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1, INTRODUCTION

L.1 PURPOSE

This report was complled to provide a historical record of
the development manufacturing, test, and use of the Skylab Pro—
gram's Multiple Docking Adapter (MDA).

1.2 SCOPE

This report discusses the MDA from the identification of
the need for a multiple docking capability on the Skylab program
to its final mission configuration. Significant events dis-
cussed include the evolution from a wet to dry workshop configu-
ration, the growth in complexity (primarily through the addition
of experiments and experiment support capabilities), the build
and test cycle and the performance during the mission on orbit.

1.3 SUMMARY .

1,3.1 Design Goals -

The MDA was originally conceived to extend the capability
of the Skylab program's orbiting workshop to allow selected
spacecraft to rendezvous and dock with the laboratory., Since
that initial concept the functional capability of the MDA was
expanded as discussed in paragraph 2.1.1 herein. At the time of
Skylab -1 (SL-1) launch, which placed the workshop in orbit, this
growth had led to the development of a spacecraft with the fol-
lowing functional capabilities:

A. Docking Facility ~ An axial docking port was provided
for normal Command & Service Module (CSM) docking and a radial
docking port was provided for emergency rescue or backup docking
use,

B. Envirommentally Controlled Work and Stowage Area - The
environmentally controlled work and stowage area capabilities
and features were:

®* A pressurized passageway.between the docked CSM and
the Airlock Module/Urbital Workshop (&M/OWS).

® Work stations to support crew operatioms.

i Modnting and operation facility for experiments.
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Mounting and operation facility for the Apollo Tele-
scope Mount (ATM) Control amd Display Console,

Control and monitoring for the Radio Noise Burst
Monitor (RNHM) and Proton Spectrometer.

Crew intercommunication and caution & warning
facility,

Cluster TV control,

Mounting and operation of the 16 mm Data.Acquisition
Camera (DAC).

Passive Thermal Control (externdl insulatiom).

Active Environmental Control (atmospheric ventila-
tion, orbital venting, and external radiators).

Opticél windows.

Meteoroid protection.e

MDA lighting.

Structural mounting (external) for the L-Band Antenna.
Signal conditioning and instrumentation sensors.

Stowage for cluster hardware and commodities.

C. Interface Befween the Saturn Workshop (SWS) and the CSM ~
The MDA provided a physical interface between the SWS and the
CSM to accomplish the following:

Access between the CSM and the AM/OWS.

Distribute electrical power to the CSM.

Transfer of conditioned air from the MDA to the CSM.
Transfer of control, instrumentation, TV, and com-

munication signals between the MDA/AM/OWS and the
CSM., .



1.3.2 Mission Results

This discussion briefly summarizes the perflormance of the
MDA module during the Skylab mission. The eriteria employed are
the three functional capabilitieées identified in the preceding
paragraph.

A. Docking Facility -~ The MDA axial docking port facility
was utilized by each CSM crew in accessing the orbiting labora-
tory. There were no anomalies reported in the operations of
this port facility, The first crew did experience some diffi-
culty in obtaining a hard dock with the MDA but this was resolved
in real time and corrected through CSM probe and docking pro-
cedure modifications.

The MDA radial docking port was provided for contingency
CSM docking during the mission., TIts use was not required and
therefore the configuration of this port remained unchanged from
that tested during pre-launch operations at Kennedy Space Center
(KsC3 .

B. Environmentally Controlled Work and Stowage Area - The
performance of the MDA in providing accessible work stations,
crew protection and comfort, and adequate stowage for designated
hardware was within the limits identified in the Contract End
Item (CEIL) Specification and all applicable Interface Control
Drawings (iCD's).

The environment was, with the exceptlon of a brief period
eirly in the mission, within the comfort zone of the crew. The
exception occurred during the empleyment of contingency thermal
managment techniques that were imposed to alleviate the excessive
temperatures in the OWS, The high temperatures experienced were
the direct result of OWS Meteoroid Shield and Solar Array
failures that occurred during lauanch. These failures left the
OWS vulnerable to solar heat radiation and effectively reduced
the SWS power by one half, SWS reorientation to reduce the OWS
temperature rise impoged further limitations on available power.
This effect restricted the use of the MDA heaters with a resultant
drop in MDA internal temperatures. Once the OWS problems had
been significantly reduced through parasol deployment and par-
ticularly after deployment of the remaining Solar Array System
(S48) Wing, when power was no longer critical, the MDA heaters
were activated and internal temperatures were restored to normal.



The remainder of the MDA, as a work and stowage area, had
been verified prior to launch, This effort proved to be satis~
factory since no significant comments were received from the
three crews that would euggest poor access, limited work envelopes,
limited stowage, inadequate electrical interfaces, or potentially
dangerous conditions existed in the MDA, ‘

C. Interface between the SWS and the CSM - The MDA inter-
faces with the SWS and the axially docked CSM were nominal
throughout the Skylab mission. Crew access was provided from/to
the CS5M and the AM/OWS without inecident. AM/OWS and MDA inter-
faces included electrical, caution & warning, instrumentation,
communications, atmospheric and physical/structural functions.
No problems were observed or reported with these interfaces,



2, DISCUSSION

The MDA was first conceived during the development of the
"Wet Workshop" (SIVH used as a normal propulsive stage during
boost, passivated and converted to a habiltable laboratory on-
orbit) concept to provide the capability for docking more than
one gpacecraft to the orbiting workshop. As discussed in the
following paragraphs, this concept evolved during subsequent
months to provide additional laboratory capabilities and ulti-
mately grew into a prime experiment laboratory for use during
the Skylab Mission, This section traces that evolution through
the identification of major program milestomes and concludes
with a detailed description and discussion of each of the "as-
flown" MDA systems including those lessons le2arned on the pro-
gram,

2,1 MODULE DESCRIPTION

2.1.1 History/Design Evolution

The requirement for a multiple docking capability for the
orbital laboratory was first identified on the Apollo Applica-
tions Program (AAP) in the summer of 1966, The development of this
concept into the MDA hardware is illustrated in Figure 2,1,1-1 and
is chronologically discussed below. Except for the events of
1966, which reflected a rapid evolution of the concept, this dis-
cussion is limited to the identification of major events that
occurred year by year. Those related to hardware should not be
construed as contractual events but rather as the general devel-
opment of concepts that were either expanded later or deleted.

A, Year 1966 -

(1) 1Initial concept developed with 2 radial ports and
1 axial port to accommodate:

o LEM/Apollo Telescope Mount (IM/ATM).
8  Relief/Replacement crew in CSM.
© Prime CSM (Axial port).

(2) 1Initial concepl was approximately 38 inches in
~ " length (main tumnel),

2~1,
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(3)

Second concept in November added 2 radial ports
to accommodate:

e Lunar Mapping & Survey System (LM&SS),
e Resupply Module (RM).

Note: Figure 2.1.1-2 illustrates this concept
with LM/ATM, RM and CSM docked.

SOLAR PANELS

AR

LM
¥
-1V B M csM
o MDA
’ /
RESUPPLY MODULE

(4)

Figure 2.1.1-2 Early MDA Concept

November version described as follows:

e Main Tunnel: 65 inches dia x 38 inches length.

e Radial Tunnels: 56 inches length.
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(5)

Year

(1)

(2)

e Lach Port: 34 inches diameter.
¢ {(ross Weight: 900 1bs,
® Thermal Control: Passive,

@ Jnvironmental Control System (ECS): 05 makeup
from AM.

® [Electricals Wiring from AM to ports.

Third concept in 1966 enlarged the MDA as follows:

® Main Tunnel: 115 inches diameter x 84 ipchns

length.,
® Radlal Tunnela: 20 inches length,
®* Gross Weight: 2000 lbs.
® Electrical: Added lighting to second concept,
* TInstrumentation & Communications (I&C): Dis-
play/monitor pressurization and consumables
transfer.
% Experiments: Stow 8017 panel, stow/operate 5063,
1967 ~
1966 concepts resolved into preliminary design as
announced by the Natilonal Aeronautics & Space Ad-
ministration (NASA) in March. This version

described ar follows:

# Main Tunnel: 120 inches dia. x 180 inches
length.

® Four radial ports.

Subseqguent to announcement of the March version
the following events occurred:

¢ Running and internal lights specified.

® Two radial ports deleted (IM&SS and RM).
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¢ Added experiment stowage/operational require-
mlents,

® MDA identified as candidate for contingency
workshop study.

Year 1968 -

5009 Nuclear Tmulsion added,

Expanded ECS to include fans/ducts, heaters (16 wall,
3 port, 2 window crank), and 2 vent valves.,

Electrical expanded to include 4 auxiliary power out-
lets and power distribution capability.

I&% expanded to include voice communications, instru-
mentation sensors (temperature), signal conditioning,
aud multiplexing (2 low level and 1 high level).

Several medical experiments identified for stowage/
performance in the MDA including on Experiment Sup-
port System (ESS), These items were eventually
deleted from the MDA. '

Year 1969 -

Dry Workshop concept adds ATM Control & Display (C&D)
Console, deletes OWS experiment storage.

MDA design, development, integration, fabrication,
test, delivery contract to Martin Marietta Corpora-
tion (MMC).

MDA shell provided by Marshall Space Flight Center
(M8FC),

Reduced radial port requirement to ome for a backup
CSM.,

5190 Multispectral Photographic facility added.
M512 Materlals Processing Facility added.

Film Vaults added.
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Year 1970 -

§191,6192,8193 and S$194 added (Earth Resources Experi-
ment Package, EREP, completed).

¢  RNBM added. .

® Tnverter/Lighting Control Assembly (I/LCA) added.

® 1/V fire sensors added.

® Orbital Assembly (0A) TV system components added.

® Tlight shell received in Denver.

® MDA Critical Design Review (CDR) held in Denver,

e AM/MDA Crew Station Review (GSR) held at St. Louis,

Year 1971 -

® MDA GSE identified for component install/remove
capability for Denver, St, Louis, KSC,

® FEREP pre~installation tests in Denver.

® Crew Compartment Fit and Function (C2F2) held in
Denver.

® TFlight article acceptance review held in Denver.

e Flight article shipped to St. Louis.

o M512 facility experiments expanded.

® Backup shell received in Denver.

Year 1972 -

® Video Tape Recorder (VIR) added,

® AM/MDA mated at St. Louis.

|

EREP bench tested at St. Louis.

Experiment M518 added.
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s AM/MDA C2F2 completed at St. Louis,

& Altitude tests completed,

® TREP installation completed,

® Electromagnetic compatibility (EMC) tests on AM/MDA,
® Shipped AM/MDA to KSC in October.

® TInitial pre-launch including inverted docking tests
completed at KSC.

® Dackup MDA shipped to St. Louis.
H. Year 1973 -

@ Completed pre-launch tests at KSC.

® SL-1 launched in May.

¢ Two Skylab missions completed and final initiated,
I, Year 1974 -

® Skylab mission completed.

2.,1.2 Test Evaluation

The MDA test program was structured te make use of program
developed mockups, simulators and test hardware to supplement
flight and backup hardware testing. The test and design verifi-
cation hardware developed and used on the program included the
following:

@ Zero G Mockups (5 configurations).

® Neutral Buoyancy (N/B) Mockup.

® Engineering Moukups (EMU).

® One G Trainer (develdped from EMU),

® Static Test Article.

® Dynamic Test Article (DTA)(developed from static article).
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® Development Mockup (DMU).

In addition the above programs, the MDA flight and backup
articles were subjected to a comprehensive series of tests from
fabrication through launch. The following paragraphs provide a
brief description of each test program associated with the MDA.

2.1.2,1 Zero Gravity Test Hardware

The zero gravity test program was conducted from October
1969 through July 1970, It included the design, fabrication and
flight testing in a KC~135 aircraft of 5 separate packages as
follows:

* ATM C&D Console/Structural Transition Section (STS)
Panel Crew Station.

® Film Vaults.

® TInitial Entry Package.
® [Experiment Package.

® Miscellaneous Hardware.

The corresponding purpose of the above test hardware was as
followa:

® Verify restralnts and work envelopes,
Evaluate removal of canisters and film magazines.

¢ Evaluate initial entry to MDA including removal of
drogue and probe, hatch stowage, installation of
vent plugs, CM/MDA umbilical installation, deploy-
ment of the flex duct, and drogue and probe stowage.

® Evaluate the crew station for experiments M512 and
5009,

®¢ Evaluate miscellaneous hardware such as utility out-
lets, portable light, experiments S082A and S082B canis-
ters and stowage provisions, €Oy absorber container
with absorbers, .
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2.1.2,2 HNeutral Buovancy Mockups

Several test programs werc developed and implemented to
evaluate the MDA/Crew interfaces in o simulated space environ-
ment, These programs were conducted in 1970 at MSFC with mock-
ups immersed in a neutral buoyancy tank and were instrumental in
the design verification of MDA equipment locations, clearances,
work envelopes, and gross operation after integration into the
SWS configuration.

2.1.2,3 Engineering Mockup (EMU) 1-G Trainer

The shell for the EMU was supplied by NASA-MSFC, refurbished
and outfitted by MMC and used during the MDA CDR.

The development of this hardware was instrumental in evalu-
ating the MDA design from a human engineering/crew interface
point of view, The fidelity of this mockup was later Increased
to meet the requirements of a 1l-G trainer for delivery to
Johnson Space Center (JSC). Prior to delivery the mockup was
used to support crew interface reviews in Denver and St. Louis
(CDIt and CSR) und MDA 1llumination level tests and scoustie noise
level tests.

2.,1.2.4 Static and Dynamic Test Article

The structural test article test program was developed in
two phases, the first for static testing and the second for
dynamic testing. MSFC designed, fabricated and tested the static
test article., This unit was then shipped to Denver to allow MMC
to update the configuration with mass simulators for planned
dynamic testing. The DTA was then shipped to JSC where MSFC per-
sonmel supported the dynamic test program. Results of these
test programs were instrumental in the final design and build of
a quality flight MDA vehicle,

2.1,2.5 Development Mockup

The DMU was used to develop the MDA wiring hdvness. The
structure used for this purpose was partially fabricated at MSFC
and completed at Denver, This program was instrumental in the
development of the MDA cable trays, a major program modification.
Following completion of this program, the hardware was converted
to a display model and was exhibited at the 1973 Paris Air Show.
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2,1,2.6 Flieht Article

The MDA flight shell was designed, fabriecated, x-rayed,
leak tested and pressure tested by MSFC prior to shipment to
Denver.

Following recelpt of the structural shell in Denver in
November 1970 the MDA was first updated primarily through incor~
poration of penetrations necessary to install required flight
hardware. The styucture was then moved to the Leak Test Facility
(LTF) for proof pressure and leak testing. It was then painted,
cleaned and moved (May 1971) to a class 100,000 clean room.
Available £light hardware, including the M512 Materials Proces-
sing facility, the AIM C&D Console structure, film vaults, ete,
was installed in the clean room. '

the LREP experimentse and supporl equipment were received
during this time and subjected to Pre~Installation Test (PIT).
This system was then jnstalled and tested in the £light module.
Problems encountered during this activity led to the removal of
several experiments for return to thelr vendors for rework.

: MDA systems installed and tested in Denver included the
following:

& M512 facility (Electron Beam Gun not tested),
® .RNBM.

® Proton Spectrometer.

® 5009.

¢ Electrical System Components..

® T&C components including TV.

¢ ECS components.

® Radiator (leak tested).

# Tnsgulation Purge System.

® Thermal Control System (TCS) components.

® Structural Devices and Mechanism.
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At the conclusion of these activities the MDA was given a
final leak decay test, subjected to Acceptance and C2r2 Reviews
and then shipped to McDonnell Douglas Astronautics Corporation
(MDAC) at St. Louis for planned mating with the AM and further
AM/MDA testing.

The sequence of events at St, Louis began with the prepara-
tion and validation of the MDA prior to mating with the AM, This
period was used primarily for structural activities such as in-
stalling ship loose and late arriving items and included an MDA
leak check validation. Prior to the complete installation of
EREP experiments a program decision was made to remove those in-
stalled and conduct an off-module bench test on this system in
parallel with the scheduled AM/MDA interface compatibliity
testing, The MDA was hard mated to the AM in March 1972 und
this event precipitated a series of tests including systems
assurance testing, simulated flight testing, crew compartment
fit and function validation, and altitude chamber testing. The
EREP bench testing included limited experiment Functiomal Intexr-
face Verification (FIV) testing, System Functional Interface
Testing (SFIV) and Simulated Data Passesg. At the conclusion of
these separate test programs the EREP equipment was installed in
the MDA and all EREP interfaces were reverified employing a Super
Systems Functional Interface Test (SSFIV). At this time the
total AM/MDA system, including EREP, was tested in a Delta Simu-
lated Flight which included EMC testing. The combined AM/MDA
was then prepared for shipment via "super guppy" to KSC.

The AM/MDA arrived at KSC in October 1972, It was immedi-
ately transferred to the Operations and Checkout (0&C) Building
and installed in a launch upright orientation in the West Inte-
grated Test Stand (WITS). AM and MDA compatibility was first
verified by test procedure KMO00O3, AM/MDA Integrated System Test
and Experiment Test. Following completion of this test procedure
the AM/MDA was removed from the WITS, inverted and, after the CSM
was installed in the WITS, was hard docked to the CM, This
operation was primarily controlled by procedures KO071, CM-SWS
AM/MDA Mechanical Docking and Leak Check, and KMO00L, CSM-AM/MDA
Electrical Interface Test and Docked Simulated Mission. The tests
performed in this configuration included cluster leak testing
with emphasis on the docking interfaces, CM to AM/MDA electriecal
interface testing, and a mission simulation invelving the crew.

The final major step in the 0&C Building test sctivity was

initiated after the CSM had heen removed from Lhe WIES and the
AM/MDA reinstolled in a launch upright orientation. The
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controlling procedure was KMOD02, Deployment Assembly Functional
and Experiment Test, This procedure, as it applied to the MDA,
was primarily used to verify experiment performance.

The AM/MDA with Deployment Assembly (DA), Fixed Airlock
Shroud (FAS), and the Payload Shroud (PS) installed was trans-
ferred to the Vertical Assembly Building (VAB) for final payload
integration teste after mating with the launch vehicle and the
remaining SWS modules (OWS and ATM). Generally, the MDA was sub-
jected to the following LWS tests at the VAB:

® Vent Valve Operxation.

"

® Tansulation and Window Purge.
® FElectrical Interfaces.

® Esperiment Testing.

& Countdown/Countup Simulation.
® On-Orbit Activatlion Tests.

® Ventilation Tests.

These tests were controlled by many different procedures;
two of the more significant that affected the MDA were KS0045
(AM/MDA/OWS End to End System Test and Experiment Test) and’
KS0009 (SV OAT)., The ATM C&D Console to ATM interfaces were
verified through the performance of approximately eleven pro-
cedures,

The assembled SWS installed on the launch vehicle was

- transferred to Launch Complex (LC) 394 after successful comple-
tion of VAB testing. The MDA participation at LC 394 was con-

trolled primarily by procedure KS0007, Gountdown Demonstration

Test (CDDT) Wet and Final Countdown., The MDA functions verified

by K80007 included Vent Valve operation, pressurization, and

insulation and window purge. SL-1 launch was successfully per~
formed in May 1973,

2,1.2.7 Backup Article

The Backup (B/U) MDA shell was provided by MSFC in much the
same manner 3s that described for the Flight Article (2.1.2.6).
It followed generally .the same flow in Denver as the flight article

-
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but, due to hardware shortages, was subjected to rather limited
testing prior to shipment to St. Louis. These tests were pri-
marily in the following areas:

Proof Pressure amnd Leakuge.
Lighting/Illumination.

Heaters,

Radiator Leakage.

Ingulation and Window Purge.

ECS components,

Steactural Dovieens and Mechodmae,
Instrumentation components.

TV Components

Caution ond Warning (C&W) System Components.

Experiment $009.

At the completion of these tests the MDA was subjected to an
acceptance review and shipped to St. Louils via "super guppy.”

At St. Louis the B/U MDA was installed in a launch upright
orientation for installation of ship loose items and late mod
kits, It was then mated to the B/U AM, leak tested and moved to
another building for AM/MDA compatibility testing, This series
of tests included:

AM/MDA to CM power transfer capability.
Lighting/Electrical components.
Heaters,

Insulation and Window Purge.

ECS Components.

- 1I&C Components.

2416



e VTR Installation sond Checkout.
@ TV System Components.
e  C&W System Components.

8 Experiments S009, M512, Proton Spectrometer and RNBM
Verification,

In addition, the EREP experiments were installed and veri-
fied through the performance of an SSFIV and two simulated data
passes, At this time the EREP hardware was removed and returned
to Denver to be connected as a laboratory system for mission
support. Qualification ATM C&D panels were installed inm the MDA
at St, Louis and the I/LCA and Backup I/LCA (BT/LCA) were then
verified,

Overall the AM/MDA was subjected to a Systems Assurance Test
(SAT) program and three simulated flight programs. At this
point the AM/MDA was designated for mission support and was there-
after used to verify various mods and procedures identified for
the 8L~1 orbiting workshop, e.,g., verification of gyro 6-pack
installation in the MDA,

2,1,3 MDA Systems Description/Functions.

The MDA was comprised of the Structures, Thermal Control,
Environmental Control, Electrical, Instrumentation and Communica-
tions, Experiments and Crew Systems, Signlificant systems compo-
nents and their locations in the MDA are shown in Figure 2.2.1-4

The primary functions of the MDA were to provide a docking
interface for the CSM, a pressurized passageway between the
docked C3M and AM, and a work area for the crew to operate experi-
ments. Non-crew MDA functions included distribution of electri-
cal power to the CSM, transfer of conditioned air to the CSM, and
sensing and control of instrumentation, communiecation and TV sig-
nals.

Sections 2.1.3.1 through 2.1.3.7 provide brief descriptions
of the MDA systems.

2.1.3.1 Structures

The MDA was a 10-foot diameter, 17.3-foot long pressure ves-
sel that weighed approximately 14,000 pounds fully equipped. ‘the
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MDA had twe docking ports, one primary and one backup, designed
for docking the CSM, External ond internal mountings were pro-
vided for earth viewing experiment seunsors. VFilm stowage vaults,
equipment stowage containers, tape recorders, and television
equipment were installed internally. Contrels and displays for
EREP and AIM experiments were installed in the MDA. Work sta-
tions and mountings for scientific experiments performed inside
the MDA were also provided,

The MDA exterior structure congisted of radiator panels,
meteoroid shields, insulation blankets, an electrical wiring tun-
nel, an L-Band truss, structural supports for EREP experiments
5191 and 8192, orientation lights, and docking targets.

The L-Band truss structure supported the I/LCA, Proton
Spectrometer, 5194 L-Bond Antenna and the 5194 Electronics,

The MDA basic structure contained four windows which pro-
vided viewing for certain Earth Resources Experiments ($-190,
§-191 and 5-192). The windows were designed to meet optical
requirements of the experiments and to provide MDA pressure
integrity.

The S190 window external cover protected the window from
meteoroid impact and radiation when the window was not in use,
The erew controlled the cover from insjide the MDA by operating a
latching mechanism and an actuator.

A safety shield provided a structural backup in the event
of an S190 window failure, This shield also provided impact pro-
tection to the window when the 5190 experiment was not in its
operating position over the window,

Two foot restraint platforms were provided for astronaut
support when operating experiments. The platforms were fabricated
of standard astrogrid which interfaced with the astronauts' shoes.

Four £ilm wvaults were provided to house ATM cameras, ATM film,
contingency components, and electrical umbilicals.

