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THIS CONTRACT IS TO DEMONSTRATE THE TECHNICAL FEASIBILITY OF

UTILIZING AN EXPANDABLE CRiW TRANSFER TUNNEL FOR MOL.

This contractual effort does not indicate that the Manned Orbital

Laboratory will actually utilize this crew transfer method, There

are several other feasible concepts which may well be utilized by

MOL to effect crew transfer.

This contract is funded by Aero Propulsion Laboratory# Directors

Discretionary Fund.
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I, SUMMARY

This fou th bi-monthly progress report presents the program effort completed

during the seventh and eighth monthb of the modular concept crew transfer

tunnel contract period.

Phase II, detail design, analysis, and test has been completed except for

some specimen testing. The uncompleted specimen testing consists primarily

of tests invilving the structural layer of the composite wall, but these

tests have been underway for some time and are nearing completion.

Phase III, prototype fabricdtion and preliminary qualification has been in

progress for about four months with work proceeding on the fabrication of

the composite tunnel wall, the packaging canister, and the test carrier to

support the completed tunnel during testing. The rigid sandwich floor

structure has been completed and has been joined to the rigid foam mandrel.

Planning has been coordinated with the Arnold Engineering Development Center

1. (AEDC) at Tullahoma, Tennessee for the expandable tunnel vacuum chamber deploy-

ment testing. Agreement has been established on all major ereas of concern,

with only the date of the Mark I chamber availability unknown. Since the

chamber availability for testing is subject to the completion of construction,

it is quite probable that the zero "0" flight tests will be performed before

Uie vacuum chamber der1n"ent tests.
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II. PHASE Il - DETAIL DESIGN ANALYSIS, AND TEST

The detail design is complete at this time. Joint and seam designs for the

structural layer have been finalized, with the designs substantiated by tests.

The hardware for attaching and jettisoning the packaging canister has also

been finalized. The two parts of the canister will be held together with

bolts, and separation of the upper part of the canister, the part restraining

the packaged tunnel, will be achieved by using non-gaseous, non-fragmentation

guillotines to cut the ten attachment bolts, with the stored energy of the

packaged tunnel wall supplying the separation force.

The required thermal coating has been established by analysis, but the finali-

zation of the choice will depend upon the uncompleted environmental testing.

The required coating consists of a layer of aluminized Nylar partially covered,

probably by striping, by an aluminized silicone paint.

All detail analyses incluling structural, thermal, meteoroid impact, radiation,

and weight analyses hav been completed at this times.

The specimen testing .'ogram is nearing completion. Micrometeoroid impact

tests on stressed composite wall specimens were conducted at the hypervelocityiparticle impact facility at Wright-Patterson APB, Ohio during the first week

~in May, The test results were zero penetration of the structural layer. In

fact, there was absolutely no d-iage to the structural laer when a micro-

meteoroid barrier of two inch thick polyether flexible foam with a densit of

one pound per cubic foot was used. The particles used were yla dines of
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approximately 5 milligams travelling at an average velocity of about

27,000 feet per second. In these tests, the two inch flexible foam barrier

proved to be 16 times as effective as single sheet aluminum on the basis of.

welg;, per unit surface area.

Trs uncompleted specimen testing consists primdrily of tests involving the

structur; layer of the composite wall, the thermal coatingo and the abrasion

characte-.stios of the astronaut's space suit relative to the tunnel interior

surface. The tests involving the structural cloth have been underway for

some time and are nearing completion. Testing of candidate thermal coatings

has also been initiated but has not been completed. The abrasion tests have

not been started because samples of the space suit material have not as yet

been obtains d,

The guillotines to be used for cutting the canister attachment bolts have been

reoeived, nd they will be tested the first week in July under ambient con-

ditions at GAC. Three of the guiLlotines wi.1 be sent to AMXC for test firing

in a vacuum chamber to insure operational reliability for the vacuum chamber

deploymnt testing of the expandable tunnel.

