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NOTICE

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation,
the United States Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may have formulated, furnished, or in

any way supplied the said drawings, specifications, or other data, is rot to be regarded
by implication or otherwise as in any manner licensing the holder or any other person
or corporation, or conveying any rights or permission to manufacture, use, or sell any .
_ patented invention that may in any way be related thereto.
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= FOREWORD

Tf This report was prepared by the Goodyear Aerospace Corporation (GAC),
e Akron, Oiio under USAF Contract F33615-67-C-1380, Project Number 8170, Task
g Number 817004. The work was administered under the direction of Mr. F. W.
3 Forbes (DOY) for the Air Force Aero Propulsion Laboratory.

The program was started 15 December 1966 and final delivery of hardware
was made December 1971.

Mr. Leo Jurich was the initial project manager for GAC at the start of
the program and shortly thereafter turred the assigument over to Lou Manning
to complet: the effort., The contractor's identification number for this

report is GER-15607.

This report was submitted by the authors Septemher 1972.

Publication of this report does not comstitute Air Force approval of the
report's Zindings or conclusions. It is published only for the exchange and

stimulation of ideas.

.y

Blackwell C. Dunnam
Chief, Technical Operation Office
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ABSTRACT

This report presents the results of Goodyear Aerospace Corporation's
(GAC) program effort under Contract F33615-67-C-1380 for the Ajr Force Aevo
Propulsion Laboratory, Air Force Systems Command, United States Air Force.

The program was directed at evaluating the potential advantages of
expindable structures to serve in certain space applications such as airlocks,
crew guarters experiment chambers, emergency escape capsules and crew trans-
fer tunnels. A configuration of a cne-man expandable airlock was chosen as
the candidate design most appropriate for an early evaluation.

The human factors characteristics and geometry »ere established after
extensive underwater reutral buoyancy testing by the Air Force Aero Medical
Laboratory. The airlock design dimeansions were found adequate to accommodate
the entry of a fully suited rescuer with back park to rescue another crewman
simulating an incapacitated condition. Hatch size, latching, and opening
features, mohility restraints ana lighting requirements were also established

Prototype training h~idware was delivered in 1970. The fi7rst unit was
installed in a KC-135 airpla:. and evaluated in numerous zero-gravity flight
maneuvers by Air Force person=l, as well as NASA artronauts and other inter-
ested parties. The one-G realistic trainer was displayed at the Second
National Conference on Space Maintenasnce and Extravehicular Activities helé
at Los Vegas, Nevada August 6-8, 1963. Later it wac delivered to McDonnell-
Douglas Astronautics Corporation - E. D. (MDAC). 1In a subsequent shipment
of this unit back to CAC-Akron for a Critical Design Review, ths article was
badly damaged by the commercial carrizr in a loading accident. It later was
temporarily repairecé and demonstrated at ithe 3kylab Training Hardwazre Crew
Systems Review held at Huntsville, Alabama November 16-20, 1970.

The qualification test program was conducted at both GAC-Akron, and
Arnold Engineering & Development Center (AEDC), Tullahoma, Tennessee.

Material samples of the airlock structure were siubjected to simulated
micrometeoroid pentration tests and exposed to simulated space radiation and
hard vacuum environments with confirmation of the engineering analyses.

The qualification test unit (identical to flight hardware) .as suijected
to extremes of temperature, vacuum, and sclar radiation in both the packaged
and deployed state. Functional deoloyments were conducted in a vacuum chamber
at cold temperature. Numerc.s pressurization cycies were concducted to verify
structural adequacy. In the packaged state, the unit was sitbjected to shock,
vibration, and acceleration tests tc simulate transportation, handling anc
launch environments.

Flight and backup hardware units were completed and awaiting mincr
updating changes when tl.e canceilation { om the Skylab mission was received.
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. SECTION I

TNTRODUCTION

This report covers the Goodyear Aerospace Corporation (GAC) effort con-
ducted under Contract F33615-67-C-1380 for the Air Force Aero-Propulsion
Laboratory (AFAPL) of Directorate of Laboratories, Air Force System$ Command,
Wright-Patterson Air Force Base, Ohio. The program was aimed to&ar@ the
advancement of expandable-type structures for certain applications. in the
National Space Programs where the unique properties of these typés of structures
offer definite advantages in less volume during launch, lower weight, greater
structural efficiency, and functional versatility. o

The orbital space stations and the Space Shuttle program will_involve
extravehicular activity (EVA) for various docking and maintenance activities.
Airlocks and crew transfer tunnels are necessary adjuncts to such activities
to reduce the atmosphere 1lrsses and maintain comfort of other crew members.
Wherever such applications can benefit from the reduced launch volume or a
flexible extendable section is required, the D021 Expandable Airlock Structural
technology is now available to provide practical engineering solutions to the
problem.

. The original planning called for launching the DOZ1 Experiment on NASA's
Orbital Work Shop (OWS), which was an S-7V-B spent stase of the Saturn IB
launch vehicle. The spent stage was to be purged and activated in orbit by
astronauts rendezvousing from a later launch vehicle and converted to a work-
shop configuration. NASA's planning eventunally progressed to the current
version of the Skylab mission. These program evolutions created numerous
perturbations in the D021 design requiremeuts and interface restraints which
are covered in this report.

The D021 hardware was in the final flight qualification stages when the
orbital evaluation of the experiment was deleted by withdrawal of the experiment

from the Skylab mission by the action of the Manned Space Flight Experiments
Board.

Although the experiment was not flown, flight-tyoe hardware was actually
built, and successfully withstood the rigors of simulated launch and orbital
environments. The experiment was also favorably evaluated in underwater
neutral buoyancy and zerc-gravity airplane maneuvers for ingress-egress
capabilities. These ingress-egress tasts were conducted by crewmen clothed
in Anollo-type pressure suits to check out the hatch size, the hatch move-
ment, the latchiny mweclianism, the general size of the airlock, and the type
and location of mobility aids. These tests further substantiated the capa-
bility of the design to maintaia its depleyed shape even when unpressurized.

The technclogy of cxpandable elastic recovery materials as used in the
D021 Airlock Experiment has now been advanced to the point where only orbital
testing rerains for complere evaluation.
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SECTION II

EXPERIMENT DESCRIPTION

A. GENERAL

The DO21 Airlock Experiment is composed of the Expandable Airlock and

the necessary support systems needed to deploy and pressurize the airlock from
within the Skylab and telemeter the desired engineering data to earth.

An operational airlock would require as a minimum the following components:

(1) The flexible airlock shell which provide. the desired airlock
volume

(2) One airlock ingress-egress hatch and operating mechanisms
such as latches, hinges and handles (The hatch at the opposite
end would be part of the vehicle and operate within the vehicle)

(3) A packaging restrain: harness and release system

(4) Internal lighting

(5) Mobility aids (Webbing handhold provided as required)
(6) Two manual pressurc relecase valves (one in each hatch)

(7) A pressure suit umbilical connection for life support and
communication lines

As an initizl experiment certain additional eguipment must be provided
to obtain engineering data for adequate functional evaluation. The weight
of these latter items is as much as that of the basic airlock. This additional
equipment is listed below.
=
(1) Pressurization System - N, gas in high pressurc containers is
provided for 3 complete pressurization cvcles. (Sce Subsection
3 of this section for an early version which provided 5 pressure
cycles)

(2) Pressure and temperature sensing and signal conditioning equip-
ment

(3) Battery pack power supply {or the pyrotechnically operated
pressurization sequence valves.

(4) Prossure bulkhead and support structure for cquipment mounting.

In normal use as an creratione? afriscx. the vehicle atmosphere is bled into
the airlack anéd Tater disch-roed 0 $hace by ~eans ~f vent valves.
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The specific objectives of the experiment were:

(1) To validate the airlock design using the elastic recovery
materials approach

(2) To evaluate the packaging and deployment dynamics
(3) To previde a functional evalvation of the airlock

(4) To study the effects of the space environments on the
expandable structure materials

(5) To evaluate the airlock structural stiffness during astronaut
ingress-egress maneuvering.

These objectives were verified by subjecting materials and flight-type
hardware to simulate transportation, storage, launch, and orbital environ-
ments as defined in Reference 1, the Skylab Cluster Requirements Specification.
Only the actual flight verification of these results has not been performed.

8. CHRONOLOGICAL EVOLUTION

At the Preliminary Design Review held at the George C. Marshall Space
Flight Center (MSFC) Orbital Workshop (OWS) Project Office on January 18 and
19, 1967, the experiment was configured as specified below.

1. Preliminary Design
a. Configuration. The airlock was configured as shown on Figure 1 for

the packaged state during launch and as shown on Figure 2 in the deployed
condition after orbit is achieved.

PACKAGING RELEASE
IINEAR ELEC ACTUATOR PRIMARY
LANYARD FOR MASUAL RACKUP

, 30 DIt LONG
Lol

ELECTRXC VENT

ATRLOCE MOUNTING STRUCTURE

Figure 1. D-21 Packaged Configuration




ARLOCK CONTROL PANEL
PRESSURIZATION

VENTING 3
EMERGENCY EGHESS

VENT SYSTEM
ELECTRIC VALVE
INTZRNAL MANUAL VALVE
EXTEZRNAL MANUAL VALVE
EMERGENCY VENT - 10 SEC

MOUNTING
STRUCTURE

/
EXPANDABLE MATERIAL
COMPOSITE LAMINATE  {OVDICTED BY

H
$-0rAL HINGED MATCH
; WITH 10~ DIA

j VIEWING PORT

“34- INCH DIA
HATCH OPENDNG

IRLOCK GECMETRY SIZED
FOR ASTRONAUT TURMN-AROUND
HLMAN FACTORS EVALUATION

AF AERO MED LAS

Figure 2.

(SSESM) trusses as shown on Figure 3.

D-21 Expanded Configuration

The airlock was to be located on the Spent Stage Experiment Shop Module

EVA access was achieved by exit from

the A/M EVA hatch then through the SSESM thermal curtain to the D021 experiment.

Figure 3.

Airlock Located on SSESM Trusses

4
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b. Airlock Materials. The expandable structure layers of the zirlock are
illustrated in Figure 4. This illustrates the "elastic recovery materials"
approach. TFor packaging, 2 vacuum is applied to the space between the outer
cover and the pressure bladder which collapses the section to approximately
1/4-inch thickress. The airlock is then packaged and the restraint harness
is applied. Upon release of the harness, some relaxation of the structure
occurs but final shape is achieved by pressurization of the airlock.

\/_ov-!n covEs

- 73
L TFN KD VAR,

= EER =R YN
FTALY TURAL ZATER S GOV TGRS
ACZLNATL MATLR ALS sarrers
FILAMENT SiAD AT Faddiey
STILCITRAL TAPE  $TEXL
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STRLCTILRAL FABRK  miedw

Figure 4. Elastic Recovery Materials Technique

A nominal pressure of approximately 0.1 to 0.2 psi is required to fully
shape the airlock. Once deployed, the airlock demonstrates adequate rigidity
even in the unpressurized state. After initial shaping, the airlock is
pressurized to 3.5 psi working pressure.

Included as part of the experiment, two 6-inch by 6-inch sections of this
material construction were attached to the exterior of the cylindrical mounting
structare. These were to be recovered at the end of the mission by the astro-
nauts and returned to earth”for comparison of physical properties before and
after exposure to the space environment.

c. Orbital Experiment. The functiosn:l sequence of the experiment as origi-
nally planned is shown on Figure 5. This early plan called for up to three
EVA periods and involved two pressurization cycles of the airlock with an
astronaut on the interior of the DO21.

d. Instrumentation. Instrumentation was to be provided to measure inside
and outside surface temperatures of the expandable section and monitor the
internal pressure of airlock. This data would then be used to evaluate the
thermal characteristics of the design and deteramine the gas tightness of the
structure and hatch seals.

The instrumentation system was interfaced with the SSESM telemetry system
as shown on Figure 6 for transmittal to earth. High pressure transducer. are
also provided on each high pressure system for conmection.

2. Operational i-lock Study

Early in the program, a brief studv was performed to consider the
possibility of using the D021 airlock in an operational configuratiou mounted




!
i

(4]

RO AR

bl

o o — -

| RELEASE g maxvaL
CANISTER BACKUP
) NASA DEPLOY
DEPLOYMENT A/M PRESSURE
DEMONSTRATIO: C0§T§°L ! 0.5 PSIG
[ PANEL *
| [ vENT
AIRLOCK
1
A
STRUCTURAL PV PROOF VENT
TEST . -3 ATRLOCK
. . COhTROL PRESSURE
DEMONSTRATION PANE 5.0 PSIG
¢ DESIGN
PRESSURE —N: VENT l
NASA 3.5 PSIG Y
w A/ = g
" B CONTROL VENT DLSXG.\.
ASTRONAUT PANTL ! PRESSURE
INGRESS = 3.5 PSIG
EGRESS ————— [
EMON N 21 ———— — oo
DEMONSTRATIO; IA)I-RI.OCX ! : :-E“ERGE\CYL’.‘E .:_;{GE\C\I
L CONTROL;~ —_%ORESS _ J© VexT =
PANEL f }
' NASA I mATCH
Mo v | reieass |
1 ORBITAL CONTROL
l TEST PANEL DESIGN
PRESSURE
3.5 PSIG
' -
INSPECT VENT
AND RECOVER
MATERIAL
SPECIMENS
Figure 5. Functional Sequence Diagram
- 28 vV DC FROM SS2SM
4 DO INTERFACE SSESH INTERFACE
™t T e
a— TP 2 —o
TER
d TIOIVIDIAL
SURFACE 4 AMLOC }
A1RLOCX ' S1CNALS 1
—p P 3
-—1 TEVP & = SYNCHRORIZATION
. ~ fo— SICMAL FROM SSESH
SUZCOMEITATOR
| j=—" SICNAL TPAIN TO SINCLZ
1eTr — =t 2B Y oy : SSESM CrasMeEL
SURFALZ
Ao } PRESSINRE:
TANLE 0 — 6.0 PISD
L T 6 leel ACCURACY 2 1% @SSESY INTLRFACE
TEMPEPATURE:
AN AT IIVES SURTACE -SDTT 41S0°F

-
i
ATRLOCK i
PRESSURE -
UTAKEAD \.‘1 PRzss 1

Inssrumentaticon- =

6

ACIURALY:

-~

RAL U AT OUTER SIRFACE  150°F

+2%0°F

21T ae SSLSYV INreRrACH

ne -\.

3

[




. gm N "\Ef" LR T AT e R e % 'W" i'ﬂ%m;‘ AR ST SRR AL
¥ ,Qf‘v"i&i‘— a‘;%;% rggjﬁﬁmgég‘ﬁ&éf VI SRR ,Aw % 5‘;;&} =

on one of the Multiple Docking Adapter (MDA) docking ports. This would have
provided a somewhat more realistic functional evaluation of the airlock design.

The study and subsequent reviews established the following major design
considerations to be required for this alternate approach:

(1) The design working pressure would have to be iucreased from
3.5 psi to 5.5 psi.

(2) The size of the D021 airlock would require an increase to a

2-man capacity to be compatible with standard EVA safety
procedures.

(3} Apollo-type probe or drogue connecting hardware would have to
be incorporated oa the D021 airlock.

(4) Provisions for jettisoning the airlock after the experiment was
performed would be required in order to make the MDA port avail-
able for other purposes.

(5) The DN21 experiment pressurization system would be replaced
by valves opening to the MDA atmosphere.

(6) Failure modes and safety measures would become more critical
to the DO2i/MDA relat ionship.

After reviewing the problem areas at several meetings attended by DOD,
NASA and GAC, the alternate approach wes dropped because the additional
knowledge to be gained was not considerad of enough value to warrant the
added complexity, expense, and somewhat higher risk factor.

3. Miscellaneous Design Improver.ents

A number of design improvements were incorporated as the design work
progressed and are discussed below.

a. Micrometecroid Batrrier. The <rivinal weight estimate for the micro~
meteoroid barrier was based cn the use of 1.0 1b/ft3 density polyurethane
1oawm. It was found however that ‘his material could not meet the non-
flamnability requiremerts stipulated by NASA Spec. MSC~A-D-66-3 Rev. A

_ (issued 5 June 1967). Accordingly, it was necessary to substitute a heavier
égQQE(Z.O ib/fe3 det sity) foam material (self-extinguishirg ir air to meet the
specification recvirements of "Category I'"). The net effect of this material
change was an adfad weight of 6.5 lbs.

b. Improved Bonding ef “rructural Layer. Subsequent to fabricution of the
first twe hardware units (qual unit and training unit).new bonding techniques
were developed showing substantially improved bonding ol the inter-ply struc-
tural laver in the composite materials of the airlock wall. Filament wound
specimen fabrication of the st.actural laver indicated substantial bonding
improvemrent between the angular wwndings. A change in the [abrication process
was then initiated t¢ provide this improved inter-ply adhesion through the use
of additional bonding material (Taslarf yarn plus Vitel adhesive). This change

T.M. duPent E.I. de Nemours & Co., Iic., Wilmington, Del.
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was incorporated on tho final two sets of hardware (the flight and backup
units) and resulted in a 3 1b. increase to the experiment weight.

¢. Locomotion Aids. During underwater neutral buoyancy evaluations, the
addition of a rigid handhold ring at the hatch perimeter was found to be a
desirable addition to the three internal and external webbing rings already
provided. This resulted in a minor weight additjon of less than one pound.

d. Thermsl Jusulation Cover. As a result of low temperature deployment
tests and thermcdynamic analyses, (see Subsection II. C. 2 and Section III)
it was found necessary to add an insulation shroud to the DO21 packaged con-
figurations. The purpose of this shroud was to reduce the temperature
extremes that would be experienced by the expandable structure pcrtion of
the airlock in the orbital environment.

T+is shroud consisted of a multilayer superinsulation blanket permanently
attached at the lower circumference of the airlock and held in place against
the surface with snap fasteners. This thermal shroud addition resulted in a

weight increase cf 3.0 1bs.
4. Weight Reduction Program

As the design progressed, it became apparent that the weight was becoming
excessive. This was partially due to the design improvements which were added
and partially to underestimating the amount of electrical systems requiced.

In order to return to an acceptable weight, a weight reduclion program was
invoked to eliuinate urneces. ary hardware items which would nut adversaly
affect the primary objectives of the experiment.

a. Revision to Pressurization System. Three pressurization hottles and
associated plumbing were deleted. This deleted ou workiug pressurization
cyci= .nd the prrof pressurization cycie.

Deletion of the proof pressurization cycle was judged o b. iasignificant
from a funcstional standnoint because of the extensive ground pressurizazion
testing to ba performed. Since two working cycle pressurizations were still
available, the elimination of one was considered immaterial. A weight saving

of approzimately 21.5 pounds was achieved.

o. Deactivation of Hztch Jettiscning Feature. 7The need for a hatch
jettisoning capability was eliminsted when it was established that the astro-
nauts would not be inside the D021 wirlock during any pressurization cycle
and could not physically c¢lose the hatch from the interior because of the
umbilical line. This change consisted of delating the pyrotechnic cartridge
porticn of the hatch pin pullers as well as the associated wiring. Approxi-
mateiy 11.0 pounds were saved by this deletion. This change was effective
on flight units only.

c. Batterv Pack Reduction. 1In connection with the above change, the number
of Ni-CAD cells in each battery pack was reduced from 24 to 16 cells because
of the reduced power requirements.




. The potting compound was changed from an RIV silicone compound to
polyurethane foamed in place,material of approximately 2.0 1lbs/cu ft density.

A total savings of 6.0 pounds resulted from this change. This change
was effective on flight units only.

The final configuration weight summary is given in Table IIT of Sub-
section II, C. 2.

5. Skylab Impact on D021

In mid 1969, the D021 Experimenter was informed of drastic changes being
made to the OWS program by NASA. The original "wet' stage S-IV-B workshop
was to be fully equipped and launched as a "dry" stage. The Apollo Telescope
Mount (ATM) was added to the cluster and both payloads launched simultaneously
using a Saturn V booster. This had serious impact on McDonnell Douglas Astro-
nautics Company's (MDAC) A/M structure and in turn on the D021 Experiment.
Aside from the mechanical interface changes, a number of new problems were
created which took considerable time and effort tc resolve. The major problems
are discussed below.

First, with respect to finding a new location on the A/M structure for
the D021, no suitable space near the A/M EVA hatch was available. After a
thorough investigation by MDAC and numerous coordination meeting, with AFAPL,
NASA and GAC, a location on the ATM support structure between the ATM solar
arrays was selected as the only acceptable location available. This is
< illustrated on Figure 7.

1 e A it Aot Moihal o 1

Fizure 7. D021 Skylab Configuration
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The major design criteria which governed this selection were:
(1) Adequate space for deployment of the D021
(2) Reasonable access to the D021 during EVA

(3) Acceptable line of sight visibility from the Structural
Transition Section (STS) windows

(4) Reasonably unshaded environment with respect to the solar flux.

Second, the location and orientation of the D021 as finally selected
\resdlted in shading of the D021 and D024 material samples which up to now had
been attached to the base structure of the D021 as illustrated in Figure 8.
Since exposure to solar flux was an important part of these material evalua-
tions, a new location for this part of the experiment had to be established.
The spot selected was near the A/M EVA hatch, and by virtue of its physical
remoteness from the D021 location, became a separate EVA task.

Third, since both the thermal and launch vibration environments were
radically changed, the entire D021 Experiment had to be re-evaluated
analytically to establish that design limits would not be exceeded.

Fourth, the presence of the ATM introduced a greater restriction to
materials offgassing limits and tests of the D021 expandable materials had
to be repeated under the new specification Reference 2.

Fifth, new time lines and tasks sequences had to be established for the
revised configuration.

This change to the Skylab configuration was announced after the D021
Training Hardware Unit had been delivered and the Qualification Test Unit had
already begun the Environmental Qualification Test (EQT) program. The Flight
and Backup units were in the final assembly stage. Fortunately, the new off-
gassing and environmental requirements did not require changes to the basic
hardware design. However, the test program was revised to reflect these
requirements.

The removal of the materials experiment from the D021 base did require
minor hardware redesign and .rework.

6. Critical Design Review

The Critical Design Review was held at GAC, Akron, Ohio 23 arnd 24 Jume 1970.
The design and documentation requirements were thoroughly reviewed by the
attendees as listed in Appendix I. Documentation changes as authorized by the
Review Board were ircorporated in subsequent revisions.

The following design changes were also recommended and approved for
incorporation by the Review Board:

(1) Pressure relief valves were added to the high pressure gas

storage system to eliminate the chance of overpressurizing
the system.

10
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Figure 8. D021 and D024 Material Samples - Original Location




(&)

(5)

(1)

Test Policies.

The restraint harness release was changed from a horseshoe shaped

snap ring to a pull pin.

It was believed that this would reduce
the poscibility of accidental release of the harness.

A detent-type engagement was added to the hatch centering blocks
which would provide a catch in closed position of the hatch.
This allows closing and latching of the hatch as a one-handed

operation.

oI
The "Hatch Open" restraint was changed from a Velcro patch to
a mechanical snap fastener.

The D021 internal control panel (which was inactive) was
removed and a special bracket added to support the light which

was previocusly mounted to the panel.

7. Experiment Integration and Test Requirements Review

Reviews were held at both GAC-Akron and MSFC Huntsville to discuss the
D021 Experiment Integration and Test Requirements.

