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THIS CONTRACT IS TO DEMONSTRATE THE TECHNICAL FEASIBILITY OF
E UTILIZING AN EXPANDABLE CREW TRANSFER TUNNEL FOR MOL.

This contractual affort does not indicate that the Manned Orbital
i 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 Laberatory, Directors i

Discretionary Fund,

B-ID-15( 76 T7-10}
REF  DEOANEERMG FROCEDURE 3017
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I. SUMMARY

This fourth bi-monthly progress report presents the program effort completed
during the seventh and eighth moaths of the modular concept crew transfer

tunnel contract period,

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

some specimen testing. The uncompleted specimen testing consists primarily
of tests involving the structural layer of the composite wall, but these

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

Phase III, prototype fabrication and preliminary qualification has been in
progress for about four months with work prcceeding 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 I \
(AEDC) at Twllahoma, Tennessee for the expandable tunnel vacuum chamter deploy-
ment testing, Agreement has been established on all mujor =reas 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 "G" flight tests will be performed before

uie vacuum chamber denlniment tests,
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PHASE II - DETAIL DESIGN, ANALYS8IS, AND TEST

The detail design is complets 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, und separation of the upper part of the canister, the part restraining
the packaged tunnsl, will be achieved by using non-gaseous, non-fragmentation
gulllotines to cut the ten attachment bolts, with the stored energy of the

packaged tunnel wall supplying the separation forcs,

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 Mylar partially covered,
probably by striping, by an aluninized silicone paint,

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

and weight analyses hav: been completed at this time,

The specimen testing ; ogram is nearing completion, Micromsteoroid impact
tests on stressed composite wall specimens were conducted at the hypervelocity
particle impact fucility at Wright-Patterson AFE, Ohio during the first week
in May, The test results were gero penetration of the structural layer, In
fact, there was absolutely no dumage to the structural layer when a micio-
meteoroid barrier of two inch thick polyether flexible foam with a density of
one pound per cubic foot was used, The particles used were Mylar discs of
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approximately 5 milligrams 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.

weizh! per unit surface area,

Tpz uncompleted specimen testing congists primarily of tests involving the
structur:" layer of the composite wall, the thermal coating, and the abrasion
characteristics 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 obtained,

The guillotines to be used for cutting the canister attachinnt bolts have been
received, and they will be tested the first week in July under ambient con-
ditions at GAC, Three of the guiilotinea will be sent to AEDC for test firing
in & vacuum chamber to insure operational reliability for the vacuum chamber
deployment testing of the expandable tunnel,

PHASE III - PROTOTYPE FABRICATION AND PRELIMINARY (UALIFICATION

The rigid foam mandrel has been completed, and the rigid sandwich flcor
structure has been completed, Thes flcor has been sealed and covered by a
larminate of nylon cloth and 0.070 inch closed cell vinyl foam pressure

oy
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bladder material, Both the mandrel and the floor have been assembled ‘o the
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

flocr. Forming fixtures were fabricated for the stretch forming, under heat
and vacuum pressure, of the filmecloth and cloth-foam laminates of the pressure
bladder where the fabrication patterns required double curvuture at the
hemispherical ends and torus cross-sections of the tunnel wall, Stretche
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 aiso 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> 1s achieved, based on
design geometry and the design pressure of 7.5 psi, but neglecting creep-

rupture effects due to 60 days loading at»t.he design pressure. In view of

G PROCEDUNE $.017

the fact that the tunnel is a prototype modsi which will not be subjected to
60 days louding, and ulso thaf. the safety factor of 5 is high for ambient

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

B=1D-1K 78k ){ 7720}
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Also in view of the long lead time required, u substitute paint will be used

for the thermal coating, The thermal analysis indicates that the thermal
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coating required consists of a layer of aliminized Mylar partially covered,
probably by striping, by an aluminized silicone paint, In view of the fact

that this paint is white, the substitute paint purcha.ed 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 an
two parts to achieve the desired method of separation and ejection, will not
be performed until the completion of the packaging tests on *'a expandable
tunnel, The reason for this approach to the canister final assembly is to
achieve the lowest possitle packaging height reiative t¢ the rigid sandwich

