distributed
along the wing flap. Incipient buckling was noted at the large supported
end of the boom at approximately 240% of limit load.

The large toroidal apex section of the paraglider was constructed using
over 200 separate fabric segments welded together in a jigsaw pattern to
produce load carrying skin with compound curvature. One ply of this
structure is shown in Figure 11. Three-foot long, 32 inch diameter stub

Al

Figure 11. Welded Metal Fabric Outside Ply of Apex Before
Applying Metal Tape Wrapping
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Figure 14. Apex Folded in Storage Condition

Figure 15. Inflated Apex With Extension Booms for Static Loads
Testing
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FIGURE 7 - MODEL TWO DEMONSTRATING TEST PROCEDURE FOR

DETERMINING INFLUENCE COEFFICIENTS

B DEFLECTION TRANSDUCERS
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Figure 4 Full Size Flying Thread Loom
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FIGURE 1
DEPLOYABLE
SOLAR ARRAY

521


















FIGURE 7 SPIN DEPLOYMENT TEST SET—UP
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FIGURE ':1 - Besic Module- FIGURE 2 - Shelter :1 at Indian
"bow-tie" concept, Shelter 1 River III exercise, =4lin AFB,
Fla., September, 1961

FIGURZ 3 - Brection of Shelter FIGURE % - Shelter :1 after
t1-E1 Centro Naval . ir Facilities Dbeing struck by twister in
July 19565 aftermath »f Hurricane Helga

Sentember 1966.
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t5 - Basic Module and FIGURE “t6 - Shelter in jungle

FIGURE
typical arch- "folded beam" clearing test site- Howard AFB,
concept canal Zone, October 1965

- "Folded beam"
at Tropic Test Site, Fort Sherman shelter in Vietnam, 1966.
Canal 7Zone

FIGURE 47 - Test panels installed FIGURE %8
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FIGURE - Interior of shelter FIGUR:z $10 - Arctic Test, Ft.
used for personnel housing, 1inwright, Alaska, January
Vietnam, 19 19G¢

FIGURE ¢ll1 - Improved shelter, FIGURE 12 - Air Conditioning
Vietnam, Summer 1966, unit in improved shelter,
Vietnam, Summer 1966.









FIGURE #13 - 16'x16' shelter FIGURE #14 - Field Erection of
packaged, Eglin AF Base 16'x16' test shelter

FIGUREZ#15 - 16'x16' Test shelter FIGURE #16 - Shelter undergoing
installed in Eglin Climatic Climatic testing, Eglin *F Base

Laboratory
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FIGURE #l17 - Concept A- three- FIGURE #18 - Concept B - "Space
hinged arch with rigid panels. Frame" with rigid panels.

FIGURE %19 - Concept C - sec- FIGIIR® 20 - Coacedt D - T™nuble
tional arches with fabric curvatarn b»rrel vault
cover.
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FIGURE 426 - “ood beams nd
plywood sheathing - Live
Structures, Inc.

FIGURE 125 - Single curvature
barrel vault concept

FIGURE % 27 - Live Structures FIGURE %28 -Folded@ foamboard
shelter erected arch concept 50' span
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FIGURE #29 - Plydom Model 100 FIQWRE *30 - New 16'x32' concept
International Structures, Inc. releasing folded arch
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FIGURE #31 - New 1l6'x32' concept FIGURE #32 - New 16'x32' concept

erection of typical arch Panelized end wall
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FIGURE +*33 - Shelter-container FIGUR 34 - Shelter-containor
concept- storec¢ position with partially exvanded

face removed showinc void for

equipment storage

FIGURE %35 - Shelter-container FIGURE 36 - New 21'x10' concept
concept - one guarter section utilizing diamond section cdouble
fully expandecd wall constructionn
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FOLDED IN PRESS

FOLDED UNDER VACUUM

TANK NO. 2
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TANK NO. 4 COUAPSING UNDER HAND PRESSURE
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Molten sulphur sprayed on fiber glass for construction of 120 ft diameter helicopter
te

3

]

Figure 12
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Preparing a shelter floor over desert sand with molten sulphur and fiberglass.

Figure 13.
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661

sing showing 2000 gpm fast fix cement slurry mixing unit being supplied fast fix

An artist's concept dra:
cement from a 13,000 1b./min.

feed hopper.

Figure 15.
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(b) (e)

(c)

FIG. I3 ANTENNA PACKAGING
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{a) 0.03!sec (d) 0.27sec

(b) 0.063 sec (e) 0.41sec

(c) 0.18sec (f) 0.47 sec

FIG. 14 ANTENNA DEPLOYMENT SEQUENCE




(g) 049 sec (j) 054 sec

(h) 0.50 sec (k) 0.58 sec

(i) 0.5 sec (1) 0.89 sec

FIG. 14 ANTENNA DEPLOYMENT SEQUENCE (CONCLUDED)
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