The subject of c¢nd-to-end system checkout was thoroughly discussed. It
was established that the logical place to splice inte existing circuits for
such a check would be on the A/M side of the interface. The D021 system
tester (described in Section ITI) connects directly to the D021 interface and
simulates the A/M inputs te the experiment.
experiment by itself, but once the D021 is mated to the &/M, there is no way
to assure that the interconnects have «ontinuity or have been properly made
other than actually applying power to the circuits. This is contrary to NASA
No final action was established, but it was obviouslw an
NASA/MDAC/MM-DD responsibility to resolve.

This does check cut the D021

The following action items were assigned to GAC. The respcnsive action
is described in detail in Appendix II,

GAC was asked to establish an acceotable method {or positively
identifying each temperature and pressure senzor after mating
to the A/M. The pressure sensors are accessible and a sucticn
applied to earh secsor fitting will provide positive identi-
fication. The thermal sensors can he identified by applying
heat with 250 watt heat lamps to each sensor location.

The pyrotechnic cir:uitry cannot be tesied at design load in an
end-to-end check wichout actually firing the cartridges. As the
a nyrotechnic simulator was designed and
built which would plug into the electrical harness in place of

next best apprzach,

the actual pyrus and cignal the fact

that an acvequate firing

impulse was received when the circuit was activated. This would
verify the circuitry all the way from the A/M controi panel up
to the pyro connectors as well as circuitry to the battery packs.
A fusistor cycling test was also performed to verifv that this
test world not deteriorate the fusistor capability. Sample

*T.M. - Velcro Corp.. New York. N.
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fusistors were put through 100 cycles of the maximum current
. impulse applied by the tester and then tested for their fusing
3 characteristics. This is reported in detail in Appendix B.

(3) Dimensional data for the maximum deployment path of the D021
airlock was requested. This was provided to MDAC with the
understanding they would make a clearance check template from

this data and use it to establish actual clearance on the ATM
support structure.

C. TFINAL DESIGN CONFIGURATION

The D021 General Arrangement, external dimensions, C.G.'s and mechanical

interfaces are shown on Figure 9. Both the packaged and deployed conditions
of the airlock are included.

described below. These are P/N 66QS1512, the Expandable Structure and
Equipment As<:ambly and P/N 66QS1513, the Base Structure and Equipment Assembly.

&
H
£
%
g The two major subassemblies which form one complete airlock unit are
% ;

%T 1. Expandable Structure and Equipment Asse.ably - P/N 66QS1512

o

E

The Expandable Structure and Equipment Assembly consists of:

. (1) The basic expandable structural shell (see Figure 10)

(2) The hatch hardware (see Figure 11)

3 (3) The rear bulkhead hardware. (In an operational airlock, this
: bulkhead would be eliminated.)

(4) The packaging harness and release cables.

(5) The thermal blanket.
{6} Foebility aids,

The basic structural shell is composed of the flexible material and the
6061-T6 aluminuic alloy terminal rings at each end which form the hatch
openings. The rear bulkhead and the hatch retaining ring must be inserted
in the layup mold prior to fabricating the expandable structure because they

are bcth larger in diameter than the terminal rings which establish the
hatch —oenirpg.

The majwr parts of the expandable structure were previously illustrated
in Figure 4. The outer cover consists of a film-fabric laminate of Capran™
(nylon) rilm and 1.0 oz/sq yd nylon fabric as 1llustrated in Figure 12. The
fabric layer forms the outer surface of the airlock. This in turn is sprayed
with Ball Bros. 80U paint for thermal control puvposes.

s

. T.M. Allied Chemical Corporation, New York, New York
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The micrometeoroid barrier is a flexible pclyurethane open cell foam of
2.0 1lbs/cu ft density. Fire resistance has been incorporated by special
compounding. A 1.0 inch thickness was selected as the required thickness to
provide the necessary micrometeoroid protection. The analysis for this is
covered in Subsection C 2 and later verified by test as discussed in Section
I1I.

The structural cage is 2 matrix of filament wound stainless steei wire,
"Taslan"”™ yarn and adhesive. The stainless steel wire is 3.6 mil diameter
wound into a three strand cable approximately 8 mils in diameter. This
cable and alternate strands of Taslan yarn are fed through the GT&R compound
AD913 adhesive and applied to the airlock form at a 30° wrap angle. The
Taslan yarn serves to pick up the proper amount of adhesive in order to lock
the filarent cage into a stable structure.

This results in a double layer of wire with one layer at 60° orientation
with respect to the other layer. The spacing is 32 ends per inch in each
layer. The center section,which is cylindrical and therefore at a higher unit
tensile load than the spherical ends,is reinforced with a third layer which
is wound on circumferentially at 34 ends per inch. Ultimate tensile strength
of the wire is rated at 300,000 psi. The Instron Tensile tests gave results
of 9.2 lbs/end minimum values (300,000 psi tensile strength).

The pressure bladder is a composite of several layers as shown on
Figure 13. A triple gas barrier is provided by the tws film-fabric laminates
and the closed cell EPT foam. The splices of material are staggered so that
no two seams are directly over each other. This three-layer composite pro-
vides & cushioning effect to achieve greater puncture resistance against
sharp object contact. Any single layer can be pierced without making a leak
path. The inner foil layer is multifunctional. The primary purpose is to
act as a flame barrier agaeinst flash ignition sources, but it also provides
improved scuff resistance to the bladder and in combination with the alodine
coating, provides passive thermal control.

The unit weight breakdown of each component is shown in Table I.

TABLE I. UNIT WEIGHT BREAKDOWN

Construction Component Yeight - PSF
Aluminum Inner Layer 0.004
Adhesive 0.010
Pressure Bladder 0.159
Adhesive 0.010
Structural Layer 0.062
Taslan interlocking Layer
and Adhexzive 0.048
Polyvurethane Foam 0.1lo7
Adhesive 0.010
Quter Cover and Coating .02
Total 0.522 ?PSF

“T.M. duPont E. I. de Newours & Co.. Irec. iwi Imington. Tel.
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Figure 12. Outer Cover
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Figure 13. Pressure Bladder
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One of the critical design problems is the transfer of pressure loads

from the flexible structure to the rigid hatch rings witheu: introducing
serious stress concentrations in the flexible structure. Figure 14 illustrates
the method used on the DO21.

REAR BULKYEAD END FILAMENT HATCH END
WOUND
STRUCTURE

, AL, ALLOY
' TERMINAL -3
\ RING

EPOXY {]

| (TO SECURE
' FILAMENT
PILEUP)

N

FIGURE 14 - METHOD OF JOINING FLEXIBLE STRUCTURE TO FIGID STRUCTURE

The bladder serves as an el4stic cushion between the filament wound
structural layer and the hard terminal ring made of 6061-T6 aluminum alloy.
There is a pile-up of filament material at this opening due to the inherent
nature of the winding process which provides a natural high strength hoop
at the hatch openings. It is then ouly necessary to insert a rigid hoop
insicde the cage which can withstand the compressive load created by sliding
against the taper of the filament cage.

By keeping the intervening surface between these members soft and elastic,
the pressure loads are uniformly distributed around the opening and transferred
from the soft structure to the hard structure without stress concentrations.

The hatch hardware was illustrated on Figure 11. A compression-type
seal made of butyl rubber is used to seal the hatch in the closed posigion.
Butyl demonstrates excellent flexibility at temperatures as low as ~65F
and has acceptable offgassing characteristics in vacuum. Two latches are
provided at diametrically opposite sides of the hatch to provide the initial
clamping pressure. Internal pressure within the airlock adds further com-
pression to the seal. A bandle is locaved divectly in the center of the
hatch on both the interior and exterior surfzce for manipulation of the hatch.

20
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The hinge mechanism has been designed to provide maximum unobstructed
internal voiume in both the closed and open positions. A 10-inch diameter
viewing port is provided in the hatch to permit visual observations. The
original planning of the experiment called for several pressurization cycles
with an astronaut on the interior of the D021. Therefore, an emergency
escape feature was included in the original hatch design. This resulted in
a two-piece hatch design with the inner section of the hatch small enough to
pass through the terminal rings. The two sections were joined at six equally
spaced radial puints by means of shear pins. In case of emergency, these
pins would be pulled by means of electrically initiated pyrotechnic cartridges.

The basic emergency escape feature was retained even after the astro-
nauts tasks were revised to eliminate this requirement because of potential
future need for this capability on an operational airlock. Howevar, the
system was deactivated fo: tiie £light and backup units by removing the pyro-
technic cartridges and the related electrical system.

The rear pressure bulkhead is a 6061-T6 aluminum alloy dome welded at its
periphery to a 6061-T6 aluminum alloy tubular ring. The installation detail
was previously shown in the detail of Figure 10. The pressure seal is
identical to that used on the hatch opening. The internal control panel was
originally mounted on this bulkhead but was removed from Flight and Backup
units as a CDR action item.

A pair of GRIMES 32 candlepower lights are mounted to this bulkhead to
furnish internal lighting, an electrically actuated vent valve is mounted to
the exterior of the bulkhead to depressurize the airlock, between pressure
cycles.

An additioral vent line is also attached to the bulkhead leading to a
manually operated vent valve as a backup system. A cover plate seals off the
opening which was originally planned for use as an umbilical feed-through
connection. A high capacity vent valve is also mounted on the bulkhead. This
was part of the emergency hatch release system but has been deactivated and
locked in the closed position.

The packaging harness is shown on Figure 15 and the release system is
shown on Figures 16 and 17. The harness restrains the airlock in the packaged
state during launch. It consists of six webbing straps which are secured to
a circumferential steel tension cable located at the pressure bulkhead end of
the airlock. The opposite end of each strap terminates in a steel fitting
which is captured by the quick-release collars at the center of the hatch.
When the airlock is deployed, the pin is first pulled from this quick release
collar by means of a cable leading to an electric actuator located in the base
structure. A second releas2 cable is also provided for a manual release backup
mode. The six straps are then free to fall away from the airlock except that
the ends are attached to the outer surface of the airlock by means of restrain-
ing cords. These restraining cords are adjustable in length so that they hold
the harness straps and release collar against the outer surface of the airlock
in the deployed condition as shown in Figure 18.

The thermal blanket consists of seventeen layers of aluminized “Kapton"
film separated by fiberglass cloth layers to achieve a "super insulation"

*C M. puPont E.I. de Nemours & Co., Iéxi:. Wilmington, Del.
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Figure 16.

Packaging Harness

Harness Installed
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blanket. The blanket is tailored into six sections which are snapped together
to cover the expandable portion of the airlock as illustrated in Figure 19,
The purpose of the blanket is to moderate the temperature variations experi-
enced by the airlock expandable structure during orbit prior to deployment.
The thermal aspects are discussed in detail in Section IlI.

Figure 19. Thermal Blanket Installed on Packaged Airlock

When the airlock is deployed, the cover is forced apart at the snap
connections by the action of the expandable section of the airlock. Each
blanket gore is attached to one of the harness straps in order to retain
each blanket gore in a given position after deployment.

The mobility aids consist of three circumferential webbing handholds
located on both the outside and inside surface of the airlock. A rigid hand-
hold ring is also provided at the entrance hatch of the airlock. The external
mobility aids are visible on Figure 18 and the internal aids are shown on
Figure 20. The hatch handle may also be used as a mobility aid when the
hatch is in the latched position.

a. Base Structure Assembly - P/N 66QS1513. The base structural assembly
consists of a cylindrical aluminum alloy shell which attaches to the expandable
structure at one end and provides the A/M mechanical interface connection at
the other end. The A/M electrical and instrumentation interfaces are located
on the cylinder exterior. Hardware components for the various systems required
by the experiment are located in the interior of this cylindrical sectionm.
Appropriate brackets are provided to support these equipments from cylindrical
base section. This major subassembly is illustrated in Figures 21, 22 and 23.

24
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Figure 20. TInternal Mobility Aids

Finure 21. DO-21 Qualifi ation Hardware - Exterior Controls and
Instrumentation Interf..c
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Figure 22. Qualification Hardware - Electrical Interface - Base Unit

Figure 23. Interior View of Base Section
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The major systems and components of the Base Structure assembly are:

(1) The Base Structure. (Includeé all mounting brackets, clips,
stiffeners, etc.)

(2) The Pressurization System.

(3) The manually operated Vent Valve.
(4) The Electrical System.

(5) The Instrumentation System.

(1) Base Structure. The Base Structure is composed of a cylindrical
aluminum alloy sheet,34-inch diameter and 9.5-inch high,with a flanged ring
riveted to each end to provide attachment faces. Stiffeners are riveted to
the internal surface to reinforce the cylindrical section and carry loads
from one flange surface to the other. 8Six flared holes were put into the
cylindrical surface to serve as pockets to locate the spherical high pressure
gas storage bottles. Steel straps are used to secure these spherical bottles
in these pockets.

(2) Pressurization System. The Pressurization System is schematically
shown on Figure 24. There are three steel bottles of 150 cu. in. capacity.
The one bottle which is used for preshaping and initial deployment is charged
to 250 psi, and the remaining two are charged to 3150 psi. The 250 psig
bottle pressurizes the 78 cu. ft. expanded airlock volume to 0.295 psia and
each 3150 psig bottle will provide 3.5 psia internal pressure to the airlock.
The bottles are charged with Ny gas through their individual recharging valves
which project through the Base Structurc. Pressure transducers are mounted to
each bottle drain fitting to permit monitoring of the charge pressures.
Release of the gas to the airlock is controlled by individually actuated pyro-
technic discharge valves. Upon firing, the pyrotechnic gases are totally
contained within the cartridze chamber, operating a sealed plunger which then
shears off and retains a tube section allowing the high pressure N, to dis-
charge through an accurately sized orifice. A pressure relief valve is
located on the pressure bulkhead at a setting of 5.0 psi to prevent inadvertent
overpressurization.

A manually cperated vent valve is mounted to the interior of the Base
Structure with the operating handle protruding through the base structure.

A flexible 1l-inch diameter line connects the valve to the Expandable
Structure rear bulkhead. This provides a backup system for releasing airlock
pressure in case of failure of the electric vent valve described in Section
II-C.

(3) Electrical System. The D021 Airlock electrical system consists of
four (4) major subsvstems. These are:

(1) Restraint Harness Release

(2) Pressurization Control Svstem

27
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% : Figure 24. System Schematic - Airlock Pressurization
,% % (3) Emergency Egress System {(Inactive on Flight Hardware)
i’% (4) Airlock Lighting System

? The major subassemblies associated with these systems are:
‘; (1) The D021 Airlock Control Panel (Deleted on Flight

- Hardware)

1 (2) Pressurization Svstem Relay Box

Q (3) The Battery Packs (2) including battery heaters

é These systems are integrated with the NASA A/M which provides 28 V.D.C.
= power and remote control.

; This system is shown in functional block form on Figure 25.

To start the D021 Airlock Experiment, a "START EXPERIMENT" switch is
provided on the NASA A/M conirol panel. This switch provides 28 volt DC
power to all the control circuits and instrumentation system.
on-none-of f lever-lock type switcu, locked in hoth positions.

P

Jt is an

LT S T A

The Restraint ilarness Release consists of a 28-veit DC motor driven
3 actuator controlled from & swicch on the NASA A/M control panel. When
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energized, the actuator reels in a cable, which in turn pulls a pin releasing
the airlock packaging harness allowing the expandable structure to deploy.
When the actuator reaches the end of its travel, it actuates a limit switch
which disconnects power from the motor and lights an indicator light of the
NASA A/M control panel. Power for the motor is supplied from the NASA A/M
and the requirement is 1.0 ampere (3.5 ampere surge) at 28-volt DC. A manval
release cable is provided at the airlock base structure as a backup deploy-
ment system. The cable routing and termination on the ATM structure is to be

determined by MDAC.

The pressurization control system's function is to operate the three (3)
pyrotechnic valves to pressurize the airlock and to operate the motorized vent
valve to vent the airlock between pressurization cycles. To function, the
pyrotechnic valve circuits must first be armed from the NASA A/M control panel.

The arming switches control redundant latching-type arming relays located
in the relay box. When the switch is thrown to the ON (zrm) position, the
arming relays znergized and magunetically latched in the armed position. 1In
this position, battery power is supplied to the pyrotechnic valve control
circuits. The relays will remain in the armed position until the switch is
pressed to the mementary ON (disarm) position. 1hen the relays are energized
and magnetically latched in the disarm position. Indicator lights on the con-
trol panel show when the arming relays are in the armed position. The NASA
A/M provides 28-volt DC power to operate the arming relays and the indicator

lights.
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When the pressurization system has been armed from the NASA A/M, the
three (3) pyroteschnic valves may be operated from their respective switches on
the NASA A/M conirol panel.

The valve control switches energize redundant firing circuits. Each
redundart firing circuit censists of a firing relay located in the relay box;
a 16.8 volt nicke:! cadrmium battery pack (Qualification Test Hardware is
equipped with 28 VDC battery packs because of the active emergency-egress
system) which is common to all firing circuits and one side of the dual bridge
wire pyrotechnic power cartridges used for operating the valves. The redundant
circuits are routed in separate wire bundles and isolated from each other through
redundant connectors except where they terminate in a single dual bridge wire
device. The battery packs are redundant and the relay box contains redundant
circuitry and components that are separated, inside the box, by a solid
aluminum bulkhead.

When one of the firing switches is activated, 28 volt DC from the NASA
A/M simultaneously energizes the coils of two firing relays located in the
relay box. When the firing relays are energized they connect each of the dual
bridge wires in the valve's power cartridge to one of the nickel-cadmium battery
packs. The battery packs supply the necessary energy to fire the power car-
tridges actuating the valve. Current limiting fusistors are provided in series
with each bridge wire to remove any fault from the battery in event of a bridge
wire short.

A vent valve and control system are provided to decompress the airlock
between pressurization cycles. The vent valve may be operated from a control
switch on the NASA A/M control panel. The vent valve is left in the "OPEN"
position during launch. Moving the vent valve switch to "CLOSE" from the
A/M control panel energizes a magnetic latching relay which then supplies
28 VDC power to the vent valve drive motor. When the valve reaches the closed
position, a limit switch cuts the motor power and provides a signal tu the
"CLOSED" status indicator light on the A/M control panel. Moving the
switch to "OPEN" initiates a similar sequence until the valve limit switch
cuts the power at the valve open position and provides an "OPEN" signal to the
status indicator light.

(4) Instrumentation System. The Instrumentation System consists of
eight (8) telemetry data channels. There are 6 temperature and 2 pressure
monitoring sensors and their associated signal conditioning equipments which
provide zero to 5 volts DC analog signals at the D021 Airlock/NASA Airlock
Module (A/M) interface. A schematic of the telemetered "instrumentation"
is shown on Figure 26. Four (4) of the temperature sensors are Rosemount
Engineering type 118L sensors and are located 90 degrees apart, on the exterior
surface of the expandahle structure portion of the D021 Airlock. The range of
operation for these senscrs has beewr calitrated from -148 °F to +248°F.

The remaining two ") temperature sensors are Yellow Springs Instrument
type 427 and are located 180 degrees apart on the inside surface of the
expandable structure portion of the D021 Airlock. These sensors are located
directly inside of two of the exterior's sensors so that the temperature
different al through the wall material may be observed. The range of opera-
tion of these sensors has been calibrated from -40°F to +150°F. The accuracy
of the temperature data at the D021 Airlock/NASA A/M interface is % 1.0 percent
of fuli scale.
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The two pressure sensors have a 0-6 psig range and are similar to Servonic
Instruments Inc., Model 3301. The sensors are used to monitor D021 Airlock
internal pressure. The accuracy of the pressure data at the D021 Airlock/NASA
A/M interface is * 1.5 percent of full scale.

These 8 data systems are conditioned to zero to 5 volts full range DC
signals in an instrumentation box located in the D021 Airlock base support
structure.

The instrumentation box requires 0.34 amperes of 28 volt DC power to be
supplied by the NASA A/M. The signal source of all channels is less than
10,000 chms and the rate change in signal level is such that they can be
commutated at a sample rate of 1.25 samples per second.

The data is to be monitored continuously from the start of the D021
Airlock Experiment until the completion of the initial deployment and
pressurization, then for five seconds once every four hours for the first
two days, then continuously during the EVA ingress-egress evaluation, and
second pressurization, and firally for 5 seconds every 12 hours through the
remainder of the test. The necessary data storage and telemetry equipment
to accomplish this will be provided on the NASA A/M side of the D021 Airlock/
NASA A/M interface,

In addition to being fed to telemetry, the outputs of the 0-6 psig sensors
are fed into detector circuits in the instrumentation box which provides step
function signals as the D021 Airlock internal pressure passes through 0.1 psi.
These signals are used to operate an indicator light on the NASA A/M control
panel. The low pressure indicator light will come ON with decreasing pressure
when the airlock internal pressure drops below 0.1 psi, indicating the pressure
is at a safe level to open the hatch. One low pressure detector's circuit with
indicator light is used with each 0-6 psig sensor to provide redundant internal
airlock pressure indicators at the NASA A/M control panel.

In addition to the telemetered instrumentation described above, one (1)
0-1000 psig transducer and two (2) 0-3500 psig transducers are installed on

the high pressure circuits to provide ground monitoring of the bottle pressures
via hardline cable.

Upon removal of the hardline monitor, it is replaced with a jumper connector
which provides the bottle pressure discharged signals to the D021 Airlock instru-
mentation box. Detector circuits are provided in the instrumentation box similar

to those provided for the 0-6 psig sensors to operate indicator lights if so
desired.

33




R

M
i

R

The sensor locations and ranges are tabulated in Table II.

Table II. Instruzentation Subsystem

Senscr Cutput To:
A/
Code Tele-| Control D021
No. Location Pange metry Parel AGE |
T-1 Exterior D021 Airiock ¥Wall Temperature |-143° F to % x
22u8° ¥ 21%
T-2 Exterior DC21 Airlock ¥Wall -1%8° F to x x
Temperaturc 90° from T-1 +248° 7 219
™3 Zxterior D021 Airleck Vel ~1u48° ¥ to b x
Temperature 180° from T- 4248° F 21%
T4 Exterior D21 Airlock Wail -148° F to x x
Temperature 270° frem T-1 +#253° F 21%
T-5 Interior D021 Airlocx Wall Tempersture |-L0° F to x %
+180° F £1%
1
i » .
T-6 Interior D021 Alrleock Wall {=38° F to v % x
- - a3 =" da
Tempereture 1827 from T-5 1507 F 1%
P-1 Interior D021 Airlock Pressure 0-5.0 psi x [Irdicator x
+1,5% Lights
£0.1 psi
P-2  Iaterior D021 Airlock Pressure 2-6.0 psi x  Indicetor x
+1.5% Lights
<C.1 psi
P-3 Presheping Pressurization Bottle 0-1000 psi ‘
P-4 Iong Term Leakage Test Zoitle 0-3500 psi i
?-5 Fetch Resealing Test RBottle 0-3500 psi !

2. Design Analyses and Supporting Data

a. General. This section presents the engineering analyses performed in
support of the D021 Airlock Experiment design requirements. A number of times
new requirements were imposed or existing requirements increased in severity
as a result of NASA's drastic program revisions. This continued, even after
D021 hardware was actually fabricated. 1In spite of this, only minor modifica-
tions were foiind necessary to adapt the hardware to meet the more stringent
requirements.
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The analyses are grouped in the following categories:
(1) Stress Analysis

(2) Veights Summary

(3) Thermodynamic Analyses

(4) Fluid Flow and Gasdynamics Computations

(5) Micrometeoroid Analysis

(6) Miscellaneous

b. Stress Analysis. Many of the structural analyses performed during the
early phase of the program are no longer meaningful as a result of the newer
Skylab requirements. However, the hardware has actually been subjected to
these increased loading conditions and has survived without failure. These
test results are covered in Section III.

c. Pressure Calculations. The design working pressure for the airlock
was specified as 3.5 psi with a Factor of Safety of 3.0. The following calcu-
lation substantiates the strength of the filament wound structural cage.