{floor,

Fabrication of ths test carrier to support the expandable tunnel during in-
house testing and vacuum chambear tes+ing has been initiated and is also
proceeding satisfactorily. The test carrier incorpcrates equipment required
for proof-pressure testing, leakage testing, cyclic pressure testing, and
vacuum chamber deploymsnt testing, All the equipment required has been
either received or ordered, Fabrication has also been started on the vacuum
chamber penstration plates required by the AEDC facility at Tullshoms., All
testing procedures and equipment requirements for the vacuum chamber i»<ting
have been coordinated thus far with the AEDC facility, A preliminury test
plan for the vacuum chamber testing ie presently being prepared for approval

by ARBDC persomnel.
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Conceptual designs of two expandable structures experiments applicatle to the
MOL have beer prepared and submitted o RTD at Wright-Patterson AFB for study,.
One experiment is an expandable airl:ck which may be used for arn exit and
entrance to MOL for extra-vehicular activity. The eirlock 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 eventis,
The other experiment it an expandable space maintenance hangar that may be
used for the assembly and operation of other MOL experiments., The spacs
maintenance hanga: has an operating inflation pressure of 3.5 psia with a
packaged weight of 2,000 1b, and an operational weight of 1,500 1b, Tgoe air-
lock has an operating inflation pressure of 7,5 psia with a packaged weight

of 205 1b, and an operational weight of 125 1b,

GAC is also preparing a third conceptual design of an expandable structures
experiment which is beyond the scope of the contract, but which GAC feels
would be a valuable addition to the MOL program. This structure is also s
space maintenance hangar concept, but it provides doddng facilities for the
Cemini-MOL wvehicle with an expandable siructure to enclose the entire vchicle
to protect astronauts perfcrming maintenance or repairs on the Gemini-MOL
vehicle, This conceptual design will be sutmitted to RTD for study in the

vary near future,
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GENERAL STATUS AND NEXT HEPOHTINC PERIOD

The general status of the contract program is very good, At the present time
no major problem areas are apparent, and except for the vacuum chamber deploy-

ment ‘esting, the program is on scnedule. The date of the AEDC Mark I vacuum 1

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

flight tests will be performed before the vacuum chamber deployment tests.

Phase I, the concept definition, has been compieted, and Phase II, the detail
design, analysis, and tes* . complete except for a small amount of specimen

testine, Phase III, prototype tunnel fabrication und preliminary qualification,

has been in progress for approximately four monmths and is proceeding on schedule,
The rigid foam mandrel and the rigid sandwich floor structure have both been
completed, The floor has been sealed, attached to the fabrication fixture, and
tanded to the pressure bladder which was fabricated on the mandrel. Falrics-
tion is proceeding satisfactiorily on toth the packaging canister and the test
carrier for supporting the expandable tunnel during testinr, The testing pro-
cedure to be followad has bean finalired, and all required equipment is being
fatricated ar has been ordered, The two conceptual designs of expundable
structures experiments arplicabtle to the MJL, the airlock und the space main-

tenance hangar, have been submitted ¢o RTD,

During the next reporting period, program effort on Phase II, of which only
specimen testing resmains, will be completed, FPhasa III will also be completed
exospt for the vacuum chamber deployment testing, The remainder of the
composite wall of the tumel will be fabricated and the rigid foum mundrel will
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be removed, The fabrication of the packaging canister and the test carrier
will alsc be completed, All testing except the vacuum chamber deployment
testing will be completed. Thess tests include packaging, proof pressure,
leskage, and cyclic pressure tests. The tunnel will be evaluated from the
human factors standpoint and the lighting and locomotion aids will be
installed, The tumnel will be delivered to RID for zerc ®G" flight testing
at the end of the reporting period, A preliminary design will be prepared

of the selsected expandable structures experiment c¢oncept.

The fifth program briafing was held the third wesk in June at GAC. In order
that RTD might plan further program briefings at GAC, the planned fabrication

and preliminsry qualification testing schedule is described below.