The MDA included the following containers: COp absorber,
miscellaneous stowage, STS miscellaneous, control head, S054
return, S190 equipment, in-flight maintenance tools and £light
data file, The containers protected the equipment against launch

loads and provided easy access for on-orbit removal and re-
installation.
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2,1.3.2 Thermal Control

Thermal control of the MDA was provided by a combination of
passive and active subsystems. The passive subsystem limited
the heat loss from the MDA intetior to a value that would allow
the active subsystem to control the internal temperature. The
passive subsystem consisted of insulation blankets, fiberglass
standoffs, paints, coatings, and low emissivity aluminized Mylar
tape. The active thermal control subsystem consisted of wall
heaters and thermostats, docking port heaters and thermostats,
ard a self~contained subsystem that controlled 5120 window and
frame temperatures,

Temperatures within the MDA were also controlled by the air
circulation subsystem and coolant loops, as described in the
following section.

2.1.3.3 Environmental Control

The mechanical environmental control system included five
major subsystems: ventilation, MDA/CSM hatch pressure equaliza-
tion, MDA vent, M512 experiment vent, and AIM C&D panel/EREP
cooling.

The ventilation subsystem consisted of fans and ducts.
Three Structural Transition Section (STS)/MDA ducts provided
cooled atmosphere from the STS irto the MDA. A mol sieve duct
introduced purified (COp removed) atmosphere from the AM into
the MDA, Tans for these ducts were located In the AM. Atmos-
phere circulation within the MDA was provided by two fan/shroud/
diffuser assemblies that controlled the air velocity at the crew
stations. One additional fan/shroud/diffuser assembly was coupled

to a flexible duct to circulate ambient MDA atmosphere into the
CSM.

The MDA/CSM hatch pressure equalization subsystem provided
a means of equalizing the atmospheric pressure between the CSM
and the MDA after CGSM docking and prior to SWS entry. Each
docking port hatch was equipped with a visual differential pres-
sure gage and a manually-operated valve. Equalization of pres~
sure across the hatch was achleved by opening the valve.

During launch, the MDA internal atmosphere was vented through -
the MDA vent subsystem, The venting was accomplished by two motor
operated vent valves connected Iin series for closure redundancy.
The internal valve opening was capped by the astronauts after entry
into the MDA using a special sealing device,
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The M512 experiment vent subsystem provided a means of
venting the experiment chamber to space vacuum. Venting was
accomplished through two manually operated valves connected in
series for redundancy. M3512 battery venting to space vacuum
was provided by an additional valve on the venting contrel panel,

The ATM C&D Panel/EREP coolant subsystem provided a flow of
inhibited water coolant to electronic cold plates in the ATM
C&D/EREP system, A manually operated four-port selector valve
provided the means of directing the coolant to only the ATM C&D
Panel or to both this panel and the EREP system, The coolant
carried the heat generated by the electronic equipment to the AM
where the heat was transferred through the AM heat exchanger to
the AM coolant system.

2.1.3.4 Electrical

The MDA Electrical System operated within the overall clus-
ter power systems and distributed electrical power for the func~
tional operation of MDA systems and docked CSM systems. The MDA
received all {ts electrical energy across the AM interface from
the OWS/AM and ATM power systems,

Specific features of the electrical system included electri-
cal inter-connections and circuit breaker control between MDA
electrical components and between the MDA and other module inter-
faces. Powver was provided for interilor lights, external rumniyg
lights, heaters, utility outlets, fans and MDA experiments.

2.1,3,5 Instrumentation and Communication

The I&C system of the MDA operated as part of the overall
AM, ATM and CSM systems to perform telemetry, television, audio
and caution and warning functions within the MLA. More specifi-
cally, these functions consisted of astronsut-to-astronaut voice
communications, biomed monitoring, fire detection sensing and
warning, MDA statusing and environmental monitoring, portable TV
camera coverage, and ATM TV camera operation.

These functions were accomplished by four subsystems within
the I&C system, The communicotions subsystem consisted of three
speaker intercom assemblies which provided an audio interface and
an information iransfer link to the AM data acquisition subsystem,
communicated temperature (both intermal and external), pressure
and video selector switch p031t10n data through the MDA to the AM
for transmission.
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The television subsystem consisted of a TV input station, a
video selector switch and a video tape recorder., This system
provided an input interface for the portable TV camera, con-
ditioned video signals from the TV camera or ATM camera, and
provided for real time TV transmission ox recording of vide~ and
audio data for subsequent replay.

The caution and warning subsystem performed fire senazing
detection and provided visual and audible signals which warned of
potentially hazavdous conditions in the orbital assembly, Thesec
signals were provided through the speaker intercom assemblies,

2,1.3.6 Experiments

The MDA provided support and operating facilities for the
EREP experiments, corollary experiments, manufacturing-in-space
experiments, and the ATM Control and Display Gonsole The EREP
consisted of the S190A Multispectral pPhotographic Facility, S191

IR Spectrometer, 5192 Multispectral Seanner, S193 Microwave
Radicmeter/Scatterometer/Altimeter, 5194 IL.-Band Radiometer, an
EREP Control and Display Panel, and two Tape Recoxrders. Corollary
' experiments included the S000 Nuclear Emulsion experiment, the
RNBM and the Proton Spectrometer.

Manufacturing~in-space experiments (Reference paragraph
2.2,10,2 hercin) were performed in the MS512 Materials Processing
Facility (MPF) that provided stowage, operating environments
(vacuum, heat source, and heat dissipation), controls and dis~
plays for their on-orbit performance.

The ATM C&D Console was operated in the MDA to remotely con~

trol and monitor the experiments that were located in the ATM
Module,

2,1.3.7 Crew Systems

The MDA Crew Systems provided for the protection, comfort,
and assistance of the crewman and consisted of crew operational
cquipment and stowage containers. The crew operational equip-
ment included £light data file , tools, a fire extinguisher, an
oxygen pack and mask, speaker intercoms and communication head-
sets, portable equipment, utility cables, cameras and accessories,
maneuverability equipment, and miscellaneous aids. The stowage
containers and stowage provisions provided launch and orbital
storage of crew and experiment equipment,
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The MDA [light data file included on-board data, launched
on SL-1, necessary to support inflight crew operations through-
out 8I~2, SIL-3, and SI-4 wmissions., This file consisted of
checklists, logs, note tablets, maps, star charts, update pads,,
schematics and mallunction procedures.

Tools [or operational and contingency use were located at
strategic points, such as the contingency hateh opening tools
which were mounted on the hateh, Other tool kits and loose
miscellaneous hand tools were available in the MDA contingency
tocl contairers,

‘the fire extinguisher was secured to the MDA wall by a quick
release clamp. It had a modified nozzle to facilitate use on
open fires and behind-the-panel fires,

The portable oxygen pack and mask were stowed in the MDA to
provide oxygen Lo the crewmen in the event of a hostile environ-
ment on orbit. The secondary oxygen pack provided a backup oxygen
supply to the pressure control unit on the crewman pressure gar-
ment assembly in case of insufficient supply from the umbilical,
or flow demand beyond the capacity of the umbilical supply. &n
oxygen mask was provided to cnable use of the secondary oxygen
pack while crewmen were in a shirtsleeve condition.

Maneuverability equipment consisted of restraints, hand-
rails, handholds, and astrogrid foot platforms.
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2,2 MDA SYSUEMS
2.2.1 Struetnes

2.2,1.1 Structurcse System

A, Design Requiraments « The MDA structures system was
designed to meet the csequirements specdfied in th- MDA .CEI.
A general loads philosophy which was developed early in the
program was applied to the design of all components, brackets

and installations, and in analytical verification of the shell
structure,

(1) Basic Requirements -~ The MDA structures system
was configured %o serve the following purposes;

{(2) Provide structural support for internmal
and external packsges during pre-launch,
launch, and orbital loading conditions.

(b) Provide a primary and contingency docking
capability with the CSM,

(c) Provide a pressurized environment,
{(d) Provide a shirtsleeve thermal envlironment.

(e) Provide a design which is compatible with
e¢rew requirements.

o Maintain a 40 inch diameter clearance
through the zenter of MDA,

o Maintain a comfortable touch temperature
on knobs, handles, and surfaces that can
be touched,

e Provide knobs of adequate gize for ease
‘of astronaut operation,

e Internal acoustic level not to exceed an
overall level of 72.5 db as defined in

(2) Loads Philosophy =~ Design of the MDA shiil and
component suppori structure was based on critical
vehlele loading eonditions which were used to
determine the lcads induced in the components.

2-23



The conditions considered were ground hardling
and transportation, launch, boost, separation
and docking. Although all loading conditions
were consldered, usually the loads resulting
from a single condition were critical for each
compenent,

The analysis of the shell for component loads
was handled as follows. The higheat strosses

in the structure were at or neag heaviest loaded
components, Components in adjacent bays were
assumed to act simultaneously for random
vibration loads. These random loads were combin-
ed using a root~sum~square technlque. The
regulting member loads were then added to the
member loads caused by vehicle dynamics and
steady state acceleration., Positive mayging

of safety were demonstrated analyiiecally for

the MDA shell subjected to this combinztion of
loads.

(a) Transportation and Handling - Load factors
for transportation and handling were found
by enveloping the exiteria determined from
an Industry literatura search. As an
example, the Guppy air criteria was taken
from Apollo Program criteriz and was based
on tests conducted on the Guppy Alreraft
by Specialized Testing Services for Aero
Spacelines, Inc. Besildes alr transportation,
dolly and truek transportaticn and hoilst-
ilng were included in the exiteria, Detailed
transportation and handling criteria are
contained in ED-2002-~2010, Transportation
and handling loads were never more critical
than flight loads, except at the four lift~
ing points,

(b) ZLaunch and Ascent - The highest loads for
most of the components installed in the MDA
occurred during the Saturn V lLaunch and
g ' ant. The loads were caused by steady
state acceleration, vehicle dynamics and
random vibration, The woxrst time-consistent
combination of these loads occurred shortly
after lift-off and was governed primarily
by random vibration,
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® Steady State Acceleration = The Saturn V
accelerated frowm approximately 1.2 g's
at lift-off to 4.7 g's shortly before
staging (Ref, IN~ASTN-AD=70-2).

e Vehicle Dynamlcs ~ Vehicle dymamics were
low frequency exclitations due to fiight
transients. The maximum transient
wafs encountered at SIC-S5I1 separation.
These criteria are defined in ED-2002-2010,

#» Rendom - The maximum random vibration
environment occurred at Lift=-off and at
maximum dynamlc pressure. 1t was caused
‘by acoustic exeltatlon of the structure
and was defined in IN-ASTN-AD-70-1, This
document divided the MDA into zoues,
which were regiomns between ring frames,
and subzones, which accounted for maas
attenuation effects or type of structural
mounting (skin, longeron, etc.).

The static equivalent load to the random
envirvonment was datermined from simple,
conservative analyses. The following
major assumptions were used: 1) largest
loads occur in £irst few modes, 2) light
damping (Q=10), 3) first few modes are
uncoupled, 4) response was peaked to

the 2,24 gigma level. Details of the
anglyses are contalped in ED-2002-2010
and ED-2002-2033,

(c) Orbit = Orbital loading conditions consiste
ed of pressure loads, CSM docking/latching
event, astronaut push~off loads, and
thermal gradients. These environmenits are
defined in the MDA CEL and IN-~ASTN~AD~70~1,
The limilt pressure differentials were
6.2 psi positive, and 0.5 psi negative
{(collapsing) pressure.

(3) Factors of Safety - The following factors were

applied to the desipn loads. These factors are
defined in the MDA CEI Specification.,
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¢ Equipment Support Struccure: F.8, = 2,00 on yleld;
(not tested) 3.00 on ultimate

s Bagic Structure (Unmupned): F.0, = 1,10 on yield;
1.25 on ultimate

e 3Basic Structure (Manned): F.8., = 1,10 on yield;
1.40 on ultimate

@ DPregsurised Structure: Proofi Pressute=l.50 X Limit
Yicld Preasurewl,lli X Proof
Burat Pressure=2,00 X Limit

B, Description = The structures system comprised the MDA
shell, and the atructural members and components mounted on it,
Externally, these compcnente included the Le~band txuss, radlatorzs,
meteorolid shield, insulation and thelyr supporting structures.
Iaternally, atructural components included preassure hatches,
windows, experiment supports, £ilm vaults and otowage containers,
These components are discussed in the following sections. '
Figure 2,2.1~1 shows the MDA structure and external components,

C. Test -~ The followlng tests were performed on the
Dynamic Test Article (DTA) to verlfy the MDA scructures system:

(1) Btructural Description = The DTA consisted of
the Static Test Article shell with mass and
center=of=gravity simulators for most equipment
welghlng more than 5 1bs. In some cases £light
type brackets were used. Preggure was not
gimulated. At a large maving in cost and
schedule, many mass simulators were eliminated
where dynamic response would he little affected
by thelr omission.

(2) Test Objectives

® Dynamie verification of the structural
agsembly.

o Verification of dynamle criteria,

. ¢ Verification of modal response data f£rom
math niodel.

¢ Structural impedance data,
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(3

(4)

(5)

e Dynamic structural gqualifilcation of £light
hardware componentc.

Dynamle Test - Threc phases of dynamie testing
were performed:

# Lift-off and boundary layer acoustic spectra.
e Low freduency vehicle dynamics.
@ Modal surveys.

Test Results = No primary or sccondary structural
failures occurred durlng the Payload Assembly
vibroacoustic tests. This fact, considered in
conjunction with the low stress levels indicated
by the straln gages, resulted in the conclusion
that the MDA was capable of sustaining the lift=-
off boundary layer and transient flight environ-
ments. The tests showed that the deslgn criteria
of IN-ASTN-AD~70-1 were couservative. Details of
the vibroacoustic tests are contained in S&E-ASTN-
ADD=72-29,

Conclusions ~ Design vibration, shock and
acoustic levels for the L-Band truss, delta
pressure gage, vent valve sealing device, fan
muifflers and shroud, M518, M512 foot restraint
and ATM C&D foot restraint were derived from
vibroacoustic test data, Deviations were request=
ed for these items, making it Ffeasible to design
to the reduced, more accutrate criterla. It was
possible to show an analytical factor of safety
of 3.0 for all these items using the reduced
eriteria, thus eliminating the requirement for
testing. The reduced shock and vibration
envivonments for the delta pressure gage are
discussed in Section 2.2,2,5,

D. Mission Results ~ The MDA Structures System performed
as planned throughout the launch and orbital phases of the
Skylab mission. Loads on the MDA during launch and boost

were nominal.

Transient loads caused by loss of the OWS mete~

oroid shield and SAS wing were not signlificant at the MDA.
Hard doecking was accomplished three times on the awial port,
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E. Concluglions ond Necommondations « The highest loads
were derived from the rondom vibratlon cplicria centailned in
IN~ASTN»AD=7C»l, Theoe loado wera wsod to deslgn most structural
subsystem brackets, Tilc document wag generated to reflect
environments in the dry workchop. However, some of the earlier
wet workshop ideas werc carriced over and influenced the ecriteria,

In particular, the wet vorkshop MDA contained standardized
inter=longeron structugzal members called ralls. The longeron
vibration levels were amplified for components mounted on rails,
IN~-ASTN=-AD~70~1 contained subzones calied "rail criteria",
However, no effort was cuponded to malntein a standard rail
secticn in the final MDA design, Thus, the criteria turned out
to be very conservative.

The following conclusions and rccommendantions were reached
as a result of the analyses and tests conducted on the MDA
structures system;

(1) The MDA structures system was verified to be
capable of withs:andling all the environments
imposed upon it,

(2) The concept of using a higher factor of safety
on loads was a good one for eliminating expensive
component qualification tesgting where payload
welght saving was not a prime objective,

(3) The vibration design criterie was too conservative
when compared with the DTA vibroacoustic test
data. It is concluded that a more accurate

prediction technique should be investlgated for
future design.

(4) The high frequeney, basic structure shock criteria
in IN=ASTN=AD=70=1 was a good approximation of
MDA shock levels. However, the secondary
structure shoeck levels, which were intended to
show attenuation through the structural joints,
were too low for quallfication testing. It is
recomnended that only fragile components on
secondary structure be shock ftested,
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2.2.1,2 MDA Shell

A, Design Requirements = The shell was designed to meet
the following requirements:

(1

(2)

(3

CY

Withstand imposed loade from

e Handling and transpoxrtation

& Launch

e Ascent

e Oxbital Operations

e Docking

These requirements are defined in the MDA CEL
and ICD 13M20979, CSM to MDA Physical Interface,

Limit: interface loads at the STS interface per
ICD 13M02521, AM to MDA Mechanical Requirements.

Provide physical and struetural facilities for
ezperiments as defined by the following ICD's:

e 13M07397

o 13M07399

e 13M07400

o 13M12191
o 13412201

o 40M37870

MDA/EREP Support Equipment Mechanical
Interface

8191 IR Spectrometer/MDA/EREP
Physical Interface

8192 Multispectral Scanner/MDA
Mechanlcal Requirements

S009/MDA Mechanical Interface

8190 Multispectral Photographic
Facllity/MPA Mechanical Requirements

MDA/ATM C&D Console Physical
Requirements

Provide Ground Support Equipment (GSE) interfaces
(Ref. Section 2,2,11).
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B, Description = The MDA shell was a 10 foot diameter,
17.3 foot long, semi-monocoque pressure vessel that weighed
approximately 3382 pounds. It consisted of a cylinder 13.6
feet long, a 120" included angle cone 2.1 feet long, an axial
docking port on the forward end of the cone and a radial
port attached to the cylinder on the +Z axis. The two docking
ports were approximately 20 inches long by 33 inches in diameter.

The shell structure in its handling fixture is shown in Figure
2.2.1=2,

Figure 2.2.1-2 MDA Shell
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The shell was made of welded 2219-187 aluminum., Nominal
skin thickness was .25 inch, with a minimum of ,076 inch. In
the docking port area, the skin ranged from .45 to .65 inch thick.
Eight longerons and five ring frames were used in the cylindrical
section to stabilize the skin and to provide mounting surfaces
for internal components. Two ring frames were welded to the skin
to form part of the pressure shell, The ether frames and longerons
were attached to the skin with mechanical fasteners, To minimize
leakage, sealing washers were installed under the heads of all skin
penetrating fasteners, and sealant was applied to the surface of
the longerons and frames that ecame in contact with the shell,

The longerons were designed to provide two parallel facing,
gurfaces on adjacent longerons to facilitate the attaching of
intorcostals, Each of the two faces had two rows of blind nuts in-
stalled on three-inch centers, providing capability to install sup-
port hardware at any location in the MDA,

The cone consisted of four machined panels welded together,
The panels were ,250 inches thick in the weld lands and around a
vent cutout, and ,125 inch thick ia the remaining areas. A ring
bolted to the forward end of the cone was ured to attach the dock-
ing port and hateh ring. The cone was attached to the cylinder by
welding a common frame to the aft end of the cone and the forward
end of the cylinder.

The two docking ports were buillt-up cylinders consisting of
machined aluminum rings at each end with a center filament wound
fiberglass cylinder to provide thermal isolation, All mechanical
joirts were sealed to winimize leakage. DBoth docking ports had
provisions to install a dropue and provide the proper interface for
CSM dockinp. The axial port had provisions for transferring powew,
communications and instrumentation between the MDA and the docked
CSM. The radial port did not have these provisions since it was
intended for rescue only.

C. Test - Several tests were performed to verify structural
and leakage inteprity., Structural testing was done on a static
test article., Pressure tests were also conducted on the Flight
and Backup Articles.

(1) TFlight Article - The Flight Articles (including
Backup Article) was subjected to leak and proof
pressure tests, Pressure tests were run at MSFC
on the basic shell and again at MMC after all
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2)

major penetratlono weore made. Both modules
paased proof pregsure testing without any
problems., Leakage tests were passed after
minor repairs as noted in Seetion 7.5.4.

Static Test Articie

(a)

(b)

(e)

(d)

S8tructural Description =~ The MDA Static
Test Article consisted of an MDA shell
with docking ports, windows, and Infrared
(IR) Spectrometer fitting. Testing was
conducted at MSFC in January and February
1971.

Test Objectives

e Verify structural integrity of the MDA
structure for docking loads and loads
imposed on local atructure by equip~
ment, exXperiments and experiments
support hardware.

¢ Determlne deflections and stresses of
the critical loads conditions.

e Verify analytical methods,

Static Test = Nine separate conditions were
tested, BSix conditions simulated worst
case pressure and doeking/latching loads.
Three conditions were tested to verify
structural integrity for local loading
conditions, The local loads were derived
from the worst case, statie equivalent
combination of steady state acceleration,
random vibration and vehicle dynamics. A
factor of safety of 1.4 was applied to
design limlit shear, moment, and axial loads,
and 2.0 to pressure loads, Detalls are
contained in ED~2002~1264.

Conclusions ~ The MDA Static Test Article
verified the structural Iintegrity of the
MDA shell while subjected to the eritical
loading conditions.
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D. Misosion Rosults ~ The shell functloned as planned.
All internal and external equipment wan intact after orbital
ingertion, CSM declhing was achicved, and prepsure was maintained
without significant leakage.

E. Conclusions and Recommendations ~ The basle shell
configuration was concoived for the wot workshop. The lntent
was to make the shell a pure monocoque (unotiffened skin carry-
ing all loads) with the lonperons used only for attaching
equipment and distributing loads iInto the gkin. When the
mission was changed to the dry workshop concept, the MDA was
required to support additional equipment for which the shell
was not origlnally designed, The existing longerons were
modified to take flight loads and {hree ring frames were
added to the shell to meel these new requirements. All
changes were made before completion of atructural testing, so
that structural integrity of the "as flown" configuration was
verified,

The shell performed its function during the complete
Skylab migsion without any problems. However, during the
outfitting process, many problems were encountered using the
blind nuts in the lonmgerons. Galling ocecurred while installing
bolts, scme nuts came loose, the nuts were not located in
the proper place for all installations, and repair techniques
caused chips to fall into the longeron cavity.

Future pressurc vessel designe for manned spacecraft should
utilize a more efficlent structural configuration, minimize
the usc of blind nuts, and eliminate skin penetrations to the
greatest extent possible, One suggested method 1s to use
integrally machined skin and stringer construction. This design
ig efficient in carrying loads and minimizes skin penetratiocus.
The flanges of the stringers would permit equipment wounting
with standard nuts and bolts,

2,2,1.3 ZExternal Components

The major components that were mounted external to the
ghell were the LeBand truss, radlators, meteoroild shield,
and inpulation., Other items included docking targets, acquisition
lights, 8191 and 8192 experiment structure and MDA vents (MDA
vacuum vent, M512 vacuum vent, M512 battery vent). The major
components are considered ln further detail below, Other items
are described in the respective sections of this report; i.e.,
lights under Electrical Power Syatem, vents under Environmental
Control System, and experiments under Experiments,
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A.

L=Band truss

(1)

(2)

Design Requirements - L-Band truss design
requirements were:

o Withstand prelaunch, launch, ascent, and orbital
environments without permanent deformation.

o Position experiments so that the location and
viewing requirements were met per:

ICD 13M13525 (8194 Interface Requirements)
ICD 13M13513 (Proton Spectrometer Interface
Requirements)

o Attach to MDA so that cone stiffness would
not be affected,

o Do not interfere with CSM docking
and ATM deployment or operation.

Description - The L-Band truss consisted of
aluminum tubular members welded and bolted
together., (Figure 2.,2.1-3)., Additional frames,

Figure 2,2.1-3 L=Band Truss Structure
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brackets, ete, were attached to the truss to
provide interfacces for the antennas, L-Band
Electronies, Proton Speetromoter, and the I/LCA.

Al) truss members were wrapped with aluminized
mylar tape to help maintain thermal balance
within the MDA.