STRESS ANALYSIS - D021 FILAMENT WINDING

20" | 15" 20" The D021 cinfiguration is as shown.
The design load requirement is an

internal pressure of 3.5 psi with a
safety factor of 3 for a total of

90 ?r} 10.5 psi. Ultimate.
/

30.25° The filament-wound pressure vessels
’ are fabricated by applying a specif-
///// ically oriented patterr of continuous
| filaments to a properly contoured
mandrel, In the cylindrical portion
of the pressire vessel, the unidirect-
ional filaments are oriented to meet
the requirements of the biaxial force
field. This is accomplished through s conbination of longitudinal (*=30.25°)
and circumferential (%=90°) winding patterns. The circumferential load/inch
is Ng=pR and the axial load/inch is Ng=pR. The axial load is resisted by
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the longitudinal windings and the circumferential load by a combination of
the longitudinal and circumferential windings. The longitudinal windings
also resist the meridional and circumferential forces in the dome. The dome
contour has been matched with the longitudinal winding angle (30.25°) to
provide a "balanced-in-plane" contour which provides a load condition which
matches the winding pattern to maintain the same load throughout the long-
itudinal windings in the dome and cyiinder. These loads are resisted by

a continuous high strength steel wire in a three-strand cable. The strength
of this cable has been established by test at 9.2 pounds per cable. Because
nf the large dome openings, 15% reduction is applied to the longitudinal
windings to provide for possible variations in winding pattern and load
conditions in the dome area. Therefore the cable strengths are

Circumferential cable = 9.2 pounds/cable
Longitudinal cable = 9.2 x .85 = 7.82 pounds/cable.

The loads in the cylinder are

Ng = 10.5 x 30 = 315#/inch
N¢ = 10.5 x 30 = 158#/inch
=2 3

The number of longitudinal windings required per inch are

Long. cables = N = 158 = 27 cables/iﬁch|d
(cos 30.25%)2 7.82 (.864)2 7.82 eq

Actual No. Used = 32 Cables/Inch: M.S5.=32 = 1..85
27

The number of circumferential windings required per inch are

it

Circumferential cables = Ng- 32 (7.82) SinZ 30.25°

9.2

315 - 32(7.82) (.504)2 = 27.3 Cables/Jnch
9.2 Req'd

Actual No. Used = 3% . ubles/Inch..M.S, = 34 = 1.245

Although tests have shown that sharp creasing of individual cables reduces
the breaking strength by approximately 157, no such deterioration was found
when the composite layups were folded and unfolded over 100 times then
tested. Apparently, the wire is protected against sharp creasing when
enclosed by the total composite materials. At anv rate, the 187 and 24%
margins of safety calculated above are considered more than adequate to
cover any packaging effects.
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A stress analysis of the hatch assembly subjected to the proof and the
ultimate internal pressures is presented below. The minimum margin of safety
" for the dome was found to be +2.98. The combined stresses in the ring yielded
net, circumferential compressive stresses throughout with a conservatively

calculated, minimum margin of safety of +0.06.

The structural integrity of this assembly is considered -adequate.

d. Stress Calculation of Hatch Assembly (Reference GAC Dwg. #66QS1481).

[/
~
a
_A

-11 Pad (t
(p)

!

g.k\ \\-13 Bearing

£ (6 Bearings)

o

-+ X
! R

<

-5 Ring

Design, Pressure Loads:

Py = 3.5 psi (limit)
pp = 4.9 psi (proof)
Py = 10.5 psi (ultimate)




r

Material - 606:1 1-6 AL. Dimensions: (Inches)
Before Welding P = 45.0
Fiu = 38ksi Ry = 14.29
, Fog = P ksi R = 15.235
E Fcy = 35 ksi Dr - 2.0
| Fou = 24 kst d = 0.75
§ After Welding (at Weld) e = 0.7
F_ = 2 ksi £ = L7
tu
3 I 15 ksi (across weld) g = 1.192
3 ty l 11 ksi (parallel to weld) % ° 0.040
t = 0.049
5 r
t = 0,040
g = 19° 48'
i
3 . -3 Dome )
1 - _pp = 45 p N
: £ 2 & (2) (0.040) 563 p
3 11000
= Q = 7 i > = ————— gy =
1 oy (563) (4.9) = 2760 psi; M.S. = . jweo- - 1= +42.98
i - . ] _ 26000 4 .
ftu (563) (10.5) 5910 psi; M.S.u ————5910 1 +3.05
2 TR )
- r _ 2 ® é15.235) - 15.954 in.
; Nd = --Ezp—— = 22.5 0
Ny sin @ = (22.5) (0.3386) p ° 7.63 p
3 ’
P 38
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Vst

“"é.(v

i
-3

\ A

RV RV RV
Nj cos § = (22.5) (0.9409)p = 21.2 p
. P 2 _ (15.235) 4 1.195)° -
q 2R R, +8) 2 (15.235) p = 8.8 p
RV = gf = (8.86) (15.954) p=141.2p
Ring Compressive Force, Pc
Pc = - Rr Nd cos @ = - (15.235) (21.2) p = 323.5 p
Pcy = -(323.5) (4.9) = - 1583 1bs.
P = -(323.5) (10.5) = <3390 1lbs.

cu

Ring As A Continuous Beam

R R e ;

Shear, Vx =q (—ii - x. = 8.86 (125225 - x) p=70.7 p - 8.86 px

v = VvV = 70.7p

max o

vmax = (70.7) (4.9) = 346 1bs.
)Y

' = (70.7) (10.5) = 742 1bs
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Moment, M = i (6 A x - 4€2 -6 x2)
22 8. 86
<0, M_= - _%3- - (=) (Q15. 954) P
oy = - (188.3) (4.9) = - 922 in.-1bs.
M = - (188.3) (10.5) = - 1975 in.-1lbs.
ra " ) M
T2 T m 2
M = 461 in.-1bs.
my —_——
M = 987.5 in.-1bs.
mu

Moment Due to Offset Reactions, Mm

£ R

Basic Ring Section Properties

2

/,
A = 0.3003 In. I = 0.1430 In." Q -

Sl
v - o ER O 75) (141.3) )
= @R = =
m r 2 2w
My = (39:3) (4.9) = 193 in.-lbs.
M = (39.3) (10.5) = 413 in.-1lbs.
ma

-188.3 p

39.3

= 0.09559 In.

N

3




Stresses

£ - x YL _46) 0.09559) | i
sy 7€ 1 2(0.049) (0. 1430) 2360 psi
£, - 12:3 (2360) = 5070 psi
Fsu 24000
.. M°S'S. = 3 -1 =—-5—0—7-6-‘ -1 = +3.73
min su
Py 1583
fcy = A = T T0.3003 = 25280 psi
P
. Pew 3300 i .
few T A 0.3003 = 11300 psi
@x =0
e - sy | L (9224193 e
by, T 7 0.1430 2727 pst
(-1975 + 413) .
= + +
fbuo 0.1430 10940 psi
ex- 5
_ o, (461 +193) .
foyu = T 0.1430 2 4570 psi
(987.5 + 413) .
= % = =%
£ pun 0.1430 = 9800 psi

Therefore, the combined stresses are compressive over the entire ring, i.e.,
- 10380 psi

£ = -5280 % S100 =
Yo - 180 psi
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£ = -11300 * 10940 =/
l - 360 psi

- 710 psi
£ = - 5280 %4570 =
yu - 985G psi
[ - 1500 psi
£ = -11300 * 9800 = !
uMt | - 21100 psi

Conservatively, assuvme equal coumpressive ard tensile yield strengths of
the weid values apply at the maximum "C" distances. The mininum margin is

then:
th 11000
M.S. = — - 1 1 = 40.06
min fyo 10380

e. Weigh® Summary. The final weight status representative of the Flight
and Backup airlock units is listed in Table III.

f. Thermodynamic Analyses. The finally selected thermodynamic properties
of the DO21 Aiilock were as shown on Figure 27.

! syt SIDE

TUEXPMAL BLANKET

- 3 = .1
as <2 \s i

THERMAL BLANKET

a, = .18 INTERNAL SURFACE - ALCDINT AL. FOIL
¢ = .12 2, @ $322
= &I

Figure 27. Optical Depioved and Packaged Properties
DN21 Airlock Experiment
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Table III.

Airlock. . . . . . . .

Expandable Materlal ..

Terminal Ring (2) .
Closing Rings (2) Outer
Hatch Assembly. . . .

e o e = e

E— « s s e s

Surface . .

¢ s a2 e e

Pressure Bulkhead . . . .

« e

P PP ST T AT T e W

Seals 2) . . 4 . . i e e e e e e e
Locomotion Aidés . . . . . . . . . . . .

Packaging. . . . . . . . . .. o .00

Packing Restraint and Release . . . . .
Mounting Structure. . . . . . . . . . .
Thermal Blanket . . . . . . . . . . ..

Pressurization . . . . . . . . . .+ < . < .

150 In. 3 Storage Bottles (3) . . . . .
Inflation Gas No. . . . . . . . . . ..
Bottle Supports . . . . . . . . .
Pyrotechnic G s Release Valves (3) . .
Drain Fittings (6)., . . . . . . . . . .
Charging Valves (5) . . . . . . . . . .
Pressure Relief Valve . . . . . . . . .
Vent Valve Manual (1) . . . . . . . .
Vent Valve Electrical . . . . . . . . .
Vent Valve - Emergency Egress . . . . .
Manifold, Tubing & Fittings . . . . . .

Instrumentation and Controls . . . . -

D021 Airlock Assembly - Lbs. Total . . .

te

Telemetry Sensors (6 Temp, 2 Press) ..
Hard Line Sensors (3) . . . . . . . ..
Batteries (2) . . . . . . . . . ..
Control Panel . . . . . N
Printed Circuit Boards (14) .
Circuit Board Holders . . . . . . . .
Power Supply Wiring (12v) . . . . . .
Pyrotechnic Pin Pullers (No cartrldges)
Wiring and Receptacles. . . . .

. e =

Materials Samples (2) . . . . . . . ..
*0One Half of Material Return Container .

Materials Experiment Total

D021 Airlock Weight Summary
(Final Configuration)

Detail Assembly
Weight Total

.. 114.60
55 35
15.90
3.10
19.10
9.15
2.50
9.50

.. 18.35

O~ O
ow o

6.
5.
3

e e e e e 41,66
15.30
3.31
3.50
0.69
1.14
0.36
0.40
1.50
5.50
1.50
8.46

e e e e e 26.38
0.65
0.75
6.37
Deleted
3.34
2.93
1.64
2.81
7.89

. e . 200.99

“Other Half of Return Container is Chargeable to D024 Experiment
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(1) Effect of Apollo Telescope Mount on D021 Airlock Location. The
incorporation of the Apollo Telescope Mount (ATM) on the same vehicle as the
D021 airlock introduced a potential solar shadowing interference which had

not existed previously. This location is defined in Reference 3.

A preliminary thermal analysis (See Appendix III) of the D021 airlock was
performed based on a location between ATM solar arrays; however, MDAC design
studies indicated this location to be impractical for structural reasons. MDAC
investigated a number of alternative locations and finally selected the position
defined in Reference 3 and illustrated in Figure 7. This location provides
solar exposure to approximately 85 percent of the projected area of the packaged
airlock. The only shadows are from the structural members of the inner bay of
the solar array. The basic thermal cube model used in the preliminary analysis
is rotated from the sun line by 26° in the ecliptic plane and tilted upwards
by 15° to simulate the new location (See Figure 23). Comparing each individual
surface against the previous orientation of the cube gives the following effects.

5

4
6
{ - ot
! b ——eeene /
1 —— ] v o 4 —————— SUN -5,
"'41;--- - —_— 15
'7, 26°
SIDE 4 SUN RAY

7t

r
/// i REPRESENTS
6 2

3
1 S

»
\,h C\“%

HATCH END
OF AIRLOCE

ORICINAL ORIENTATION v LOCAL VERTICAL

FINAL LOCATIOX PLR T.C.D, 13M12011

Figure 28. Original Orientation / Final Location - Thermal Model

Side 1. Little or no effect will be noted as this side will continually
view the main structure. 7The view factor of the structure will be decreased
slightly but not zignificantly to affect the average temperature >f this sur-
face.

Side 2. The 15° tilting will now cause side Z to vieu the sur a majority
of the time in orbit. This added solar energy will increase the temperature
to a more desirable level.

i~
ol




e

Side 3. This side of the cube wall will be affected the greatest as it
will now view outer space for a majority of the time. This surface must

receive its heat by conduction from the outer surfaces and this will be
explained later in the report.

Side 3 will obviously experience the coldest temperatures of any of the

sides. Since this is considered the critical condition for satisfactory deploy-
ment, this side will be studied in detail.

Side 4. No problem exists on this side as it views the sun during the
daylight pcortion of the orbit.

Side 5. Little or no effect will be noted, a slight increase in tempera-
ture will be noted if any, due to th: increased viewing of the structure.

LU Lt AT AT Brirle: st AR R AR IR TR Tt

Side 6. The 26° shift will now allow side 6 to view the sun and will
increase its temperature.

The thermal model used in Appendix IV treats each surface as an independent
item. In the launch configuration, however, these surfaces are compacted to-
gether as one "solid-like" object.

A cube was selected as the thermal model in order to simplify the com-
puter program. It was reasoned this would give a reasonably conservative
answer which would bracket the extreme temperature excursion of the hot and
cold surfaces. The influence of the temperature differences between adjacent
hot and cold surfaces is determined by using the finite difference approach
known as the "Relaxation Method." The temperature distribution is determined
by dividing the cross section into equal grids and expressing the temperature
at each point in terms of its surrounding temperatures.

i s acuon o AL

(2) Two Dimensional Thermal Analysis. The following two-dimensional
E model was used in the thermal analysis.

Cyclic Keating

/ Side 4

m
i Side 3 '
§ Cyclic Heating Lightweight
3 Foam

/ 7

3/8 in. Super * Cyclic Heating
. Insulation Side 1

ot W A

&,

“Analysis was based on 3/8-inch thick superinsulation consisting of seventeen
v fiberglass cloth separators and eighteen shields.
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Side 3 was selected as the critical surface because it receives the least
solar heat flux. Sides 1, 3, and 4 are subjected to cyclic heating due to the -
orbital characteristics of the flight vehicle. The above surfaces were treated
as semi-infinite slabs and the depth at which the temperature wave is damped to
within a small percentage of the outer temperature was determined by

1In —-;:"I"——- = - ‘\’w/Zd X

! o)
where
T = average outer temperature
toi = average inner temperature @ X
w = frequency
a« = thermal diffusity
X = distance

Based on the properties of the foam, the temperature is dampened within
2-1/2 inches or the surface. Using these fixed internal temperatures for .
Sides 1 and 4 and assuming a linear gradient. down the centerline, the tempera-
ture gradients throughout the foam were then determined by the '"relaxation
method" as shown below.

T = 120°F
Side 4 //
’
‘. 72)
Side 3 \ -—
\ 8
T = -45°F I 23
e “no
s 2%
SET
A ( .— Qa0
A :
7 /

Side 1 T = 30°F

- x -

The minimum constant temperature occurred at point "A" which was -8°F.
To complete the analysis, the minimum foam temperature between point "A" and
the outer surfsce must be determined. The distance '"X" was 2-1/2 inches and
the resistance value of 2-1/2 inches of foam is eauivalent to 3/8-inch of
superinsulation plus 1 inch foam. A multi-slab ore dimensional computer
run of this composite wvas then rade based on the following sketch.

a1




Cyclic Heating
///Outer Surface Expandable Structure

. S, ;/' Aj)‘-3/8 in. Super Insulation
—1 3 3  (Thermal Blanket)

Foam 1 in.

}.\‘_/,;-__,f:5§\‘<f/"'—“—J

T = -8°F constant

ONE DIMENSIONAL MULTI-SLAB THERMAL MODEL

The multi-slab solution showed that the outer surface of the foam at the
superinsulation wall will vary cyclicly between -13.0F and -24.6 F. The
analysis shows that energy from the hotter surfaces will be transferred to
the colder surface and restrict the minimum temperatures to approximately
-25°F. Figure 29 shows the temperatures as a function of time for the above
configurat ion.

TIME-1IMPERATURE OF SIDE-3 (COLDLST SIDE)
2

. T
S0
3 - CONSTANT TRMPFRATURE
ceLic ]
WEATING (-8°F)
SUPER J .
nsuratox 2/8 18- — k tnd
)
® /
> /
t " -_-\
g \\-‘_ /
3 ®
]
7
g
-50
. ) /
-100 — <
0 10 20 30 %0 50 50 76 80 90

TIMNE - MIRTHS

: Figure 29. Orbital Terperatures.
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g. Micrometeoroid Protecticn Calculations. The design requirement specified
for the D021 Airlock was to provide a micrometeoroid barrier of sufficient
thickness to ensure a 30-day exposure probability of zero penetrations of 0.9999.

Using the prior background of experience as reported in Reference 4, the
following computations were made. Later, the hypervelocity simulated mete~roid
tests (as reported in Section III) substantiated the accuracy of these ca..u-
lations.

Assumptions:

Mission Duration 30 days
Orbital Altitude 150 to 20 N.M.
Micrometeoroid Flux Per Figure 30
2 (— ¢ ean e
) |
N
AN JAODIFIED MECRACKEN " LATION
\"3/
0 1N -——
A
N
-2

-4 \\\
-4 }:.‘
MANIA A SEXFORATION FLUX \

(5.23 x 1077 FGR2-IN. F2AN)

LOG N, ACCUMULATED FLUX (PARTICLES/SQ FT-DAY)

LCG N =-1.34 L.CG M~10.423—"1

0 .
-10 i -6 -4 -2 0

LOG oM, PARTICLE 5SS (GRALY)

Figure 30. Near-Earth Micrometeoroid Environment

To determine the hazard presented by micrometeoroids, the selection of
the flux model is highly significant. The above model was chosen based on
wide acceptance by most of the industry. With this model, the total average
number of impacts, T, of particles of mass, m, or larger is given as

T = SNT (FA_ +A),
] S




S = intravehicle shielding X eartb shielding,
N = 10-10.423 m-1.34,
= nunber of particles of mass (M 2 10-7 grams)

per sq ft per day,

T = mission deviation,

F = ratio of shower to sporadic micrometeoroids,
and

Ap = projected area (sq ft).

Subgtituting the given value for N results in

This expression is now substituted into the Poisson distribvtion to obtain
the probability of no impacts, P(o)’ of particles of mass Mm or larger.

P = e-T ;

(o) 1-7T

n

- n -
1-ST(FA +4) 10 10.423 M 1.34
p S m

The airlock has the following approximatc values for the parameters in
this equation:

A £ 75 sq ft

A = 20 sq ft

P

F £ 1.0

T = 30 days

§ = 0.70 (earth shielding) X 0.5 (intravehicle shielding)
0 35

The proprsed matarial is felt to have a ballistic limsl of acout 2 my.
This is lLased ¢n an extrapolation of the fact that ballistic lawit o1 2 inches
of a similar struccure has a ballistic limit of about 17 mg, and 1.5 inch has
2 ballistic limit of about 5 to O mg (Reference 4. Hence, th> appropcriate
value of L. 0.002 am.
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Substituting these values into the avove equation results in a P of

about 0.9999, (o)

h. Vent and Relief Valve Sizes. The following flow analyses were performed
early in the program to evaluate the adequacy of the vents and relief valves
under normal operating conditions and to see that the design ultimate burst
pressures were not exceeded even under extremely unlikely cases such as acci-
dental discharge of all five pressure bottles simultaneously.

The following difference now exists between the analysis given and the

final configvration, but the analyses are still valid with proper interpreta-
tion.

The differences are:
(1) The astronaut is not EVA in the pressurization events.
(2) 0, has been changed to N, for the pressurization gas.
(3) The 3.5 psi velief valve has been deleted.

i. Flow Analysis. £p airlock, with a volume of 78 ft3 expanded and 100 in3
packaged, is connected to a single supply line (orifice diameter - 1/16 in.)
which is fed by five pressure bottles of oxygen. Each bottle has a volume of
150 in.3 with pressures of 2250, 2250, 3150, 3150, and 3150 psia respectively.
The airlock is provided with two vents: one (orifice diameter = 0.84 in.) is
electrically operated, and the second (orifice diameter = 0.75 in.) is manually
operated. Also provided are two relief valves (James, Pond, & Clark, Inc.
valve D524A-16D-5.5 and D524A-16D-3.5) with cracking pressures of 5.5 psia and
3.5 psia respectively. The following cases were analyzed (pressure-time
rclations). The ambient pressure is 0.0 psia, and the airlock is expanded
unless otherwise specified.

Case 1 - Blow down (both vents open and both valves closed) with an

initial pressure of 3.5 psia and an astronaut suit discharging
7.9 1b/hr.

Case 2 - Blow down (only electrical vent open) with initial pressure
of 5.0 psia.

Cace 3 - With only the 5.5 psia relief valve operating, unless other-
wise specified, find the peak pressure in the following cases.

(a) All five pressure bottles discharge with the airlock
initially at 0.0 psia.

(b) The three 3150 psia bottles discharge with the airlock
initially at 5.0 psia.

(c) All five bottles discharge with the airlock initially
at 0.0 psia and the electrical vent open.

Case 4 - Case 3 ¢) with the airlock packaged.

Cas. 5 - Find the equilibrium pressure with the 3.5 psia relief
valve operating and an astroraut suit discharging 7.9 1b/hr.
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Using the equilibrium pressure found in Case 5 as an initial
condition, one 3150 psia bottle discharges and the astronaut
suit continues to discharge. Find the peak pressure.

Cases 6 through 10 - Repeat Cases 1 to 5 with the airlock in a
KC-135 airplane in flight at a pressure altitude of 8000 ft

(10.92 psia).

Flow Through an Orifice

SYMBOI, DESCRIPTLON UNITS
A Area ]In2
cd Discharge coefficient -
-4 Standard gravitational acceleration FtlSec2
K Specific heat ratio -
n Mass me
p Pressure Psia
P4 Discharge pressure Psia
R Gas constaut per unit mass Ft-Lbf/me—°R
T Temperature °R .
t Time Sec
W Mass flow rate me/Sec

Assuming isentrcpic flow of a perfect gas, the following equation can be
derived from the continuity equation.

9 2/K K+ 1
W 2Kg p Pg f Pa_ X .
d K - 1 RT > 5 M

[
(@}
>

For subsonic flow ( Ap << p ; Cy = 0.6 02)
0.6925 p A .
W P 1/——134L 0 <—Al;—— < 0.528 (2)
I/T
—K
c . 1 Py 2 k-1
or sonic flow —;—- = XTI 3 Cd = 0.9 ; 02>
0.50
W =__.5.1/.i_9_2_é, 0.528<—;31-<1 (3
T
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For the following cases, all flows were considered isothermal with a
temperature of 529°F.

Analysis .
Case 1 - Consider the change in mass of oxygen in the airlock
dm - - 4
dt Win Wout )

Win refers to the discharge of the astronaut suit, and Wout refers to
flow tﬁrough the vents. Assuming isothermal, sonic flow of a perfect gas

through the vents, a differential equation of the following form expresses
the relation between pressure and time in the airlock.