The structural cloth layer and the structural floor joint of the tumnel 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 thaermal coating, the substitute hypalon paint, will be

applied and the rigid foam mandrel will be removed during the week of 19 July 1965,
Final aaéembly of the tumel and the attachment, of the tunnel to the testi carrier

will be performed during the week of 25 July 1965,

Preliminary human factors evaluation and temporary installation of the lighting
and locomotion aids will be done during the week of 2 August 1965. Packaging
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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during the week of 16 August 1965, GAC plans to run these test concurrently,
monitoring the leakage at the proof pressure of 10 psig for 7 days. The
leskage at 7.5 psig can then be determined as a direc’ proportionality of the
inflation pressures relative to the leakage at proof pressurs. This procedure
will allow the week of 23 August 1565 to be used for cyclic pressure testing
and further humsn factors evalustion with final installation of the tunnel

lighting and locomotion aids befors shipment tc¢ ®ID at the end of the wesk.
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Unclassified report

Descripions: (*Spacecradt, Reseurch progrum

instration), (*Space ight, Federa! budg-
L Boderud budsets, Spacccrafl), Manage-
ment 1lanning, Scientific rescarch, Manned
Coacectafi, Depannmant of Defense, Costs,

Boorm s
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LG el aniarnind t sisuons and program
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Desenptois: (*Space  coibantntcation Y.
tew s, Satellites (Artificial), (*Satethies (Anti-
ficials, Space communication systenis), Re-
ports, Stabihization aystems, Screntilic satel
Wes, X band, Transponders, Mapociiom,
Torgue, Dagital systeans, Performance (g
ineeting),  Lelemeter  systems, 1, band,
Spheres, Piogrumming  lsaguages,  Radar,
Spave probwes, Radar intenms, Communica-
fion sulcltites (Active), Conmimication satel
Htes (Pnive)

This sumvmaey inchides the work of all poougpsw
withia Thvision 6, Commaunications, with the o
COP O Wk i SCismie discianinatann in
Ghroups 64 and 65, which is teparied daectly (o
the sponsr i a different form, 1t also repodts oa
pestions of the Space Communications Program
undettalen by Division 3, Rudio Physics: Divi-
sion 4, Radar: and Division 7, Engincciing, The
taunch of the second Lincoln Experimental Satel
lite (1.ES-2) occurred on 6 May 1963 from Cape
Kennedy. The Titan 1L A carried LES-2 into a
circular oibit from which a booster rocket was
fircd, placing the satellite into un elliptical orbit
of apogee at B00Onm and penigec ot 1500nm. LES-
2 contained an all solid state X-band transponder,
a switched antenna system with carth sensing by
mcans of visible light, and an automatic magnetic
torque to control spin-axis orientation. An addi-
tional feature of the 6 May launch was the place-
ment, in an 1500-nm circular orbit, of the 1.0-m2
Lincoln calibration sphere which can scrve as a
standird calibration target for many space radar
and space communications facilities th:oughout
the world. The LET was completed during this
quarter and was used for digitized, vocoded voice
transmissions with LES-2. (Author)

AD-468 680 Div. 12/6 ,12/3
MARTIN CO DENVER COLO
DETAIL SPECIFICATION FOR STANDARD
SPACE LAUNCH VEHICLE STANDARD CORE.
1 Jun 65, 157p. Rept. no. SSS-T111-D-SLV/
01A010 .
Contract AF04 695 150

Unclassified report

-

Descriptors: (*Launch vehicles (Aerospace),
Specifications), Performance (Engincering),
Design, Systems engineering, Weight, Quality
control, Standardization, Military require-
ments, Test methods, Packaging, Booster mo-
tors, Sccond-stage motors, Third-stage mo-
tors, Flight control systems, Pressure, Pneu-
matic systems, Attitude control systems,
Power supplics, Iastrumentation. Salety,
Inertial guidance, Malfunctions, Detection

The Standard Core when assembled in proper
combination with other contractor {urnished end

items and government furnished equipment pro-

vides a means of launching a varicty of spacecraft
payloads, eithcr manncd or unmanne<. into var-
tous sub-orbital trajeclories, space orbils. or es-
cape flight paths. The Standard Core is the prima-
ry end item of the Standard Space Launch Vehicle,
SLV-S system. (Author)

AD-$68 792  Div. 12/6,12/1

AIR FORCE FLIGHT TEST CENTER ED-
WARDS AFBCALIF

THE HYPERSONIC LATERAL-DIRECTIONAL

DYNAMICS OF LIFFING REENTRY VEUICLES,

Final technical rept.,

tAucihon)

AD-f 0 Din, 1226 0202 512

DINTOIN LAK MASS INST OF TECH LEX-
N daN

DIV I ON 5 NPACE COMMUNICATIONS.

O e torn sochatieal semmary. Mar-31 May 65,

Ty e ead i Dnacen. 18 Jun 68, 36p. Contsuct

DO TFEREINE TR LRI e L B

ESD DR6820

Uaclassified report

by Robert W. Kempel.