m.l PHASs nl - PRTOTYPE FAnnCTIcm AND PRLmmAmf QUALIFICATICH

The rigid foam mandrel has been completed, -and the rigid sandwich floor

structure has boe ompltedA The floor has been sealed and covered by a

laminate of nylon cloth and 0.070 inch closed call vtnyl foam pressure
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bladder material. Both the mandrel and the floor have been assembled to thie

fabrication support fixture, and the multi-ply pressure bladder part of the

composite wall has been fabricated on the mandrel and bonded to the sealed

floor, Forming fixtures were fabricated for the stretch forming, under heat

and vacuum pressure, of the filM-cloth and cloth-foam laminates of the pressure

bladder where the fabrication patterns required double curvature at the

hemispherical ends and torus cross-sections of the tunnel wall. Stretch-

forming of the double-curvature patterns was required in order for the patterns

to fit the contour of the mandrel and not wrinkle at the pattern seams. The

forming process will also be used for the film-cloth laminate outer cover of

the composite wall.

The dacron cloth purchased for the structural layer of the composite wall is

a substitute cloth, the purchase of which was necessitated by the long lead

time required by the mill to supply the desired cloth. Tests of the pur-

chased cloth have established that a safety factor of 5 is achieved, based on

design geometry and the design pressure of 7.5 psi, but neglectLg creep-

rupture effects due to 60 days loading at the design pressure. In view of

the fact that the tunnel is a prototype model which will not be subjected to

60 days loading, and also that the safety tactor of 5 is high for ambient

usage, the utilization of the substitute cloth is deemed satisfactory.

Also in view of the long lead time required, a substitute paint will be used

for the thermal coating. The thermal analysis indicates that the thermal

i)i
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coating required consists of a layer of al'unized Mylar partially coveredp

probably by striping, by an alzanized silicone paint. In view of the fact

that this paint is white, the substitute paint purchased to simulate the

required thermal coating is white hypalon paint.

Fabrication of the packaging canister has been started and is proceeding

satisfactorily. The final assembly of the canister, which is being made 2n

two parts to achieve the desired method of separation and ejection, will not

be performed until the ccwpletion of the packaging tests on 4' e expandable

tunnel. The reason for this approach to the canister final assembly is to

achieve the lowest possible packaging height relative to the rigid sandwich

floor.

Fabrication of the test carrier to support the expandable tunnel during in-

house testing and vacuum chamber testing has been initiated and is also

proceeding satisfactorily. The test carrier incorporates equipment required

for proof-presasre testing, leakage testing, cyclic pressure testing, and

a vacuum chamber deployment testing. All the equipment required has been

either received or ordered. Fabrication has also been started on the vacuum

chamber penetration plates required by tbn AI), facility at Tullahomam All

I testing procedures and equipment requirements for the vacum chamber t,.ting

hav, been coordinated thus far with the AWC faciity. -A preliminary test

plan for the vacuum chamber testing is presently being prepared for approval

by AMDC persoml..
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Conceptual designs of two expandable structures experiments applicable To the

MOL have beer prepared and submitted 4o RTD at Wright-Fatterson AFB f,r study.

One experiment is an expandable airlc ck which may be used for an exit and

entrance to MOL for extra-vehicular activity. The airlock has four transparent

viewports so that it may also be used as an observation post for extra-

vehicular activity or may be used for viewing other space objects or events.

nhe other experiment iU an expandable space maintenance hangar thdt may be

used for the assembly and operation of other L experiments. The space

maintenance hangaz has an operating inflation pressure of 3.5 psia with a

packaged weight of 2,000 lb. and an op6rational weight of 1,500 lb. The air-

lock has atn operating inflation pressure of 7.5 psia with a packaged we.ght

of 205 lb. and an operatIonal weight of 125 lb.