The truss was confipured to interface with the
MDA at thwee points. One point was an existing
lifting fitting at the cone/eylinder juncture
located to one gide of the Z axis. A second
point was equidistant from the Z axis to .
structural provisions added to the cone/barrel
junature., The third attach polnt was to an
adjustable link that attached to the axial docks
ing port/eone joint,

3} Test = The following tests were conducted on
the truss.

(a) Assembly Testing ~ A prototype L-Band truss
with experiment mass simelators was lnstalled
on the DTA and tested as part of the vibrow-
acoustic test. An analysils performed using
load factors obtalned from the vibroacoustic
test showed a safoty factor of 3.0; therefore,
structural testing was not required., The
load factors obtained were lowexr than shown
in IN-ASTIN-AD-70-l. A deviation was granted
which reduced the composite high level random
vibration level from 8.9 to 2.225 grms.

(b) Element Tests -~ Element tests were conducted
on welded 5456-HL1L Aluminum alloy {truss
material) to determine the allowables in
the "as welded" condition. These values
were used to size members and in the final
truss analysis.

(4) Mission Results » There were no anomalies
reported involving the L-Band truss, Photos
taken during fly around inspections showed the
truss and associated hardware intact.
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(5) Conclusions and Recommendations = The original
dealgn concept of the Le~Baand truss wae a
confipuration that was attached to the MDA at
four fittings at the cone/cylinder junctuze,

Thic was tocomply with the ground rule not to
stlffen the cone. The material for this truss
was 6061 aluminum, which was to be heat treated
after welding., It was obvious, from the geometry
of the truss, that heat treating would cause
distortions and that the truss would not meet
vequirepents, A study was conducted to come up
with a new material and a more efflcient design.
5456-1111 aluminum was selected because of its
high Yag welded" allowasbles. A three point
attachment truss design was developed which
caused no ilnecrease in cone stiffness., The results

of the study produced the as=flown L=Band truss
design,

The basic truss members were welded together
with a minimum of problems} however, when the
experiment support provisions were welded to
the tubeg, distortion occurred. Additional
machining operations and shimming were required
to fix this problem., It is recommended in
future designn, thac any critical interface
suppeort bracketry be attached with hardware
rather than weldlng. '

B, Radiators and Meteorold Shield -

(1) Design Requirements -~ Meteorcid shielding design
requiremants weres

e Withstand prelaunch, launch, and ascent
environment.

e Meet ,995 probability of no pressure shell
penetration.

e Meet ,995 probabllity of no electrical
wiring penetration.
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(2)

(3)

Deseription - Approximately 75% of the barrel
portion of the MDA was covered with radiators,
They were constructed of .030 fnch magnesium

with coolant tubes attached, and were finished
with a opecial reflective white paint. The
radiators weve bolted to three~inch high

fiberglass standoffs attached to the MDA shell,

The radiators were supplied to the MDA by McDonnell
Douglas.

The entire surface of the MDA shell was covered
with @ meteoroid shield, The cone had a ,050

inch aluminum cover and the barrel was protected

by a .020 inch aluminum cover over area not protect=
ed by the radiator. The shield sections were
bolted to three-inch high fiberglass staundoffs
attached to the MDA shell. Exposed electrical
wiring was protected by wrapping with tape (see
Section 2.2.1.5).

Test « Panel acoustic vibration teats were
conducted on ,020 inch skin, High velocity
pellet wmeteoroid penetration testg were run on
all structural configurations and exposed wire
harness configurations used on the MDA. All

tests were succegsful in meeting the requirements.

Mission Results = The radlators and meteoroid
shield functioned ae designed throughout the
missioen,

Conclusions and Recommendations =~ Part of the
shielding consisted of a formed .020 inch

aluminum housing over external components. The
.020 inch material (2024~T3) showed a tendency

to crack during the forming operation and was
difficult to handle and install because the thin
material was unstiffened and unsuppourted before
installation. In future applications it is
recommended that handling be a design consideration
for thin sheet structures in order to avoid repair
problems that may be asscclated with such parts,
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C.

Insulation =

L

(2)

(3)

Desipgn Requirements = The insulation in its
ingtalled configuration wao depigned to:

© Provide a pagsive method to help maintain
thermal balance.

e Withgtand imposed environments without
deforming and causing a heat short,

Description = The high performance insulation
was made into individual blankets that fit
between the fiberglasn standoffs mentioned
above, The blankets consilsted vof 91 layers of
aluminized mylar separated by 90 layers nf
dacron netting. A fiberglass frame which had
"boot hoolks" installed on four=inch centers
wasg attached to the outboard surface of each
blanket. Velecro was stapled to the edge of
the inboard surface of each blanket and the
total blanket was held together with Swiftach=-
ments (Nylon "I" phaped parts normally used to
attach price tags to wearing apparel in cloth-
ing stores). The MDA was provisioned to accept
the blankets by bonding mating velcro to the
ghell and drilling holes through the fiberglass
standoffs to match the "bhoot hooks" on the
frames. The blankets were installed by
preasing the mating velero together and by
wire tylng boot hooks on adjacent blankets
together by passing the wire though holes
provided in the standoffs.

In arecas where the blanket could not be attached
to the shell (e.g., the housing over the
electrical components), s special design was
created that attached the blanket to the inside
of the meteoroid shield.

Tent = The followlng tests were performed with
successful results:

(a8) Thermal vacuum tests to determine insulation
performance,
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(b) Vibration tests using full=-width panel
specimens attached to a test f£ixture in
the pame manner as flight blankets were
attached to the flight article. The test
opecimens (blankets) hod weights attached
te simulate acceleration loads that the
blankets would be subjected to during the
ascent phase of the flight, This configura~
tion demonstrated that the blankets could
withstand vibration and acceleration loads
applied simultaneously without sagging.
On previous designs, this demonstration
was made by a centrifuge test or a sled
test at White Sands Proving Grounds,.

{c) Boot hook pull test.
(d) Wire tie strength test,

(4) Mission Results « The super insulation performed
as planned throughout the mission.

(5) Conclusions and Recommendations - The original
design concept of assembling an insulation
blanket was to use fiberglass grids as the
inner and outar surface and tying these and the
insulation layers together with hand string
ties at the grid intersection points (approxe-
imately two inches on centers)., Through=-type
grommets were used around the periphery
of the blanket for attachment to the vehicle.

4 value engineering study determined that
substantial savings in cost and schedules would

be realiized if the design actually used was
substituted for the original concept. Fabrication
and installation of the super insulation blankets
were accomplished with minimum problems.
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2.2.1.4 Internal Components

A. Internal Arrangement -

(1) Design Requirements = The primary objectives for
integration of the equipment in the vehicle were
as follows:

fquipment with related functions be located
for operational convenience.

Provide mobility and stability aids for ease
of movement and activity in the module.

Provide opening clearance for the hateches and
container doors,

Minimize protrusions, sharp corners and
cavities in the crew activity area that
could cause injury,

{(2) Description = The interior of the MDA provided
the mounting structure for the equipuent
installed in the MPA. The major equipment items

were!

o Docking port hatches.

¢ Wi Jows and covers.

» Experiment support structure.

8 ATM film camera support and radiation protection
vaults.

® Electrical system protection and support.

8 Environmental Control System.

¢ Crew equipment and stowage.

@ ATM Control and Display Console,

Approximately 70 components are included in
these installations. See Figure 2.2,1=4 for
nomenclature and location,
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(3)

)

(3)

Test = Several articles were fabricated to estab-
lish and verify acceptability of the internal
arrangement. These lnclude the Neutral Buoyancy
Article, Engineering Mockup, and One~G Trainer.
These units are described in Section 2.2.1.6 of
this report.

Miszion Results = The internal arrangement met
all crew requirements during the training program,
Following the SL-2 mission, the crew stated the
desire to have better orientation techniques,

such ag color coding and graphics to aid them

in locating equipment. The SL-=3 crew expressed
difficulty in becoming oriented on entering the
MDA, and suggested that a more orderly arrange=-
ment would have made it zasier to locate specific
stowed items.

Conclusions and Recommendations = The f£inal MDA
internal configuration evolved as the program
requirements were deflned. Early in the program,
the equipment identified as MDA installations

was limited to major ltems such as the ATM

C&D Panel, M512 experiment, foot restraints,

film vaults, EREP, stowage items and life support
equipment. As program objectives continued to be
defined, additional major components were added
to the MDA such as the Video Tape Recorder, BIL/LCA,
additional stowage contalners and many miscellaneous
stowage items. All equipment was mounted to the
wall circumferentially for crew access and
visibility., By the end ef the design portion of
the program, new items were being added in all
locations capable of taking launch loads and
meeting functional requirements during orbital
operations. As a result of the enormous growth
in amount of equipment in the MDA, the f£inal
design arrangement was n.t optimum for the
functional and housekeeping activities of the
crev,

The crew performed all functions in the MDA
satisfactorily, indicating that the internal
arrangement was workakle 1f not optimum. Early
identifircation of all equipment to be installed
would be of great value in improving internal

. arrzagement in future programs. Orientation and
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equipment location identification can be improved,
in any case, by using color coding and graphics.,

B. Docking Port Hatches =

(1) Design Requirements = Requirements of the hatch
were to provide a pressure tight closure which
could be operated easily by the crew and would
withstand all handling and operational environ=-
ments without functioral degradation., Minimum
and maximum operating forces were defined in the
CEI Specification, as were temperature limits
for the handles. The hatches were also required
to be removable and interchangeable.

(2) Deercription - The MDA had two

circular, inward-
opening hatches, one at each do

cking port (see
Figure 2.,2.1=5). The hatches were 32 inches in

Figure 2,2.1=5 Axial Hatch
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diameter and 1.2 inched thick., Each hatch was
held in the closed position with six overcenter
latches. The latches were controlled by linkages
attached to a central shaft, Herdles were
attached to the shaft on both sides of the hatch,
thereby allowing opening and closing from either
glda, The handles were restralined In the closed
position during launch and orbital storage
periods by a launch lock which was locked from
the outside only but could be unlocked from
glther side.

Zach hatch was overated by moving the operaging
handle through an engle of approximately 60 .
Typical operating force on the handle was slx
pounds, although any force up to 25 pounds was
congidered acceptsble, A ball plunger detent
device held the handle in either the open or
clogsed position, After the letches were released,
the hatch was free to swing open on hinges to the
full open (stowed) position, whare it was
restrained by ball plungers in the hinges. A
force of approximately seven pounds was raequired
to free the hateh from the stowed position,

Each hatch contained a delta pressure gage and a
pressure equalization valve which are described
in Section 2.2.2,5.

The edge of the hatch was a 1lip which depressed

a 8ilicone rubber seal in the MDA shell docking
port ring to achieve a prepsure tight closure.
The smount of seal indentation was limited by aix
mechanical stops to prevent overstressing of the
seal,

The axial hetch included a tool box mounted on
the CSM side with tools foxr contingency opening
of the hatzh in event of & mechanlsm malfunction
or a hatch to seal stickinp problem,

The seals were held in their retaining rings by a
pregsure sensitive adhesive (see Section 2.2,1.5)
which enabled the crew to replace a seal during
the mission if required.
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(3) Test = Component qualification tests of the hatch
wore used to demonstrate the adequacy of the design
for lounch and orbital conditions. The flight
hatches were tested for loakapge before installation
ond for handle operating forces after installation,
The hatch seal wap tested scparately t> apsure
its integrity under long life thermel vacuum
conditions,

Qualification testa veriflod the final hateh design
for prespure, vibration. pyrotechnic shock and
ultimate handle forces. Detalls of the qualification
tests are given in two test reports {(0436/40-8L=
112-2 and 0436/40-8L-126=2).

Teots ware conducted on gactions of hatch sesls
to determine the ability of the saal to withotand
long periods of time while compressed under
operational conditions and to determine whether
sticking of the peal to the hateh could become

a problem. Test specimenc were four inch long
pleces cut from & production sesl. The opecimens
ware compressed in a fixture resembliug a seal
rataining ring, and placed in a vacuum chamber
with controlled temperature. Periodically,
specimens were removed from the chamber, pulled
to measure sticking forco, ond exomined for damage.
The test program was successfully concluded
after eight months exposure of the finel neal
configuration with no damage and acceptably

small sticking forces. Another test of a full-
slze aenl was conducted to measure leskage
degradation over eight wonths of compresoclon,
This test, which was at room ambient conditions,
showed negligible leakage of the seal aftar the
full mission time. The hatch peal tests are
described in detail in ED=2002-2048,

(4) Mission Results = The axiAl hatch operated
normally during activation and deactivation by
the three Skylab crewo. The contingency tools
were not required. The radial hatech wao not
operated.
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Conclusions and Recomaendatliong - The MDA hateh
design wea furnished by the Government. When
raegponsibility for the design wae sssigned to MMC
pome new loading requirements ware imposed,

These made necesgary pome detall design changes
and some parts were changed from aluminum to
steel, but the baoie¢ design remained the same,
Hinges were added to the hatch at this time.
Mechanical stops were added to the hatech to

Jimit indentation of the oeal when a potential
faillure mode was shown by a test, Sticlking of
the geal to the hatch Lpndenter was recognized

as another potential fallure mode, and contingency
apening toolso were designed to deal with this
problem. 4 tool box was added to the axial hatch
to hold these tocls,

The origincl seal was made of an extremely soft
and flexible silicone rubber. Several seals

were successfully made of this materiasl and

two were installed in the MDA flight article.
Later, an attempt was mada to procure additional
spare seale but the vendor was unable to supply
gatisfactory parts. The base polymer proved to
be an experimental materiel on which work had
been discontinued because of production problems.
At about the paome time, sticking began to appear
in the thermal vacuum testo. The declipion was
made to use an alternate material, a conventional
silicone rubber formulation of medium hardness.
No production problems were encountered and a
sufficient number of ceals was fabricated for the
£light and backup articles, test and opares.

The tendency toward otlcking between the seal and
matal lip was effectively counteracted by treat-
ment of both surfacesa. The silicone rubber had
talc burnished into the gealing surface, and the
hateh 1lip was coated by an aeropol spray of
teflon particles in an acrylic binder,
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The honeycomb sandwich design of the hatch was

not basically adaptable to deeign chenges, but

no serious problems were encountered in design-
ing stop fittings and a tool box to add to the
completed hatch. 8imilarly, the seal was replaced
although the original design did not anticipate
thig.

Several probleme with the hatch resulted from

not designing for ground handling conditions,

The oteel ball plungers that were used to hold

the hatch in the open position wore grooves in

the aluminum hingc fittings because of numerous
open/close cycles during final assembly and check=
out of the MDA, The solution was to remove the
ball plungers until just before launch., 4 few
retaining rings were lost from the hatches dur-
ing transportation and handling., The preclse csause
of the problem could not be ascertained, but

the rings were in a vulnerable location and
apparently were inadvertently knocked off. The
solution was to change to a heavy-duty ring design.

The MDA docking port hatches performed satisfactori-
ly throughout the 8kylab mission, The axial hatch
was opened and closed thres times. The radial

hatch was not operated.

Experience with the MDA hatch leads one to the con=
clusion that early considaration of ground handl-
ing and prelaunch operations would have had a
beneficlal effect on the hatch. Several rework
operationn could have baen eliminated and a last=-
minute installation avoided without compromising

the weight, cost or flight worthiness of the hard-
ware.

Windows = The MDA contained four single=pane windows
wihilch were installed in the structural shell of the vehicle,

The 8190 window was the largest of these and it served as

g viewing port for the 5190 camera, Whenever the camers was
rotated back to its stowage position, a removable transparent
cover (safety shield) wae installed over the window's inside
surface to protect the glass from accidental damage and to act
ag 8 redundant pressure sgeal in case the 8190 window had failed,
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The S191 window was used with the Viewfinder Tracker to
locate EREP target sites and point the 819] Infrared Spectro=
meter at them, The other two MDA windows were used to pass
visible and infrared light rays through the MDA wall from the
external sensor of the $192 Multiband Scanner to the internal
detector,

(1) 8190 Window =~

(a) Design Requirements - Two distinct sets of
requirements wer.s imposed upon the 8190
window, one covering structural performance
and theé other dealing with optical parameters.

As an item of primary structure, the S190
window complied with all applicable require-
ments identified in the CEI Specificatiern
and in the Cluster Requirements Specification
(CRS). Structurally, therefore, the window
was desiined to maintain structural and
pressure leakage integrity by withstanding:

e Vibroacoustlc loads

e Shock loads

® Pressure

» Internal operating environment

o Temperature extremes

¢ Van Allen Belt radiation

o Micrometeoroids

» Accildental impacts from the crew

The window's performance was demonstrated
by analysls and extenslve testing as
described below.

As a viewlng port for the S190 Multispectral
Camera, the window was designed to comply
with the requirements ildentified in the CEXL

Specification and in ICD 13M12201, The require-
ments included specifications for:
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e Contamination control
e Moisture condensation prevention
e Crew protection from ultraviolet light

Optical performance was demonstrated by test,

(b) Description = The S190 window (Figure
2.2.1-6) was a siugle pane of borosilicate

Figure 2.2.1=-6 8190 Window and Mechanisms

)
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crown glass (BK=7), 1.6 inches thick x 18" x
23", mounted and pealed in an aluminum frame
ond installed directly above the radial
doclking port in tho MRBA. The function of

the 8190 windoy wos tu wmalatain structural

and pressure-leakage Integrity of tho MDA

and to admit visible and Infrared lipght to the
8190 camera with a wminimum of optical dew
gradation. The window incorporuted a heating
systom, which is described in Section 2,2.3.2,

Test = Many tests werc pertformed on the S190
window and window glaps material. Thege
include development, qualificatior, acceptonce
and specimen teoting:

& Dovelopmen: , qualification and acceptance
testing of prototype and flight windows
included flaw~ocraening, vibration, shock,
proof pressure, saal leakage, impact and
thermal stress. Optical testing included
wavefront distortion, tranpmimsibility,
raflectance and glare.

o TFulle-sice specimens = A fullesize window
pane was successfully pressure teoted to
124 poid (snfety factor of 20)., A second
opacimen su~cessfully withstood 18 poid
after being scored with a glass cutter
to make an 18 inch long scratch; after
a& 0.35 inch deep flaw one inch long was
made in the center of the other (une
scratched) surface, the specimen broke at
a presoure differentlal of 24 psoid. {Both
tegts were conductod with the flawed
surfaces in tonsion).

e Sample specimens = 100 six inch diocmeter
test opecimens of BK=7 glass were tested
to determine the degradation coused by coate
ings, bus bars, humidity, temperature
oxtremes, Van Allen Belt radiation and
elght month vacuum exposure. The cpecimans
were arranged in groups of 10 for statistical
evaluation of individual enviromnments.
Ne degradetion in glass scrength wan cousead
by any of the cnvironments.
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(d)

(e)

® Bar specimens - 25 baras of Bl=7 glass were
tegted to obtein data about critical stress
ve crack size and crack growtn rate for
long term loading effects.

o Block specimang » L2 pleces of B{=~7 glass
1.6 inches thick did not static discharge
or crack after being subj)ected to varying
amounis of electron radiation,

Migsion Regults = The 8190 window oparated
normally throughout the mission. No problem
was reportad by any of the three crews., The
window's optical performance met or exceeded
all regquirements and causad so little change

in the wavefront passing through it that the
window's presence in front of the 8190 camera
could not be detected in any of tha photographs.

Conclusions and Recommendations = One of the
early designg of the MDA called for two
windowa, each using a single pane of Corning
7940 (fused silica) and sealed in its frame
by completely embedding the adges of the

pane in RTV pealant. The windows were to be
compatible with the optical requiraments of
Experiments 8101 and 8063, but these had been
only partielly definad., When the EREP
experiments were added to the MDA and
Experiment 8190 replaced 8101, the optieal
requirements established for the window
(becauge of the 8190 experiment) affected
almost all its key design criteria, includ=-
ing kind of gloos and window size, Design
concepts uging double panes were gtudied

but the optical requirement for wavefront
distortion could be met only by using a
single pane of BK=7 optlcal glass, Safety
conalderations stemming from the nonmredundant
single pane of glase led to the extensive
test progrem dascribed above, by whiech the

st .ength of the glass material and structural
integrity of the window assembly was demonstrat-
ed,
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Bach window pane was flawescreenad {(checked
for invisible defzcta) by pressure testing
to 30 psid., RIV 566 wao used to hold the
temperature gensors agalnst the glase. An
gpoxy was originally considered because of
its high strength, but was rejected bescause
epoxy btonding agents had caused glass
spalling on the Lupar Module windows, The
RTV did not cause any opalling and tests
demonstrated that the RTV did not lower

the brealking otrength of the glass.

RIV aloo was uwoed to £ill and geal the small
gap that occure when t.e window frame is
bolted againot the MDA wall., In this applica-
tion it was found to ba superior to Dow=
Corning'oc 93=500 gilicone pealant, Thie

was becauge the 93=500 would not curec in
gections leasg than 0.010 inch thiek and the
actual gap between the two mating surfaces

wag leso than this In many areas.

Early in the program it was determinaed that
pome varieties of optical glamgs develop
structural damage after exposure to electron
radiation such as that found in tha Van
Allen Belt. The damage is Iin the form of
localized cracking (known as Lichtenberg
figures) and occurg when the electrons
trapped in the glass are discharged. The
two prime glopsas conpldered for the 5190
window were BI57 ond BK=7G. B¥=7G lg very
gimilar to BK=7 but {5 sometimes preferred
because, unlike BK=7, it does not tumrn

brown when irradiated. After BK~7 was
selected as the w!ndow material, testing
demongtrated that BK«7 glacs was not de=
graded structurally by Van Allen Belt
radiatlon. Howevur, thespe teste results were
not applicable to BKe7G. There was, in
fact, pome avidence that BK=7¢ glass had
cracked after irradiation but only additional
testing could provide conclusive evidence in
this regard,
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(2) 8191
(a)

Plexiglas covers were successfully used to
protect both surfaces of the window glaes
from scratches, smudges and other damagez,
The covers were used during manufacturing,
shipping, during window installation in

the MDA and after installation. They were
removed about two weeks before launch.

A special container was used to protect the
window during shipping and storage.

Although the 8190 window met all of its
requirements throughout the Skylab mission,
it 18 recommended that the requirements

for opticel windows for future spacecraft

be defined in terms which relate te overall
system parformance and which include critaria
that can be demonstrated by testing the entire
optical system: window, camera, film, etc,
It is also recommended that the 5190 window
design be used wherever possible because

it 18 a proven design and alsc because, for
many perameters, its optical performance
cannot be improved unless significant
advances are made in the present state of
the art of spacecraft window manufacture,

and 8192 Windows =

Design Requirements = The S191 and 8192
windows had both structural and optical
design requirements., As structural items,
the windows complied with all applicable
requirements identified in the CEI Specifica~
tion and in the CRS. The windows were
designed t¢ maintain structural and pressure~
leakage integrlty by withstanding:

e vibroacoustic loads

e shock loads

® pressure

e temperature extremes

® Van Allen Belt radiation
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(b)

Performance was demonptroted by extensive
testing an desecribod below., As sensing
ports for thelr respcctive experiments,
the 8191 and 8192 Windows were designed to
comply with the requiremento ldentified in
ICDh 13M07399 and ICD 13M07400, These
requirements included:

e tratsmittance

e reflectanco

e vwavefront distortion

e parallelism

¢ surface quality

s window material purity

The optical performance of these windows
was demonstrated by test.

Description - The 8191 Window was a single
pane of borosilicate crown glacas (BK=7),
four inches in diameter and 0.48 inches
thick, It was installed with an elastomeric
gseal in the mounting fitting for the 85191
Experiment., Ytg function was to maintain
structural and pressure leakage integrity
of the MDA and to act as a viewing port for
the crewmen when pointing the experiment

at the selacted target.