__%%__ = a-byp where a, b = constants (5)

Integrating and evaluating the constants:

-0.0495 ¢t .
p=3.39 ¢ + 0.101 where p - psia (6)
t - sec
This equation is graphed in Figure 31.
s.0
Case 1
Asbient Pressure » 0.0 Paia ~
Initial Pressure = 3.5 Psia
Both Vents Open
Both Relief Valves Closed
Astronaut Suit Discharge = 7.9 1b/hr =
4.0 Afrlock Deployed
3.0
-
-
P
.
3 Figure 31 ¢
t £
E a
E: 2.0 f—\
-
1.0 \\
0 i AA— ~
- P& 40 0 80 wo 120 a0 lud
Tine - Sec

Case 2 - Using the same procedures as outlined in Case 1, the
differential equation was derived:

<dr - _,

3t P where a : censtant @)
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Integrating and evaluating the constants:
34 ¢ -0,0275 t
54 . = i
- P = 5. e where p = psia (8)
EE t = sec
EZp
25
2 E . . . . .
%jj This equation is graphed in Figure 32.
% Case 2
= # Amofen Pressure = 0.0 Pats
% Initial Pressure - 5.0 Pafa
3 Electsfc Vent Open » Manu.) Clnsdd
ng’ g Both Relief Valves Closed
=
5 % 4.0 Alrlock Deployed

= 230 :
%, : \ Figure 32
B :
[ »~

2.0 \

1.0 \

\\
0 — IV
0 20 40 60 80 100 120 10 160 00

Tive « Sec

Case 3a - Consider the change in mass of oxygen in the pressure
hottles.

dm _
at. - Yin " Yout 9

Following the same procedure used in Case 2, an equation

which expresses the pressure-time relation for the pressure
bottles was derived and integrated.

-0.02
p = 2790 e 0.0274 ¢ where p = psia (10)

t < sec
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Case 3b -

Case 3c -

»

ok o i L A A

As pressure decreases in the pressure bottles, the pressure
increases in the airlock. Without venting, the pressure in

the airlcck is equal to the ratio of the volume of the pressure
bottles to the volume of the airlock times the decrease in
pressure in the pressure bortles. When the pressure reaches
5.5 psia, the relief valve allows a mass flow rate out of the
airlock depending on the airlock pressure. Using a graph

found in Reference 1 and assuming sonic flow, a graph of
pressure drop vs mass flow rate was constructed for the

5.5 psia relief valve.

Vendor data was adjusted for non-standard ambient pressures
by presuming flow area is a function of pressure differential
and utilizing the above orifice equations.

If the change in mass of oxygen in the airlock is now con-
siderad. the following differential equation exists:

dm

dt - win (pB) - W

(py) an

out

where:
Py is the pressure in the pressure bottles

Py is the pressure in the airlock
Due to the nonlinearity of the relief valve, the IBM 360
computer was used to numerically integrate equation (11).

The result is graphed in Figure 33.

Essentially, the same procedure as explained in Case 3a was
followed here. The time-pressure equation for the pressure
bottles was found to be:

-0.0457
p =3150 e 457 ¢ where p = psia (12)

t ° sec
Equation (11) was again integrated numerically, and the
result is shown in Figure 34.
Again the procedure used in Case 3a was followed. However,

the loss of pressure due to the electrical vent must alsc Lte
inciuded. Assuming isothermal sonic flow throudh the vent:

¥o= 00121 p (135
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This leads to a revision cof egvation (11).

—2‘3—: &) - _-;
dt (in (pB) wout (pA) “out (pA) (14) .

The above equation is integrated numerically and the results
graphed in Figure 35.

8.
Case 3c

Aclfent Pressurc * 0.0 Psis

| Initial Pressure = 0.0 Psia
Elcctric Vent Open

5.5 Psia Felief Valve Operating
s.ok S Pressure Bottles Discharge
Airlock Deployed

4.0

Figure 35 i

Pressugp - Pots
e

| \\\\\\

] 1 ] 1 1 AN~
[ 0 50 120 160 00

Tier - Sec

Case 4 - This case was solved in the same way as Case 3c. The change
in airlock volume is evident from Figure 36.

Case 5 - Using Reference 1, 3 graph of mass flow vate vs pressure
drop for sonic flow through the 3.5 psia relief valve was
constructed, A mass flow rate of 7.9 1b/hr was found to
exist at an airlork pressuvre of 4.02 psia.

Considering the change in mass of oxygen in one pressure
bottle. the fellowing pressure-time equatien ::as derived:

mren =037 © . .
p = 3150 e wiicre p -

S
t = s¢

U
A -
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Figure 36

10,
f Case &
Asbient Pressure = 0.0 Psis
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=
-
~6.0
L)
.
-
3
-
2 ¢
L]
4.0
2.0
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s 0. 0.0 0.0% 0.0 0.08 00
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The results of procedures similar to those used above is
shown in Figure 37.
7.

o.d-

Case 5
Acbient Pressure = 0.0 Paia
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Case 6 - As in Case 1, the change in mass of oxygen in the airlock can
be expressed as follows:

dt = win i wout (16)

dowever, the mass flow out is characterized by a subsonic
flow equation:

2
W = 0.6925 A (P = 10.92 p (17)
out T

This leads to a differential equation of the form:

—g%— = a-b>b p2 -Cp whe~e a, b, ¢ - constants (18)

Integrating this equation and evaiuvating the constants yields:

2
t - 14.68 In [ 2320 ]
2
%— - 1573 5 + 618,000 4-\/ p> - 1573 p
(19)
53.6 V52 - 1573 b + 618,000 + 42,200 + 0.719 Vo2 - 1573
+0.197 1n o P P 3 . SYA! - P P 100.7
2
vg“ - 1573 p - 10.53 4 .
2
where: p = 1b/ft
t = sec

A graph of this equation is shown in Figure 38.

Case 7 - This case was solved in the same manner as Case 2 except
that the flow thrcough the electrical vent was considered
subsonic.

PR

/ P2 - 10.92 p
vV T

W o= 0.6925 A (20)

)
—g{_ = a Vp" -bop where a, b = constants 21




B Case &
Ambient Pressure - 10.92 Psio
Initial Pressure = 14.42 Psia
Both Vents Open
Both Relief Valves Closed
Astronaut Suit Discharge = 7.9 I4/hr
¥ Afrlock Deployed
o \
~
§ Figure 38
¢
~
1 \
1 S~
—
! 0 4 8 12 16 M—OO
Tioe - Sec
Integrating and evaluating the constants:
2793
t =26.4 In i 22)
Yol - 1573 p + p - 786.5
where: 2
p = 1b/ft
t = sec

A graph of this equation is shown in Figure 39.

Cases 8a, 8b, 8c, and 9 - Tnese cases follow the same pro-
cedures as Cases 3a, 3b, 3c, and 4 respectively except that
the fiow out of the airlock through either the relief valve
or the electrical vent is subsonic:

2
W o= 0.6925 A \/p ';0'921’— (23)

With this correction, a computer study similar to Cases 3a,
3b, 3c, and 4 was run. The results are shown in Figures 40,
41, 42, and 43.
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Figure 39

Figure 40
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Figure 41

Figure 42
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Initial Pressure = 10.92 Psia
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Case 10 - As in Case 5, a graph of mass flow rate vs pressure drop
was constructed for the 3.5 psia relief valve. However, the
flow through the valve was considered subsonic. A mass flow
rate of 7.9 1b/hr was found to exist at an airlock pressure
of 14.85 psia or 3.93 psig.

Using the same procedures as used in Case 5 (with subsonic
flow through the valve), a pressure-time equation was
numerically integrated on the computer. The resuli s
shown in Figure 44 .
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Figure 44

j. Electrical Power Requirements Analysis. The NASA/AM power to be
supplied at the D021 electrical interface requires 28 volts DC at a total
connected load of 6.3 anperes for the experiment plus a cyclic requirement
of 0.83 amperes for the battery heaters on a thermostatically controlled
basis. A dual self-contezined battery pack is also provided as part of the
DOZ1 Airlock to provide power for the pyrotechnicallv operated gas discharge
valves in the pressurization system.

The power profile for the various experiment operating modes is given in
Table 1IV. The detail electrical 1nad analysis by component is given in
Table V.
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Table 1V, Power Profile

Average Load
Amps Total Load - Amps
Operatin ation
pﬁozel ) D;inui:s Remote D-21 Peaks/ Peak
Control | firlock | Average Peak Mode Duration
Panel Load*
Loadx#*
1. Experiment 6.8 0.24 0.34 0.58 - - -
Cn
2. T/M % 0.24 0.38 C.62 - - -
Calibration
3. Harness 3.0 sec c.28 0.34 0.62 1.62 1 3 sec.
Release
4. Pressure 5.3 c.32 0.57 0.89 - - -
System Armed
5. Preshaping 5.1 .28 0.65 2.93 2.08 1 1 sec.
Pressurization
6. Vent 1.0 sec | 0.24 0.34 0.58 1.70
7. Long-Term | L1DRT~ 0.2k .34 0.58 1.72 1 1 sec.
mittent
Leakage 15- dav
Pressure Tesd o-cay \
(Approx.
8. Ingress- 29.7 0.28 2.34 2.62
Egress
9. Hatch Re- Te 0.32 0.74 1.06 1.18 i 1 sec.
sealing
Pressurization
Test
10. Final Vent 1 sec. Q.24 0.34 .58 1.70 1 1 sec.
Battery As
Heating¥** Required - -— 0.83 -- - -

*
Battery Heaters are not included in D-21 Airleck Experiment Loads

*¥*
Estimated on basis of suggested schematic - Actueal decign and equipment selection
will be by MDAC

**¥Bettery Heater load controlled thermostatically to eprly 10 watts per pack (2 packs)
when temperature is telow &7° F

FER%
TM data readout veguired. sSwitching arranzement and iiming to be determined by MDAC
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TABLE V. D021 ARRLOCK ELECTF

Start Vent Harness Prezs. Sys. Deplaor & 15-Da
Connected Load ] Experiment {Close? Release Armed’ Proof ‘Press. Di
28 VDC Nom. (Amps) {Amps) { Amps) (Amps) { Agps ) (A
Part Name (Amps) (0.2 ain) (1 sec.) (3 sec.) {0.2 min.) (5.0:m1n.) ’ {15-
P
Instrument
Box Assy
Converter 12V 0.260 0.260 0.260 0.260 0.260 0.260 0.2
Converter + 5V 0.075 0.075 0.075 . 0.075 0.07% 0.075 0.C
T/M Cal. Relay 0.0u44 _
Sub Total 0.379 0.335 0.335 0.335 0.335 0.335 0.z
Press. Sys.
NASA Pnl
Ind. Lts.
Start 0.040 0.040 0.040 0.040 0.0ko 0.040 0.¢
Arm €.040 - - - 0.0%0 0.640 -
Hi Press(2) 0.080 - - - - 0.080 0.(
Lo Press(2) 0.080 0.080 0.080 0.080 0.080 - -
Preshape Press 0.040 0.040 0.049 0.040 0.04%0 - -
Warning Press 0.040 0.040 0.0k0 0.040 0.040 0.040 0.¢
Deploy 0.040 - - 0.0L40 0.0k 0.040 0.(
Vent (2) 0.080 0.040 0.0ko 0.0ko 0.040 0.040 0.(
Light On 0.040 - - - - - -
Sub Total 0.480 0.240 0.2%0 0.280 0.320 0.280 0.¢
Lighting 2.04
Relay Box
Relays
Arm
0.230 - 0.230 0.230 -
Preshape Press{ 0.088 - - - 0.068 -
Leak Test Press 0.088 - - - - -
Sub Total 0.406 - - - 0.230 0.318 -
Harness
Release Motor
1.0(1 =nin{3.5(surge) 1.000
Vent Valve
1.0(1 sec)5.0(surge) 1.0(1 sec) - - - -
Relsy
0.115(Momentary) - 0.115(1 sec)
Sub Total 1.115(1 sec) 1.115(1 sec)
TOLAL 0.575 0.575 0.615 0.865 0.933 o.!
- - 1.690(1 sec)| 1.615(1 sec) - - -
Total (Peak) 0.828 1.403 2.518 2,443 1.693 1.761 1.
With Battery
Heaters

¢S | 6S &




TABLE Vv,

DO21 AFRLOCK ELECTRICAL LOAD ANALYSIS

vent Harness Press. Sys. Deploy & 15-Day Test Vent Vent
Release Armed Proof ‘Press. Disarn (Open) (Close) Pressure
(Amps) (Anps) {Amps) (Amps) (Amps) Iagress/ (Amps)
(3 sec.) (0.2 min.) {(5.0'min.) (15-deys) (1 sec.) Egress (1 sec.)
0.260 0.260 0.250 0.260 0.260 0.260 0.260 0.260 0.260
0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075
0.335 0.335 0.335 0.335 0.335 0.33% 0.335 0.335 0.335
C.0ko 0.040 0.040 0.04%0 0.040 0.040 0.040 0.2%0 0.040
- - 0.0%0 0.040 - - - - 0.040
- - - 0.080 0.080 - - - -
0.080 0.080 0,080 - - 0.080 0.080 0.080 0.080
0.040 0.0k40 0.0%0 - - - - - -
0.040 0.0L0 0.0L0 0.040 0.0k40 0.040 0.040 0.040 0.04o
- 0.0k0 0.C40 0.040 0.cho 0,040 0.040 0.0ko 0.040
0.0ko 0.040 0.040 0.040 0.0L0 0.0%0 0.040 0.040 0.040
— - - - = 0.040 0.040 0.040 0.0k0
0.2L0 0.280 0.320 0.280 0.240 0.280 0.280 0.280 0.320
2.040 2.040 2.0h0 T.0L0
0.230 0.230 - 0.230
- 0.088 - - - - 0.088
- 2.230 0.318 - - - - 0.318
1.000
1.0(1 sec) - - - - 1.0(2 sec) - 1.0(1 sec) -
- QL1502 sec) 0:-115(1 sec)| - 0115 (1 sec)] -
1.115(1 sec) 1.115{(i sec)j - 1.115(3 sec) -
- 0.575 0.615 0.865 0.933 0.513 2.655 2.655 2.655 3.013
~ 1.690(1 sec}} 1.615(1 sec) - - - 3.770(1 sec) 3.770(1 sec)
- 2.518 2.443 1.693 1.761 1.403 4.598 3.483 4.598 3.8u1
S 3 6S. 3




1--Day Test Vent Vent Working Vent
Disara (open) {Close) Pressure Pressure {Open)
(Anps) (Axps) Ingress/ (Amps) System Test snd (Axnps)
(15-days) (1 sec.) Egress {1 sec.) Re-Armed Disara (1 sec.)
{
pS 0.260 0.260 0.260 %.260 0.260 0.260 0.260
5 0.015 0.075 0.075 0.075 0.075 0.075
-
o 0-335 0,335 0.335 0.335 0.335 0.335 0.335
0 0.040 0.040 0.04o 0.040 0.040 0.0L0 0.040
U0 - - - - 0.0%0 - -
on 0.080 - - - - 0.080 -
5 - 9.080 0.080 0.080 0.080 - 0.080
Bolio 0.04%0 0.0L40 0.040 0.040 0.040 - -
0 0.040 0.040 0.049 0.040 0.040 0.040 0.040
30 0.0L0 0.0%0 0.0k0 0.040 0.040 0.040 0.040
e - 0.040 0.040 0 040 0.040 0.040 0.0%0
0 0.240 0.280 0.280 0.280 0.3°0 0.240 0.2k0
2.040 2.040 2.060 7.040 -3 0.1 oo
30 - - 0.230 0.230 -
BE - - - - 0.088 0.088 -
- - - - - 0.088 -
o - - - - 0.318 0.406 -

_- - 1.0(1 sec) - 1.0(1 sec) - - 1.0(1 sec)
& 0.115(1 sec}) - 0.115 (1 sec)f - - 0.11<(1 sec)
1.115() sec)i - 1.115(3 sec - - 31.115(1 sec)
£ 0.575 2.655 2.655 2.655 3.013 3.021 2.615
4 - 3.770(1 sec) 3.770(1 sec) 3.730(1 sec)
61 1.403 4.598 3.183 4.598 3.8u1 3.849 L.556
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SECTION IT1

TEST PROGRAM

A, MATERIALS EVALUATION AND DEVELOPMENT TESTS

Material off-gassing tests were performed to establish weight loss and
level of toxic by-products as reported in Appendix V. These tests were made
at room temperature and the results were considered acceptabie for the early
orbital workshop configuration. More stringent requirements were added by
Reference 2 when the ATM experiment was added to the same mission.

The off-gassing tests were then repeated at 212°F and 10-6 TORR vacuum
for the outer composite of the expandable structure. (The outer cover, micro-
meteoroid layer and the filament wound structure.) The bladder composite was
not retested because it is not exposed to the space euvironment and therefore
will not be subject to off-gassings.

The outer cover and thermal control coating were retested to 275°F and
10"® TORR vacuum. The results given in Figures 45 and 46 are well within the
maximum allowable limit of 0.04 %/sq cm/hr. These matlerials were also quali-
fied as "self-extinguishing in air" to meet Category "H" requirements for
"Materials in Uninhabited Portions of the Spacecraft" (Reference 5). The
results of these tests are reported in Appendix VI,

One effect of achieving this fire-resistant capability resulted in the
selection of 2.0 pcf foam for the micrometeoroid barrier instead of the
1.0 pcf foam as originally planned. (The 1.0 pcf foam was not avaiiable in
fire-resistant quality.)

One less desirable feature of this change became apparent during subse-
quent deployment tests at low temperature. It was discovered that the stiff-
ness of the 2.0 pcf foam was an order of magnitude higher at -65°F than that
of 1.0 pcf foam, whereas they are reasonably close at room temperatture. This
difference made the thermal superinsulating blanket a necessary addition to
the airlock in the packaged state. The low temperature flexibility character-
istics of both foams are shown in Figures 47 aad 48.

B. SIMULATED MICROMETEOROID IMPACT TESTS

A comprehensive series of hypervelocity particle impact tests were per-
formed at Arnold Engineering Development Center, Arnold Air Force Station,
Tennessee. Samples of composite material duplicating the D021 expandable
structure were provided for the testing. Results of the tests were reported
in Reference 6.

The ballistic mass limit of the projectile was found to be close to four
(4) milligrams as illustrated on Figure 49. This verifies that the analytical
value of two (2) milligrams mass used in the calculaticns of Section II C 2
was a conservative assumptior.
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Results of tests with 5 psia 0, on the bladder side instead of vacuum

were also gratifying.

case, (after improving the specimen clamping method) and furthermore, the
material did not burn except in the regiun of the particle path even when
complete penetration of the wall occurred with the higher mass projectiles.

ENVIRONMENTAL QUALIFICATION TESTS

Prior to starting the Environmental Qualification Tests the test unit was

subjected to the following acceptance testing in order to assure that the

article was ready for the formal tes* program.

ance Tests were reported in Reference 7)

(1) Leak Test, Preliminary. The unit is pressurized to 3.5 psi
and pressure monitored for two (2) hours to verify that no
gross leakage is present.

) The unit is then packaged, weighed, and the center of
gravity established.

(3) The test article is then mounted on the MB Model C-210
Vibration Exciter and subject to a low level, one minute
duration, Random Vibration Test in each of the three (3)
axes. The vibration spectrum is shown on Figure 30.

After the test. a complete check of the elecirical circuitry
is conducted to verify that no damage has oceurved. A
thorough visual inspection is also performed.

-

0

The ballistic lim .t was found to be the same in either

(The results of these Accept-
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(4) The unit is then deployed and pressurized to 5.0 psi proof
pressure for 30 minutes. Pressure is then relieved to
3.5 psi and monitored for a 24-hour period to establish
leak rate. The results of this leakage test are reported
in Appendix VII.

After the above tests, the airlock was checked to see that all electrical
circuits were still functioning and visually inspected for znv evidence of

deterioration. Upon passing this inspection, it was packaged and began the
Environmental Qualification Test Program.

The qualification testing falls into two general categories
(1) the ground environments, and
(2) the launch and space mission environments.

Under the first category of tests, the unit was subject to 100 percent
relative humiduty, temperature cycling, salt fog exposure, and fungus growth.
In addition, several shipments were made by air, and commercial truck between
Akron, Chio, Tullahoma, Tennessee, and Huntsvilie, Alabama with no special
precautions taken other than being packed in the special shipping container.

During the humidity testing, an initial weakness was discovered in the
printed circuit boards and power suppiies which was corrected as described in

Appendix VIII. Subsequently, the unit was repaired and was retested without
repetition of this difficulry,

7]
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The fungus, salt fog and acoustic tests were subcontracted to Wyle
Laboratories, Huntsville, Alabama. The results of these tests are presented

in Appendix IX.

: Under the second category of tests, the airlock was exposed to simulated
4 launch pressure changes, accelerations, vibrations, acoustic noise, solar

G exposure, combined low temperature and vacuum, functional deployment at low

: temperature and vacuum, and cyclic endurance testing from 0 to 5.0 psi under

‘ simulated space environments.

o

e

i

i With the exception of "Acoustic Noise" which was performed by Wyle Labora-
; tories, Inc., the remainder of these tests were conducted by the Arnold
Engineering and Development Center, Air Force Systems Command at Arnold Air
Force Station, Temnessee. The test procedures and results were officially
reported in Reference 8. These test procedures and objectives are summarized

below.

TR YRR ST

The illustrations and tables from this Reference 8 report are reproduced
herein in their entirety as Appendix X in order to illustrate the testing

equipment and facilities used.

3 : The initial attempt to deploy the airlock after a cold soak to tempera-
tures as low as -85 F, resulted in damage to the structure. This was attributed
to the stiffening of the expandable structure as a result of the low temperature.
A rigorous thermal analysis was then initiated to establish more realistically
what actual temperatures might be expected. At about the same time, the change
to the Skylab Mission impacted the D021 experiment location and the thermal
analysis had to be updated to include the shadowing effects of the ATM solar

arrays.

As a result of the evaluation, it was found desirable to add a thermal
superinsulation protective blanket to the exterior of the D021 airlock which
was previously described in Section II B. The Qualification Test Unit was
then modified to incorporate this blanket as well as further restricting the
discharge rate in the deployment pressurization system. Subsequent deploy-
ments were then conducted in GAC's vacuum chamber to prove the effectiveness
of these changes. This effort is described in Appendix XI. Verification of
these results was then made at Arnold Engireering Development Center in their
12-V chamber.

1. Launch Profile Pressure Simulation

The vacuum chamber in which the packaged ~irlock was placed was evacuated
from ambient pressure to 1.0 TORR in two minutes time. The airlock electric
vent valve left in the open position was demonstrated to have adequate flow

capacity for launch.

2. Launch Accelerations

The airlock was mounted on a centrifuge and subjected to 4.0 g acreler -
tion in the X and Z axes and 6.0 g acceleration in the Y axis to simulate the
launch acceleration. The peak acccelerations were maintained for one minute in

each axis.
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The structural adequacy of the airlock to withstand launch accelerations
was thereby demonstrated.

3. Vibration

A resonance search was coaducted over the frequency range of 20 to 2000 Hc.
The resonance response values are listed in Appendix X. The airlock was then
subjected to random vibraticn simulating the lift-off and boost vibration
levels. The vibration spectrum imposed is given graphically in Appendix X.
The vibration spectrum requirements were subsequently changed by NASA but a
comparative dynamics analysis of the old and new requirements indicated that
the test as performed was adequate. This analysis is presented in Appendix XII.

These tests demonstrated the capability of the airlock to withstand the
launch and boost phase vibration forces without damage.

4., Acoustic Noise

These tests were reporied in Appendix IX. They demonstrated the capability
of the airlock to withstand the launch noise enviroament without damage.