GAC is also preparing a third conceptual design of an expandable structures

experiment which is beyond the scpe of the contract, but which GAC feels

would be a valuable addition to the MOL progra. This structure is also a

3pace maintenance hangar concept, but it provides docking facilities for the

Gomini-OL vehicle with an expandable structure to enclose the entire v hicle

to protect istronauts perfcrming maintenance or repairs on the Gemin-OL

I vehicle. This conceptual design will be submitted to RTI for study in the

vzry near future.

4
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IV. GENERAL STATUS AND NEXT REPORTINC PFYIOD

The general status of the contract program is very good. At the present time

no zajor problem areas are apparent, and except for the vacuum chamber deploy-

ment testing, the program is on schedule. The date of the AEDC Mark I vacuma

chamber availability is presently unknown, but in all probability, the zero "G"

fliFfit tests will be performed before the vacum chamber deployment tests.

Phase I, the concept definition, has been completed, and Phase II, the detail

design, analysiss and tea+ complete except for a small amount of spec-men

testie. Phase III, prototype tunnel fabrication and preliminary qualification,

has been in progress for approximately four months and is proceeding on schedule.

The rigid foam mandrel and the rigid sandwich floor structure have both been

completed. The floor has been sealed, attacked to the fabrication fixture, and

Lmded to the pressue bladder which was fabricated on the mandrel. Fabrics-

tiou is proceeding satisfactorily on both the packaging canister and the test

carrier for supporting the expandable tunnel during testinr. The testing prc-

cedure to be followed has been finalized, and all required equipment is being

fabricated or has been ordered. The two conceptual designs of exp]ndable

3tructreS exmperiments applicable to the Ojt, the airlock And the space main-

tenance hangar, have been submitted to RTD.

During the next reporting periods, pror effort on Phase UI, of which only

specimmn testing remains, will be completed. Phase III ri.ll also be completed

exropt for the vacwm chamber deployment testin . The remainder of the

omposite wall of the tunnel will be fabricated and the rigid foam sandr-el will
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be removed. The fabrication of the packaging canister and the test carrier

will also be completed. All testing except the vacuum chamber deployment

testing will be completed. These tests include packaging, proof pressure,

leakage, and cyclic pressure tests. The tunnel will be evaluated from the

human factors standpoint and the lighting and locomotion aids will be

installed. The tunnel will be delivered to RTD for zero 00Q flight testing

at the end of the reporting period. A preliminary design will be prepared

of the selected expandable structures experiment concept.

The fifth program briefing was held the third week in June at GAC. In order

that RTD might plan further program briefings at GAC, the planned fabrication

(and preliminary qualification testing schedule is described below.

The structural cloth layer and the structural floor joint of the tunnel composite

wall will be applied during the week of 5 July 1965, and the polyether foam

meteoroid barrier and outer cover laminate will be applied during the week of

12 July 1965. The tharmal coating, the substitute hypalon paint, will be

applied and the rigid foam mandrel will be removed during the week of 19 July 1965.

Final assembly of the tunnel and the attachment of the tunnel to the test carrier

will be performed during the week of 26 July 1965.
iK

Preliminary human factors evaluation and temporary installation of the lighting

and locomotion aids will be done during the week of 2 August 1965. Packiging

tests and final assembly of the packaging canister will be performed during the

week of 9 August 1965. Proof pressure and leakage tests will be performed
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f during the week of 16 August 1965. GAC plans to ruu these teat conourrentlyl

monitoring the leakage at the proof pressure of 10 psig for 7 days. The

leakage at 7.5 psig can then be determined as a direct proportionality of the

*1 inflation pressures relative to the leakage at proof pressure. This procedure

will allow the week of 23 August 1965 to be used for cyclic pressure testing

and further human factors evaluation with final installation of the tunnel

lighting and locomotion aids before shipment tc RTD at the end of the week.

T. L. Hofflm
Project ngineer
Goodyear Aerospace Corporation
Dpertment 455
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