There were two $192 Hindows, one of germanium
and one of fused silieca. Each window was
three inches in diameter and 0.25 inches
thick, They were installed with elastonmeric
seals in peparate openings in the S192
Experiment mouuncing fitting. The germanium
window permitted certain infrared rays to pass
into the 8192 Internal Scanner/Processor
while the fused=-gilica (Infrasil) window
performed the same function for visible light
rays.
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(c)

(d)

(e)

Test = An extenslve test progrom was conducted
on the 8191 and S192 windows and window material,
These tesats include development, qualification,
acceptance and specimen testing:

o Development, qualification and acceptance
tegting of procotype and fligh: windows
included flav gcreening, vibration, shock,
proof pressure and seal leakage, Optical
testing Iincluded transmittance, reflectance,
wavefront distortlion and surface quality.

e Fullegize ppecimens = 25 germanium test
specimens and 25 of Infrasil were tested
to determine whether degradation wag
caused by coatingn, humidity, temperature
extremes, Van Allen Belt radiation, and
aight month vacuum exposure. HNone of

he environments caused a degradation in
gtrength. (No peparate tcats ware perw
formed on & full size 5191 Window because
it was made of the same material ,BK.7
glass, as the 8190 Window and the test
results described above for the gix inch
diameter specimens were valid for both
windows ),

e Bar Specimens - Two bars of germanium and
two of Infrasll were tested to obtain data
about fracture toughness and c.ack growth
rates under sustained loads. Similar data
was obtalned for BK~7 glass in connection
with S190 Window testing.

Mission Results = The 8191 and 8192 windows
operated normally throughout the mission. No
problem was reported by any of the three

crewe or by any of the experiment lnvestigators.

Conclusions and Recommendations « The 8191
and 8192 windove were first identified when
thooe EREP experimanta were added to the MDA.
As the windows' optical requiremente were
firmed up, it became apparent that they
could be met only by using single paneo of
window material. Because of this, the §192
windown were classified as critical items,
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(3) s190
(a)

fallures of which would conotitute a hagard
to the ecrew, The testing described above

was performed to demongtrate che windows'
integrity. The 8191 window was not defined
s8 a critical item, because the §191 Experi-
ment proved structural and pressure peal
redundancy for the window, but this was not
egtablishad until late in the program. Teste
ing, therefore, was pimlilar te that of the
5192 windows,

Both 8192 windows were flaw-screen tested by
presaurizing to 30 psid; the 8191 window

was flavescreenad using 45 psld because its
design wag based on the poesibility of a
higher operating preasure, v- 15 poid vs
6.2 paild for the £192 windo' »

It ip recommended that the requirewcents for
optlcal windows for future sopacecraft be
defined in terms of overall system pare
formance and demonatrated by testing the
entire optical syptem including zay
windowsg,

It ig also reconmendad that olioszbla
design stressap for window materials be
esotablished using fracture toughness data,
Thio hao beon determined to be the only
acceptable method for avoiliding extrome
conservatiom in the dobign of structural
windowo. Strength of all window designs
should be verifiesd by burst tests, All
windowe chould be flaw-screened or acceptance
proof tested. Test conditiona for these
tests should be established by fracture
mechanics celculations, TFor any new window
design, a test program 18 necessary to
determine effects o¢f coatings and environe
mental exposure, and tuv establish fracture
mechanics data for the window pane material,

Safety 8hield
Pegign Requirements = The 5190 Safoty Shield

complied with all epplicable requirements
identified in the CEI Epecification and in the
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(b)

(c)

(d)

CRS. The safety shield was designed to
provide sealing redundancy for the 8190
Window and to withstand pressure, impact
and vibroacoustic loads. Performance was
demonstrated by teoting as described balow,

Description -~ The safety shield was & remove
able intaernal cover for the §190 Window.

It was positioned asgainst the inside of the
window frame and hand-fastened there by a
crewman whenever the 8190 Erperiment was
rotated into its stowage position back away
from the window, The safety shield consisted
of a high-strength glags panel (Corning Chemcor
0315), 0.290 inches thick, mounted and sealed
in an aluminum frame, The frame included an
O=ring on its mounting surface to provide
sealing redundancy for the 8190 Window. The
function of the safety shield was to protect
the 8190 Window from possible damage resulting
from the impact of loose objects within the
MDA and to act as a redundant pressure seal

in case the 8190 Window had failed. The
safety shield was launched in its stowage
position on the aft end of Film Vault 4,

Test =~ Acceptance tests of the glass panels
included both structural and optical tests.
Structural integrity was demonstrated by
pressure testing and thermal-shock testing
to 540°F to screen the panels for hidden
flaws. Optical clarity was assured br test-
ing for high transmittance and absence of
distortion,

Acceptance and qualification testing of the
safety shield included impact resistance,
vibration, proof pressure and leskage of

both the glass seal and O~ring redundant seal.

Mission Results = The 8190 Safety Shield
performed normally throughout the mission.
No problem or difficulty was reported by
any of the three crews,
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(e)

Concluniona snd Recommendations -~ Early
concepts of the MDA included an internal
window cover whose primary functions were

to protect against internal impacts and to
shield the crew from overexposure to
ultraviolet (UV) rays. The ultraviolet
shielding became less Lmportant when thre
§190 Window material was changed from fused
silica to BK=~7 glags because the BK-7 absorbs
most of the UV light, Although the glass
material used in the safety shieclds absorbs
the resgidual UV light that pasges through the

BK-7 glasa, it was not selected for that
reagon but because of its high impact
reslstance and because of 1ts proven per-
formance in the Lunar Module windows.
Polycarbonates and acrylicse were also
consldered as candidate materials for the
safety shileld panel but were rejected
primarily because of flammability problems.

It is concluded that the 5190 Safety Shield
met all of its requirements during the
S8kylab mission,

It is recommended that the safety shield
design be used wherever possible in future
spacecraft to protect single pane windows
from damage and to provide them with
pressure leakage redundancy.

D. 8190 Window Extermal Cover

(1)

Deslgn requirements =~ The cover was desilgned to
meet the followlng criteria:

® Provide meteorold protection for the 5190
window equivalent to the adjacent structure.

e Minlmize heat loss through the area over the
window.

® Provide contamination protection for the window,

e Provide vanting for the cavity between the
cover and window to accommodate pressure

changes during transportation, purging =zad the

ascent portion of the flight.
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(2)

(3)

(4)

(5

o Withstand all lmpozed loads.
e Meet outgassging criteria,

Another protection the cover provided for the
window was against ppace radiation environment,
This feature surfaced late in the preogram when
the characterisgties of the Vau Allen Belt were
obtained,

Description -~ The external cover was a curved
fiberglaas honeycomb pancl one inch thick by
approximatoly 20 x 30 inches. It contained metal
fitrings, integrally bonded to the panel, for
hinge attachment and latch engagement. Multl-
layer insulation wae installed in a fiberglass

pan %“1ich was attached to the internal surface

of the cover. The cover (including the pan) was painted
black for thermal contrel and to minimize reflect-
ed light on the window. A resilient foam seal
around the cover edge closed the gap between the
cover and the meteoroid shield to prevent dust

and other contaminants from reaching the window.
The honeycomb panel had several vent holes to
relieve internal pressure during boost.

Test = No tests were conducted of the window
cover alone. A development cover was included
in the mechanism tests of vibration, acoustics
and operating cycles. Although the sole purpose
of the cover in these teats wap as a mass
simulator, the cover successfully withatood all
test environments,

Mission Results - The window cover sudcessfully
performed all required functions during the
Skylab miesion.

Conclusions and Recommendaticns = The window
cover was a conventlional fiberglass honeycomb
construction designad to minimize the effects
of tolerance buildups in the components. The
panel was first assembled and bonded in

an autoclave. The edges and inserts were then
bonded by using a room temperature curing
adheslve., The panel was baked to release all
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E.

8190

(1)

(2)

(3)

volatile products so the cover would meet out-
gassing criteria, The Integrity of this approach
was validated during the mission when the cover
met all requirements with no problemz.

Window Cover Actuator and Latch -

Depign Regnirements - The actuator and latch
mechaniasms were designed for ease of operation
and to provide comfortable touch temperatures
for the crew. They were aloo requiied to with~
stand all launch and operational environments
without functional degradation., A mechanical
deslgn wao specified to asasure reliability,
Maximim degign loads and cycleg were ag specified
in the CEI and CRS. Leakage requiremente were
daefined that were compatible with DA allowable
leak rates,

Description - Two mechanical devices, an actuator
and a8 latch, ware instslled on opposite #ldes

of the 8190 window to hold the external cover

in place during boost and ptorage periods,

and to enable the crew to open the covzr wvhen

the window was to be used. The letch was operated
by turning the latch handle counterclockwise
approximately seven turno. This operation moved
an externnl latching arm outboaxrd, freeing the
edge of the cover so it could be opened. The cover
was then opened by turning the actuator handle
clockwise, The actuator handle was connected

to the covey hirge through a gear set which moved
the cover throuih one-hali the angle of the
handle. BRotatiag the handle 270° moved the cover
to an angle of 135° from the window, whkich

removed the cover from the flald of view of the
8190 camera. The actuator handle ha. g cam which
operated & warning-light microswitel to indlcate
to the crew that the external cover was closed.

Test ~ Testo were conducted to verlify tha capability
af the mechanisms to withotend the deaign
environments and operating conditlons for the
duration of the miasion, The tests included
ncaguremento of operating torque and leak rate
bafore and after expooure to vibration and

acoustic exeltation., A 37 day vacuum taeat
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(5)

demonstrated that the mechanisms would function
properly without excessive leakage under orbital
conditions, These tests are described in two

reports {0436/40-SL~113-2 and 0436/40-5L-128-2}.

Mission Resclts - The latch and actuator mechanisms
functioned as planned throughout the Skylab mission.
The SL~3 crew commented on the ease of operation

of the external cover, The only anomaly was

the failure of the cover=open indicating light
which falled to operate correctly and consequently
wags not used by the crew, The procedure used was

to visually make sure the cover was open,

Conclusions and Recommendationa ~ Conventional
lubricants could not be used on the mechanisus
because of thelr tendency to sublime in vacuum,
which would reduce thelr lubrication value and
cause contamination of the window. Various
methods were emploved to reduce friction and
agsure ease of operation., The heavily loaded
bearings in the actuator hinge and the pinion

gear were made of beryllium copper and the mating
steel parts were coated with a baked dry film
lubricant. 8Shaft bearings in both mechanisms

were made of Rulon A, a reinforced polytetrafluo=-
roethylene (PTFE) compound. During development

of the mechanisms, problems were encountered with
galling of bearing surfaces, which were apparently
due to high local bearing stresses, These problems
were solved by careful attention to cleanliness
standards during asgembly, by changing materials
and by increasing clearances in some cases.
Although the galling problems were solved for

the window cover mechanisms, galling was not
understood sufficiently to assure that the

problem might not be repeated in future designs,
Additionel study of galling and identificat.on

of compatible material combinations is recommended
for future space mechanism designs.

Each mechanism had a shaft that penetrated the
pressure shell. B8ealing of each shaft was
accomplished by two seals between the shaft

and housging. The self=activated seals were
designed such that pressure increased the sesl=
ing force. The material of the seals was low=
friction PTFE to minimize operating forces.
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Mechanical devices of the type used for the
sctuator and latch provided a simple and reliable
means for controlling the 5190 window external
cover.

¥, Experiment Support = The MD4 provided the structural
supports for the following major experiments and equipment,

e 8191 IR Spectrometer

s 8190 Multispectral Comera

e M512 Materlal Processing Facilicy

¢ AIM C&D Panel

o 5192 Multispectral Scanner

e S009 Nueclear Emulsion Experiment

e EREP Support Trusses

(1) Design Requirements ~ The experiment support
structure was designed to meet physical design
and functional requirements defilned in thelr

respective ICD'a,

In sll ceses the structure was passlve and the
mejor deaign objectives were as follows:

e Withstand all imposed loads without degradation
of shell or experiments,

o Design the structure using a factor of safety
of 3.0,

e Maintaln adequate rattie space.
e Provide crew operating space.
e Minimize hazards to crew.

e Maintain shell leakage integrity.
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G.

(2)

(3

(4)

(3)

Film

(1)

Description = The supporting structure for the
experimencs were, in mogt cases, machined
fittings that fastened to the MDA longerons and
frames. The support structure was attached
directly to the skin for experiments that
penetrated the skin, f.e., S19L, §190, and 8192,
The faying surfaces batween the support
gtructures and the skin were sealed with RIV;
stat~o=geal washers were used on the attaching
hardware to minimlize leakage. N

Tegt = The structure supporting all of the experi-
ments was designed and analyzed using a factor

of safety of 3,0 based on ultimate strength.

This precluded the requirement for any component
testing. However, the support structure strength
was verified in the vibroacoustic test (see Section
2.2.1,1) since the structure supporting the mass
8imulators was flight type., Leakage integrity

was verlified in the Flight Article leak tests

(see Section 2,2.1,2),

Mission Results ~ All experiments were securely
mountaed and there was no significant leakage

in the MDA after ascent and during orbital
operations. This indicates that the experiment
support structure performed as planned.

Conclusions and Recommendations = The addition

of EREP to the baseline MDA resulted in many
structural changea to provide the required

support. The experiments had to be mounted on

the "2" axis of the Skylab for earth viewing. Also,
the experiments had to be alligned within a aspecified
tolerance so that integratad data could be obtained,
The experiment support structure successfully

met all requirements,

Vaulta -~

Design requirements = The f£1ilm vaultas were designed
to meet the following:

o Withstand imposed loads.

® Meet interface requirements as aspecified in
their respective ICD's (Table 2.2.1=-1),
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c9-¢

(1)Spare Video Sta 3604 and be=-
Switch -tween longerons 2

(1)Contingency ‘and 3

Power Cable
(1)Spare Video

Switch Power!

Cable :

1(3)Crewman Com-

runication
Umbilicals i

VAULT  (WALL  conmENES i l
FIIM SIZE WEIGHT |THICENESS SCELLANEOUS _1 LOCATION
VAULT {INCHES) | (POUNDS) | (INCHES) i ATM EQUIRMENT E@ITEMENT ! IN MDA ICD
—
No. 1 23x24x40 260 0.50 (2)8082A Cameras/ :Between ring frames  13M07405
j Canisters ‘at Sta 3422 & Sta
| (2)5082B Cameras/ 3566, & between |
| Canisters longerons 2 and 3. |
r_ }- ——— N S —— e m —————— —— - .. . e o
Yo. 2 32x23x%29 452 - 1,00 1 (2)8052 Cameras Between vlng frames 13407402
© {2)8054 Magazines lat Sta 3487 and Sta . 13407403
i (2)8056 Magazines/ 3522 & between 13M07404
] Shoe {longerons 5 and 6
No. 3 21x24%30 495 1.50 (1)3052 Camera (1) Hatch Seal ‘Between ring frames 13407402
' (1)S054 Magazine |(1) 5183 Earth at Sta 3487 & Sta 13107403 |
; (1)S056 Magazine/ Terrain 3522 and between 13M07404l
] ' Shoe i Camera longerons 7 and 8 ;
: — e P e e o - S |
Ne. 4 34%x28x26 302 , 0.09 " (3)H Alpha 1 (1)Spare TV In-{Between ring frames  13M07401 |
- Min Magazines }  put Station at Sta 3566 and :

Table 2.2.1-«1 MDA Film Vaults
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(3

e Provide quick release type supports for contents.
@ Provide radiation protection for film,

e Allow one-hand operation for all functions
agsoclated with the f£film vaults and content
removal.

o Provide crew with mobility aids on the éxternal
surfaces of the vaults,

o Eliminsate sharp edges, corners and surface
protrusions.

e Provide an adjustable device to hold the doors
in any desired position.

® Arrange contents such that any individual
component could be removed without interference
with (or removal of) adjacent items,

Description - Four film vaults were installed in
the MDA to provilide stowage for the ATM cameras
and film and miscellaneous items for the Skylab
mission. The film vaults were of various sizes
and wall thickness to meet physical and radiation
requirements defined in thelr respective inter=
face control documents,

The film vaults were located and supported in the
MDA at locationg best suited for crew operation and
to sustain launch loads, The vaults were fabricat-
ed from 6061-~T6 aluminum, Doors were attached

te the basic box with a continuous pilano hinge

and locked in place for launch loads with expando
pina. During activation by the SL-2 crew, the
expando pins were replaced with pilp pins. The
doors were equipped with a friction device

to control ilnertia forces on the deor during

crew operations in zero=G. For additional
information such as location, size, ICD's and
additional usage of film vaults for other stowed
items, see Tible 2,2,1=1 and Figures 2.2,1-7,
2,2.1-8, 2,2,1~9 and 2,2.1-10,

Test - The film vaults were designed using a
factor of safety of 3.C which eliminated the
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Figure 2.2.1=7 Film Vault No. 1
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Figure 2.2.1-8 Film Vault No. 2
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requirement for design verification testing.
Form, fit and functional testing was performed on
all the film vaults to verlfy interface control
document and crew Intarface requirements,

A typlecal film vault test wag conducted on a
zero=G flight (see Section 2,2.1.6) to verify
operabllity of the door fristion device
and the content quicl relesse gupports,

Film vaulta 3 and 4 {the heaviest and lightest)
prototypes were Installed in the dynamic test
artlele {gee Section 2,2.1.1) with prototype
contents., After the vibroacoustic tests, the
vaults and contents showed no degradation.

Migsion Results - The {ilm vaults performed

as planned with no anomslies reported. The
81-3 crew stated that a door {or doors) did not
appear to have any restraining friction. The
crew apparently did not find it necessary to
uge the adjustable frictlon devices that were
provided for each door.

Conclusions and Recommendatlons - Pilm vaults 1,
2 and 3 were of welded consotruction with wall
thickness from 0,50 to 1,50 inches thiek, When
welding the thick plates, warpage caused by
excesglve heat made it difficult to control
flat surfaces in critlcal areas of interxface
and door fitting. The problem was overcome

by machining after welding and shimming the
fittinge when required,

The doors were locked in the closed position

for launch loads using expando pins in cloge
tolerence holes. The matching holes in the

door and vault tended to shift in alignment as the
MDA pozition was changed under one=G conditions,
This created problems with final manufacturing

and checkout operations. However, alignment of
the holes was not a problem on orbit.
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During SL=3 and SL-4 missions the film faulta
functioned without any problems identified by
the crew. A comment was made by the SL-2 crew
that the camera removal/inastallation and door
operation performed better than during training
on the ground, However, future vault dezigna
should consiaer improvements in the following
areas!

» Study simplified fabrication methods.
Alternate designs could use mechanical
fastenars as a substitute for welding or
employ thin-walled boxes with add~on mass
for radiation shielding.

e Conslder one~G operation as a design constraint
with respect to door opening end closing,.

@ Replace expando pins with a one~hand operation
mechanical latch,

H. Containers =-

(1)

Design Requirements = The design and functional
requirements for the stowage containers ware:

e Meet physical and environmental requirements
defined in their respective ICD's.

e Contalners and support structure must withstand
launch loads.

® One~hand operation of container doors and
removal of stowed items was desired.

e Design to a structural factor of safety of 3.0,

® Stowed items must be restrained in containers
to prevent floating out in zero~G,

@ Restraint must be provided on doors to hold in
any poaition,

e Good accessibility to containers and stowed
items was desired.
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Description = There were seven stowage containers
located in the MDA. These containers were used

to store a varlety of items such as CO, absorber
canigters, f£light manuals, crew communication
equipment, experiment support equipment, contingency
tools, and in~=flight maintenance tools and equipment.
Several of the containers employed Mosites fiuo-
roeslastomeriec closed cell foam as a cushioning
material for stowed equipment.

The stowage containers were numbered in series
according to thelr location, which aided the
crew in finding a particular item. Each
container 1lid had a decal listing the items and
the quantities stowed inside. Locations of the
cont ainers are shown in Figure 2.2.1~4. The
containers are described in Table 2,2.1-2,

Test = All of the containers were functionally
tested by crew operations englneers to insure
operation of doors and fit of stowed items

under simulated on=orbit operations. Removal and
installation forces, restraint capabilities and
door operation were evaluated during several
crew compartment fit and functicon reviews

and altitude~chamber exerciges. Durlng altitude
chamber tests it was discovered that Mosite
experienced growth when MDA internal pressure
was reduced. This altered the dimension of
stowage cavities 1in the containers. The problem
was corrected by increaging the cavity size in
the Mosite and revising the restraint system.

No structural verification testing was required
because of the large factor of safety used for
the design.

Mission Results = The stowage container econfigurations,

locations Iin the MDA, door arrangement and methods
of supporting and stowing the items in the containers
were satisfactory for all applicable mission
operations. The hardware performed during the
mission without any significant problems.
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Marerials.

at Approx. Sta. 3487

Cavity or Bets Straps.

CONTATNER (nsqggs) CONTENTS LOCATION IN MDA TYPE OF INTERNAL RESTRAINT | TYPE OF LATCH | LAUNCH LOGK Ico
(:02 Absorbers 7.00 X 15,50 X 40,00 10 Scaled coz Canisters fotween Longerons 1 and 2 Frictian Getween Mosites, Squecze Tabs Hair Pin Clip
Container at Approx. Sta. 3544 Pads and Springs and coz in Lid. with FPull 15913427
Canister, Ring.
) 125
Control Head Scowage | 5.50 X 8.50 X 18,00 4 Control Heada Between Longerons 2 and 3 Profile Cavities in Mesites Dialatches
Container at Approx. Sta. 3533 with Interference between 2 bialstches Torqued t- 13M13424
Centrol Head and MHosites, 25 In,-Lb.
) 142
Close Pit Hetween Mosites
§054 Recurn Centainer | 12,50 Dia, X 23.25 & 5054 Return Containers | Forward Side of Film Vault Pads and 5056 Rerurn Con- 2 Flush-Type freload in
Stowage Rack ¥o. 2, Between Langerans 5 tainers, Beta Steap for Tension Latehes. 107408
and 6 at Approx, Sta, 3522 . Latches,
) 151 Each Container,
Flight Data File 10.75 % 11.50 % 21.50] Flight Manuals Between Lonperona 1 and 2 Adiustable Blastic Pabric Squeeze Tabs Hair Pin Clio
& 126 at Approx. Sta. 3522, Separator Partiricne. in Lid. with Pull Rene
Ring.
Cecpartments Lined with
Miscellapeous Stowage | 1i.00 X 22.75 X 30.00| Mise. Cemm. Equip., S0MA, | Between Longerans 2 and 3 Squeoeze Tabs Hair Pin Clip
Roturn Containers, Spare . seatt 3487 and Mpsites and Recpvable Mosired in L1d with Pull Hone
Container Ucbilicals, pecatron pruesn Scatlons an Tray. Bets Straps for v Rin
. 522, s3]
) 157 Heer, ete 3 Zero-G Restraine.
Hareh Tool Box 3,60 X 7,50 X 25.60 Hatch Contingency €SH Side of the Axial Hatch | Profile Cavities in Mosites | 2 Calfax Fagteners
on 104 Opening Tools Beta Straps for Zeso G Fasteners Torqued to Hone
Restraint. 30 In.-Lb.
MDA Tool Hox 10.00 X 15.25 X 17.50| In-Flight Maintenance Afe Side of Filo Vault Ho. 3| Profile Cavitips in Mogites | 1 Pip Pin Per| 2 Pip Pins
o) 144 Tools and Resair Betwcen Longerons 7 and 8 with Velero at Bottom of Draver. per Draver None

Table 2,2,1-2 Stowage Containers
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Conclusions and Recommendations - Mosites fram was
used as the cushioning material to provide environ-
mental protection for stowed equipment. This

material was selected because it met the flammabil-
ity and toxicity requirements, The Mosites foam
performed its function as designed during the mis<ion,
but several problemy were encountered with it during
fabrication and testing, The pioiilems and concerns
are listed helow.