5. Cold Temperature Deplcyment

As mentioned previously, the packaged airlock was placed in the AEDC -
12 V vacuum chamber. The chamber was evacuated to less than 1 x 10-4 TORR
and the airlock subjected to the minimum coid temperature condition of -20°F
on the outer cover (inrer surface of the insulation blanket). The airlock was
then successiully deployed. One minor incident occurred when the harness
retaining cord fouled on the hatch laiching handie and tore loose its retain-
ing patch. However, this was traced to an improper rouzing of the cord during
packaging. Corrective inspection procedures were instituted to prevent
reoccurrence.

This demonstration verified the capability of the airlock to be deployed
under the coldest environment anticipated during the orbital portion of the
mission.

6. Cold Environmental Tests

The deployed airlock was subjected to -65°F temperature and 10- 5 TORR
vacuum. In this state the airlock pressure was cvcled from O to 4.8 psia for
30 times.

This was a demonstration of the capability cvf the airlock to withstand
nume rous pronf pressurizations under orhital night environwments.

7. Solar Environment Tests

With the same vacuum and temperature conditions as above, a solar simu-
lation of one sun was added for repetitive cycles of one hour ‘on" and
0.5 hour "off". The sun's angle of impingement and the shadow effects of the
solar arrayvs were simulated tc duplicate the Skylab instzllation geometry.

Under these conditions the airlock was aga’in procf pressurized from Q
to 4.8 psia for 30 cycles.
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This demonstrated the capability of the airlock to withstand numerous
proof pressurizations without failure under nisht-day orbital cycling environ-
ments. (The 4.8 psia proof pressure was 1.37 times the 3.5 psia design working
pressure.)
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SECTION 1V

AEROSPACE GROUND EQUIPMENT (AGE)

An airlock control simulator and test panel as illustrated iu Figure 51
was the major AGE item required for this program. It was used to verify the
functional integrity of the D021 airlock electrical circuits as well as pro-
viding a control panel to simulate the A/M control panel and thereby verify
the D021 side of the D021/AM Eluctric and Instrumentation Interface.

The DO21/AM mechanical interface was assured by means of the Drill
Fixture Assembly illustrated in Figure 52. A matched pair of these drill
fixtures was produced. One fixture was forwarded to MDAC for locating the
mounting bolt circle on the A/M and the other retained at GAC to locate the
mating interface mounting holes on the airlock.

A reusable shipping container was also provided as illustrated in
Figures 53a through 33d. The Ethafoam shock mitigation pads are visible in
the corners of the container in Figure 53b. These pads have been designed
to limit maximum shock to 25 g's for full deflection of the internal mounting
platform. Figure 53c shows the internal mounting platform removed. Clearance
is provided within the container so that the airlock will not contact the con-
tainer walls under full deflection of the platform in the mounting pads.

Figure 53d shows the dust and vapor-tight packaging envelope removed to
expose the airlock for detachment from the platform. The attachment to the
platform is by means of the same 24 bolt flange surface as the D0O21/AM
mechanical interface.
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SECTION V

CONCLUSIONS

This program has provided concrete evidence to suppor:t the conclusion
that an expandable structure airlock is entirely practical for operational
use on manned space vehicles. Although valuable supporting evidence would
have been supplied if the Skylab flight test of the experiment had not been
cancelled, there has been adequate materials and flight-type hardware
Environmental Qualification Testing to verify feasibility of the basic expand-
able airlock design.

As an experiment, the configuration required special instrumentation,
individual pressurization systems, extra controls, and the necessary structure
to house these additional components. The weight of this added equipment was
approximately one half of the total experiment weight of 201.0 pounds.

All these extra systems were provided with "fail-saf2" and 100 percent
redundancy to meet reliability requirements. 9he problems associated with
developing and testing these special equipments required as much, if rot more
effort than that of the basic airlock itself.

With respect to the expandable structure, the one major problem encountered
was the low temperature deployment difficulty. This was resolved by incorporating
a superinsulating thiermal protection cover for the packaged condition. On any
future application, it is believed a better solution would be the use of newer
materials with the proper low temperature characteristics and an improved pressure
regulation to control the rate of deployment. It must be realized that the D021
airlock was produced with CY-1966 state-of-the-art materials and that consider-
able advancement has been made since then. Corollary programs have developed
non-flammable bladder composites compatible with 100 percent oxygen environments
and significant progress has been made in practical rigidization techniques.

This latter property is highly desirable in structures somewhat larger than
the D021 airlock to maintain shape in the unpressurized state.

The durability of the airlock to withstand ground handling, shipping,
storage, and simulated launch and space environments has been demonstrated.
The useful life of the expandable structure in space still needs to be verified
in the total space environment although all current evidence irdicates several
years life without drastic degradation may be expected.
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APPENDIX X

LIST OF ATTENDEES AND MINUIES
OF
D021/D024 EXPERIMENTS CRITICAL DESIGN REVIEW

HELD AT

GOODYEAR AEROSPACE CORPORATION
AKRON, OHIO

-

June 23 and 24, 1970
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D021/D02k Expandable Airlock Experiment Critical Design Review

Attendees 23 June 1970
Kame Organization
Carl Beebzl AFML-WPAFB
Fred Forbes AFAFPL-WPATB
Maj. Gary Miiar USAF-HFO-NASA MSC
J. R. Porter RASA-HqsMLS
E. 0. Walker NASA-PM-SL-DP

John P. Boggess
Ernest Balarzs
Alvin W. Bearskin
A. F. Smith

J. ¥. Neal

P. . Feemster
Gene Bell

Robert X. Tansey
¥Will Roberts

C. R. Chubdb

E. H. Grace

W. F. Walkenhorst
R. H. Hostmeyer
J..C. Van Hooser Jr.
M. R. Van Slyke
D. L. Bailey

Jd. T. Schneider
1. 5. Yourgeois
¥W. Beeson

Paul R. Ilgen

I. M. Jaremenko
R. V. Danner

A. H. Hsle
Clifford Titus

J. Kirby Thomas
Nelson E. Brown
Larry F. Chanters
¥William E. Pruett
Edward G. Gibson
Rusty Schweickart
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NASA-MSFC-SKE Qual - J
NASA/BECO MSFC - SMH
NASA/MSFC/S&E - ASTN - SDI
RASA/MSC CF 5

Martin Marietta/NASA/MSC
NASA/MSFC/S&E - GQual - P
McDonnell-Douglas
Y¥cDonnell-Douglas
FASA-MSFC - S&XE - Qual/FEC
McDonnell-Douglas ED
¥McDonnell-Pouglas ED
McDonnell-Douglas ED
Mc™onnell-Douglas ED
RASA-KSC /1.S-ENG-53
TASA(¥SC) Boeing

HASA XSC AA-SVO-1

WASA 7.SC LO-PLN-2

HASA MSC FCH

NASA MSC FC5

RL-Denver

FMC-Denver

}24G-Denver

¥C-Denver

M-Denver

tartin-Denver

Matrix (MSFC Huntsville)
NASA-Feadquvarters
TIASA-Headquarters
HASA-MSC/CB
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D021/D02k Expandable Airlock Experiment Critical Design Review

Attendees 24 June 1970
H
Fame Organization
John P. Boggess NASA/MSFC/S&E - Qual - J
Maj. Gary H. Minar USAF MSC AF FIEID OFC
Fred Forbes AFAPL - WPAFB
Edward 0. Walker NASA-PM-SL~-DP
Carl Boebel USAF (AFML) - WPAFB
A. Smith MSC
J. Keal MSC
E. Balarzs NASA/BECO S&E ASTN - SMH/SD
Alvin W. Bearskin NASA/MSFC/S&F ASTN - SD1
William E. Pruett NASA/Headquarters/MLT
larry P. Chambers NASA/Headquarters MLR
Donsld Bailey NASA KSC
J. R. Porter NASA-TIQS-MLS
J. T. Schneider NASA-XSC-10-PLN-2
W. F. Walkenhorst MDAC-ED
R. X. Tansey MDAC-ED
) C. R. Chubd MDAC-ED
I. M. Jaremenko MMC-D
R. H. Hostmeyer VDAC-ED
H. H. Grace MDAC-ED
C. r. Titus MMC-D
Nelson Brown Matrix (MSFC)
-~ R. V. Danner MMC-D
2 Paul R. Tlgen MMC-D
- J. Kirby Thomas MMC-Denver
a A. H. Hale MMC-Denver
H P. D. Feemster NASA/MSFC/S&E - Qual - P
S W. Beeson NASA/MSC
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REF:

Robert I. Scoville
Leo Jurich

Joe Apisa

W. A. Murray

J. E. Rice
Herman A. Monaco
James E. Houmard
T. R. Williamson
H. E. Kerber
Walter Haines

Ed Long

Lou Manning

R. T. Madden

D. Nemzn

R. L. James

Goodyear Aerospace Attendees

Test Cperations
Program Maragement
Thermal Analysis
Reliability
Dyramics & Vibration
Design

Structural Analysis
Euman Factors
Human Factors
Quality Assurance
Quality Assurance
Program Manegement
Marketing

Contract Administration

RavPlant Rep Office - Akron
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Minutes of DO21/DOZY Experiments Critical Design Review (CDR)
June 23 and 24, 1970

After the welcome talk by Mr. E. A. Brittenha:m, Major Gary Minar opened the
CDR with general remarks regarding the impact of the Skyiat Program on the

DOR1/D02Y4 experincits. He also reviewed the rules for governing the conduct
of the CDR.

Mr. E. 0. Walker then presented the latest configuration of the Skylsb illustra-
ting the conbined cluster with an excellent pictorial viewgraph.

Mr. Fred Forbes reviewed the long history of the D021 experiment and its associa-
vijon to the organization of the : ylab proram. He reviewed the major events and
numerous changes that have occurs2d since the Expandable Airlock Experiment and
the original "Orbital Work Show" programs were initiated.

Mr. Carl Boebel, AFML, described the philoscrhy behind the DC24 Thermal Coatings
Materials Experiment and the approach to be followed fo more accurately establish
the degradation effects o011 these materials due to space environment exposare.

L. Manning reviewed the current status cf the D021/D024 hardware and the Qualifica-
tion Test Program. -
Viewgraph photos of the actual hardware were presented as well as a brief movie
of the hardware development and deployment tests. (Iater in the day the DO2L

Qualification Test Unit was deployed and made available for inspection by the
attendees.)
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Major Minar then organized the CDR into working groups and started the RYD
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review. (See attached copies of viewgraphs for group discipliaes) ALfter the
jnitial session of the separate working groups, it was found desirstle to
i combine Groups 1 and 2 and 3 and 4. This new arrangement was ther maintained
5 % until the final session of all attendees at the Proboard activity. A tetal of

163 RIDs were reviewed by the Preboard. In addition, a number of RIDs were
withdrawn by the issuer prior to Preboard action.

Final CDR Board action is planned for July 1970. Actuel date will be established
by Mr. E. Walker.

REFE ENGINERMING PROLALDUNE 3017

8%




i

=

s R Xk e o 25T e o Dy NS mmy e

R R R ATt

R R T TS )

. . Viewgraph #1
enda for D021/D02, CDR
23 June 70

0900-0905 -~ Seating
0905-0915 ~ Welcoming remarks by Goodyear Aerospace Corporation

0915-0930 - Program Management Overview
- Program Status/Experiment Impact
- CDR Instructions

0930-1000 -~ P.I. Comments, D021 % D024
- History & present status of hardware
-~ Detailed agenda

1000-1015 - Coffee
1015-1220 ~ Group meetings, prepare RID's
1230-1315 - Lunch

1315~as _
required Continue group meetings

24 June 70

0900-0530 - Assemble and coordinate RID's
0930-1200 - Pre-board discussions and intergroup coordination
1300-1700 ~ Pre~board activity

July 70 (Date to be announced by MSFC)
Formal Board - Telecon
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Viewgraph #2
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Experiment Development

DOl Principal Investigator: AFAPL (APO-1/Mr. F.W. Forbes)
Wright-Patterson AFB, OH 45433

D024 Principal Investigator: AFML (MANE/Mr. Carl Boebel)
Wright-Fatterson AFB, OH 45433

NASA Skyiab Program Manacement

PM-SL-DP -~ Skylat Program Office, MSFC
Mr. Ed Walker

Manned Spacecraft Center responsibilities focus under MSC
Skylab Office, Mr. Kieinknecht.

Contractor for D021 & D024

Goodyear Aerospace Corporation
Akron, Ohio - )
Mr. Lou Manning

T e

YA

Experinent Carrier

Airlock Module -~ Develonped by HASA MEFC
Contractor MDAl
St. lLouis, Missouri
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APPENDIX II

GAC ACTION ITEMS ACCOMPLISHED AS ESTABLISHED

AT
} - : TEST REQUIREMENIS REVIEWS

.
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D021/D024 EITRSS MEETING

GAC - AKRON, OHIO
July 29, 1970
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Attendee's Name

Organization

Lou Manning
Harry M. Flake
Roger Chassay
Pat Feemster
Robert Scoville
Roland Danner
C. Chubb

J. J. Hall
Lanny R. Taliaferro
Ed Tagliaferri
Dick Hose
Denny Neman
Jack Altekruse
Fred Fairbanks
Ralph Morris

A. L. Hoover
Darrell Moore
Don Ritchart
Paul Ilgen
Alex Madyda

Goodyear Aerospace Corporation
NASA-MSFC

NASA-MSFC

NASA -MSFC

Goodyear Aerospace Corporation
Martin Marietta

McDonnell Douglas

General Electric - Huntsville
NASA-MSFC

MMC/Systems Integration (GSE)
Goodyeaxr Aerospace Corporation
Goodyear ?*erospace Corporation
Goodyear Aerospace Corporation
McDonnell-Douglas (L /DT)
McDonnell-Douglas (1L0/DT)
NASA-MSFC - PM-SL-DP
NASA-MSFC - S&E-ASTR-EAE
MMC/Exp. Test

MMC/Exp. Test

NASA-MSFC - PM-SL-DP




Attendee's Name

D021 PATRS MEETING

NASA-MSFC - Huntsville, Alabama
August 27, 1970

Organization

" D. C. Ritchart
A. L. Hoover
E. 0. Walker
P. D. Feemster
Lou Manning
R. V. Danner
Roger Chassay
Alvin W. Bearskin
Paul Iigen

0. V. Ruhl

MMC-Test Ergr. & Op.
MSFC/PM-SL-DP
MSFC/PM-SL-DP
MSFC/S4E-Qual-P1

GAC - P.E.

MMC~-Exper. Integra.
MSFC/PM-SL-AL
MSFC/S&E-ASTN-SD1
MMC-D/Test Engr. & Opr.

McDonnell-Douglas
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MEMORANDUM

9 September 1970
SP-7524

To: L. Manning

Subject: End-to-End Telemetry Check of D-21 Temperature Sensors

To determine the feasibility of an end-to-end T/M checkout of the temperature
sensors the thermal blanket was removed uncovering the exterior temperature
sensors on the Qualification Unit S/N #1. A 250-watt heat lamp was placed
approximately 8 to 10 inches from External Temperature Sensor No. 2 (RT2),
Internal Temperature Sensor No. 1 (RT5). The D-21 instrumentation system
was turned on and the temperature channel outputs read out on a digital
voltmeter. The heat lamp was turned on and as the D-21 surface temperature
allowed to come up to approximately 200°F. The lamp to surface distance was
adjusted to maintain approximately 200°F at the external temperature sensor.

The following table shows the external and internal temperature profile.

tart +5 Min. +10 +15 +20 425
Ext. Temp. #2 (RT2) 3.246 v L3k v | bh97TV | L.487v  {L.s504 V 4.503 v
g2°r 190°F 210°F 207°F 213°F 213°F
Int. Temp. #1 (RTS5) 3.723 v 3.783 Vv 3928 v | 4.020 Vv | 4.056 V| L4.085 vV
82°F 8L°F 89°F 93°F o4°F 95°F

These temperature excursions should be sufficient to perform end-to-end checks
for the purpose of identifying T/Inf channels. This is GAC's recommended method.

RIH/eng -
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MEMORANDUM

13 Octover 1970 -~

SP-7485 - -
To: L. Manning O
D-21 Project Engineer R

Subject:  Fusistor Testing L

Tke D-21 Airlock Simulator and Test Unit (66QS575) has the capability of per-
for=ing a resistance test of all the D-21 pyrotechnic circuits. I{ does not
have the capability of testing the circuits continuity under the design 1oah,

5 e=pere minirum for 10 milliseconds. A resistance test is the only teat‘, .
shert of firing the device, that can safely be conducted on the pyrotechnic
device and deronstrates the continuity of the device's initiating bridge wires.
Hosever, it is desirable to test the firing circuit under load, demonstr;ating
the ability of the circuit elements to deliver the necessary firing current to
tke pyrotechnic. One of the circuit elements is a one ohm fusistor (]fRC

Spec. A-0306) designed to fuse in greater than 1 and less than 5 seconds at

5 acps, limiting the duration of any load test which can be performed.'_

A self-contained solid state simulator (706S1640) has been designed and fabricated
to perform this load test. This simulator is designed to be substituted for the
pyrotechnics and plugs into the connectors which normally connect to the three (3)
D-21 pyrotechnic valves. The simulator turns itself on at the aprlication of the
firing voltage and applies & 5.5 amp load for 10 milliseconds at 28 volts. (The
D-21 pyrotechnies are designed *to blow in 10 milliseconds maximum at 5 amps.)

Tre simulator then turns the load off and draws a quiescent current of 0.052 amp
uniil the firing switch is turned off opening the circuit. An indicator on the
sizzlator illuminates conly if the current reaches 5 amps or more. There is an
indicator for each pyrotechnic ecircuit. The load current will vary between 5 and

dedaren L
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SP-T7485

§ amps derending upon the charge conditions of the D-21 battery packs at the
tizme the test is performed. The load duration is stable, 10 milliseconds, for
all voltages.

Prior to fabricating and using the Pyrotechnic Simuleztor it was deemed necessary
to deterrmine the effects, if any, the repeated application of high currents

(5 amp) has on the fusistor fusing characteristics. This was done by selecting
ten (10) IRC Spec. A-0306 fusistors from the D-21 stock. Five of the fusistors
were cycled at 5 amps for 10 milliseconds. The test circuit schematic is shown
in Figure 54 and consists of a motor driven cam operated switch which triggers
a transistorized circuit allowing 5 emp to flow through the five fusistors
connected in series. The transistorized circuit turns the current off after

10 milliseconds and is recycled every 3.17 minuts by the motor drive cam. After
100 cycles two of the fusistors were removed and replaced with two one-ohm
resistors. The remaining three fusistors were cycled another 100 cycles for a

total of 200 cycles.

After cyeling, the five fusistors plus the five that were not cycled were subject
to a2 continuous 5 amp load and fused. The fuse times were recorded on an oscillo-
graph. A schematic of the test circuit is shown ir Figure 55. Figure 56 .is a
typical record of the fuse time. TableV: shows the respective fuse times for the
10 fusistors. To perform the test the ecircuit was set up using a one-ohm resistor
in place of the fusistor. The power suppiy voltage was adjusted until the current
was 5 amps with the shunting switch (S;) open. After the current was adjusted

S1 was closed and z fusistor inserted in place of the one-ohm resistor. The power
svitch (32) was closed and the shunting switch (Sl) opened and the changes in

current recorded on the oscillograph (see Figure 56).

Examination of the data in Table VI indicates that the fusing characteristics of
the fusistors were not changed as a result of a short duration high load curreat
being placed on the fusistor. The 200 cycles is far in excess of the nurber of

tires the D-21 pyrotechnic circuits will be tested using the Pyrotechnic Simulator.
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SP-7485

- .
As discussed earlier, the test current delivered by the Pyrotechnic Simmlator
is somewhat deperient on the charge condition of the D-21 battery packs and
mey approach 8 amps. To demonstrate the fusing characteristics of the A-0306
fusisior at higher currents, another fusistor (Number 11) was fused using the
same circuit and recording equipment shown in Figure 55. The power supply voltage
was adjusted, prior to the test, to produce a fusing current of 10 amps. The
resulting fuse time is shown in Table VI. The fusing time at 10 amps is shown
to be more than an order of magnitvde greater than the 10 millisecond time the
simulator will apply the test load. Therefore, no damage to the fusistors should
result from using the Pyrotechnic Simulator, even if the D-21 battery packs are
at their maximum charge. It is therefore concluded that the simulator is & safe
and efficient device for testing the D-21 pyrotechnic circuits.

i

TR e

Richard L. Hose
Space Systems Engineering
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| 43T VI- D-21 FUSISTOR BLOW TEST (IRC SPEC. A-0306)

Tusistor Times Cycled . Fuse Time
“urber (5 amps for 10 milliseconds) at 5 amps

1.938 sec

1.669 sec

o o O

1.713 sec
0 1.646 sec
1.668 sec

100 "1.723 sec

éi 100 1.782 sec ' .
% 200 1.922 sec

(o TN« - BEEE S B« NN B 7 I - B
o

§ 200 1.840 sec
10 200 1.683 sec
s 11 0 0.17%

(10 amp)
: Artient Temperature 75°F for all tests

G8
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APPENDIX TII
TiERMAL ANALYSIS
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ENGINEERING MFMORANDUM

4 September 1969
SP-7087

Subject: Thermal Analysis - Effect of Apollo Telescope Mount on
D-21 Airlock lLocation

INTRODUCTI ON

The new concept of the NASA SIVB "Dry" Workshop includes the Apollo Telescope
Mount (ATM) as part of the payload launched with a single Saturn V booster.
This arrangement places the current location of the D-21 airlock behind one of
the ATM solar cell arrays when the array is deployed. A thermal analysis was
made to determine the effect of this shadowing on the airlock temperatures. An
alternate location of the airlock hetween the ATM solar cell arrays was also
studied and found to be more favorsble. See Figure 57.

SUMMARY
The present location of the D-21 airlock in the shadow of the ATM solar array
imposes severe extremes of thermal environment. If a thermal coa*ing with "hot"

properties is selected to keep the airlock warm in the shade, it proves to be too

hot during those periods the airlock is exposed to the sun prior to ATM deployment
or during random crientation periods. A cooler thermal coating which is suitable

to control the heat flux in the sun, is found to be too cold to be satisfactory in
the shade.

Although this problem exists to some degree regardless of the airlock location,
there i1s a spot between sclar cell arrays which has less extreme fluctuati oas in
thermal flux. The D-21 is currently located on the McDennell Douglas airlock
module (AM) Strut No. 3. Relocation of the D-21 airlock to Strut No. k4 of the AM
appears practical snd will provide a more suitable thermal environment.
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ANALYTICAL APPROACH

The D-21 sirlock was simulated thermelly as a cube with one side always sun
oriented. A heat flux program was established where the total heat flux subjected
to each side of the cube was determined. The coordinates of the perpendicular to
each surface are inputs to the program and by knowing these values, the relative
location of each surface with respect to the sun and earth is known for an& position
in any desired orbit. Solar, reflected and earth heating effects were computed for
2L locations in a 500-mile orbit having an inclination of 10 degrees. In the
temperature calculations, the time increments must be considerably smaller to ensure
computational stability, and these values were obtained by linear interpolation
between computed points. With the above Leat flux program, the study was divided
into two separate phases nauwely; packaged and deployed configurations. The IBM
Model 360 digital computer was used for this analysis. '

Packaged Configuration - Maximum Temperature Case

The heat fluxes on the sun-oriented side of the cube were used for 1.:he maximum
temperature calculations. Optical properties for the surface were varied through

a range of emissivities from 0.04 to 0.12 and correspor;ding solar absorptances.