Aug 65, 19p. Rept. no.
AFFTC-TR-64-46 ¢

Unclassified report

Release or anuouncement to foreign governnients
vr their nationals is not authorized. '

Duscripions;  (*Reentry  vehicles. LI,
CSpacestaft, Lifn, (*Hypersome test vehie
cles, Pty Fhght testung,  Acredynamic

charactenniivs, Rotl, Pitch (Motion), Yaw,
Partial diticientiad equations, Stabidity

A169

SPACE TECHNOLOGY —Field Z2

The linear latcinl-diectional characteristic eq.
tian (transler Zunstion deronunator) and nwed.?
respaiine ratios for hypersanic hiting reentty vl
cles ware derived, Fhree fusans of the equitios.
weie comsidered: (1) s complete form, (1) a fosn,
neplectingg the prastuct of incitiong and 111 o fora:
neglecting the prasluct of incitngand the Cross
damping: detivatives, Appionimate fuctars wihe b
Can e used 1o solve the viious forms of the
clumacterstic cquetion are preseated The varions
forms of the equations were solved Jor weverad bis
iog reentey vebicles,: The sesulis indicate that th
Cogiitionss in their simplest Fonm (Cave 1D can i
wned s detenminiog e tant cluanwtensin s
hypecsoniv seentiy sefictes, Do the sonplden
equations {Case, 1D accurate expressions 1o, (e
Latesal-directionat oscillatory tshnctraons flteguen-
cy and madal response ration cun be Jetesmadid.
A relatively simple mcthod for determining the
effective-dihedral and dircctional-stability deriva-
Atives from Night test records is provided in a form
which will be useful in dynamic analysis of hfun;
reentry vehicles, (Author)

AD-468941 Div. 12/6,12/1

ROYAL, AIRCRAFT  ESTABLISIIMENT
FARNBOROUGH (ENGLAND)

PERTURBATIONS OF SATELLITE ORBITS BY

THFE GRAVITATIONAL ATTRACTION OF A

THIRD BODY. . =

Technical rept., - -
: :)Sr Myrna M. Lewis. Jun 65, 19p. Rept.no. TR-
118 - )
Unclassified report

Descriptors: (*Orbital rrajectories, Gravityl.
(*Perturbation theory, Satellites (Antificizliy
N-body problem, Elliptical orbit trajectories.
Mathematical analysis, Great Britain, Equa-
tions

Equations giving the rates of change of the six orni-
tal elements of 2 close satcllise due 10 the gravita-
tional attraction of a third body are Jeri.ed using
Lagrange's planetary equations. Modificd expres
sions are also given for evaluating the perturba-
tions when only first order terms in the eccentrici-
ty of the disturbing body are retained. (Authesd

AD-468973 Div. 12/6

AEROSPACE CORPELSECUNDO CALIF

DIGITAL SIMULATION FOR SATELLITE ATTI-

TUDE DETERMINATION AND CONTROL.

by V. A.Chobotov. Aug63, tv. Rept.no. TOR-

669 (6540)-1

Contract AF04 695 669
: Unclassified repoct

Supersedes Rept.no. ATM-65 (5101-02)-27 dated

T8-Jun 65 and Repl. n0. ATM-03 (5128)-30 dated

26 May 65.

Descriptors: (*Sateflite attitude. Simulutioni.
Partial differential equations. Yaw, Pitch (Mo-
tion). Roll, Torque, Solar radiation, Magnctic
ficlds

Equations of motion have been derived for attitude
determination and control of u muitiplepart vehicle
in orbit. The vehicle may consist of an urbitarury
number, mass distribution, location and motion
of parts such as the contral moment gyros, reuc-
tion wheels, gas jets, ctc. In an effort to minimire
computer programming complexity. the cquations
have been written' in vector, scalar and matrix
forms. The various environmental perturbations
stich as the gravitygeedieni, magnctic torque, solur
madiation and acrodynamics are Jerived in terms
of the vehicle parameters and its attitude matris.
The attitude matrix determination is carried out
with the aid of the Buler purameters, while the
input and output variables are the Fuler angles.
Appendix A “deseribed the computation of the
saicliite inertia dyadic, Appendic B Jdescribes the
application of the equations for a three-body gravi-
ty-grashient stabilized satellite of the vertistal type.
Appendiy Capplicd the equations to a control-mo-
meant pyro-damped sysiem. (Author)
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