{a) Mosites foam must have its edges treated with
a liquid fluorel which requires a long curing
time to prevent flaking and wear, This con-
dition presented a major development problem
when repair in the vehicle was required,.

(b) Mosites foam expands and contracts when subject
to pressure cycles (See Scction 2,2,1.5)

{(c) Mosites foam is not very durable when subject
to wear resulting from installing and removing
stowed items by the crew.

(d) Mosites foam is a somewhat difficult material
to work with in the shop during fabrication,

(e) The large tolerance on thickness cf Mosites
foam sheet stock mekes it difficult ko control
dimensions of finished parts.

(f) Mosites foam takes a permanent set under
sustained loads, causing dimensions of parts
to change during use,

To provide a one-hand operation of container doors
for the crew during orbital operatioms, the selection
of door latches was of special concern. The basic
types of latches used were Calfax and Dialatch fasten-
ers. Data volunteered by the crew indicated that
Dialatches were unsatisfactory because of their ten-
dency to catch after loosening, mwaking one-hand op-
eration impossible, The crew indicated that the Cal-
fax fasteners were satisfactory, although loose re-
taining washers on these fasteners were a nuisance.
The main complaint of the crew was that the location
and organization of the stowage containers sometimes
made it Yifficult to find stowed items, Although

the MDA stowage containers performed as planned, it
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i5 recommended that in future desipns of manned space
vehicles the following items be considered:

o

When stowing items that are used to perform a sim-
ilar funetion, they should he stowed in the same
containers; i.e., all typical tools in the same
container and drawer, if possible.

Container doors, latches, and restraint hardware
should be standardized and use nff-the-shelf hard-
ware adapted to meet spacecraft maintenance re-
quirements, if necessary,

Use standard Allen-head type drive tools, where
possihle, to release latching fasteners.
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2.2,1,5 Materials

Sclected materials used to fabricate the Multiple Docking
Adapter are discussed in this section, including metallic as
well as non-metallie materials; the desipgn requlirements; testw
ing and, conclusions and recommendatione based on MDA experience
for future manned space programs. A complete listing of all
materials used on the MDA can be found in Report ED 2002-2021-
11 Rev. A.

A. Metals = Metals uspad in the fabrication of the MDA
included tie following alloys:

e Aluminum - 2014, 2219, 2024, 6061 and 7075

® Steels - A286, 300 Seris, Stainless, 17-4FH, 17«7PH,
PH15-7 Mo and MP-35N.

The basic structural ghell of the MPA was designed and
fabricated by NASA-MSFC from 2219~T87 aluminum alloy. (See
Section 2,2,.1.2 for details).

(1) Requirements ~ The requirements for the selection
of metals by MMC for the MDA installations was
based on the optimum inter-relationship of per-
formance, cost, availabllity and reliability. One
of the prime concerns was stress corrosion crack-
ing. The initial contreolling document was MMC
drawing 82000000205, "Design Criteria - Material,
Processes and Finishes". Later in the program
MSFC document 10M33107, "Guidelines for Conw-
trolling Stress Corrosion Cracking', was imposed.

(2) Test ~ No element tests were conducted on the MDA
program, Strength allowables were taken from
MIL-HDBK=5A. Test bars were processed with parts

for in-plant heat treatmeéent as required by Standard
Processes,

(3) Discusgion - Parts were designed in accordance
with MMC drawing 82000000205 to preclude the
possibllity of stress corrosion cracking. This
drawing defined the maximum allowable stress as
a perceatage of tensile yleld strength for each
alloy and temper and for the longitudinal, long
transverse and short tranaverse that cannot be
exceeded. Table 2.2,1-3 ghows the allowable atress
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! _ALLOWABLE STRELS: % Fty o
ALLOY | TEMPER FORM ] LoNe  "SHORT
(Bare or Iridited) LONGITUDINAL TRANSVERSE |, TRANSVERSE i
-T4, T62, Plate
i214 | =TG5 Rg}ledlggawnABgr_ ~ 70 N 30 15
~T6 T ——— _ - B}
«~T6510 Extruded Bar 70 315 15
-T6511 o i o - R
-T6, =~T6Z | Forged Bar 5 35 15
_ -T652 1
-3, T3 - T
AL —T351,
-13511, | Rolled/Drawn Bar, 70 50 15
. | .F42 | Extrwsion Voo oodo
2219 :igg*'%l Plate 75 75 75
A -762,=-T81 | Rolled/Drawn Bar,
| -187_ | Extrusion_ > > ’
-T6 T =T62 | N A h T
| Tedn T | Plete 100 100 100
6061 :ggsl-%z’ Rolied/Dravn Bar 100 100 100
AL T -Te, <162, T T T - -
-T6510 Extrusion 100 100 100
o p.=Tes1l [ . RS B
:ggs'l"“’z Plate 75 70 12
7075 =76, 67 N ““""‘“""*“‘“‘“"““‘__—”““*’““é"““
AL ~T651 Rolled/Drawn Bar 75 70 0
-T6, «T62
-T6510, Extrusion 75 50 12
=-T6511 |
300 Series Steel Plate & Bar 100 100 100
400 Series Steel Plate & Bar 30 K14] 30
17-&PH Steel Plate & Bar 75 75 75
PH15-7M0 Steel Plate & Bar 50 50 50
A-286 Plate & Bar 100 100 100
MP=35N Bar 100 100 100

Table 2,2.,1-3 Resistance
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reduction factors used in the MDA deaign, These
values were conservative and were based on test
data from various sourced.

Additional steps that were also taken to minimize
stress corrosion cracking were:

@ Use of stress rellieved tempers where possible.

e Use of chemical fllms, organic coatings and
aealants.

® Avoiding interference f£its on inatallation.
¢ 8Shim where required to minimize bending.
e Avoiding galvanic couples,

e Improving the surface by reducing surface
roughness or increasing surface compressive
stresses.

MSFC drawing 10M33107, "Guidelines for Controll~
ing Stress Corroison Cracking" was impoged later
in the program. A survey of all MDA structure

was made and a total of 42 critical atructural
items made from 2014 or 2024 alloy were fdentified
ag susceptible to stress corrosion cracking. In
accordance with the requirements of 10M33107,

a Stress Corrosion Evaluation Form was prepared
for each item, These evaluations took into
account the alloy, temper, size and form, residual
stress, assembly stress, fipishes, function and
rationale. They were submitted for approval to
MSFC.

Steel alloys were used prir- 'lv in mechanical
fasteners and mechanisms wh high strength

was required, Steels used were A286, Tensilized
A286, 300 Series Stailnless, 17=4FH, 17-7PH, and
PH15«7 Mo, To nminimize stress corrosion cracking,
the precipation hardened steels were used in the
following heat treat conditions:

Alloy H.TZ., Condition

17=~4 PH H1025

17=7 PH CH900

PH15~7 Mo TH1050
277
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All steel partg were pagoivated after final
fabrication tec further reduce any tendency for
corrosion,

Multiphase MP=35N was used on the MDA where
extremely high strength was required. This
nickel=cobalt bare alloy was hardened to

strength lavele of 260300 Ksi by work strengthen-
ing and aging. This alleoy had excellent resistsnce
to corrosion and stress corrosion cracking.

Conclusions = Avoid, where possible, all alloys
known to be susceptible to stress corrosion
cracking., Where this i3 not posasible, uge
allowable stress reduction factors, coatings,
sealants, shimming and stress-relieved tempers.

Nonmetallic Materials -

(1) Flammability, Odor, Offgaseing and Vacuum Qut=

gassing

(a) Requirements = The flammability, odor, off-
gassing, and vacuum outgassing requirements
for nonmetallic materiale used on the MDA
were defined in the following documents:

o 50M02442 = This document, issued by NASA/
MSFC, defined the wvacuum outgassing
requiremente of high vapor pressure
materials on the exterior surface of the
MDA in line-~of-gight with critical
optlcal surfaces, This requirement was
intended to control the deposition of
contamination on these surfaces result=-
ing from outgassing of materials from
other surfaces,

e MSFC=SPEC-101A « This document defined
the flammability, odor and offgassing
requirenents for materisls within the
MDA, The requirement for offgassing in
this case was concerned with the carbon
monoxide and total organics given off by
nonmetallic materials when heated to
155F in a 5 peia oxygen atmosphere,
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(b) Tests = ALl materiels used within the MDA
were tes!ed for flammability, odor, and off-
gacsing of carbon monoiide and total organics
unlecs rationale for not teotilng could be
provided on the basis of simlilarity to
materials or configurations already tested.

L1)l materialc used external to the MDA in
significant quantities and in line of
pight with critical optical surfaces were
tested for vacuum putpessing to the
requirements of MSFC Specification 50M02442
unless rationale for not testing could be
providec on the basip of similarity to
matevials already teoted. Results of these
tests are summarized in 50M02442,

{¢) Discussion ~ Final scceptability of none
metallic materials to the requirements of
MSFC=3PEC=101A and 50M02442 was based on
the manner in which the materiazle were used
relative to one another, ignlition sources,
heat sinks, flame barriers, flame enclosures,
ete., Therefore, uge of all nonmetallic
materials was documented in numerous usage
agreements which were submitted to NASA/MSFC
for approval, The usage agreements descyibed
esch application in which nonmetallic
materials were vaed, and listed the quantity
(weight and exposed surface ares) in tha
particular application, They also included
the tespt data which supported the scceptability
of the materials as well as the rationale
justifying thelr acceptability. The usage
agreement, when approved by the Materials
Branch of MBFC, was then submitted to the
Materials Applications Evaluation Board for
final approval.

The complete 1is . of nommetallic materials
used by MMC in the MDA, together with a
desgeription of the applications, the

quantity used, and the applicable usage
agreement number is given in "Multiple
Docking Adapter Materials Flammability, Odor,
and Toxlcity Report," ED2002-2021~11, Rev. A.,
dated March 1973,
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(d)

A matrix wae maintalned for Government
Furnished Equipment documenting the usage
agreement or covernment letter certifying
that the nonmetallic materials used met
the necessary flammability, odor, toxleity
and vacuum outgagsing requirements.

Conclusions ~ Based on the rationale and
supporting test data dorumented in usage
agreemants concerning the manner in which
nonmetallic materials were used on the MDA,
it 18 concluded that these materials met
the intent and purppse of MSFC~-SPEC=101A
and 50M02442,

Fungus =

(a)

(b)

Requirements = CEI Specification CP1ll4A1000026
speclfied that, unless design considerations
dictated otherwise, materials used in the

MDA mmst meet the fungus requirements of MIL~
STD=810, These requirements could be met

by materials testing or by analysis,

Tests « MIL~STDw454C, dated October 1970,

and MIL=~T-152B, dated March 1961, listed a
number of nonmetallic materials which were
considered to be non=nutrients for the
growth of fungi. A comparison of this list
with the list of nonmetallic materiale used
in the MDA (MMC Report ED~2002-2021-11

Rev., A, dated March 1973) shows that practically
all of the materials used in the MDA were
non~nutrients for fungus. It could be shown
by analysis that most of the other MDA
materials were also non~nutrients for the
growth of fupgl, and that the remaining
materials used, would not impact service=-
ability of the MDA if fungus growth occurred.
No testing of materials for fungus was
therefore performed on this program.
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(c) Discussion -~ Many of the MDA materials
specificelly listed in MIL~STD=454C and
MI1,-T=-152B are considered as beiag non-~
nutrients for the growth of fungl. The
principal MDA materizls not listed in
these documents are:

¢ Fluorocarbon Rubber {e.g. Viton, Fluorel,
REFSET)

e Silicone Rubber
# Polvurethanes
o Epoxies

All of the ligted materials were investigated,
either by the producer or MMC, and found to
be fungus resistant, or used in a manner such
that surface growth of fungus, should it
oceur, would not impair serviceabillity of

the MDA or any equipment in 1it,

(d} Conclusion = It ip coneluded that practically
all nonmetallic materials used were inert to
fungus. Those that were not proven to be
entirely fungus resistent were considered
extremely poor Ssources of nutrients for
fungus. Their use in the MDA was such that,
if fungus growth occurred, serviceability of
the hardware would not be impaired. The
materials were therefore in conformance with
the intent of the fungus resistance require=~
ment of the CEI Specification.

(3) Hatch Seal Materials =

(a) Requirements = The design requirements for
the hatch #eal materials were:

o The seal material must be resilient over
' the temperature range of 35° to 105°F,
The speclfic requirements after postcure
weres
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« Durometer 27 to 40 Shore A.

- Tensile ultimate strength, 600 psi min-
imum,

- Elongation, 400 percent minimum,
-~ Tear, 20 1lb/in, minimum,

- Compression set, 30 percent maximum,
compressed to 75 percent of orxginal
height for 70 hours at 300 +5 F, per
AST™ D395, Method B,

e Allowable sticking force after the hatch had
heen closed for eight months in vacuum at
120° F was 0.45 pounds per inch with force
applied at the center of the hatch and 1.38

pounds per inch with force applied at the
edge of the hatch,

¢ The seal must be capable of inflight replace-
ment by the astronauts. Therefore, the seal
adhesive must conform to the following require-
ments;

- It must be a pressure sensitive system
that could be applied to the seals prior
to flight, thereby relieving the astro-
nauts of this task,

- It must have sufficient adhesion to pre-
vent any unwanted separation of the seal
from the geal groove during hatch usags.

- 1ts adhesion must be low enough that seal
tearing does not occur durxing removal,
thereby leaving residue in the groove and
interferine with seal replacement,

o All materials must meet the flammabkility, odor,
and offpgassing requirements of MSFC-SPEC-101A.

# All materials must demonstrate stability in
vacuum after eight months exposure.

(b) Tests -~ In the development of seal materials, the
following types of tests were performed
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(detailed test results are given in ED-2002-2048,
"Evaluation of Elastomers for the MDA Hatch Seals-
Final Report, July 1973"):

® Physical testing of seal elastomers in test
confipuration:
- Hardness
~ Tensile strength
-~ Elongation
-  Tear strength
- Compression set

e Physical testing of seal elastomers in hatch
seal configuration:

- Hardness

- Tensile sget

- Elongation

- Compression set versus temperature

- Compression set after thermal vacyum ex-
posure (up to eight months at 120" F)

- Critical temperature (compression set)
- Accelerated life test (compression set)
® Evaluation of Anti-stick Treatments:

- Sticking force between seal and cover
indentor (up to eight rmunths at 120 F
in vacuum)

¢ Evaluation of Adhesive:
- Bond strength of various adhesives

- Variation of catalyst ratio and cure
schedule for optimum tackiness of DC282
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= Effect of vacuum exposure on peel strength
of DC282

¢ TFlammability, Qdor, Offgassing per
MSFC-SPEC~101A

= Materlal tests
= QGonfiguration test (flammability)

e Vacuum Qutgaassing per 50M02442

(c) Discussion -~ Kirkhill Rubber Co. compound

910~C~1093, was selected initially because
of its reported hardness range of 12 to

18 Shore A, However, the hardness of
praproduction seals was in excess of 18
and the formulation was modified to produce
the desired 12«18 hardness range. 1t was
redesignated “10~C~10934.

The filrst production seals contained con=
taminations and undetected reversion apots
in the seal, Use of one of these seals
in a design verification test of the
hateh resulted in a longitudinal split

in the seal surface where the hatch
indentor strikes the seal.

Continuing difficulties in producing
seals of acceptable quality resulted in
changing to an alternate material,
Kirkhill silicone compound 935-C=-2462,
This material avolded all of the mixing
and processing problems of the first
material, but was significantly harder
(35 Shore A s compared with 12-1B). The
amount of indentation was reduced so that
the hatch closing forces were within
acceptable limits,

The original adhesive selected for installation
of the seal was Dow Corning A4000 silicone
adhesive, It provided a permanent bond so

that the seal tore during removal and left

a residue of adhesive and seal material

in the groove. When the requirement for

a replaceable geal was ilmposed, a new

adhesive material was required. Seversl
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(d)

double adhesive tapes and transfer tapes
were evaluated but these did not adhere
well to the oeals, A satiafactory system
was developed based on Dow Corning DC282
silicone adhesive. The adhesive was
applied to the bottom surface of the seal
and then heat cured. Until the seal was
installed, the adhesive was protected by
a Eilm of polyethylena.

High sticking forces between the seal and
hatch were encountered after exposure to
thermal vacuum for three months. An
anti~stick treatment was applied to the
seal and to the hatch surface to minimize
these forces,

Silicone material is basically flammable

in the MDA atmosphere. However, when

tested for flammability in a confliguration
simulating the actual seal installation, the
seal would not support combustion. The
gpare seal was stowed in a double layer
non-£flammable Teflon coated glass cleth

bag.

Odor and offgassing tests for the hatch
seal and all related materials showed
that they were acceptable per MSFC-SPEC-
1014,

All materismls functioned satiafactorily gfter
an eight month exposure in vacuum at 120°F.

Concluesions = When selecting seal materials,
is i8 recommended that the designer choose
those that have a significant history of
manufacturing experlence, are easily produced,
and then design mechanisme based on the
materlials' mechanical properties including
hardness,

(4) Mosites 1062C Fluoroclastomeric Clomed Cell Foam
For Use As Liners In Storage Containers =

(a) Requirements =~ a need existed in the MDA for

a cughioning materlial, prineipally for use
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in stowage containera, meeting the following
general requirements:

¥

It must have a low density,
It must be raesilient.

It must not pose flammability or toxicity
hazard in the MDA,

It must be relatively easy to fabricate
into various shapes, and to rework
once installed in a contalner,

{b) Teste = The following tests were performed:

Recovery/Permeation Tests - The variation
of thickness of 1/2 inch thick iosites
1062C Fluorel foam with variations in
ambient pressure, and the ability of the
material to recover after long perilods

of exposure to low pressure were
determined, Application of 26 psgia
pressure froi an inltisl ambient pressure
of 12,0 psia reduced the thickness by

20 percent, but the material recovered
immediately when the initial ambient
pressure was restored. After 8 days
exposure to 5 psia and 111 days exposure
to 0.5 psia, vepressurization to 5

peia reduced the thickness to approx=-
imately 4.4 percent less than origilnsal,
due tn permeation of gas out of the

foam during the long term exposure to
0.5 psia. These results are showa in
Figure 2.2.1-11,
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Figure 2,2.1~11 Pressure Effects on Mosites Foam

Stowage Container Tests in Vacuum - The MDA
stowage containers were included in the
manned altitude chamber tests of the AM/MDA

‘flight vehicle at St. Louis. Difficulty was

encountered in removing stowed itema from
some containers because of expansion of the
foam. Design changes were later made to
compensate for expansion., Tests were run
with these stowage coutailners at MMC/Denver
in a vacuum chamber equipped with remote
manipulators to verify the adequacy of the
design changes.
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e Flammability Tests = Flammability tests
were run on MMC~designed stowage con=
figurations similar to those used 1in
the MPA. These tests showed that ifue
material was nonflammable in the con~
figurations tested, and was an effective
flame barrier when used as a compartment
1lip seal and tegted with an external
igniter (Reference: White Sands Test
Report 71-3199),

(c) Discussion - The original concept for
restraining items within stowage contalners
involved tight fits of stowed items in
cavities in the Mosites foam. Due to
expension of the foam at low pressure, items
held in by moderate forces at sea level
were held in too tightly at 5 psia. There-
fore, the designs were changed to provide
loose fits at sez level, and the items were
reetrained by the use of Astrovelcro
hook and pile tapes.

(d) Conclusions = Experience with Mosites foam
has led to the following conclusions.

# Certaln design changes were made in
the Mosites packing of some of the
containers on the basis of the Altitude
Chamber Tests and preliminary tests in
the Vacuum Chamber at MMGC., Thega changes
involved removing some of the foam}
replacing some of the foam with Moslites
1079K elastomer, which is solid rather
than a foam; inereasing the sizes of
cut=outs in the foam; and adding
Astrovelero and straps Sfor restralning
purposes., Bagsed on analysis as well
as further tests in the wvacuum chamber,
it was concluded that the existing designs
were satisfactory for operation at 5 psila.

¢ Mosites 106ZC meets the required odor,
carbon monoxide, and total organics off
gassing, and flammability requirements
of MSFC=SPEC~101A in the categories in
which it is used,
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@ Tuture decigns of stowage containers
requiring the use of Mosites foam
ghould allow for the expansion of the
foam at reduced ambilent pressure;
therefore straps or other means of
reptraint must be considered as the
preferred alternative to restraint by
interference with the foam.

» Where expansion of the foam cannot be
tolerated, conslderation should be given
co the use of open cell foam, shielded
from ignition by a protective layer of
Mosites sheet or foam. However con=-
flgurations of this type must be tested
to verilfy that they are satisfactory
from a flammability standpoint.

(5) Astrovelcro Hook and Pile Fastening Tapes =
Astrovelcro hook tape (H549) consists of polyester
hooks held in a Beta glass tape, and the pile
tape (P537) conelsts of etched Teflon filuments
woven into a Bata glass tape to form many small
loops. In both cases, a fluorel coating is
applied to the back side of the tape to hold
the hooks and loops in place, as well as to
assist in preventing ignition of the flammable
hooks from the back slde and propagation of
flame through the latchad hook and pille,

: (8) Requirements =~ Because of the convenience

i afforded by hook and plle fastening tapes,
particularly in zero gravity, a need was
defined for such fastening tapes meeting
the following general requirements:

e They must be capable of repeated latchipg
and unlatehing operations.

o They mupt not shed particles excessively.

o They mist not contribute a flammability
or toxicity hazawxd in the Skylab atmosphere.

e Shear strengths of larched hook and pile.

) = 5 psi minimum, as receilved from the supplier

» 3 psi minimum, installed
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(b)

(c)

e Latching tension

< 1 psi minimum, installed,.

Tests =~ Tests were performed to determine the
following propertiecs:

® Shear strength of latched hook and
pile with a threeeinch overlap.

e Latching tension of unused hook and
plle with 7/8 inch diasmeter discs,

© Shear strength of latched hook and pile
after 50 and 100 cyeles of mating and
unmating.,

® Shear atrength of Agtrovelcro hook and
pile tape sewn to Beta cloth.

@ Acceptance evaluation of Astrovelcro
ingtalled in the MDA and required for
latching applications at time of launch,
All Astrovelero tested met the shear
and tension criteria.

Discussion =~ The H549 hook and P537 plle
used by MMC on the MDA were selected because
of thelr demonstrated resistance to flame
propagation. They also met the necessary
odor and outgassing requiremente., However,
they had relatively low peel stremgth and
were easlly damaged by sbuse, such as
machine sewing; second, the did not have
long durability, even under ideal conditions,

Tests with Astrovelcro sewn to Beta cloth
showed that the use of pieces smaller than

1" x 1" was undesirable and that the

practice of cross=stitching was also
undealirable because the stitching inter--
fered with the effectiveness of the hooks

and loops in latching together. It also con-
tributed to hook damage caused by {he sewing
machine foot,
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(d)

Although no problems with Astrovelcro were
experienced in the MDA, in December 1972

it was dlscovered that the Astrovelero

used In the Flight Blomedical Stowage
Container in the OWS had poor latching
copablility, Close examination of the hook
tape revealed that many of the hooks appeared
to have "straightened out', a high percentage
of loops were uncut, and loss of hooks was also
obperved, This material had been attached

to straps in the stowage contsiners by
machine sewing, using cross-stitiching, and
had been exercised many times.

The hooks in the H549 hook tape are made by
cutting loops of filament that are woven

into the tape and held in place by the
fluorel backing. The lot of tape used in

the Biomedical Stowage Contailner was generally
less stiff than any of the other lots of
material examined due to smaller thickness
of fluorel backing. It is possible that

this contributed te the lawvge number of uncut
loops. Examination of unused material from
the lot used in the Biomedical Container
showed that there were 17 percent uncut
loops. As & result of these observations

and discusgsions with the menufacturer of

the materiel, a maximum value of 15 percent
of uncut loops was established as the accep~

" table criterion.