The heat fluxes obtained from the orbital heat flux program were modified by ;these '
surface properties, then used with a transient one-dimensiona’. temperature program

to obtain temperatures through the structure. This program divides any homogeneous
material into a number of slubs and by conducting a heat balance on each slab, computes
the temperature gradient through the foam structure. For the particular case investi-
gated, 13 slabs were used, 3 for the multi-layer insulation and 10 slabs for the foam
varying in thickness from 1/8 inch to 1/2 inch giving a total thickness of 2-7/8 inches
The results of this run (with the final coating) are shown in Figure 58 where
temperature (1) is the outside surface of the thermal blanket and temperature (&)

is the surface of the foam structure adjacent to the protective multi-layer insulatio:z.

Packaged Configuration - Minimum Temperature Case

For the minimum temperature case, the same optical surface properties were assumed
40 now be on side (3) of the cube and the orbital heat flux program modified
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accordingfy, (See Figure 59 for cube identification) Side (3) is assumed to
receive the minimum overall heat flux. Sides (2) and (5) actually are subjected
to a lesser heut flux based on solsr, reflected and earth heating but are expected
to be warmer due to effects of the surrounding structure. The re-radiation of
sides (2) and (5) will be reduced since these surfaces will be viewing a much
warmer surface than absolute zero. No study was made to determine these effects
since the properties and pertinent 1nfom;tion on the structure is unknown and

it is expected that side (3) will be the surface receiving the minimum heat flux.

Heat fluxes obtained from the above program for side (3) were modified slightly
to include the view factor effects of the solar paddles and ATM structure.

A vievw factor was computed between side (3) and the structure and assuming the
structure temperature is constant at 60° F and having a surface emittance of 0.60,
the radiation interchange between these surfaces_‘were computed. The multi-sladb
solution was again used and temperatures obtained for the modified coating and
the results are shown on FigureSS8.

Deployed Configuration

The thermal model for the deployed configuration was assumed to be a hollow cube
with walls one inch thick. The wall of the cube was simulated thermally by the

model shown _bE].OH:
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SP-7087

A transient temperature analysis was then conducted between each node to obtain
inner and outer temperatures. This program calculates the temperatures of all
six sides of the cube, and also incorporates internal radiation between su.rfaces.
By knowing the surface properties, materials and heat fluxes on each surface, a
time-temperature history can be obtained for each side of the cube throughout the

flight.

The D-21airlock configuration is basically a spherical shape and is simulated

thermally by a cube. If we look at the radiating area to heating area ratios it

can be seen that the cube simulation will yield lower overall temperature results.
A spherical shape configuration has a radiating to heating area of U4 compared to
6 for the cube. In order to obtain more realistic answers, we must increase cur
heating area or decrease our radiation area to more closely simulate the spherical
shape. The temperature program was then modified by using the first approach. A
sketch is shown below indicating how the heat fluxes were increased to give more

realistic rvresults.
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The results of this temperature analysis are shown in Figuresg9 where side (L)
and side (3) temperatures are shown indicating the maximum and minimum orbital
temperatures respectively of the D-21 airlock. Side (4) represents the hatch
end and side (3) represents the coldest part of the airlock expandable structure

WMo

in ‘he sun-orientation mode. The average internal surface temperature is also
shown in this figure.

it Pl WM
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RESULTS
On the basis of materials tests the following temperature 1limits were established
as design criteria.

(1) Outside surface of airlock 4275° F Max. -20° F Min.

(2) Outside surface of thermal blanket +350° F Max., -150° F Min.

AR

iy

i

i

AT SR

The thermal analysis indicates that relocation of the D-21 airlock to the NASA
Airlock Module (AM) Strut No. 4 position is required to avoid exceeding these
design temperature limitations. -

ooy T

‘;‘1 'nd u*‘ A

b

The primary problem is selection of a coating which vwill not degrade the surface

materials during the orbital phase prior to ATM deployment and yet be warm enough
after ATM deployment and orientation to the sun to aliow proper deployment of the
D-21 airlock.

The thermal coatings selected as optimum for both the packaged arnd deployed airlock
are defined on Figure 60.

As can be seen from the thermal plots of Figure 58, the maximum tempersture that

the outer layer of the thermal blanket will achieve is +350° F prior to deployment
of the ATM. The outer surface of the airlock will be kept below +250° F, under
these conditions. After ATM deployment and orientation to the sun, the D-21

airlock minimum temperature will be no less than -15° F. (The micrometeoroid barrier
material of the airlock increases rapidly in stiffness as the tenperature is lowered
below -20° F.) The outer surface of the insulative blanket will of course cycle fron

from a maximum of +350° F to & minimum of -75° ¥, during this period but low temperature
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tests show the materials of the super insulation thermal blanket are not subject
to increased stiffness even as low as -150° F.

After deployment of the D-21 airlock, the thermal model becomes a hollow shell
with internal radiation effects. The results of this analysis are shown on
Figure 59. The maximum-minimum temperature of the outer surface ranges from
4235° F to -84° F. The inner surface varies from 455° F to -5° F.

For the location behind the solar array of the ATM, there was no single surface
coating which would not exceed the limits of +350° F in the sun and also maintain
the cold condition above -20° F prior to deployment.

DESIGN APPROACH
The hatch end of the airlock is to be painted with Ball Brothers Incorporated
80U Silicone base paint loaded with aluminum flake pigment to achieve values of
Ads = 0.4l and € = 0.48. The outer layer of the super-insulation blanket
will be aluminized myler laminated to dacron cloth with surface properties of
kg = 0.12, and € = 0.04. This will be modified by pierced holes to
achieve an effective ¢f . = 0.18, and € = 0.12. The super insulation will
consist of 18 layers of 1/4-mil aluminized mylar separated with dacron cloth.

This should achieve a conductivity of approximately 0.0005 BTU/HR-FT-°R.

The thermal insulation blanket surrounds the expandable materials portion of the
airlock prior to deployment and tempers the thermal environment during this period.

After deployment, it lies against the lower surface of the airlock and continues to
serve as thermal moderator in this area, although it is no longer required. The
remainder of the exposed expandable structure is coated with the same silicone base
paint es used on the hatch.
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CONCLUSIONS

The D-21 airlock should be relocated from its current position on Strut No. 3
of the NASA AM to the Strut No. 4 position in order to provide an acceptsble
thermal environment. (See Figure 60)

A thermal insulation blanket is required to protect the expandable structure
gsection of airlock from extremes of the thermal environment in the packaged

state.

The thermal blanket is not required after airlock deployment, but it need
not be jettisoned.

The Qualification Test Program procedures should be revised to reflect realistic
thermal environment corresponding to this thermal analysis.

113




I et M

L

il

a

AR

A

A R

APPENDIX 1V

THERMAL AMNALYSIS COMPUTER RUN
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APPENDIX V

DETERMINATION OF ORGANIC OFF-GASSING PRODUCTS AND
CARBON MONOXJDE FOR D021 AiRIOCK NONMETALLIC MATERIALS
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Xe10.15(7-64)(77<19)

INGINEERING PROCEOURE 5.017

xth

-WWW 54 3 < A5 g
R e N ]

ENGINEERING MEMCRANDUM 30 June 1967

Subject: DETERMINATION OF ORGANIC OFF-GASSING PRODUCTS AND

A.

CARBON MONOXIDE FOR D021 AIRLOCK NONMETALLIC MATERIALS

SUMMARY

Tests were macde on the D021 nommetallic composite wall material and its componen
iayers under vacuwm zonditions (10-6 TRR) to eveiuate weigit loss due to off-
gassing effect. An initial off-gassing is encountered, resuiting from boil-

off of plasticizers and volatile solvents, with a negligible weight loss, which

subsequently levels off. Curves of off-gassing versus time arc shown in

Figures 61 thru 65.

Tests were also made to actermine what level of toxie hy-products, such as
those used in the pressure bladder rface ply materials, are given off while
under the deployment enviromment of 5 psia 0, atmosphere., A survey of toxic
materials known to be used in the pressure bladder face ply construction was
made; and found to be helogenated hydrocarbens (methylene chiloride), aromatic

hydisocarvons {(toluene, xylens), ketones (MFK) and toluene-diisocyanste (TDI).

Tests were also made for ~arbon rmonoxide. The tesh procedure fo:r collecting
traces of toxic gases was to place the test material in a pressure vcssel that
was evacuated and subsequently pressurized to 5 psia with 0y at 155 degrees F.
The test material wac oxposed for 2 hours prior to chemical analysis of the
toxic gases. The test values were deterrdined usine a Mine Safety Appliances
Coipany Universal colorimeter type tester for 21l constituents tested, except
TD1, for whichk test & Uni-Jet Air Sampler (Unicn Industrial Equipment Corp-

oration) was ucsed for determining the presence of TD1.
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B. REPORTING DATA - TOXIC BY-PRODUCTS

1., - Type of Material -~ Test material consiuting of pressure bladder face ply

-{Laminated nylon £ilm, nylon fabric and alumimm foil with ALODINE

_thermal coati,ng. Irterplies laminated with polyester adhesive).

2. Material Usage - Preosure bladder {ace ply. Aluminmm foil ALODINE coated

side is exposed to the oxygen pressure. There i3 z‘pproximatei}’ 77 square
feet of pressare bladder surface area. Airlock exparded volume is
approximately 78 £t3 . Tre pressure tladder face ply maximum service

temperature is 100 degrees F.

3. Test Material - The test for determination of toxic by-products was

condncted on a test sample of pressure bladder face ply material

measuring 12 inches sqaare and tested in a chamber of 0.4 ft3,

132

. Test Results TEST CHAMEER ATRLOCK
PRM-f13/0t% _PPM_
Sarhon Monoxide 2 2
Halogenated Hydrocartons ¥ 0
Aromatic Hydrocartons 20 20
Ketones 12 12
Toluene-Diisocyanate Ol .00}
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C. D021 COMPOSITE MATERIAL SUMMARY

1.

2.

3.

ke

Se

KiC/het

I
Pressure Bladder
a, Face Ply
Thermal Coating
Folil Flame Barrier
Fabric
Film
b, ’ Foam
¢, Face Ply
Film
Fabric
Structural Layer
Fllamert Wire

Filament Yarn

Micrometeoroid Layer

Foam

Outer Cover
¥ilm
Fabric

Thermal Coating

Interply Adhesive Layers

133

ALODINE

Alumj raum
-Nylon

Hylon

Nylon
Nylon

Stéinless Steel
Rayon

Polyethar

Nylon
Nylon

Alaminized Silicone

Polyescver

Prepared by:

i oo,

X, L. Oordier
Materizls Technology, DALST-G
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APPENDIX VI

D021 AIRLOCK NONMETALLIC MATERTALS COMPLIANCE
WITH ASPO-RQTD-D67-5A (MAY 3, 1967)
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ol sagtaaseas, AR A

L

134




1l August 1967

ENGINEERING MEMORANDUM .

D-21 Airlock Nommetallic Materials Jompliance
With ASPO-RQTD-D67-5A (May 3, 1967)

Reference: (1) Apollo Spacecraft Program Office,
Nommetallic Materials Selection Guidelines,
ASPO-RQTD-D67-5A, dated May 3, 1367,

tE)

(?) Procedures and Requirements for the
Evaluation of Spacecraft Nommetallic Materials,
MSC-A-D-66-3-Rev.-A, dated June 5, 1967

A. GENERAL
The D-21 Airlock Fxperiment is an in-orbit evaluation of the expandable

s

structures technique applied to an airlock design. The experiment D-21

e R U LA O TR TR e

- Airlock package is externally mounted in the uninhabited portion of the NASA
Airlock Module, as a corollary experiment aboard the S-IV-B Spent Stage
Orbital Workshop, Saturn-Apollo Flight 209.

To interpret the Reference (1) document with regard to the D-21 structure,

requires a definition of the elements involved. The interior of the D-21

Airlock is an alumimm foil shell, Outside of this alumipum shell i3 an
atmosphere-retaining pressure bladder. The alumirum shell and pressure
bladder are surrounded by a structural filament-wound cage. This basic

structure is protected from thermal and micrometeoroid effects by a layer

ENOINEERING PROCEDURE $.017

2-10-3 5 7-84)(77-10)

of foam and an external thermal cover,

{110

Review of the Reference (1) document in regard to categorizing the D-21

Airlock nometallic materials according to their usage, indicates the materials

should qualify in accordance with the test requirements of usage Category "H",
L

titled "™aterials in Uninhabited Portions of the Spacecraft.®
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TRy

Goodyear Aerospace Corporation in-house tests of the D-21 nonmetaliic

materials were made in accordance with the test reyuiremenvs of Referemce (2),

Test No. 1, arnd successfully met the criteria of acceptability {hat major

exposed materials be self-extinguishing in air,

REPORTING DATA

The following data are submitted in accordance with the procedures defined

in Reference (2), Section 9.0 of Test No. 1.

l. ©D-21 Composite Material Swmery

USAGE

NAME (GENERIC)

Pressure Bladder

Thermal Coating
Foil Flame Barrier
Fabric

Film

Foam

Structural Layer

Filament Wire
Filament Yarn

Micrometeoroid Laver

Foam
Outer Cover

Film

Fabric

Thermal Coating

ALODINE
Aluminum
Nylon
Nylon

Stainless Steel

Rayon

Polyether

Nylon

Nylon

Alumini zed
Silicone

Interply Adhesive layers

Coating

Coating

Neoprene

>

Polyeste
136

MFGS.
CCDE

Yot/
1100-0
AL787
Capran 77C
RLBIT

UULLFR

Capran 77C
AlL787
8ou

1473C
AD917

MANUFACTURER

Amchem Frod.
Alcoa
Stern & Stern

Allied Cremical
Rubatux

Naiicnal Staiderd
Kahn & Feldman

Bernel Foam Prod,

Allied Chemical
Stern & Stern
Ball Bres. HRes,

Goodyeor
Goodyear
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2, D=21 Expandable Material Physical Characteristics
Total Nommetellic Material 39,5 pounds
Packaged Volume (Launch) 17.5 cubic feet
Expand=d Volume (Orbit) 78.0 cubic feet
Surface Area (Expa:zded) 77.0 snuare feet
Maximum Service Temperature 100° F,
3. Self Extinguishing In Air - Yes.
L. Combustion Characteristics
Four configurations of the D-21 nommetallic composiiz wall material
were tested and i2 all instances. as illustrated in Figuves 66 through
69, the material proved self-extinguishing with negligible flame
- prégressian.
5. Test Procedure

Self-ertinguishing in air criteria was demonstrated for four configurations
of the D-21 nenwstallic composite wall material when tested in accordance

with fieference (2) requirements for sample size and ignition source.

Figure 66 illustrates a test sample simulation of the material packaged
configurstion. A vertical sample, two inches wide by five inches long,
held by vertically mounted steel clamps, was igrited at the bottom of the

test specimen.

Figure67 illustrates a test sample simulatiorn of the material deployed
configuration. A vertical sample, two inches wide by five inches long, was
held in a relared condition when ignited at the bottom of the test specimen.
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Figure58 illustrates a test sample where the igniiion source was

applied at an area with one-inch slits cut through the outer cover.

Figure69 illustrates a test sample where the ignition source was applied
at an area with one-inch slits cut through the film-fabric face ply of

the pressure bladder.

The figures show the test sequence before, during, and after ignition.

Date of Test

August 10, 1967.

Tests conducted by GAG Advanced Material Laboratory.

=77 Gt

K. L, Cordier, D/L457
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Figure 67. D-21 Composite %all Flammability Test (Upward) ~ Deployed Configuration
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LEAK TEST CALCULATIONS

A test was conducted to determine the amount of leakage from the D-21 Airlock
configuration in a 24~hour period. From the results of that test, & calculation

uas made to Jdetermine the amount of leakage to be expected under -vacuum con-
ditions.

The test was conducted at an internal pressure of 36.363 in/Hg at the beginning
of the 24-hour period and ended with an internal pressure of 36.291 in/Hg. The
initial outside pressure was 29.243 in/Hg and at the end of test this pressure
was 29.311 in/Hg. The amount of nitrogeu that escaped during this 2hk-hour period
was calculated to be 0.013 1b.

The area aveilable for lsakage was cazlculated from the following equation:

.

s
A =
A TTh (1)
L
where
o« = leak rate, 1b/sec

=4

A leak area, in.
X

The leak i1zte per unit leak area was calculated from the following equation:
2/k k + 1 1/2

o P _ [ c [ 7 ] ( P, ) K
R

(2)

'
it
Q
[
prs
2
Sate
2
M
i)
i)
n
47}
)]
P
&
i3

4

2]
i}

Nitrogen gas constant, 55.16 £t 1b/1b-"F
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s

= gravitational constant, 32.2 ft/sec®

g

J = heat equivalent, 778 £+ o/BTU

Cp = specific heat of nitrogen, 0.247 BTU/ib - °R
k = ratio of specific heats, 1.4

Soiving equation (2) yields a flow rate ver unit lesk area of

2
——— = 0,327 1b/sec - in
Equation (1) then yields a leak area of
A = 4.63x 1077 in°

In a vacuuem, where the outside pressure is near zero, the following equation

defines the leak rate per unit leak area:
X + 1
-V k -1

a0 (3)

e .

]

Solving equation (3) for the leak rcte per unit leak area yields

= ,0785 lb/sec-in2

-

A,
In a 24-howr pericd the weight losg was caiculated to be
» = C,0031 1ib,
on a volume flow rate bssis

()

O
il
vrjie .
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The volume flow rates are ecual for both cases, estimated to be 11 CFM. The
difference in the two weight losses arc entirely due to the density of the tw:e
situations. 1Ia the leboratory, the gas was contained at about 17.8 psia while
in a vacurm, the gas vressure is expected to be 3.5 psia, thus for the same

contained volume and teamperature, tue Jensities are considerably different.

146




AP R s B

s 5!?”" 4 %ga«!

AT

APPENDIX VIII

FAILURE ANALYSIS AND CORRECTIVE ACTION REPORT
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Reference GAC Failuze Action Report - Serial Nc. 75773

Corrective Action

The following corrective action has been taken on the Qualificaticn Test Unit
and will also be ircorporated on the flight units prior tc delivery.

]

The terminal board connectors have been re-examined and meticulously cleaned.
Conformal coating has been added to cover all exposed solder terminsls.

The instrumentation box wire harness was removed, cleaned and reinstalled.

All exposed solder coanections were conformaliy coated.

All unused printed circuit card connectors were potted.

‘Three unused detector board assemblies (2 of 66@S1497-107 and one of

66Qs1497-101) were removed to reduce load on the 12 Volt power supply.

Defective Electra RN55D type resistors have been replaced with RNR35C iype
resistors.

Conformal coatings on the printed circuit boards have been siripped and
new coatings reapplied in strict compliance with GAC Process Specification

E-11 Type III conformal coating application procedure.

An electrical load analysis shows the maximum current drain on either the
plus or minus 12 Volt terminals of the power supply to be 100 ma. This is

66 percent of the 150 ma rating of the power supply. No action required.
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8. The corroded areas or the metal shell were due to loss of surfsce protective

coating during several disassembly and assemtly operations. Surface areas
were buffed to remove corrosion snd alodine coatings reapplied.

9. Subscquent to the above corrective action, the 66QS1502-101 Instrumentation
Box Assembly was 3ubjected to the 10-day temperature and humidity environments
in accord with GER-13088B paragraph 4.0. Unit was found to be in excellent
mechanical and electrical conditicn after this exposure.
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T
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) Wenins

L. Manning
Project Engineer
D-21 Airlock
Department U453
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FAILURE ANALYSIS REPORT GOODYEAR AEROSPACE

CORPORATION
~ RETURN TO DEPT. 479 AKRON. ONIO 44319
PHOTOGRAPHS [f]  TEST ANALYSIS REPORT X-rays (@ Vendor F/A & 205
MFR: Mil Associates Inc. STERNO-- Ju5.0.0.3,
MARKINGS: Mjl Associates Inc. Hudson, New Hampshire, Low Voltage Suppiy (Airlock)

Serial Number 293, Model LV-12, Input 28V + 3V output «12V, common, +12V,
NCR: 66351502~101 Instrumentation Box failed ETI-GA597-21, section 1, para. 2A.
There was no 12V output after the ten (10) day humidity test.

Analysis: The failure was verified. The power supply had been returned to the vendor for
Failure Analysis (see NCR 75776). The vendor's report (S/N 00216) dated 2-14-69 stated that
the discrepancy was the result of an overload external to the supply or a random failure of

Q5.
The supply was returned to GAC for further analysis.

i . The emitter wire of Q3 was almost totally disinteg-
Egie?iniltt'l‘ilé ]ﬁiar%s o%ch? w%sQ%ug%ﬁe oisle%;’%ut stayed in place (see attached photograph3) .

The Instrumentation Assembly, test circuits and the wiring were examined to determine the
possibility of an external overload being applied to the failed supply.

=
5

§ The following observations, pertinent to the power supply failure, are roted: '
§ 1) The Instrumentation Assembly circuit board's dassivation coating was bubbled,

2) The boards had an accumulation of flux contami.._tion that had caused formation of
some corrosion.

3) The load currents of the failed power supply were not monitored during the post environ-
mental tests.

Continued on Page 2 and 3 gy ES Zeigler OATE L-3-69

RECOMMENDED AcTion 1) Engineering/Tech Service to investigate the integrity of the vassivation
coating used on the boardse 2) QC to check the board cleaning precedures and make sure the
process is adequate. 3) The test specification GA597-21 should be changed to require adequate
monitoring of the test system to allow isclation of failure inducing discrepanciese L) A1l
Electra reeistors type RNS5D thould be replaced with RNR types to MIL-R-55182 (A =S). 5) Use
4 conformal coating to protect *he ccnnector terminationsfrom moisture. 6) Engineering to
conduct an aralysis of the loading of the + 12V supply. The supply should be operating at
approximately 66% of it rated output current.

gy 99 Droll . L-L-69
ool et - :
CORRECTIVE ACTION BYM% OATE S 77 % DI STRIBUTION:
A ~ 7 r /,[{/ L. Manning (6)
Sy, SP-LGRS Al L. Maon
— R. Nuss
— ZORRECTIVE ACTION ) | W. Murray
PART NAME PART SERIAL NO.
POWER SUPPLY 293
PARY VENDOR PART OWG. NO. T
MIL ASSOCIATES LVi2-12
REFERENCE DLSTCNATION FAILURE CLASSIFICATION
SECONDARY FAILURE
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Page 2
FAR 75773

L) The Instrumentation package was oscillating. The oscillation {2 S0KC) were
feeding back into the power supply. It was noted that the current drain
increased approximately LO%'during the periods of oscillation. Curreat during
oscillation was 14O ma and 80 to 100 ma with no oscillations.

) 5) A globule of solder was partially bridging the # and - 12 volt connector terminals
; in the Instrumentation packezge. An accumulation of corrosior was noted around the
! solder bridge.

N R R T SR T A T AR S A b e e AR S

27

The wiring harness (including the connectors) was tested separately to determine
the loading it presents to the 4 12 VIC suppl; (see item 5 above).

Although the solder bridge was probed and the oscillations stopped,the open
circuit current of the + and -~ 12 v supply harness was 5 to 15 ma after = 2
hours at temperature and humidity.

6) The pH of the water used in the humidity test was 6.95 (if the pH iz 7.0 the
hydrogen - and hydroxyl-ion concentrations are squal and the soluticn is neutral,
PH less than 7 the solution ie acid, pH greater than 7 the sclution is alkaline)
This however would not contribute to materials corrosion.