Conclusions = Experience with Astrovelero in
the MDA uas led to the followlng conclusions,

e Astrovelcro hook and pile tape installed in
the MDA for restraint applications during
launch and for astroneut alds were
satisfactory,

e Future design applications should be made
consistent with the following general
recommendations.

= Minimum slze of pieces of Astrovelero hook
and pile should be 1" x 1%,
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= Astrovelcro hook and pile tape should not
be cut lengthwise,

= Crogs=stitching should never be used for
attaching Astrovelcro hook and pile.

= Where conditions permit, adhesive bonding
should be used for attaching Astrovelcro
hook and pile,

= Astrovelcro hook and pile tape should not
be used in high~use critical latching
applications.

(6) Paint Systems Used on MDA = The Interior and
exterlor paints were primarily polyurethanes.

(a) Requirements - The selection of paint systems
for the MDA was based on the following
requirements.

(b)

Good abrasion and wear resistance,

Ability to meet the total organics, carbon
monoxlde and odor requirements of MSFC=
SPEC 101A for interior use,

Abllity to meet the vacuum outgassing
requirements of 5(M02442,

Ability to meet the thermal control
requirements and temperature extremes
externally,

Test = The following tests were conducted
on paint aystems.

Interior Usage » Total organic, carbon
monoxlide and odor teats were conducted
per MSFC SPEC 10lA., It was determined
£rom these tests that an elevated
tempearastare bake cycle wag requirad to
meet the requirements. As 8 result, two
bake cycles were used on the MDA depending
on the configuration.
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® Lxterior Usage « Tests were conducted for

vacuum outgasaing products per 50M02552,
It was determined that a one hour bake at
325°F eunabled the palnt system to meet
the criteria.

MMC also conducted a series of thermal shock
tests to determine what effects, 1If any,
would occur to the external paint system
when exposed to the MDA orbital environment.
After 20 cycles, the panels were removed from
the chamber and visually examined. WNo flak=-
ing cracking or degradation was evident,

Discussion -~ Tue interior polyurethane paint
system with the prescribed bake cycle held

up extremely well, It provided a hard, durable
finish for the inpide of the MDA,

The paint systems used on the MDA exterior
and tested on this program were:

Laminar X500 Polyurethane, Black, Dexter=
Midland 4«-B~33: MMC SPEC. STM=-K738.

"Nextel" Polyester Coating, Black, 3M 401-

Silicone Thermal Control Coating, White,
Dow Corning 92-007; MMC SPEC, STMX728,

The black polyurethane laminar X500 paint
system was used on most of the exterior of
the MDA and represents approximately 95
percent of the paint. The "Nextel" poly=-
ester black coating was used around the S$~190
window where minimum reflectance was required
and represents approximately two percent of
the paint. The gilicone white coating was
used as a visual docking aid around the cone/
barrel junction and represents about three
percent of the exterior paint.
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The three palnt systems used on the exterior
of the MDA showed no flaking, Egacking or
degradation when exposed te 10 = torr
vacuum and cycled between +275 and -18¢0° r
for 20 cycles at 90 minutes per cycle,

A problem with psint adhesion occurred on
stalnless ateel parts, especlally the Iliner in
the radial docking port. A phosphoric acid
etch of the stalnless steel nave patisfactory
adhesion results.

(d) Conclusions ~ Experience with pailnt systems
on the MDA has led to the following conclusions.

e Polyurethane palnt system performed well
on the MDA during the mission.

o Almost all organic type coat:ugs require
an elevated temperature bake cycle to
meet total organic, carbon monoxide,
odor and outgassing requirements,

e Polyurethane paint systems showed no
degradation gue to thermal cycling from
«180 to +275°F.

(7) Electrical Wire and Cable Flammability Protection
System

(a) Requirements ~ The basic requirement for the
electrical wire and cable flammability
protection gystem wae that the installed
system shall meet the flammability, odor
and offgassing requirements of MSFC-SPEC-
101A. The installed wire and cable system
shall not propagate a fire when exposed
to an external ignition source, nor when
the wire is tested for electrical overlaod
to the point of melting the wire, It was
also considered highly desirable that the
flammability protection system be such that
changes could be convenlently made in the
wlre bundles and routing of harnesses after
installation. This obviated the use of any
type of rigid conduit made of metal or other
nonflammable material,
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(b)

(e)

b R T 3

Test = The basic MDA wire harness configuration,
including the flammsability protection system,
was tested for overload and external ignition
to the retwiremonts of MSFC~SPEC=101A in

1007 oxygen at 6.2 psia pressure. The con~
figuration met the requirements (Ref. NASA
letter = SEE~ASTN-MX«MDA«70-12, 2 October
1970, and PM~SL~AL/MDA (494=~71), 30 March
197t). All materials have also been teated to
the odor and toxicity requirements of MSFC-
SPEC=101A, and those used in significant
quantities have met the requirements.

Discussion = The basic wire and cable configuration

consisted of single and multipe conductor silver
plated copper wire, insulated with PTFE and a
polyimide coating, Multiple conductor shielded
conatructions had a fluorinated ethylene=-
propylene (FEP) copolymer jacket over the
shield, Flammability protection was provided

by a continuous fire barrier from connector

to cunnector, and consisted of a2 combination

of lengtha of Bentley-Harris Type G6LWA
fluorelastomer-coated fiberglass tubing.

Continuity of the tubing was accomplighed ‘
by means of butt~joints covered with additional
lengths of the next larger size tubing to provide
a two=inch overlap on each side of the splice.
The tubing was tied in place with Bentley~

Harris Pyrolace STVR, a fluoroelastomer

coated fiberplass lacing tape, Terminations

into connectors were covered as follows:

® Zero=G type connectors were covered by
Raychem NBG fluoroelastomer convoluted
tubing and boots, This material was
qualified to MSFC-SPEC~101A by MDAC-West,

o Other connectors were covered by Beta bags
(See Section 2,2,4). A Beta bag was
esgentially a sleeve made from g double
layer of PIFE~coated Beta=-glass cloth.

A length of Bentley~Harris Pyrolace STVR
lacing tape was sewn into each open end
of the sleeve to provide the capabllity
of pulling and holding the ends of the
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sleeve snugly in place, one end around

the connector, and the other end around

the sleeving that covers the wire or

cable, Thus 1f the nonmetallic Insert

in the rear of the connector ignited due to
a short-circuit or overload, the flame
would be held within the bag, and would be
extinguighed due to lack of oxygen,

(d) Conclusions ~ Experience with the flammability
protection system has led tb the following
conclugions,

¢ The MDA electrical wire and cable system,
in conjunction with the flammability
protection system, met the flammability,
odor, and offgassing raquirements of
MSFC=-SPEC=101A,

e The use of Bentley-Harrvis Type 66LWA
fivoroelastomer-coated fiberglass
sleeving in conjunction with Beta bags
to cover connectors proved to be a2 con=
venient, flexible technique for providing
flammability protection to electrical wire
and cable systems. '

C. ATM C&D/EREP Coolant Loop Contamination =~

(1) Requirements = The design requirements for the
ATM C&D/EREP Coolant Loop are dlecussed in
Section 2,2.2.2, This section of the report
is concerned with the Materlals Engineering
requirements relating to corrosion of the
metallic components, the formation of pres
cipitates in the coolant and the possible
problems of coolant loop leakage and filter
clogging.

The coolant loop consisted of a combination of
stainless steel and various aluminum alloys.
This heterogenecus combinatlion resulted from
the need to use already-developed hardware.
The ATM C&D Console was orlgipnally intended

to be uged in the IM in conjunction with the
wet workshop concept, using ethylene glycol

ag the coolant. Aluminum was selected for
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(2)

this applicetion. The pump had originally been
developed for the puit cooling loop, for which

a stainless steel system was used. When the
decision was made to use the dry workshop and

move the ATM C&D Conzole into the MDA, the

result was a coolant loop containing a combination
of stainless steel and cluminum., MDAC developed
an inhibited ecoolant to preclude corrosion

within the system.

The basic requirement for the system was

that it continue to operite throughout

the 8kylab mission, without legkage or ex:esw~
sive filter clogging.

Test « The followlng tests were performed to
datermine 1f galvanic corrosion cof metal
components in the system could be a significant
problems

e Corrosion rate of aluminum alloy (6061~T6)
vhen coupled directly with stainless steel
(304) in the coolant,

e Asgessment of corrogion for glmulated tubing
arrangements representing coolant loop
configuration and consisting of aluminum
tubing, aluminum Voi Bkan washers, nickel
Vol Shan washers, stainless unions, etc.

e Corrosion rate of aluminumestainless steel
couples as a function of coolant pH. Testw

ing was conducted over a pH range of 8 to
11.

Tests were conducted to evaluate the effeet
of current flow through various conrfigurations
of utainless steel=aluminum alloy joints
immersad in the coolant., Tests were also
conducted to determine the effect of elevated
temperature on corresion rate, the effect of
diseolved oxygen on corrosion rate, and the
effect of applled potential on current density
at the 6061 aluminum electrode in the coolant,
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(3)

Results of the teoting progrom indicated that
excecslve correcion did not wccur under the
conditions ¢f taent, but corrosion rates did
increcoe at higher pH volues and st clevated
temperature, ao well an with oxygen in the
lines. These results showed that corrosion
snhould not be ¢ problem; pilnce the coolant
norgﬁllyooperatea at relatively low temparatures
(49" =78°F), io deaerated before being out into
the system and is buffered to keep the pH

at 9.1 to 9.5. It wac aloo learned £rom

the tests that the flow of current across

a stalnlesc steel=alumivum joilnt in contact
with the coolant could c¢ause the aluminum

to react 1f the elactrieal resistance ware
high. Again, teots ghowced that the electirical
reslstaoncce betwean stainless steel and

aluminum in the MDA coolant loop was negligible,
so that there would be no reaction resulting
from this ceuse.

Analyeis of the basic epolant solution indicated
that its chemical formulatlon was ::ceptable
and that performance should be satisfactory

for tae 1life of the mission.

Discusolon = The coolant loop pumps in the
Airlock Module were protected by a 25 micron
absolute fiiter located just downstream of
the MDA=AM interface. While servicing the
gystem In January 1973, & blue milliporxe
separator paper wag lmpropr.rly used in a
millipore filter apsembly located in the GSE
servicing system, Iin plece of the millipore
filter paper itdelf, The separator paper
tore durlng loading before the error was
identified. The separator paper was removed
and replaced with a millipore filter paper
servicing continued, After the gystem had
been circulated, it was declded to remove the
system fllter and examine it for blue fibers
from the separator paper. Filter #1 was thus
removed from the £light unit coolant loop
following testing corresponding to approximately
one year of service and filter #2 was installed.
Examination of filter #1 showed a few blue
fibers but the filter was relatively clean.
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(4)

TFilter #2 was installed on February 1, 1973,
During operation of the coolant loop, the
accumulator bladder in the AM ruptured
{opproximately 15 February) causing the

pumps to cavitate. ESoon after replacing the
bladder, MDAC observed increasing pressure
across the filter and suspected that fragments
of the bladder material may have been responsible.
Upon removing the filter, it was observed

that 80 percent of the filter surface area

was covered with white to gray residue.
Analysis of the residue indicated that it
contained approximately l4 percent by weight of
aluminum, Thig raised the question as to
whether or not rapid corroslon of gluminum
tubing in the AT or EREP cooling system had
occurred,

Results of examinations of filters used in the
coolant loop from January 13, 1972 through

the SL-1/2 mission disclosed the following
information:

Filter Filter Filter
Ingtalled Removed Contamination

January 13, 1972 January 20, 1973 Insignificant

February 1, 1973 March 6, 1973 Contaminated
March 12, 1973 March 26, 1973 Insignificant
March 26, 1973 April 12, 1973 Insignificant

April 12, 1972  May 28, 1973
(3L=1/2 Mission) Moderate
May 28, 1973 June 14, 1973
(SL=1/2 Mission) (SL=1/2 Mission) Insignificant
June 14, 1973 Sept. 23, 1973
(SL-1/2 Mission) Insignificant

Filters returned from 8L-3 and SL-4 likewise showed
ingignificant contamination. This investigation
indicated that the contamination formation was
pecullar to operation of the coolant system between
February 1, 1973, and March 6, 1973,

Conclusions - Experience with the AT™M C&D/EREP

coolant loop led to the following conclugsions with
respect to contamination,
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(a)

(b)

The primary concern that coolant loop

system leakage could occur through

corrosion effects 1s not a problem., No
leakage occurred in orbit on the inhibited
water side (ATM C&D/EREP side) of the system.

The secondary concern that clogging of the
system filter could occur is not a problem
since analysis of the two filterg removed
during the first mission and one removed
during the second mission indicated only

a moderate buildup of particles on the
first filter and an ingignificant buildup
on the other two filters,



2.,2,1.6 Mockups and Trainers

A, MDA Zero-G Article

(1) Design Requirements - The design of the Zero-G
Article was constrained by the size of the KC135
aircraft and a regulation crash load factor of 6 g's.
Tha equipment was to be designed free of sharp edges
and sized, shaped and located to correspond to tent-
ative flight article design., The equipment was to
be evaluated under Zero-G conditions in an effort to
satisfy component design, crew work envelopes, re-
straint and translation requirements,

(2) Description - The MDA Zero-G test article consisted
of a one-eighth segment of the MDA inner thell mounted
to a support base structure (Figure 2,2,1-12), At-
tached to the shell were five separate packages of
flight test hardware:

(a) ATM C&D Console Crew Station
(b) Film Vaults

(¢) 1Initial Entry Package

(d) Experiment Package

(e) Service

The test packages, mounted inside the KC135 aircraft,
were subject to a number of parabolic Zero-G maneuvers,
Two test personnel checked and operated the equipment,
and their actions were to be evaluated by an astronaut
for 30 seconds of each maneuver. All the equipment was
mechanically funetional to the extent that it satisfied
the design requirements.

(3) Test - A test procedure was written for each of the
five test packages. The test subjects and evaluator
averaged 2.5 hours of flight time and 40 parabolic
Zero-G maneuvers of resting and evaluation on each pack-
age, Component design work envelopes, restraints, mechan-
ical equipment operations and translation devices were
evaluated on all deseribed hardware in accordance with
design requirements.

{4) Test Results - All equipment perforwed according to
plan. Work envelopes were established for the ATM C&D
console, film vaults, initial entry or activation tasks,
and for the operations of the M512 and 8009 experiments.
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Restraint platforms at the ATM C&D and the M512

work station were verified for flight use with re-
quirements for improvements identified in position-
ing and markings. Handholds and handrails were fixed
for the MDA at all work stations. Improvements were
recommended in the area of pressure hatch stowage re-
tention, fan removal and replacement, and retention
pins for film vault doors and cameras. Lastly, re-
location of ECS flex duct stowage was suggested for
flight design.

Figure 2.2.1-12 Zero-G Trainer
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(5) Conclusions - Generally, this was a succesgiul piu-
gram, The Zero-G Trainer did not faithfully repre-
sent final desipgn configuration in some instances,
because it was delivered while the MDA was in an
early design phase. However, the tests were valuable
in establishing ground rules for design and resulted
in a vehicle that functioned successfully in orbit.

From the MDA Zero-G test program resultis, a similar
program is recommended to develop and verify the de-
sign of future manned spacecraft.

B. MDA Neutral Buoyancy {N/B) Article

(L) Design Requirements - The N/B Article was designed
for lorg-duration water immersion in a 40-foot-deep
N/B Simulator facility located at MSFC, The article
was to be used by astronmauts and engineers to study
and test MDA equipwent and for performing crew activ-
ities in a neutrally buoyant environment free of
sharp edges and corners. Equipment was to be attached
in a manner to permit installation and removal under
water by qualified personnel,

(2) Description - The N/B Article comsisted of a full-
scale V"wire mesh' structure of the MDA configuration
including a radial and axial docking port (Figure
2.2.1-13). The interior and exterior were outfitted
with envelope~type mockups for stationary equipment
and neutkrally buoyant mockups of equipment that was
required to be moved during the underwater tests.
Certain loose equipment was foam filled to achieve
neutral buoyancy. The equipment had special paint
finishes and metals to meet water contamination and
materials corrosion requirements.

The N/B article was degigned to be used for the
initial verification of equipment location, crew
training (or task verification), and for mission
support, The initial article was delivered early
j in the program, and many modifications were added
[ after the article was installed in the water.

(3) Test - Intravehicular (IVA) tests included activa-
tion exercises of probe and drogue removal and stow-
age, pressurce hatch opening and stowage, electrical
and communications umbilical hookup, flex duct hook-
up and vent sealing, IVA tests further included
work station envelope checks using restraints lo-
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Figure 2.2.1-13 Neutral Buoyancy Article

cated at the ATM C&D, film vaults, EREP C&D and M512
work stations. Envelope structures of other MDA
equipment permitted effective IVA evaluation of
total work space and translation of equipment to and
from stowage containers, Film vault doors and con-
tainers permitted checking constrained door swing
envelopes, and vault contents could be removed to
test installation of equipment on the cassette trees
and translation through the MDA and the AM.

EVA test procedures for the most part included trans-
lating cameras and canisters from the MDA through the
Airlock to the ATM Sun Shade. Later program develop-
ments included a test to determine procedures for re-
leasing a jammed S191 door and checkout of an $190
window cover contingency operation.
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(5)

Test Results - ALl of the equipment performed to the
satisfaction of the crew and their test requirements.
MDA work statior. envelopes were verificd for f£light
design. A locatilua for launch and stowage of the
camera traes were established for £light article de-
sign.

Conclusions = The fidelity of the installations was
poriodically updated as equipment configurations
were firmed up. Some of the noutral buoyancy train-
ing was thus conducted using out-of-date designs.
However, the test article was gencrally successful
in meeting the design reguirements, A similar pro-
gram ls strongly recommended for future manned
spacecraft.

MDA Engineering Mockup (EMU)

&8

(2

Design Requivements - The EMU shell was furnished
GFP, to ba structurally refurbished by MMC to the
latest confipguration of the MDA, It was to be out-
fittod and updated with with mockups of equipment
for incremental '"Crew Reviews" and a final "Critical
Design Review'.

Description - The EMU was a structure similar in ap-
pearance to the MDA Flight Article. It was simpler
in construction than the Flight Article, comsisting
of a mechanlcally fastened shell structure completo
with docking ports, window, longerons, frames and
component supports, It was provisioned primarily

with mockups of internal components, mostly wood,

and was used to tentatively verify component design,
physical interfaces and component placement.

The EMU was functional to the extent that it satis-
fied coordination between engineering design and
crew operations personuel in locating equipment.
Each new pilece of equipment was mocked up, located
in the vehicle and reviewed by a crew mombor. This
rvesulted in constant chanpe and thercfore most of
the equipment was of low fidelity envelope con-

gtruction. Ag the EMT program came closer to ity

end, the mockup was updated to reflect late design
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(3)

(4)

(5).

changes, and the fidelity of some mockup component:s
was improved., Thus, for the final CDR the accuracy
of MU' hardware was sipnificantly boetter than Zero-G
Avticle components.

Tast - Tests on the LMU are hetter described as crew
reviews. No procedures were writtén for these re-
views. Five Incremental crew reviews were conductoed
on the engineering mockup over a six-month period
culminating in a final CDR,

A crew review consisted of an astronaut's evaluation
of the latest EMU configur ation of the MDA, It
enabled the designer to proceed with flight artiecle
layouts and equipment drawings and permitted definitionm
of physical interfaces,

The CDR was the final review of the EMU, which brought
customer and contractox engineering and crew personnel
together for & final decilsion on the hasic MDA con-
figuration. The CDR allowed the designers to proceed
with the design and release of flight article equip-
ment drawings for fabrication and tests.

Test Results - The EMU performed to the satisfaction
of engineering and crew personnel, Crew reviews of
the equipment were carried out according to plan,
The CDR went according to plan and a minimum nurber
of Review Item Discrepancies (RIDs) were dis-
positioned, TFlight Article design was allowed to
proceed according to schedule,

Conclusion - The CDR was the first opportunity for
physical interface fit checks of GFP equipment in
the MDA, This included the interfaces between

cameras and film vaults and cassette trece with MDA

. support structure.

The EMU tests resulted in the conclusion that it was
a most successful program. The mockup served its
intended purposc as an éngineer/erew interface tool
for the intepration of the MDA equipment. A logical
recommendation would be that an EMU is necessary for
the development of manned spacecraft.
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D.

-

MDA One-G Trainer

(1)

(2)

(3)

Design Requirements - The One-G Trainer was required
to accurately represent the MDA for purposes of crew
training. As the trainer was to be developed from
the engineering mockup, no basic structural require-
ments were specified other than handling and trans-
portation loads for wovement of the trainer from
Denver to JSC. Dimensional tolerances, processes and
materials selection requirements were not stringent,
as long as appearance and functional training values
ware not adversely aifected.

Description ~ The One~G Trainer was converted from

the EMU. Struetural revisions made to the shell per-
mitted handling for horizontal and vertical training
positlons. The fidelity of its equipment was improved
so the trainer was mechanically accurate and also in-
cluded some electriecal systems. This included a com-
plete set of "flight-type" electrical cable trays and
equipment suppert structures, A mod kit program kept
the One-G Trainer updated with current f£light hardware
changes after delivery to J8C for crew training.

Test « The One-G Trainer was provided for the purpose
of familiarizing the astronaut with the MDA and its
related equipment. It was further used for the de-
velopment of crew (on-orbit) operations and pro-
cedures. Two types of hardware were used during
astronaut training; i.e., Flipht-Type Training Hard-
vare (FTTH), and Mockup-Type Training Hardware (MUTH).
MUTH was used for MDA module training and FITH was
used for MDA equipment bench training.

Training was separated into tasks using procedures

such as inflipght maintenante, activation and deactiva-
tion. This neceseitated the use of both FITH and MUTH,
After familiarization with wodule and bench hardware
and procedurcs was apparent, training was extended to
the total Skylab cluster in what was called a "Mini-
Sim", "™™Mini-Sim'" was on integrated Skylab One-G
training program for a specified number of days, Three
astronaut crewmen simulated on-orbit tasks and proced-
ures for the total Skylab mission.
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{4) Test Results - The MDA One-G Trainer was a most success-
ful picce of havdware. It permitcted the integration of
man with machine, f£rom which procedures were developed
that were used for MDA Flight Article crew/hardware op-
eratioms,

(5) Conclusions - The timeliness, quality and cost effective-
ness of the MDA One-G Trainer was mogt apparent to the
Skylab astronauts, Alan Bean, SL-3 Commander, has spe-
cifically cited the excellence of One-G txaining hard-
ware as a key to the success of Skylab missions,
Especially evident was trainer hardware use and effect-
iveness in solving Skylab contingencics encountered
during the mission,

A One-G Trainer is necessary for the familiarization
with hardware on "on~orbit" crew procedures of future
manned spacecraft systems,

2.2.1.7 Masg Properties

A, MDA Mass Properties Program - During the three~year period
from May 1970 until launch on May 14, 1973, MMC conducted an active
mass properties program ond issued monthly status reports. These
activities included welghing of the MDA stzructural shell upon re-
ceipt from MSFC, calculation and weighing of components during de-
slgn and build, weighing of the MDA when it was moved to the MMC
High Bay Clean Room and upon delivery to MDAC at St. Louis, followed
by continual tracking of weight of new cquipment installations up
to launch, '

Launch weight of the MDA was 13,650 pounds., One of the first
recorded MDA weipght estimates was 8,819 pounds in October 1969, The
first MMC MDA status report of May 1970 shows the MDA had grown to
10,934 pounds, including EREP. These three weight numbers will be
key to the discussion of weight growth presented below,

The following paragraphs will discuss MDA weight prowth history
and control with émphasis on those items which caused unexpected
weight growth. Where possible, data will be presented showing the
reasons for growth along with analysis of the final weights and re-
lated design factors to provide basis for future weight cstimates.
In this discussion the following mass properties definitions will
apply.
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B, Definitions

(1)

(2)

3

(4)

(5)

(6

(7)

(€))

Control Weight - A wmaximum allowable ﬁeight which is
allocated by the customar and derived from booster
payload capability.

Current weight - Representg the current design informa-
tion available at any point during design or develap-
ment.

Margin « The difference between control weight and
current weipght.

Baseline Weight Estimate - The weight estimate based
upon the design concept at some defined point in the
designing process,

Weight Growth « The increase in vehiele weight Ifrom
baseline weight estimate, OGrowth is of two types;
i.e,, Mission Requirement Changes, and Design Process
Changes,

Mission Requirements Changes - These are additions to
the requirements of the baseline definition made de-
liberately to inecrease vehicle utility and take full
advantage of booster capability,

Dcuign Process Changes - As design and fabrication of
a vehiecle progresses, current weight will reflect re-
finements of the design within the concept of the
initial definition.

Contingency - Weight allowance added to a weight

‘estimate (usually a percentage based upon past ex-
perience) to project a final vehicle weight.

€. Growth Rate History - A detailed study was conducted to
evaluate the Skylab weight growth. In this study, the concept of
Mission Requirements Changes and Design Process Changes was ex-
plored in depth. Results of this study, as it applies to the MDA,
are shown in Figure 2,2,1-14.
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Figure 2,2.1-14 MDA Weight Growth Relative
to Initial Requirements

MDA weight growth is shown graphically in Figure 2.2,1-15,
of which four periods of rapld growth are of special interest; i.e.,
November and December 1969, February 1970, September and October
1970, and Februaxy and March 1971. The changes during November and
December 1969 were mostly mission requirements changes and Included
such things as docking port changes, ATM 0&D console and wiring., 1In
addition, there were compensating lower estimates on external wiring,
film vaults, and other minor equipment., During February 1970, EREP
was added as a mission requirement change with an estimated weight
of approximately 1200 pounds. September and October 1970 was the
period when EREP egtimates were incorporated, along with new est-
imates on film vaults and a major addition to stowed equipment.
During February and March 1971, the §~194 L-Band Radiometer was
added which, along with other EREP changes, contributed 256 1b of
increase, New estimates on wiring installation added approximately
300 pounds, and stowed equipment and several approved changes in-
corporated at this time added another 400 pounds, including 100
‘pounds for flammability protection changes. In between these major _

-
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Weight ( Thousands of Pounds )

jumps there were many compensating changes within any one month;
however, cxamination of these periods of increase point up partic-
ular weight estimating problems in EREP, film vaults, stowed equip-
ment, docking ports, ATM C&D Console, and electrical wiring instal-
lation,

Total growth of the MDA from the initial weight estimate of
October 1962 to launch was 55 percent, with 21 percent attributable
to mission requirements changes, and 34 percent to design process
changes,

Certain conclusions may be drawn from this record of MDA weight
giowth relative to the ability to prediet final weight, One is to
use more realistic weight projections for experiments (based on MDA-
EREP experience); and second is to allow a contingency of at least
10 percent for unforeseen additions, Weight factors, based on
actual MDA experience, were developed for film vaults, electrical
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cable supports, cable trays, thermal insulation and meteoroid
shields., These factors, when used with criteria similar to the MDA,
can be of valuable assistance in estimating the weight of comparable
equipment on future programs,

(1)

(2)

(3)

(4)

(5)

e e 1.34 Vol
(Allow, Rads/Day)l.3»

Film vaults: Wt

where "Vol" is internal volume of the vault in ft3,

and (Allow. Rads/Day) is obtained by dividing the
film total allowable dosage by the exposure time in
days.

The empirical equation gives a good weight approxima-
tion when Surface Area/Volume Ratio is between 2.5
and 3.5 (£t~1).

Support for electrical wire harnesses

e Internal Wiring: Ratio of cable tray weight to
wire harness weight was 1,00, {(Cable trays are
defined as the total enclosure provided for the
wire bundles including supports and removable
access COvVers).

e External Wiring: Ratio of support structure weight
to wize harness weight was .35.

Theimal Insulation: ,315 pounds/sq ft (This
fretor is for the 91-layer insulation system de-
fined in Seection 2,2,3),.

Meteoroid Shielding Including Standoffs (supports):
.271 pounds/sq ft.

EREP - The final weight data for the EREP experiments
is presented in Table 2.2,1-4, Column 2 shows the
total weight for each experiment including the basic
experiment, its ancillary equipment (electronics,
spares, tools, etc) and its supporting structure.
Column 3 shows the weight ratio of ancillary equipment
to basic experiment, Column 4 shows the weight ratio

- of supporting structure to the sum of the weights of

the experiment-and its ancillary equipment. Values
in Column 4 are higher than normal because all un-
tested styucture on the MDA was des1gned with a
safety factor of 3.0.
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(1) (2) (3) (4)

Ratio-Ancilliary|Ratio=Support

EREP Equipment to Structure to Basic
Experi~ | Total Bagic Exper- Experiment Plus
ment Welght iment Ancillavy Eguipment

5-190 528.4 .530 .535

5-191 536.7 .310 .331

5-192 497,.6 .108 o422

ESE 573.2 095 154

TOTALS..} 2230.5 454 410

Table 2.2.1-4 EREP Weights

b, Weight Control ~ Weight control on the MDA was mostly indirect
in nature. The initial thinking was that there was plenty of growth
capability; therefore, to eliminate testing, a factor of safety of 3.0
was used on many of the structural itemg, The indirect type of weight
control may be seen in Figure 2.2.1-15, which shows the relationship
between control weight and current weight, where each time the current
weight approached the control weight it levelled off, This indicates
that proposed changes were examined most carefully at these points.

Formal weight contrel studies were conducted in August 1970
when the current weight was approaching the 12,000-pound control
waight then in effect, The studies included weight-gaving proposals
gsuch as deleting the external handrails, reducing the number of in-
sulation layers, changing the material and design of the film vaults,
changing the material of the L-Band truss, and reducing the design
safety factor for untested structure. The handrail deletion was the
only weight saving suggestion implemented. All others were con-
sidered to have an unacceptable impact on the program, The final
result was to increase the control weight to encompass the actual

MDA weight.
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2.2.,2 Environmental Control Svstem

2.2.2.1 MDA Ventilation System

A. Design Requirements ~ The ventilation syatem design
requirements per AM/MDA ICD 13M02521 congisted of the following:

System operating pressure - 4,8 to 6.0 psia..

Flow rate per cabin atmosphere hard duct (3 ducts)
~ 55,7 cfm.

Allowable pressure drop for cabin atmosphere ducts
- 0,0172 inch water at 55.7 cfin.

Flow rate for molecular sieve duct (two compressors)
-~ 62 + cfm.

Allowable pressure drop for molecular sieve duct -
0.035 inch of water at 62 cfm.

Dew point temperature range for the cabin atmosphere
duct flow ~ 46°F to 60°F,

Dew point temperature range for molecular sieve duct
flow ~ 46°F to 60°F.

MDA/STS bulk atmosphere temperature - 60°F to 90°F,

Operating design requirements per CEI CP114A1000026E
speclfied that the atmosphere velocity be between 15 and 100 feet
per minute at crew stations.

Operating design requirements per CSM/MDA ICD 13M04632 were

as £ollows:

Flow rate through the Atmosphere Intexrchange Duct
(AID) -~ 100 to 170 ACFM @ 70°F,

Atmosphere temperature - 60°F to 90°F,

Interface pressure - line pressure loss in CM portion
of AID not to exceed 0,07 inch of water @ 150 ACFM,
70°F and 5 psia. '

Adoustic noise ~ no greater than 72.5 db (sound
pressure level) from all sources.
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B. System Description - The MDA Ventilation System consisted
of three fan/muffler assemblies, two adjustable diffusers to countrol
air distribution in the MDA, and various ductwork to conduct aixr
from the AM to the MDA and f£rom the MDA to the GSM,

The MDA ECS ducts carried atmosphere f£rom the STS area into
the MDA, The AM introduced cooled atmosphere into the MDA when
the AM ECS fans were on. The interfsce of these ducts were at
the AM/MDA interface.

The MDA to (SM Fan/Duct System introduced MDA ambient atmos-
phere into the CM and recirculated ihe atmosphere to the MDA
through the docking port tunnel,

The Mol Sieve Duct Introduced fresh (002 and odors were
scrubbed) atmosphere to the MDA, One (1) or two (2) compressors
could be used to deliver the conditioned air. The atmosphere could
be diverted to the MDA or OWS depending on the damper position
located in the STS duct. The interface of this duct was at the
AM/MDA Spl ice,

The atmosphere velocity at crew stations was controlled by
operating one or both of the MDA Cabin Fans at high, low or off
settings and by adjustment of their attached diffusers., The
diffusers established the direction and shape of the existing
atmospheric stream.

The MDA ventilation system is shown in Figure 2.2.2-L.
C. Test |
(1) TFlexible Duct Assembly, P/N PD6000195-009

(a) Development Test ~ The development test fox
the f£lexible duct consisted of a flow and
pressure drop test. The flow criteria being
a pressure drop of less than 0.03 inches of
water at a flow rate of 150 ACFM, The data
indicated g AP of approxiamtely 0.018 inches
of water at 150 ACPMwhich was well undexr the
0.03 maximum AP requirement.

No problems occcurred during development tests
of the Flexible Duct Assembly.
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Figure 2.2,2-1 MDA Ventilation System

Qualification Test - Lyon Environmental Lab,
Report No. 71-341 - Qualification tests were
run on two flexible ducts, P/N PD 6000195-
009, serial numbers 0000010 and 0000011. The
following tests were conducted: visual and
dimensional inspection, temperature, altitude,
storage and transportation, resilience, and
vibration.

The two flexible ducts met all requirements of
the qualification tests. There was no evidence
of cracking, delaminatioa, permanent deforma-
tion, deterioration or physical damage as a
result of the required tests.

Acceptance Test - Each flexible duct assembly
received an acceptance test to demonstrate
suitable quality, correct assembly and required
performance. These flexible ducts were visually
and dimensionally inspected for size, configura-
tion, weight, welding, workmanship and proper
cleaning.

All flexible duct assemblies met the acceptance
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test requirements with no exceptions.

(2) Muffler Assemblies, MMC P/N 82000008520 apd
82000008620

(a)

(b)

(e).

Development Test ~ Development testing of the
muffler assemblies was conducted on a "slide
tube' configuration which provided for a lever
release of the fan., Development tests were
conducted by MSFC in accordance with S&E~ASTN-
MM operating procedure, The tests consisted
of functional (acoustic noise), contamination,
flow, vibration and shock,

Qualification Test, MMC Report No. 3181 = The
muffler agsembly configuration qualified by

MMC was modified from the Development configura-
tion to a "hard" mounting which bolted the

fan to the muffler bases. This design change
was made to simplify the structurc and to pre-
clude tolerance and dynamic susceptability that
was evident in the "slide tube" configuration.

The qualification tests consisted of sinusoidal
evaluation, vehicle dynamics and high and low
level random vibration. A performance test
was conducted prioxr to and after the vibration
tests. The performance test consisted of an
acoustic noise test,

During the initial noise test, the muffler
attenuation of fan noise did not meet the
required level., Martin Automatic Reporting
System (MARS) B~73823 and B73810 were

written. The acoustic criteria was reevaluated
and new cyriteria was incorporated in the test
spacification., Testing was resumed. The

teat: units successfully: passed the tests.

Acceptance Test ~ The assemblies are verified

to be built in accordance with the engineering
drawings, Their installation in the MDA is

verified by a fit check with a Government Furnished

Equipment (GFE) fan assembly.
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(3) Diffuser, MMC P/N 82000001720

(a) Development Test ~ Development tests were
conitunked to verify the capabllity of the
diffuser to provide the required distribution
of air flow in the MDA, This reguirement
specifled that the alr velocity range at the
MDA crew work stations be between 15 to 100 FPM.

Initial testing of the diffuser was conducted
by MSFC., Flow tesis were run at 5 psia and at
14.7 psia., Based on the test results, it was
recommended that an Anemostat Corporation,

type C-2, five inch neck diameter or an equiva-
lent diffuser be used for the MDA, The Anemo~
stat diffuser was used, as recommended, though
modified to conform to structural and human
engineering desipgn raquirements.

A system air distributlion test was conducted
by MMC. A mockup of the CSM, STS and the AM
were mated with the engineering mockup of the
MDA, The MPA and the STS were outfitted with
the best available fidelity of internal hard-
ware and experiment packages. The diffusers
were installed and positioned as for the flight
configuration. A maoping of the air veloeity
profile within the NJA/STS was made, The
distribution charscteristics were determined
by observation of smoke cloud dispersion and
by taking velocity measurements. The test
results verified the system capability to
maintain the air velocity requirements at

the crew statiomns.

A development test was conducted to demonstrate
the capability of the diffuser control bridge

‘to withstand design yield and ultimate stress
loads. Torque loads, providing equivalent
design stress loads, were applied to the diffuser
controel kumob. The diffuser successfully passed
the tests. The diffuser was mechanirally func~
tional even after being subjected %o ultimate
stress loading.
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(b) Qualification Test - MMC, Report No. 3184 -

(e)

The qualification testing of the diffuser wan
conducted by MMC, The qualification tests
congisted of a performance test, a sinusoidal
evaluation test, a vehicle dynamics low frequency
sinusoidal test, a high level random vibration
test, and a low level random vibration test,
The performance test was conducted prior to and
after the diffuser was tested in each axis of
vibration. The performance test procedure was
& manual adjustment of the control knob from
one extreme position to the other,

A mechanical failure of the diffuser occurred
during the high level random vibration tests.

A failure analysis disclosed that the structural
support hangers for the n.vrable cone of the
diffuser slipped out of their installed position.
The analysis is presented in Failure Analysis
Report no, B67415, A modification was made to
the diffuser in which the hangers of the movable
cone were welded to the interfacing detail part
to form an integral assembly. A complete retest
of the diffuser was conducted without any sub-
sequent failures. Refer to MMC Report No. 3184
for the qualification test data.

Acceptance Test ~ Acceptance test requirements
for the diffuser were specified in the
82000001720 MMC engineering drawing. The test
congisted of a verification of the number of
turns of the diffuser control knob required to
move the movable cone from one extreme position
to the other. This adjustment of the movable
cone verlfied that sufficient movement of the
cone was avallable to change the alr flow pattern,

(4#) Fan Shroud Assembly MSFC P/N 20M42270

(a)

(b)

Development Test -~ Development testing of the
fan shroud essembly was conducted by MSFC.

Qualification Test ~ MMC Report No. 3310 =~
The qualification testing of the fan shroud
assembly was conducted by MSFC. A portion of
the testing was done by MMC. The latter
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included vibration and shock testing of the
fan essembly, 20M42270-3, with the MDA hard
mounted mufflers. The fan assembly success-
fully passed these tests. The results of the
20M42270~3 fan shroud assembly tests arve
presented in MMC Quelification Test Report No.
3310. The dash three (3) 20M42270 assembly
was uged in the MDA,

D. Mission Results ~ The crews' evaluation on the performance
of the ventilation system was that the air cireulation was moxre than
adequate, the scrzens on the inlet mufflers were an ideal size for
collecting dusgt and debris and that the operation of the fan-muffler
aggemblies produced a low level acoustic noilse output. It was very
quiet, No problems existed with any of the system components,

During SL-2 the fans were operated at temperatures below the
design requirements. This off~design operation did not adversely
affect later fan performance. During the post SL-3 storage period
cabin fan 2 remained on as a cooling fan for the rate gyro six-pack.
This unscheduled operation added 1250 hours to the operating time
accumulated by fan #2, As a result of the extended SL-4 mission to
84 days, the total operating time for each fan at the end of the
8L~4 manned mission was as follows: CSM fan - 4100 hours, cabin
fan”l-SSSO‘hours, cabin fan¥2-4800 hours., Design operating life
of the fans was 3360 hours but al)l fans were performing perfectly
at the end of SL-4. -

E. Conclusions and Recommendations -~ The MDA ventilation
system provided good air circulation to the CSM and within the
MDA, No hot or cold locations were found within the MDA, The
fans continued to provide circulation long after their design
operating life, The crews' debriefing ‘comments indicated that
the muffler screens, mesh size .14 in. x ,14 in,, was a good
size to collect debris., Tt is recommended similar sized screemns
be used for future systems. Algo it is recommended that future
fan systems be capable of ground command or that a portable
utility outlet be tied to ground command so that a fan or other
electrical component could be plugged into the outlet for
command during unmanned periods, '

2.2.,2.2 ATM C8D Panel/EREP Coolant Svstem
A, Design Requirements ~ The ATM C&D Panel/EREP Coolant

System design requirements were specified in several decuments
because the system crossed several interfaces. The requirements
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were a8 specified below but when the same requirement appears in
more than one docoment, it 18 not repeated., The requirements pex
AM/MDA ICD 13M02521 were as follows?

& Operating pressure ~ 37,2 psia maximum,

o Inlet fluid temperatufe ~ 499F to 78CF,

o TFluid ~ high purity water plus additives.

® Fldw rate -~ 220 pounds per hour, minimum,

e Allowable pressure drop ~ 6.75 psi @ 220 Ib/hr.

o Leakage - 35 cu=in, (from time of £1ill to end of 240
day mission).

Requirements per EREP/MDA ICD 13M07397A%* were pressure drop
(EREP system) =~ 2,0 psi @ 220 1b/hr and leakage = 17 cu-in. from
time of £ill to end of 240 day misgion.

Requirements as specified in ATM/MDA drawing 40M37870% were
a pressure drop of 3.0 psil @ 220 1b/hr and a leak requirement of
no bubbles at 300 psi GN3.

Bs System Description - ATM C&D/EREP Coolant System consisted
of the hard tubing, flexible lines, valves, and cold plates associated
with conducting a flow of coolant to and from the ATM C&D panel, the

- EREP tape recorders, the EREP C&D panel, and the S192 electronics.

MDA ECS components included in the system were & port manual selectox
valve, ATM C& panel f£lexible lines, EREP tape recoxder selector
valve, and EREP flexible lines. The MDA system interfaced with the
AM system which contained the pumps, heat exchangers, and accumulator.
Configuration of the coolant system and components is shown in
Figures 2.2.2~2 and 2.2.2-3. '

*These requirements wege inc1u31ve in the AM/MDA pressure drop

and leakage allocations.
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The coolant aystem provided the support for cooling the
ATM C&D panel and EREP electronic packages within the MDA, Heat
loads generated by instrumentation within the ATM C&D panel and
the EREP equipment were ftransporied by means of the coolant loop
to the AM coolant gystem from which the heat was rejected to space
by wmeans of the AM/MDA radiator system.

Fluid f£low through the ATM C&D panecl was automatic whenever
the coolant pumping system was activated. On the other hand, flow
to the EREP system was controlled by positicning the four port manual
selector valve. Flow control through the EREP subsystem was
accomplished through usage of balancing flow orifices and the EREP
tape recorder selector valve,

C. Test

(1) Coolant Valve, Manual, 4 Port, Selectox-MMC
P/N PD4700191,

(a) Development Tests -~ The 4 Port Selector Valve
was an adaptation of the Apolleo glycol bypass
valve as manufactured by AiResearch. The MMC
design modification consisted of removing the
electrical actuator and replacing it with a
manually operated actuator. The £luid control
portion of the two valves, including the
pressure relief mechanism were identical,

Development tests were performed primarily on
the manual actuating mechanism. Cycle life
tests were conducted to demonstrate capability
to withstand the required number of operating
cycles plus margin (475 wet eycles and 25 dry
cycles). The actuating mechanism, including

the position locks, performed all cycles with-
out malfunction and only a slight marking was
witnessed as indication of wear. Vibration
testing was also conducted to verify that both
the actuating mechanism and £luid control portion
of the valve would not degrade under vibration
conditions. There was no structural degradation
as a result of this test and the valve performed
well during functional tests following vibration.
There was no measurable internal leakage at
operating pressures using volumetric displace~-
ment and nitrogen gas over a 15 minute period.
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(b)

(e)

Allowable leakage was 1l.54 cc/day of water

or an equivalent of 2 scc (GNy) in 15 minutes.
Algo, there was no degradation of the pressure
relief machanlsm as & resuit of the vibration
testing, Relief pressures remained the same,
within the acecuracy of the pressure gauge, as
pressures recorded prior to starting of the test.

Qualification Test - AiResearch, Report

No. 71~7933 -~ Qualification testing on the 4
Port Selector Valve was completed on 21 October
1971, The qualification tests consisted of
Physical Inspection, Proof Pressure, Over
Toxrque, Ultimate Torque, Vibration, Cycle Life,
and Burst Pressure. A performance test was
conducted prioxr to and after each envirommental
test. There were no problems encountered during
qualification testing.
At the completion of qualification testing,

one of the two test units had no detectahle
internal leskage and the second unit had g
leakage rate of 0.8 scc (GN,) in 15 minutes,
External leakages for the first and second
units were 9.2 x 102 scc/sec (He) and 2,3

x 1076 scef/sec (He), respectively. The zaximum
allowable external' leak rate was 1 x 107
sce/sec (He).

Acceptance Test ~ Each valve received an
acceptance test to demonstrate quality
agsurance with respect to fabrication and
performance, To satisfy the quality assurance
requirements the valves received a visual

and dimensional inspection, a proof pressure
test, and internal leakage check, an operating
torque check, a pressure drop test, a pressure
relief test and an external leak check.

All valves met these requirements without
difflculty, Typically, internal leakage rates
were non~detectable in 15 minutes using volu-~
metric displacement and GN,. The maximum
allowable rate was 2 scc/sEc. Operating torque
was in the range of 6 to 8 inch~pounds with an
allowable of 23 inch~pounds., Pressure drop was
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in the range of 2.4 to 3.0 inches of water

in the normal f£low direction and 1,25 to 1.4
inches of water in the bypass direction.

Maximum allowable pressure drop was 5,54

inches of water for each direction, respectively,
Relief valve cracking pressures were in the
range of 12,2 to 19.2 psi with an allowable
range of 10 to 30 psi.

(2) Line, Coolant, Flexible - MMC P/N PD3200048

(a) Development Test = Not applicable.

(b) Qualification Test ~ AETL, Report No. 5350-~00-

(c)

9023 - Qualification testing on the flexible
coolant line was completed on 16 October 1971,
The qualification tests conducted on two test
units were as followss Pressure Drop, lst
Pressure Tatigue, Vibration, Flexing, 2nd
Pregsure Fatigue, and Burst Pressure. Pexrfor-
mance tests congilsting of proof pressure and

a leakage test were conducted prior to and
after each major test., There were no problems
encountered during qualification testing.

At the complation of the qualification testing,
the two test units Eiae leak tested. A net
leakage of 3.6 x 10 scc/sec (He) was
measured on one unit and 1.0 x 10”7 sce/sec
(He) was measured on the secondZF The maximum
allowable leakage was 2,0 x 1077 gce/sec (He).

Acceptance Test ~ Each flex line received an
acceptance test to demonstrate suitable quality,
correct assembly and required performance.

To fulfill this demounstration, the following
quality assurance inspectlons and tests were
accomplished: wvisual and dimensional inspection
of the unit, x-ray and penctrant inspection of
welds and braze joints, proof pressure and s
leakage test.