7) Ten of the Instrumentation package boards did not pass the card test. Threshold
levels were out of tolerance. The board failures were Electra RNSSD type
resistors. The resistors exhitited poor metallization adhesion to the ceramic
bobbin, poor spiralling and damaged end caps.

i A A S i A R e et e

R Y

8) 4 spare power supply S/N 313 was subjected to a temperature and humidity test
to determine the capability of the supply to operate at full rated load without
destroying itself by going into a thermal runaway condition. The unit operated
witnin the procurement specification limits. The supply was operated at full
rated load during tne temperature and humidity test.

The results of the test are shown in the Enviromnmental Test Lab Analysis Report.
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FAR 75773

Concluyions

1) The power supply apparently failed a3 a result of an overload. Analysis indicates

that an excess current drain caused the power supply switching tranzistor Q5 to yo into
thermal runaway and eventually destroying itself and the series regulatcr transistor

(B). The overload current was caused by an improperly processed solder Joint and oscilia-
tions in the detectosr board assemblies.

2) The ¢ and = 12 volt output bus lines are on adjacent terminals on the connector.

The improperly processed solder joint was partially bridging these two terminals causing
an 2dditional load current to be drawn.

3 3) The detector board failures were caused by defective RNS5D type resistors. The

i  Electra RNSSD type resistors that failed exhibited defects which indicated that the entire
1ot should be rejected. Evaluation of stock resistors (RNS55D4992F) exhibived poor process-
ing control of the element spiralling.

) Evaluation of 4w power supply application indicates that the design is marginal.
The required load turrent from the + 12VDC supply is 1iOma. The maximum rated output
“current of the supply is 150 ma.

5) The amount of corrosion observed following the T & H tast indisates that some of the
materials and/or material finishes are not adequate.
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Enclosure to FAR-75773

Env. Lab
, 4-3-69
Power Supply MIL Assoc. LV-1¢ S/N 315
noom Amhvient Temperatu_r_e_
Input Voltage 28 vDC
input vurrent 300 ma
Output Voltage +11.999 tc +12.008 @ 150 ma load
-11.505 to =11.507 @ 148 ma load
ripple Voltage (+12Y) 8 mv with 19 mv spikes
(-127) 10 mv with 20 mv spikes
fower on Time 10 minutes
frequency 250 KKz
Temperature 160°F (71°C) RH = 95% f, = 250 Kiiy -
Tine(Minutes) 10 20 30 L0 50 50 75 D Units
Input Voltage 23 28 28 23 28 28 28 23 Volts
Input Current 320 330 350 355 360 360 358 52 madc
+12V OQutput 12,109 12.152 12.192 12.208 12.21L4 12.213 12.205 12,201 + iclts
+12V Load I 150 150 150 150 150 150 150 15¢ + madc
-~12V Cutput 11,601 11.551 11.685 11.706 11.711 11,709 11.70k 11.£69¢ - Jolis
=12V Load I 148 148 149 149 149 149 149 1i:9 - 1EGC
+12V Ripple 10 10 12 13 1h 18 1L 15 nvaP
=12V Ripple 8 8 9 9 10 11 10 11 mvPr
+12V output ANEME°C = 206 mv Spec Limit = 230 mv (5 mv/Cc)
<127 output ANE/L6°C = 204 mv Spec Limit = 230 mv (5 mv/%c)
+12v Ripple Spec limit = LO mv PP
18 mv PP

+12V spikes

=12V spikes /
P ! arn /_'/-\\ /
N i, ~

7 e,

Ly mv PP

Totzl power «n Lim: 18D ieins.
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FAILURE ANALYSIS REPORT

RETURN TO DAPT. 479

GOODYEAR AEROSPACE

CORPORATION
AXRON. OMIO 44319

PHOTOGRAPHS TEST ANALYSIS REPORT [
wer: Slecira

MANKINGS:  RNSSDL992F

Resistor open

Failure verified, resistance measurescQ,

(contanination on sub-strate).

One end cap swedged on crooked.

this end.

Failure mode: op-n resistor

smﬂo....

L LML O SRS TN, A FEAT o Pl TR

OTHER Airlock

The passivation appeared only partially accomplished and the resistive
element did not adhere completely to the ceramic core of the resistor.

The end cap on the "open" end of the resistor was cut by the spiral cutting
operation of the metal film and the spiral cut appeared abnormally wide at

Fai’ure mechanism: film deposit and spiral cut.

gy E Zeigler pae 3=31-69

RECOMMENDED ACTION

See. FAR=75773

syJd_Droll DATE

CORRECTIVE ACTION BY o DATE

DI STRIBUTION:

CORRECTIVE ACTION

PART NAWE PART SERIAL NO.
RESISTOR~FIXED FILM
PARY_VENDOR T PART DOwd. WO.
ELECTRA . RNSSDL9S2F
P REPERINCT OL81GNATION TAILURE CLASSIFICATION
R VENDOR PROCESSING
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Enclcsure to

FAR~75773
AIRLOCK PARTS EVALUATION
3 ‘ Part Number Part Name Manufacturer PO, Number R.S. Qty. Sample
RNS5DL9S2F Resistor Electra THL237EA 2
ke i Markings
; G.AIC. blue dOt
. Vendor RN5SDL992F
Discrepancies, process deviations and/or general notes
sxternal 1. hard light blue case
2. markings and leads o.k.
internal 1. passivation thin
: 2. ragged edges on spiral cut
: 3. end caps on both units on crooked
%;' Short term overload
#1 49.693K #2 1:9.612K pre-overload
49 .696X L49,611.56 post-short term overload @ 208V for S sec.
f%; Data part receiwved Evaluation performed by
B |
;5% 3-26-69 E. S. 2eigler
i )
M.T.C. Number Date
- . 1280L2 3-31-69
3
= 155




T ORIGINATOR | F.R. SERIAL 1'O.

o

e FAILURE REPORT FORN o _RAC | ocass
QUALITY COUTROL | DATE OF CRIGH ;
oRIcINALLY Shispe/ on $r7-67 L Opec. 2/ 4-67 |
PART 19, .[HNAL no. CUSTOMER HAME ‘CUSTOH['R CRDER HO. PAGE CF i
A4l 293 _ Goedynay, |7E036H-Ed(s00er8) | 1 [ |

NAME OF FAILED ITEM DESCRIPTIC!T OF FAILUES

dow Vollnge Tower Sy __te__awulpud_Voliase
GIVE EiVIRONHENTAL CONDITIENS AT FAILURE TIME

[4_’& khlwr\

GIVE TEST CCRDITIONS AT FAILURE TIME

UnKviown.

REPAIR OR REVCRK REQUIRED TO FIX UNIT LOCATION OF FAILURE: IM PROCESS ‘
EINAL TEST ;

. 5200 |

) 7?_e,pézc_e w7 . CrREDTY |
TECHWICAL AHALYSIS CF FAILURE R '

() Faited wmer 03 and @5 eoie Mo Mo
MMH‘ 'Qb;/e/ dwe '/‘eo o severe overfi;a/ C’mo//%oh
oY G~ ex‘/&na./ec/ S‘Ar/ c('\"ccu')l aclvess 9«//@ o“,y/loa,)l"

(.".) .4 Mv\z/om fa:/o.,\»c o[ @5 COu./(/ ;;osg,'!é/ co.use '/,le
\,(‘c..;/o.&.\'e ma&'/e ezlber/;?.ncec/ 44/ f/{e S‘uf/}é/.

CORRECTIVE ACTION TAKEN TO PREVENT RECURRNRENCE OF ACOVE FAILURE
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APPENDIX IX

FUNGUS, SALT FOG AND ACOUSTIC Tg£STS
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TEST REPQRT REPORT NO. 4106 "l

62-1

out Jos. NO. 21062

your ». 0. N0, _/BC058-YX

] contact _E33615-67-C-1380
WYLE LABORAVORIES 1:51nG DIVISION HUNTSVILLEFACILITY, 7000 Governers Drive West, Huntwile, Alshome 3$000:

: Goodyear Aerospace Corporation 1 28 page Report

Akron, Ohio 44315
L —, DATE June 29, 1970

ST WO S R R R B R

R

ENVIRONMENTAL QUALIFICATION
TEST PROGRAM

ON

ONE EXPANDABLE AIRLCCK
PART NUMBER D-21
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REORT NO.___41062-1

PAGE NO 3

WYLE LA .CRATORIKS/TESTING DIVISION HUNTSVILLE FACIITY

1.0 SUMMARY

One Expandable Airlock Experiment (D-21) was subjected
to Fungus, Acoustic, and Salt Fog Tests in accordance
with References 2.1 and 2.2 of this report.

The test specimen successfully completed the Environ-
mental Test Program without any visual evidence of
degradation. The post functional test was performed
by the Goodyear Representalive.

2.0 REFEPENCES

2.1 Goodyear RAevospace Corporation Purchase Order Number
7B0058~-YX.

2.2 Goodyear Aerospace Corporation Document GER 13060,

entitled: Environmental Quelification Test Specifi-
cation for Expandable Airlock Experimeat (D-2]) GER-
1: -0, Revision F.

2.3 Wylie Laboratories Test Procedure Numbexr 41062-1,
entitled: Environmental Qualification Test Program
on one Expandable Airlock, dated April 1967.

2.4 Military Specificat.ion MIL-STD-810A, dated 23 Sune 1964,
entitled: Environmental Test Methods for Aerospace and

Ground Equipment.

3.0 MANUFACTURER

Goodyear Aerospace Corporation
Akron, Ohio 44315

4.0 TEST CONDITIONS AND TEST EQUIPMENT

4.1 Aambient Conditions

Unless otherwise specified herxein, all tests were performed,
at an atmospheric pressure of 29.33 i 0.50 inches of mercury
absolute, a temperature of 77 + 20°F. and z reclative humid-

ity of less than 95 percent.
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4.0 TEST CONDITICNS AND TEST EQUIPME.IT (Continued)

4.2 Test Equipment and Instrumentation

All test equipment and instrumentation used for the per-
formance of this test program complies with the require-
ments of Wyle lLaboratories Quality Control Manual which
conforms to the applicable portions of Military Specifi-
cation MIL-C-45662A. The equipment and instrumentation

used for each test are presented in Appendix I of this
report.
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5.0 REQUIREMENTS, PROCEDURES, AND RESULTS
5.1 Funqus Test
5.1.1 Requirer 2nis

Three material samples shall be subjected to a Fungus
Test in accordance with Military Standard MIL-STD-810A,
Method 508.1, Procedure 1I.

5.1.2 Procedures

The ingredients listed below were placed in a flask,

plugged with cotton, and the medium was melted in an
autoclave.

Ingredients Quantity
NH4NO3 3.0 g
KoHPOy4 1.0 g
MgS504 -7H50 0.25 g
KC1l 0.25 g
Agar 15--20.C g
Distilled Water 1000.0 ml

Approximately 60 ml of the culture medium was poured
int> three 6-inch petri dishes, and allowed to harden.

Using the spare fungi listed below, a spore suspension
was mixed by introducing approximately 10 ml of sterile
distilled water into each tube culture of the fungi.

The fungi spoures were krought into suspension by vigor-
ously shaking each tube of fungi. Tha scparate spore
suspensions were mixed together from the three types of
fungi to provide a composite suspension.
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5.0 REQUI REMENTS, PROCEDURES, AND RESULTS (Continued)

5.1 Fungus Test . ontinued)

5.1.2 Procedure (Continued)

Aspergillus niger oM 386

ié Asvergillus flavus oM 380
5
if Trichoderma T-1 OM 365
,; Each c¢f the 2-inch square dust free specimens were

placed on the center of the hardened Agar medium in
each of the three petxri dishes.

el
A

i "j;’i

E Several strands of heavy sterilized cotton twine 2 to
2; : 3 inches long were placed approximately 1 inch from
S the test specimens.

Using a pipette, the test specimens were inoculated with
approximately 0.3 ml of spore suspension. %he inocula
were distributed evenly, lengthwise, and around the edges
of the specimen without flooding the Agar medium.

3 The cotton twine was i1noculated as described above.

The three petri dishes were placed in the fungus chamberx
ané the chamber temperatuvre adjusted to 30 + 20C. The
relative humidity was maintained at 95 + 5 percent.

The above temp=rature and relative humidity were main-
tained for a minimum period of 14 days.

Upon completion of the Fungus Test, a photograph of the
test setup was taken.
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REQUIREMENTS, PROCEDURES, AND RESULTS (Continued)

Ftngus Test (Continued)

Results

A visual examination of the four samples revealed that the
fungus was growing on the cotton twine, but there was nc
evidence of growth on the specimens.

The test data are presented in Appendix I of this
report.

A photograph of the test specimens is presented in Photo-
graph 1.
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REQUIREMENTS, PROCEDURES, AND RESULTS (Continued)

Acoustic Test

Requirements

The test specimen shall be subjected to an Acoustic Test
using the general procedures of Military Standard MIL-
STD-810A. The test spectrum shall be as shown in Figure
9-1 as the proposed test spectrum, or alternatively, as
close to the spectrum required by Goodyear Specification
GER 13060 as can be attained in a Wyle Acoustic Facilityv.
The acoustic test time shall not exceed 10 minutes.

Upon completion of the Acoustic Test, a visual inspec-
+ion shall be performed.

A Functional Test shall be performed by the Goodyear
Representative upon completion of the Acoustic Test.

Precedures

Three microphones were installed in the acoustic chamber
to monitor the sound field of the area the specimen was
occupying.

A preliminary spectrum investigation was performed and
approval of Quality Controi and Government Source Inspec-
tion was cbtained.

The test specimen was installed in the test setup as
shown on the acoustic test data sheets.

A microphone calibration was performed prior to the
start of the Acoustic Test.

A photograph was taken of the test setup prior to the
start of the Acoustic Test.

The ambient test conditions were measured and recorded
on the applicablie test data sheets.

168




é 5.2
= é 5.2.2
< E
|
5.2.3

RepORT NO.___ 410021 |

PAGE NO. 8

REQUIREMENTS, PROCEDURES, AND RESULTS (Continued)

Acoustic Test (Continued)

Procedures (Continued)

The output of the threce microphones was recorded on the
level recorder.

The test specimen was subjected to the "proposed" test
spectrum, or alternatively, as close to the "requested®
test spectrum as shown in Figure 70 of this test pro-
cedure.

Upcn coumpletion of the Acoustic Test, a visual inspec-
tion was performed.

The Goodyear Representative performed a post Functional
Test.

Results

A visual examination of the test specimen revealed no
visual evidence of damaye or degradation as a result of
the Acoustic Test.

The test data ares presented in Appendix I of this
repcxtt.

A photograph of the Acoustic Test setup is shown in
Photograph 2 of this report.

The Acoustic Test Spectrum Plots are presented in Figures
71 through 76.

The Functional Test data were retained by the customer
representative.
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REQUIREMENTS, PROCEDURES, AND RESULTS {Continued)

talt Fog Test

.Requirements

The test specimen shall be subjected to the Salt Fog
Test in accordance with Military Standard MIL-STD-810A3,
Method 509.1.

Upon completion of the Salt Fog Test, the test specimen
shall be visually inspected for corrosion of metals and
binding of moving parts.

A Functional Test shall be performed by the Goodyear
Representative upon completion cf the above test.

Procedures
The test specimen was installed in the test setup.

A 5 percent salt solution was mixed by dissolving
5 + 0.1 parts by weight of salt in 95 parts by weight of
distilled water.

The salt solution specific gravity was checked; it was
in the range of 1.023 to 1.037 utilizing the measured
temperature and density of the salt solution as shown
in Figure 509.1 of Military Standard MIL-STD-810A.

The salt solution was adjusted to a pH range of 6.5 to
7.2 at 95 +2 -4°F and collected by the method specified
by Method 509.1 of Military Standard MIL-STD-810A.

The test chamber temperature was adjusted in the exposure
zone co 95 +2 -47F. The salt fog conditions maintainegd
in all parts of the exposure zone were such that a clean
fog collecting receptacle placed at any point in the ex-
posure zone would collect from 0.5 to 3 milliliters cf
solution per hour for each 80 square centimeters of
horizontal collecting area based on an average test of at
least 16 hours.
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%% 5.0 REQUIREMENTS, PROCEDURES, AND RESULTS (Continued)
1 .

§¢; 5.3 Salt Fog Test {(Continued)

=3

% 5.3.2 Procedures {Continued)

The test specimen was exposed to the above Salt Fog Test
for a period of at least 48 hours.

1 Upon completion of the Salt Fog Tes:, a photograph of
the test specimen was taken.

T T R R

The Goodyear Representative performed a post Functional
Test.

5.3.3 Results

TR TR

A visual examination cof the test specimen revealed no
visual evidence cf damage oxr degradation as a result of
the Salt Fog Test.

B photograph of the Salt Fog Test setup is shown in
Photograph 3 of this report.

The test Jata are presented in Appendix I of this report.

The Functional Test data were retained by the customer
representative,
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A | Accelerometer
e — 4 Outputs
5 Control . P
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> Output {Resonance
c L Search)
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Frequency
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e Controiler N
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. Counter
X-Y Logarithmic
Plofter Converter Tracking
RMS Filter
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Figure 82. Vibration System Schematic
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Figure 83. Accelerometer Location
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1to5 - Top Hatch
6 - Battery Box
71010 - Base Structure
11 to 18 - Thermal Blanket
19 t0 26 - Expandable Structure

Figure 90. Deployment Thermocouple Location
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Thermacouple
No. Thermocouple Location
1 Hatch Window (Sun)
2 Hatch (Sun}
3 Hatch (Shade)
4 Hatch Ring (Sun)
5 Hatch (Center)
6 Expandable Structure (Sun)
RT1and3 7 (Shade)
8 {Sun)
9 (Sun)
RT4 10 (Sun}
- RTS 11
]rgrz 12
13
14
15 4
15 deg 16 Base Structure
P 4 | 17 Base Structure
= E 18 Instrumentation Box
b4 19 Vent Valve
> E 20 Airlock Pressure Transducer
= 2 Relay Box
2 ¥4 Battery Box
EE 3 Inflation Valve Pyro
; 24 Pressure Bulkhead

Figure 91. Vacuum Environment Thermocouple Location
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i 4.2 (Maximum Acceleration)
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Figure 93.  Acceleration versus Time
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Pewer Spectral Density, gZIHz Power Spectral Density, gzmz

Power Spectral Density, gZIHz
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40 320430 640 128) 2000
Frequency, Hz
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1
40 320480 640 1280 2000
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E 7.9gfor 1 min
01 ;N\"’\,\‘
-
L.
0.01 3
X
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4 320430 640 1280
Frequency, Hz

g

Figure 96. Vibration Spectrum
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Figure 104. Temperature Change during Solar and Pressure Changes
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Figure 104. Continued
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ENGINEERING REPORTS OF DEPLOYMENT
VERIFICATION TESTS PERFORMED AT GAC

Initiai deployment tests of the airlock at low temperature

an unsatisfactory condition.

disnlosed

(RIS P T} L S iy A e i s e S R e b

In the end analysis, it became necessary to verify whether the locking

of the folded material was caused by the low temperature effect on the

materials or a result of long-term storage in a packaged state.

The engineering memoranda in this appendix cover the deployment testing
of an airlock which had remained in a packaged state for 9 months, fcllowed

by a low temperature deployment test of an airlock with modifications added

to cure the low temperature problem.
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ENGINEERING MEMORANDUM

23 September 1969

SP-T7099
Subject: D-21 Airlock Experiment Vacuum Chamber Deployment
Failure Analysis Report
Reference: (a) SP-7087 dated U September 1969 - Thermal Analysis -
Effect of Apollo Telescope Mount on D-21 pirlock
Location

INTRCDUCTION AND SUMMARY

The initial deployment test in the vacuum chamber at Arnold Engineering Develop~
ment Center (AEDC) resulted in some damage to the expandable structure. The

cdeployment was intermittent and final expansion step was rather sudden.

The primary reason for the erratic deployment is attrituted to low temperature

effects on the materials, compounded by an excessive pressure rise prior to full
preshaping of the structure.

A review of all pertinent factors indicetes thet the environmental test rrocedures

should be revised to more realistically simulate the orbital space environment as

well as some design improvements to the airlock.

For design improvement, it is planned to add z thermal insulation blanket to the
packaged state of the airlock and to revise the pressurization system %0 a much
slower flow rate from 2z limited supply container. The ihermal environment values

are being revisec in thre Qualification Test Frocedures to reflect the thermal
analysis results.

TEST DESCRIPTICN

The deployment test was conducted using the nalification Test Unit (GAC Serial
No. 1). The airlock was instslled in the Mark I vecuum chamber on 17 June 1969

and purp down was startied

d. Tne following day, the Lhe cold well cool down was
started al 11:30 a.m. and deployment was initiated at 5:45 p.m. At the time of
deLluysent, a test thernocouple loceted on tke ~xterior of the hzteh reed -85° F,

ture sensors built into the airlock expandable structure werc

o
(W
s
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SP-7099
Page 2

reading +28° F to +42° F. The test was intended to be conducted at a temperature

-65° F. 1Internal airlock pressure readings were recorded during deployment and
are presented as Figure 106,

Movies were taken of the airlock deployment and correlated to the pressure
recordings (Figure 107) .

ANALYSIS OF DATA

Based on the above temperaiure readings, it was theorized that the exposed expandable
structure must have reached -85° F or even colder. The difference in temperatures

at the verious locations could be attributed to the fact that all airlock temperature
sensors are packaged well into the interior of the folded material in the launch
configuration. This assumption is further supported by subsequent thermal analysis.
The micrometeoroid barrier is a good insulator and will keep the interior of the
airlock fairly warm for extended cold soak periods. The exterior will chill down
quite rapidly and this is what apparently occurred during the vacuum chamber test.

It is therefore reasonable to assume that the outer inch or so of exposed expandable

structure was as low as -85° F.

Movies taken of the airlock deployment were analyzed by comparing framing speeds

against pressure rise recordings. Results are correlated on Figure 106, The sudden

deployment event corresponds to the sharp drop in pressur: at approximatelyb.C seconds

after start.

From the above evidence, it appears that at least a portion of the expandable structure

was in a "semi-frozen" state at the time of deployment. An excessive pressure rise

occurred with the airlock restricted to approximately 30 percent of its expanded

volume by the trapped folds of material. This pressure finally produced enough

force to unwrap the folds but at this point the conversion of pneumstic potential
energy to kinetic energy occurred so rapidly that damage to the structure was

incurred in the unfolding process.

T
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Inspection of the airlock disclosed failure of the filament wound structure in
two areas, seversl areas of delamination of the bladder from the filament wound
cage, and e number of rips in the outer cover and micrometeoroid barrier. A

typical rupture of “he outer surface is shown on Figure 108,

SUBSTANTTATION TESTS

General
In order to add confiderce to the accuracy of the sbove analysis, it was decided
to conduct additional low temperature material tests and conduct a deployment test

in a vacuum chambe> at room temperature.

Low Temperature Material Tests

The results of low temperature tests on the micrometeoroid barriter disclosed an
unexpected effect. This data is shown on Figure 109. Originally, the design had
been based cn 1.0 pcf polyurethane foam for this layer and low temperature verifica-
tion tests of flexibility had been carried out on composite sections of the airlock
structure. Flexibility had been maintained well below -65° F and this temperature
was specified for environmental qumlification testing. Subseguently, fire retsrdant
characteristics were added to the material requirements as a result of the Apollo
fire. At the time, the only polyurethane foam which met the new "self-extinguishing
in air" requirement was aveilable only in 2.0 pcf density. An erroneocus assumption
was made that the low temperature characteristics would be reasonably close to that
of the 1 pef foam. As can be seen from Figure 109, the 2.0 pcf foam is approximately
15 times stiffer in compressiocn modulus at -65° F, whereas the difference is in-
significant at room temperesture. There appears to be an abrupt change in the stiffress

characteristics at -20° F to -25° F.

Sections of the expandable structure using both 1.0 pef and 2.0 pef foam were cold
soaked to varying temperatures as low as -100° F in the folded stete. Thece were
then manuelly unfolded to determine the degree of stiffness in a2 quelitaetive sense.

The 1.0 pcf foem section was obviously less stiff at eny temperature. Altho.r* the
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2.0 pef foam section did exhibit considerable stiffness increase below -20° F, it

did not become brittle or crack under manual manipmlation.

Deployment Verification Test

It was considered important to establish whether the locking of the folded material
was a result of the low temperature effect on the material or & result of long-term
storage in the packaged condition. The crew training unit was selected as the proper
test article to determine this. This unit had remained in a packaged state since

delivery to Wright Field in Octroer 1968. (Approvimately 9 mecnths storage)

The unit was returned to GAC and was tested in the vacuum chamber, 23 June 1969.

A special pressurization syc-tem as shown on Figure 110 was connected to the inflation
maaifold. The reason was to duplicate the design flow discharge rate but to reduce
the total capacity of the system to reduce risk of damage if hang up occurred during
ceployment. A standby system of regulated N2 was also connected. This system is

used to maintain shape during the renressurization of the vacuum chamber.

The unit was also deployed verticelly upwards instead of downwards as was the case
at AEDC in order to eliminate thie Lenefit of gravity aiding the unfolding of the
material. Tne unit was succesafully devloyed at a chamber pressure of .02 psia and
room temperature. The pressure rise data is shown on Figure 111 together with rhoto-
graphs of the dsployment sequence.

The deployment under either room temperature or low temperature environment shows a
characteristic pressure peek part wey through the deployment cycle. However, this

peak for the room temperature case is only one-sixth the value of that for the low

temperature deployment. The deplovment is also considerably slower with no pronounced

hangup of the packeging fouids.,
CONCLUSIONS

1. The results of the room: temperature deployment test definitely establish low

temperature as the primary cause for the unsatisfactory deployment at AEDC.

240




coapeeition

DEPLOYMENT TEST SCHEMATIC 5P-7099

8
PRIMARY DEPLOYMENT Foee
AIRLOCK.
CONAX VA_VE
!Ro \N\
6.46 PS! ﬁ \—PRessu RE MANIFOLD
T N
l/4”DIA STAINLESS TUBING & FITTINGS
022 DIA ORIFICE 3 ¢
(SEE DETAIL A) ALTITIDE CHAMBE L
FEED THRU
STANLEY NEECLE VALVE
DesLovMmENT L=V
PRESSURE & FLOW i 1500 PS 1 N
INDICATOR. —

CYLINDEKR VALVE

I/4-28 UNF-3A THD(REF,
L0272 DIA MOLE THKJ
1

: _’::t__. | |
l | L sLoT .06 DPx 26 Wi
31—
MAKSE FROM AN4C -4A ROLT
DETAIL A

CHAMFER 45°+5°x,03
(TYP)

[T!

Figure 110
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Low temperatuve materials tests establish -20° F as the minimum temperature at
which deployment shculd be attempted with the current airlock structure. (This

temrerature limitation does not apply after deployment.}

A reduction in initicl flow rate of the inflation gas could be of some benefit

to minimize intermittent deployment effects.

REMEDIAL ACTION BEING TAKEN

l.

The airlock in the packaged shape will incorporate a multilayer insulation
cover over the expandable structure to maintain crbital temperatiares st time
of deployment warmer than -20° F. (The thermal blanket effect was arelyzed
and reported in Reference a.)

The airlock pressurizatior system #ill be mcdified to provide a preshaping
cycle with a reduced flow rate from a low capacity gas suppiy. The new
system is shown schematically on Figure 112 and the pressure %low characster-

istics on Figure 113.

Additional test thermocouples will be added tc the airlock exterior surface
which will more accurately establish the expandable structure iemperature

during deployment tests.

The dev_oyment tesw will b2 repeated in the GAC vacuum chambar with the airlock
cooled to -20° F,
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O-2/ A/eLockK
MODIFTEL INFLATION € PRESSURIZATION SYSTEM

SCHEMAT/IC

150 CU. /N @ 250 PS/

- 02/ OR/IF/ICE

/ % [~ CONAX VALVE (TYP)
i

1
!

/ —
PRESS

J" /—A,/A/V//-"OLO
URE  TRANSDUCER (’r)’d P/
{

/50 ¢ /M. @ ¥
3150 PS/ V

/'.0/0 OR/FPICE AIRLOCK

LA

—\ /50 CU IN. @

’Vz 3/50 PS/

Zi'.526£7 OR/IFICE

L 010 ORIF/CE

|k

Figure 112
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ENGINEERING MEMORANDUM

1 January 1970

SP-7232
Subject: D021 Airlock Vacuum Chamber Low Temperature
Deployment Test
ttachment: (a) Environmental Qualification Test Procedure

GER-13088 Rev. C, Page 63a dated September 1969

() DTI GA597-30 - Expandable Airlock Deployment Test
Plan dated 10 December 13569

PURPOSE

The purpose of the low temperature low pressure deployment test is to demonstrate

satisfactory operation of the airlock deployment system under these conditions.

TEST PROCEDURE

The test procedure which was followed ic defined in attachment (a). This
procedure is essentially identical to that specified in attachment (b) except
that the altitude during the test was 150,000 ft instead of 200,000 ft. It is
considered that this slight ifference in pressure is insignificant in this

particular test.

TEST EQUIPMENT

The following test equipment was used to perform the test.

Ttem Model Serial Nco.
1. Digital Voltmeter NIS MOD451 AF 80092
2. Power Supply KEPCO-MOD SC 32-15A  GA38-710-479-7-1
S/N C30194
3. Igniter Circuit Test ALINCO MOD 101-SBFC  GFE 15
4, Manometer MERIAM MOD A203 11157
S/% 56751
5. 0SC Power Supply CEC Type 2-105k 1003598
£/ 1Lou2
6. Carrier Amp CEC Type 1-113B L35-10€5
5/u 22137
246
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SP-7232
item Model Serial No.

8. Recorder
% 9. Recorder
10. Recorder
11. Recorder

13.

Camera

1k,

(-100°F to
Range, Atmo
250,00C F

h-

e B iy
it R B

e

were read out on th

Carrier Amp

Pressure Transducer

Figure 115 shows the

CEC Type 1-113B 1435-108L

S/N 134B610

L-5478
S/N b-6h-483h2-1-1

Azar IN 69809

Azar IN 69809 G1306

S/N A-60-4849-5
Azar IN 69809 G138k
S/N B-6L4-58602-1~1

Horeywell
MOD 153058L6&-24-02-1
-000-015-10-168

S/N X5-R 12150

KP-15

20LL3

16 ¥4 Motion Ficture

American Research
Test Chamber

+L00°
sphe
A%,

m

to

F Temp
ric

schemetically in Figures 114 and 115.

4
“

location of the airlock integral temperature sensors which

is e
e Jdi tal

igi voltmeter,

nit was instvalled in the vacuum chamber and the instrumentation

checked out by 4:20 December 11, 19 . The clamber was set for -10°F
and lelt for en .. tamperature soax. AL €:1% AM on December 12, 1969,
the ~hp~her ~me rop =0 230 pwd B 10:00 47, the tempereivres were in the
T OIS I U U Ln€ chamber Wwag t.oe.. puapdd down.  Tue initial

. depl _.:n. wutopt e mrorted whern the restraint harness did not respond
by Iriiing away as vxrzoted altar rolercs of the retazining mechanism. During
represcurization ¢ *the chamber, - sirans did fall away without any other
disgurdance Tnvessicngien of 1i - narness release hardwese dia not gigclose

20"
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SP-7232

TEST SEQUENCE (Continue@l

any defects in the parts, so it was theorized that the straps did not have

any residual tension due to lack of resilience in the airlock at the low

temperature condition. However, as a precaationary measure the retaining

collar clearance was increased by .005 in. to eliminate any possibility of a
hangup due to foreign particle binding. (This design change has been
released effective on all units.)

By 2:40 PM the collar had been reworked and the temperatures again svabill.zed

to -20°F. By 3:15 PM, the chamber had been pw.ped down to .02 psia, and the

deployment was successfully accomplished. Movies of the segquence were taken

through the chamber viewing port.

The airlock was subsequently inspected and found to be in satisfactory
condition.

TLST DATA

Trhe airlock internal pressure time history is plotted on Figure 117,

of photograph: shows the airlock in various states of deployment on this
same plot.

Figurell8 shows the preshaping pressurization bottle pressure versus time.
Figurell9 records the external thermocouple time history during deplovment.

The date taken from the integral airlcck thermistors located as

Figure 116 is listed below.

shown, on

Four of these are on the outside surface of the airlock and twe on the inside

surface. When the unit is packaged, these are folded well into the interior

of the expandable structure.

IRNAD TERPEATURES AT T3 B 07 DEPLOLENT

. . G

Locatlion K
T-1 -5
m ~
L=z -1
-3 -1
T—J; "11}
1-5 +20
-6 20

2438
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GOODYEAR AERQSPACE

CORPDAATION ot

OZEVELOPMENTAL TEST INSTRUCTIONS
wre 10 December 1959

EXPANDARLE AIRLOCK
DEPLOYMENT TEST PLAN

The purpose of the expandable airlock deployment test is to demonstrate deploy-
ment sequence of the unit at low temperature (-20 to -25°F) and low pressure
(150,000 ft.;. The test unit will be the Crew Training Unit (Serial No. 1)

CAUTION: Test uri® must be handled with white glcves.

During the test the following data is to be recorded:
A. Temperatures

. existing thermisters on unit

outside of thermal blanket

inside of thermal blanket on zirlock outer cover

on hatch

on base structure
on bhattery

1
*2

*

3.
L.
5.
6

) W O\

* TLocate in psirs, one inside, one outside
B. Pressures

. Chamber pressgure

Airlock ainternal pressure transducer

Bottle pressure transducer

. Airlock internal pressure {sore means other than unit transducer)

o
.

C. Motion Pic ngle lens is required
=3

Camesra sp

The low pressuie tohtle is 1o contzin zn 0.021 inct orifice and is to be charged
to 250 psi.

-~

The unit is to te cold soaked at -25° F until all thermocouples generally reach
-20° ¥, at «hich tire puorpdown will commence. During the cold sozk the battery
heaters will be o°f. Prior to pamp-do.n the battery heaters will be turned "OW"

alid 1ete cn for ine semainder of tne t-si.

- e rm— — -
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13.L

13.0 LOW PRESSURE AND LOW TEMPERATURE DEPLOYMENT

Purpose

The purpose of the low pressure and low temperature deployment test is to

demonstrate satisfactory operation of the deployment mechanism under these
conditions.

Test Equipment

The following egquipment or equivalent will be used for the performance of
the deployment test:

(1) American Research Test Chamber

Temperature Range -100° F to +h400° F
Pressure Atmospheric to 250,000 ft.
Relative Humidity 20 to 95%

Calibration Period 3 months

(2¢) Two (2) hAzar strip chart recorders
Calibration Period 3 months

(5) Two (2) Rrown Multi-Channel Temperature recorders
Calitration Period 3 months

(4) One (1) 16 -m motion picture camera

Test Sztup arnd Procedure

The expendable zirlock will be instrumented with approximately sixteen
thermocouples on the expandable structure and the thermal blanket. The unit
will then be packaged and placed in the American Research test chamber. The
NASA 4irlock Simulztor (checkout set) will be connected to the airlock with
the output of the two low pressure transducers being recorded oun two Azer
strip chart recorders. The thermocouples will be connected to the Erown
multi-channel temperature reccrders.

The temperature in the test chember will be reduced to -20° F and ellowed to
stabilize. After stabilizction of the temperature has occurred the pressure

in the chamber will be reduced to 200,000 feet. During pumpdown the electrical
vent valve will be open.

When 200,000-foot altitude is reached the vent valve will te closed. The
recorders and the motion picture cemera, setup to record the deployment
sequence, will be started. The restraint straps will then be released. After
release of the restraint straps, the deployment pressure bottle squib will be
fired,

Acceptance Criteris

Upon completion of the deployrent test, the airlock must notv show eny
indicetions of deterioration of -aterisls or construction.

250
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T 5 % 6 WINDOW

TC 7
TC 3
T™C 3 & L
ls”
TC-1 Inside surface of
thermal blanket.
TC-2 CQutcide surface of
thermal blanket.
€ 5&6 TC-3 Outside surface

airlock expandable
structure.

TC-L Outside surface of
thnermal blanket.

TC-5 Outside surface

airlock expandable
structure,

TC-6 Outside surface of
thermal blanket.

TC-7 Outside surface of
hatch,

A b

TC-& Outside surface of
base,

TC-9 Battery case surface.

Figure 115. Trevzecouple Locatiun - Jporia)
~gt Thermccouple:
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R T2 O F AL LENCH TR R

WINDOW REFERENCE

T-6 {INTERNAL) T-5 (INTZRNAL)

T-4 {EXTERNAL T-2 (EXTERNAL)

T-1 (EXTERNAL) T-3 (EXTERNAL}

Figure 116. Airlock Integral Temperature Sensors
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i | I | { R
2,4, 6 - T.C. ON OUTSIDE OF
5-6 WINDOW ’ THERMAL BIANKET "]
1,3,& 5 - T.C. ON OUTER )
1.2 SURFACE OF AIRIijﬁ/c
3-k f
3")4 ® 6
1-2
56 @ / /
i jf
7
L _’,a—"‘ ///”—’rif’ —
e
6 /
1// 3
P4
"] /
T.C. CA¥MF IOOSE /
o
5
Et e 7
y
//
L3
CAMERA LIGHTS TURNED ON _ . le pEPIOVMENT
|
16 17 18 19 20 21 22 23

TIME - MINUTES (AFTER 3 P.M.)

Figure 119. D-2Z1 Airlock Low Temperature Vecuar Chamber Deploywent
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GOQODYEAR AEROSPACE

AKRON, OHIO 443153

18 September 1970

In Reply Please Refer
To: SP-7534—

Mr. E. 3. Walker FM-SL-DP
fiaticnal Aerconautics & Space Administration
George €. Xarshall Space Flight Center

Huntsville, Alabama 35812
Su ject: D021 /D024 Vibration Test Requirements .

Enclosure: (A) McDonnell-Douglas Astronsutics Ccmpany
Preliminary Interface Revision Notice (PIRN)-
ED-02 to ICD13:32011 dated 2 September 1970
(Pages 5 and 6 only) - 3 copies

(B) SM-9780, GAC Stress Department Vemc
~ated September 11, 1970 - 3 copies

Reference: (a) CER-13088, Rev. D -DC21 Environmental GQualification
Test Procedure, dated Karch 1970

ironmental Qualification

(b) GEm-1L84s - Do21/D02L Env
ial Sampies

Test Spec. for Mater

« (ec) GER-1L830 - DO21/D024 Environmental wualification
Test Procedure for Material Samples

Dear Mr. Walker:

The vibration environments defined by MDAC in Enclosure (A) PIRN were compared
with the actusl D021 vidbration Gualification Test as perforrmed per Reference
(a) and 2izo with the vibration spectrua as defined in Reference (b) for the
D021 /D02k 1a~erizl Samples and Material Return Container. Enclosure (B)
presents en evaluation of the severity ol these vibration environments as
imposed on the structural craracteristics of botn the D021 and D024 experi-
ments.

This analysis indicates that the vibration test as defined in Reference (b)
and successfully performed at AEDC on the DC21 Airlock Qualirication Test Unit
is considered to indicate adejuate structural integrity of the zirlock experi-
ment to wlsc withstand the Enclosure (A) vibration specirum.

T
A
15

258




—— e - = - - = - et m L me e E Ty LT T NS T T WS Ak A e TR TR T T e T

e A ismptnn —

Page 2
SP-753%

The analysis shows similar results for the D024 experiment, but this test

has not been performed pending availability of test hardware. Therefore,

References (b) and (c) will be revised to incorporate the new data and the
testing conducted accordingly.

The enclosed data are forwarded to the NAS2 Skylab Program Office for review
and substantistion of GAC's opinion that the vibration test already performed
on the Qualification Test Unit need not be repeated to the new valuzs specified
on Page 5 of Enclosure (A). ’

Very truly yours,

= GOODYEAR AEROSPACE CORPORATION
%E Ti//2;7€f4/°~22:)
E L. Manning

. | 1M/eng

ce: F. W. Torbes - With Enclosures
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‘ INTERF E REVISION NOTICE CONTIN!  TION SHEET
LEV AFFECTED ICD REV IRN NO. IRN REV. SHEET
B 1312021 5 of &
'DESCRIPT!ONZ o
10:f CONDITION {Pago 12) Figure 3.2-1

VIBRATION AND SHOCK DESIGYM FNVIRONMFNT FOR HARDWARE MOUNTED ON THE AM TRUSS

Vehicle Deramiaz Criteria )

Flight Axis (3-40 Hz at 3 oct/min)

3- 7 Hz at 0,52 inchcs double amplitude displacement
7 - 15 Hz &t 1.3 g's peak
15 - 20 Hz &% 0.11 inches double smplitude displacement
20 - L0 H= at 2.3 g's pesk

Iateral Axes (2-20 Hz at 3 oct/nmin)

2 - 10 Hz et 0.14 g's pack
10 - 20 Hz 2% 0,035 g's paak

High Levs) Dandon Criteria (1 min/axis)

20 Bz ot 0.017 g°/Ha

20 - 60 I’z o4 +9 dB/oct
60 - 130 Uiz at 0.45 g~/hz
130 - 185 Kz at -9 d3/oct

185 - 800 Hz at 0.15 g2 /Hz
800 - 2000 Hz &t ~9 dB/oct :
2000 Hz at 0.010 g2/Hz Composite = 14,0 grms

Iow Level Randon Criteriz (4 minfaxis)

0 Hz at 0.012 g2/Hz

20 - 60 H. ot +9 dBfoct

60 - 120 Hz at 0.34 g2/Hz

130 - 185 Hz at ~9 d5/oct

185 - £00 Hz at 0.12 g2/Kz

800 -~ 2000 Hz £t <9 dB/oct ¢
2000 Hz at 0.C07L g2/Hz Composite = 11.8 gmims

Prrotechnie Shock Soectrum

10 He at 4.7 g's peak
10 - 8CO Ez at +3.0 dB/oct
800 -~ 3000 Hz at 1240 g£'s peak
3000 - 10000 Hz a¢ =7.0 dB/oct
102300 Hz at 260 g's psak

MSIC - Form 210%-1 {April 1968) 260
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INTERFSA ~“REVISION NOTICE CONTINUATION SHE[T

AFFECTED ICD REV | IRN NO IRN REV. SHEET
%
131412011 I
DESCRIPTION:

NOW CONDITION (Page 13) Figurs 3.2-2
., ‘ VIBRATION A'D SHOCK DESTUN ESVIRONMENT FOR HARDWARE MOUNTED OX THE DA TRUSS
: Vehicle Dmeades Criteria
Flight Axis (3-50 Hz at 3 oct/min)
_' 3 - 6.5 Hz at 0.50 inclies double amplitude displacecment
3 6.5 - 25 Hz 1t 1.1 g's poak
) 25~ 50 Hz ct 2.8 g's peak
E- Iateral Axes (2-20 Kz at 3 oct/min) 1
E 2 - 10 Hz 5% 0.10 inches double a~plitude displacement
E 10 - 20 Hz a2t 0.035 g's peak
: 13£4=02L R-rdo Vibmotion Criterice (Y nin/oxis)
20 - 35z ot C.10 g2z
Z 35 - 10D iz ot -12 dB/oct
I 100 - 850 liz ab 0.0022 g?/Hz
k= 850 - 2005 ¥z ot -6 dR/oct
= 2000 Hz a% 0.C0042 g2/Hz Comosite = 2,3 grms
- Poost Puiden Vibration Criteria (2 rmin/axia)
’g 20 - 35 Bz at 0,036 ¢2/Hz
= 35 ~ 50 Iic &t 12 dB/oct
3 50 - 1000 Yz a% 0.01 r2/Hz
1000 - 2300 Hz at ~6 dB/oct
3 2200 Hz o+ D.0025 g4fliz Composite = 3.9 grms
Prrotechniz Suozi Criteria
10 iz 24 0,7 g's peak
10 - 100D iz at +7.7 d3/cct .

103D .. 4C20 Ho a2t 2,0 g's peak
; LOCD - 10000 Es et ~7.0 dB/oct '
e 1003¢ Hx 2o 84 g's peak
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MEMORANDUM

September 11, 1970

SM 9780
To: L. Manning
Project Engineer of Airlock
Dept. 453G
From: J. E. Rice
Section Head Vibrations
Dept. 456G
Enclosure: Houmard's Analysis and PSD Requirements
Subject: Consequence of Change in Vibration Qualificacion

Levels for Airlock and/or Samples

The new requirements should not require retesting of tne airlock or
samples. This conclusion is based on the following facts: -

The random specifications were compared and the nmew requirements are
superposed in broken lines on the old requiremeats. From Figure 120,

it can be seen that the input for the & x 6 inch samples is increased
from 60 to 120 Hz, but is reduced markedly from 180 to 900 Hz. These
small samples will not be affected by the low frequency change but

will receive a significantly smaller input at the high end. The over-
all g rms is reduced irom 21 to 14 and most of this is due to reducticn
in input from 180-900 Hz. The consequence of the change is to reduce the
response of the samples.

The changes in the sine wave input for the samples incresases the input
from 1 g to 2.3 g's in the frequency range from 15-40 Hz but the new
requirement cuts off at 40 Hz, Since the sampie naturnl frequencies
are probably higher than 40 Hz, the small increase in g level is
insignificant.

For the deployment assembly the changes in random vibration requirements

are shown on Figure 121. 1In addition to the new requiremenl shown in broken
lines, a series of vertical lines will be noted at various frequencies.

These are the values of the natural frequencies of the D021 components such

as the battery box and pressure bottles. The associated Q'c are also included.
These numbers were obtajned from test records of the 1 g tests at the Arncla
test facility.

The random levels of the new requirement are significantly iess than the
random levels already experienced at Arnold.

>
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SM 9780

The new sine-wave requirements increase from 1 g to 2.8 g's from 25 to

50 Hz along the flight axis. The battery box has natural frequencies at
34 Bz withb a Q = 12 and at 41 Hz with a Q = 12. The response levels of
the battery box along the flight axis will be (2.8) (12) = 33.6 g's if

the Q does not change; however, almost without exception the Q level will
reduce as the g level increases with objects mounted as the battery box is
mounted.

For conservatism it will be assu- nat the ¢ level will not be reduced
so an output o/ 33.6 g's will be . ined.

A stress anslysis was performed using an input of 54 g's which represented
the 3 sigma value from random noise plus 6 g's of acceleration.

Lven with an input of 54 g's there is a safety factor of 50 percent based
on critical buckling so an input of 33.6 g's is not a problem.

The stress analysis is enclosed.

J. E. Rice
Vibration & Acoustics
Structural Analysis Department

JER/mw
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Enclosure to SM 9780
Sheet 1 of 3
D-021 Airlock
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Enclosur~ to SM 9780
Sheet 2 of 3
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Sheet 3 of 3
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