All flex lines met these requirements without
difficulty. Typical measured legk rates on
production hardware were in the range of

1.7 x 108 to 5,6 % 10”8 scc/sec (He) with
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the line interior pressurized to 50 psig with
ltelium and the exterior evacuated in a bell

jar. Maximum allowable leakage was 2.0 x 107%

sce/sec (He).

(3) Coolant System Flexible Hose - MMC P/N ST32D11

(a)

(b)

(c)

Development Test =~ Not applicable to these
parts.

Qualification Test ~ Qualification of the
EREP Coolant System Flexible Hoses was by
similarity to several hoses qualified by
MDAC-E for uge in the Airlock Module, The
gizes and configurations of the MDAC-E hoses
were sufficlent to bracket the configurations
selected by MMC and the structural, environ-
mental and functional requirements either met

or exceed the MMC requirements for the EREP
hoses. - '

The hose size and configurations to which the
EREP hoses were qualified by similarity were
documented in the following reports:

Approved: Engineering Test Laboratories
Report No. 5310-00-9627

Durkee Testing Laboratories
Report No. QT 2060

Durkes Testing Laboratories
 Report Ne. QT 8619

Desgign Verification Test - Two design verifi-
cation tests were conducted on the EREP
coolant System Flexible Hoses to verify
sultability and effects of hose installation
in specific uses in the EREP system.

Flexure tests were conducted to verify that
the 5132D11~4 and ~53 (now ~12 and ~13 result~
ing from fitting finish revisions) flex hoses
could be subjected to a simulated life cycle
flex test without experiencing a catastrophic
failure, The two hoses were installed in MDA
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gimulated configurations but the flex section
of the hoses were not preformed to eliminate
localized bending., Ag a result of the non~
preformed installation, the bend radius was
severe at the bellows~hard tube interface,

The hoses were subjected to 500 cycles of

4 0.35 inches of movement in ecach of 3 axes.
Both hoses falled after being subjected to

the cycling, Both failures occurred where the
convolutions were welded to the tubing (at
the first convolution adjacent to the welded
end). Review of the failure, test specimen
installation and test criteria indicated that;
the hose installation in the test setup was
incorrect, i.e., the flexible portion of the
hose should have been preformed to the proper
installation confipuration to avoid severe
bending at the bellows-hard tube intexrface
convolution; and that the maximum + 0.35 inch
of movement was incorrect in that 0,35 in:ch
was the maximum physical travel of the equip-
ment (to which any of the flex hoses were gttach-
ed) shock mounts and not the maximum physical
movement possible resulting from loads imposed
on the various EREP equipment, The maximum
physical movement under load should be #* 0,10
inches for the ST32D1l-4 typical hoses. Testls
were re~conducted using properly preformsd
hoges and gpplicable test displacement. The
500 cycle requirements were completed without
further difficulty and the hoses were considered
suitable for use on the EREP coolant systemn,

A pressure loading test was conducted on the
flex hoses to determine loads imposed on the
attached equipment when the hoses tended to
straighten from internal pressure. Hose spring
rates weve also measured for inclusion in the
resulting loads, The test was conducted on
six different configuratilions of hoses and at
zero, 5 psig, and 50 psig. It was determined
from the tests that the spring rate of the
hoses accounted for most of the induced end
fitting loads and there was little variation
in load resulting from pressure. Also, it
wag determined that none of the loads were of



a magnitude sufficient to cause concerns for
the equipment attachment points.

(d) Acceptance Tegt =~ Each flex hose assembly
received an acceptance test to demonstrate
suitable quality, correct assembly and required
performance. The tests were conducted by the
vendor in accordance with the requirements of
MMC Standard Drawing ST32D11 and included
proof and collapse pressure, flow and pressure
drop, leakapge, visible and dimensional inspec=~
tion, apd x-ray and dye penetrant inspection
of all welds, All hoses met the acceptance
test requirements. There was no detectable
leakage when the hoses were leak checked with
helium at 50 psig. Maximum allowable leakage
was 1 x 10™3 gec/sec (He).

(4) EREP Tape Recorder Coolant: Selector Valve = MMC P/N

ST4TDS52

{a) Development Test ~ Development tests were not
conducted on this valve because the design had

been proven in previous development and qualifica-

tion testing required by other NASA programs
on similar valves,

(b) Qualification Test ~ Report No. QTR557, Vibration

Test Report (Qualification) for James, Pond and
Clark Division Three Way Selector Valve, B/N
P32-419, MMC B/N ST47D52 - This vibration test
was conducted o demonstrate compliance for
qualification of the gelector valve for use in
the EREP coolant system, Testing was completed
on 30 March 1971, There was no evidence of
physcal damage, water leakage or change in
handle position as a result of the testing.

The test unit was subjected to a high level
random criteria of 10.4 Grms for 5 minutes

in each of three axes.

(c) Design Verification Test = A cycle life test
was conducted on the selector valve to demon~
strate the capability to withstand 500 operat=-
ing cycles. The test was conducted under flow
conditions of 220 pounds per houxr of water.
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(d)

(5) EREP
(a)

The test was completed with no problems
encountered, Operating torque measurements

were made every 25 eycles throughout the test
and were always in the required torque range.

A bubble type leakage test at the completion

of the cycling resulted in no indicated leakage
with nitrogen at 50 psig. The maximum allowable
internal leakage was 0,5 scem of water at 50 psig.
A burst pressure test was conducted at 200 psig
for 15 minutes, There was no evidence of
physical degradation as a zesult of this test,

Acceptance Test: - Each valve received an
acceptance test Iin accoxrdance with requirements
of the standard drawing to demonstrate suitable
quality, correct assembly and required pex-
formance., To satisfy this demonstration each
valve received a proof pressure test, a leakage
test, and a physical inspection. All valves
met these requirements.

Coolant Loop System Degign and Development History

Design Considerations -~ In order to maintain
minimum pressure drop, the initial sizing of
interconnecting tubing was selected as % inch
(0.D.) and cold plate tubing was selected as
3/8 inch (0.D,). This initial concept was
designed for geries flow through the entire
EREF coolant system, and was based upon a
single tape recorder in the loop at one time.
Flexible hoses constructed of reinforced
silicone rubber were selected and qualified
by similarity to M509 (oxygen) hoses.

Thermal studies revealed that all of the coolant
to the EREP interface at minimum £luid temper-
atures could rt be utilized without danger of
causing condensation on the heads of the tape
recorder, In addition, it was deemed necessary
to permanently install a spare tape recorder.
These factors resulted in a redesign incorporas~
ting an approximate 1/3 coolant £low by-pass

to the ATM C&D Panel loop and to the primary

or spare tape recorder loop. A selector valve
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was incorporated to direct coolant only to
the operational tape recorder.

Coolant loading and prelaunch readiness
studies indicated that the upper portions

of the cold plates and interconnecting tubing
would be subjected to vacuum prior to orbital
insertion.,

Since the flex hose silicone rubber was known to
be significantly permeable to gasses, this
could result in cabin gas being ingested into
the coolant, both as free gas and in coolant
golution. A review conducted by JSC, MSFC,
MDAC-E and MMC concluded that the gas ingestion
should be precluded by changing to non~permeable
hoseg, rather than the pump~accumulator system
maintaining positive pressures. The system
design was then changed to utilize convoluted
stainless gteel flexible hoses similar to those
utilized by MDAC-E (i.e. the same supplier).

Flexible hoses were required to accommodate
installation tolerznces between equipment
mounting racks, and to withstand the launch
environment vibrations and displacements
through the equipment mounting points.

Test points were 'designed out" of the system
since these would have added a significant
number of mechanical jointe, and the overall
leakage verificatlon was considered to be a
difficult manufacturing, build and test task
even with the minimum required jointas.

Flared fitting inserts (Voi Shans) were incor-
porated as a corrective measure for leaking

or remade joints only, whereas the MSFC
influenced systems (AM and ATM coolant tubing)
specified general application of inserts, JSC
cited some umnsatisfactory applications of
flared fitting inserts in previous applications.
All flared fittings were made with the MS
precision' series of 32 rms finish on sealing
surfaces, vs the "standard" MS fittings of

100 rms finish, Lockwires were not utilized
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(b)

on the Littings since the Joints leakage would
be considered failed by the time lockwixe could
become effective, The flared joint dynamic
susceptability at the specified installation
torque was demonstrated by inclusion of the
connecting flexible hoses to the EREP Tape
Recordeyr in the qualification-random vibration
test, The shock mounta of the tape recorders
allowed for the greatest relative motions
between any segments of the coolant aystem.

Tubing and cold plates were insulated to
minimize cold radiant surface conditions

and touch temperatures and to preclude surface
condensation,

Test - In order to verify flow distribution

by "design" yather than by "calibration" of

the £light installation, a breadboard tubing

and cold plate simulation was constructed,
Breadboard tests provided the data and
verification of flow control orifices (diameters),
flow batlance ve flow »ange, leakage test
methods and comparisons, flex line geometry
efifects, cold plates flow vs pressure drop
characteristics and blocked leg pressure drop
values. oo
The pressure drop and values to be tested
were of small enough magnitude to be affected
by conventional flow instrumentation. There~
fore, each simulated cold plate was bench
calibrated for flow vs pregsure drop so that
these system segments could sexve as flow-
meters with only pressure taps added to the
representative flight configuration.

The Tape Recorder Selector Valve flow charac~
teristics va position were determined to assure
that no major £low disturbances would occur

in the operating transition. In addition,
operating torque, leakage and cycle life
teating were performed as design verification
tests. Qualification of this valve was
accomplished by similarity to Apollo and
Gemini applications and a vibration test to
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(e)

demonstrate leakage and position integrity.

Corrosion tests were conducted subsequent to
system and component desipgn verification tests
to sgtisfy customer and associate contractor
concerns regarding coolant inhibitors and
dissimilar metals. These tests showed slight
corrosion to occur, but well within acceptable
rates for the duxation of all Skylab missions.

EREP equipment modules which were replaced
during MDA flight article preparations required
drying and verification to low dew points
(~659F to ~30°F), Initial test techniques were
invalid due to the dew pointers requiring a
continuous gas supply, and the test method
allowing cold plate purging from a dry N
supply. The acceptable test technique for use
with any type dew pointer required a pressure
lockup (50 psig for 2 hours or more) them a
slow bleedoff through the dew pointer to the
maximum steady state value,

Conclusions - Flow balancing and sensitivity
to geometric tolerances were determined to be
satisfactory for the thermal cooling criteria.
JSC representatives concurred by breadboard
tests that test points or calibration controls
would not be required for this system.

Leakage techniques gnd comparisons resulted
in the following conclusion:

e Bubble testing is uweeful in off module,
gub~assembly testing to eliminate gross
lealks.

e Helium -~ mass spectrometer probe tests
gllows some bad joints to pass when com~
plete peripheral access is not available.

e Water volumetric testing is useful for a
basig of establishing test.comparisons, but
‘requires too long a test period to be
practical for on module production testing.
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(6)

o Gas volumetrics tests provide the highest
confidence of guaranteeing overall water
leakage within practical test time Llimits.

¢ The mass spectrometer evacuation test
method, with extermal helium flooding pro-
vides the best leak isolation technique
for the levels of liquid lealkage required
to be detected,

Changes in design concept, such as the change
from series flow to paxallel flow, should be
accompanied by the appropriate size reduction
accordingly, A reduction in size to 3/8 or

5/16 inch tubing would have simplified the
installation and increased mechanical flexibility
with no probable time cost overall.

Metals used for construction of new coolant
systems should belong to the same family
group of dissimilar metals., The present
system contains aluminum/stainless steel
Junctions,

Even though the MDA/EREP coolant system has
performed satisfactorily, every system anomaly
has resulted in re~reviews and tests for
corrosion,

System on Module ~ Flow and pressure drop and leakage
tests were the only complete coolant loop system
tests performed "on module', No specific thermal
coolant £low tests were performed, since off module
tests of "experiment assemblies showed that thermal
pexrformance was satigfactory when the coolant £low
and inlet temperature was within specified limits.
Flow balgnce and distribution was demonstrated by
povered operation of EREF medules with tubing
surface temperature measurements during systems tests
at St. Louls.

Leakage tests "on module" wexe performed to a
"yolumetrics” measurement Limit of 1,0 x 10~3 gce/
sec 0of Np. The volumetrics test method verified

all joints in the coolant system, from the AM inter-
face, which included 144 joints. The "Wolumetrics"
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ingtrument showed a high sensitivity to temperature,
such that the entire gystem hied to be wrapped with
a super insulation blanket, all lights turned off
inside the MDA, and all personnel restricted from
the test ‘area during conduct of system leakage
measurement,

In order to achieve an accaptable "Volumetrics"
measurement, a helium mass spectrometer probe
(sniffer) teat to a maximum reading of 2.5 x 10-8
gsce/sec was imposed as the system build was in
process. During the System Test and Checlkout
Requirements (STACR) checkout, this probe teat was
velaxed to 5 x 107 gee/sec helium which still
allowved sufficilent volumetrics test margin,

D, Misslon Results ~ During SL~2 no anomalies were obsenved,
At the end of the SL-3 mission anomalies occurred on pump "A"
as witnessed by noise and flow drop. The following is the ATM
C&D/EREP coolant loop history on SLw4 through splashdowns:

The ATM C&D coolant loop was activated for SL-4 on DOY 321
at 21:10:00., Shortly after activation erratic flow fluctuations,
from pump "B", were obsexrved with the £low dropping from 30 to 50
pounds per hour. The dropouts in flow were a random cccurrence
happening once an orbit then not occurring for several orbits.
The flow dropouts became larger, up to 100 pounds per hour as
mission operation time continued., On DOY 336 pump "B" was turned
off and pump "C" was turned on, almost immediately erratic flow
conditions were observed on pump "C", with dropouts up to 100
pounds per hout.

Ag a mesult of the above mentioned exratic £low conditions
the following iInvestigations were conducted,

All haxdware in the system was reviewed for fallure modes
similar to what was exhibited on orbit, The 4~port selector
valve was the first suspect, Teats were conducted In St. Louis
on the Back Up Article and on.orbit by the erew, The tests con~
sisted of rotating the valve handle at 109 incremente from a by=
pass position to a flow~through position and back again. Test
results showed that: flow varied as the valve handle was moved £rom
one position to the other, but the erratic flow fluctuations
could not be duplicated., The 4~port selector valve was ruled out
as the possible cause.
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System contamination was suspected ag @ possible csuse. The
pump flows on orbit had never been as high as on the greund, Flow rates
were fIrom 285 to 300 pounds per hour on the ground dropping to
240 to 250 pounds pex hour on-oxbit. The 240 to 250 pouunds per
hour flows were very closc to the relief yalve setting around the
pump, it was felt that perhaps some of this flow was relieving
baclk to the inlet side of the pump., If contamination were the
cause, the filter should show some evidence of it., Inspection
of the filter by the crew on DOY 352 recvealed some contamination
on the filter as well as bubbles and foam at the quick disconnects.
The following is a description of the filter inspection by the
crew. "Some debris looks like little pleces of human skin. Took
one of the large pleces and put on end of my finger and let dry,
rubbed with thumb and it immediately disappeared in a sort of a
dry powder and sort of smearsed over my finger. What it really
looke like is little bits of lubricant that have gathered together
and became sort of a little plate. Thexe axe 5 pieces <1 mm,

6 pleces = 1 nmm and 4 pleces = 2 mm, Considexring the surface

axea of the filter and number of pleces found we feel this is a
negligible amount of contamination.” Analysis of filters returned
from SL~2 and S5L~3 did not reveal contamination that could cause
flow fluctuations.,

A review of all available sgystem £light data from SL-2 and
SL~3 was conducted. It was found that 8 dropouts had occurred
on SL-2, 23 dropouts on SL-3 and to date 21 dropouts on SL=4
and dropouts were becoming more frequent. (See Table 2.2.2-1

and Figure 2.2.2-4 for flow dropouts data and sample plot of a
dropout.)

Another posaible cause of flow dropouts could be that the
coolant system could have gas in it. Gas could have been ingested
into the system, e¢ither during pround testing or on-orbit operations.
The filter had been replaced 4 times on-orbit and the accumulatoxr
has a viton bladder. Leakape through the bladder and Quick
Discomnects would be the most likely suspects for pgetting gas
into the system. On DOY 352 the liquid/gas separator procedure
was given to the crew, The Space Suit Umbilical System (SUS)
loop separator was installed into the ATM C&D Coelant loop replacing
the filter. After several houxs of operation switching from pump
UE" to "C", the flow increased to 295 pounds per hour on pump *B"
gnd 280 pounds per hour on pump "C". DPreviously both pumps had
been flowing 240 to 250 pounds per hour. When the gas removal
procedure was completed, a new filter was installed imto the
pystem and pump "C" was activated. TFlow was normal at 280 pounds
per hour. Pump "B" was then activated and the flow was 297 pounds
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MISSION DOY

TIME GMT FLOW RATE CHANGE DURATION OF DROPOUT

SL~2

SL~3

Sl

153
157
157
159
161
164
164
171

214
218
221

923

226
227
229
230
232
236
237
242
247

248
248
252
252
253
253
256
259
259
262

321
321
323
323

334

334
335

5327
2:10
3:22
18:27
2216
0:44
7:40
20:36

6:09
13:47
12:26

1:10

5:18
21:03

1245

1:01
15:50
18:14
15:25
16254
19:51 -
19:55
15:49
19:19
4:20:30
3:01:30

18:40:30
13:08:00
4:28:00
0:49:30
15:13:00
1:37:00

23:14
23:19
23:06
123:10
15:09
15:10
0L1:00

(LB

239.5
240,6
240,6
240,6
240,6
233.6
241.8
245.3

235.9
231.3
230.2
231.3
227.8
227.8
230.2
229.0
230.2
228.9
231.3
234,8
234.8

235.9
237.2
234.8
234.8
234,8
233.6
240.,7
238.3
238,2

. 238,3

252
240
249
250
250
220
240

M/HR)

to
to
to
to
to
to
to
to

to
to
to
o
to
to
{o
to
to
to
to
to
to

to
to
to
to
to
to
to
to
to
to

to
to
to
to
to
to
to

91.2
198.6
183,53
192.8
157.8

36.3

42.2
216.1

88.9
161.3
10.6

<0
fay
-

=

]—l
w oo Ut 00 P n
NP N W
« * o & & &
w OO0 MNWOMNEMWY

(MINUTES)

1/2

1

1
4112
1/2
1/2
1/2

2

1/2
1-1/2
1~1/2

1/2

8~1/2

1/2
Data
1/2
1/2
1/2
1/2

1/2
1/2
1
1
1/2
1/2
1

to
to
to
to
to
to
to
to

to
5

fo
to

to

to
to
to
to
to
to
to
to

to

to

to

~1/2

Wk =N

wur

PN ST T g

1-1/2
1-1/2
1
4
5
1

1

Time Dropout

to
to
to
to

to
to
to
to
to
to

Table 2,.2.2-1 Coolant Loop Diopout History
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MISSION DOY TiIME GMT FLOW RATE CHANGE DURATTON OF DROPOUT
(LB M/HR)

8L~
(Cont)

335 01:02:30

336
338
339

340
340
340
343
344
345
345
345
346

346

10:07
12:25
05533

1057
09:00
07:38
12237

7:04
00:38
03:42

10236

03:14

10:17

220 to 145
235 to O
230 to 160

Fluctuations

220
240
240
240
240
240
240
240
240

to
to
to
to
to
to
to
to
to

From

243
And

to

Cycles

227
244

to
to

150
120
140
120
10
0
157
i2
100

232

259
217

(MINUTES)

3-1/2
1/2
1/2

5

1-1/4
1
2
1-1/4
3 (minimum)
2 maximum
2 maximum
2 maximum
1/2 approximately

-
-

1/2

Table 2.2.2-1 (Concladed)
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per hour, similar to ground operation,

Subsequent to removal of the gas from the coolant loop on
DOY 352, the crew reported that pump "C" was noisy and bothering
them during sleep periods. After operating pump "B" for a short
period of time, the ecrew veported that it had the same noise level
as "C" and that the noise level was comparable to the SUS pumps.
The loop was lert on during DOY 352-353, sleep perlod, but was
turned off for DOY 353-354 sleep period. Pump "C" was then used
when the loop was reactivated on DOY 354, On DOY 359 the coolant
loop again exhibited 50 pound per hour fluctuation occurring
approximately once every minute. The 4~port selector valve was
switched from by-pass to EREP flow position. The decrease in flow
which had becen seen in the by-~pass position, were damped out over
a period of time and the flow stabilized at approximately 260
pounds per hour, (approximately 25 pounds per hour below the normal
flow for pump "C"), This flow rate was maintained after the valve
was changed back to the by-pass position. The decision was then
made that the pump would remain on during the upcoming sleep
period.

Ou DOY 004 the liquid/gas separator was again used to remove
gas from the coolant loop., Both pumps "B" and "(" were operated
and produced normal flow rates, (299 pounds por hour and 283
pounds per hour respectively), after the gas was removed, TFlow
remained constant for a period of time and then flow dropouts
were observed again on DOY 030, At various times toward the end
of the mission pumps "AY, "B", and "C" were operated with similar
flow dropouts occurring on each pump, Even with these dropouts,
sufficient cooling was always available to the experiments.

Ee. Conclusions and Recommendations - The MDA/EREP part of
the coolant system operated satisfactorily and remained leak
proof throughout all Skylab missions. Even though cooclant £low
fluctuations wexre observed, the ATM C&D panel and EREP elecironic
modules received sufficient cooling during all experiment operations,
Corrosion of the dissimilar metals in the coolant system appearaed
to be minimal,

Tt 15 recommended that future coolant systems incorporate
metal bellows type bladders in accumulators rather than non-
metallic bladders which are more susceptible to leakage and gas
permeatiion. However, if the possibility of air ingestion exists,
then it is recommended that a liquid/gas separator be designed
into the svystam, much as that in the SUS cooling system, Also
dissimilar metals should not be used in the same system,

2-140




2,2,2,3 MDA Vent System

As Design Requirements ~ The MDA Vent System design require~-
ments were specified in CEI CP114A1000026E as follows: The MDA
shall be equipped with series redundant, remotely-operated vent
valves, The valves shall be sized to assure that the MDA maximum
shell pressure will not exceed 6.2 PSID during the launch phase
of mission. The wvent valves shall be provided with a plug which
shall be installed by the crew. Venting studies were performed
to determine the internal MDA pressure during launch. The maximum
pressure predicted by analysis wuas 5,3 psid, The actual results
during launch ascent phase were 5.25 psid.

B, System Description - the MDA Veni System consisted of
two 4~-inch motor operated vent valves mounted in series, one
sealing device, and one stowage fitting,

The vent valves provided a means of venting the MDA during
pre-launch, launch and ascent. The valves were opened prior to
launch and were closed during ascent, via I.U., Command, to maintain
a positive pressure within the AM/MDA,

The vent sealing device provided a positive sealing capability
of the vent valves during orbita: operation. The sealing device
was Installed upon initial entry of the astronauts into the MDA,

The MDA Vent System is illustrated in Fipguze 2.2,2~5,
C. Test |

(1) Four-Inch Vent Valve, Electric Motor Operated,
MSFC P/N 20M32043

(a) Development Test ~ The design and development
testing of the four-ineh vent valve wag
accomplished by MSFC prior tc Mertin Marietta's
MDA ecntract., Examples of tests conducted
were: internal and external leakage, eleectrical
checks, high and low temperature operation,
life cyele, vibration, and Electro Magnetic
Interference (EMI) tests. The unit successfully
completed the test with results that eithex
met or exceeded the specification requirements,

(h) Qualification Test -~ The four-inch vent valve

was a GFP ltem through qualification. The
qualification testing was completed on May 10,
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1971, The results of the tests were presented
in Ametek/Calmec Report No. CM~G05.

The testing conslsted of the following environ-
mental testsy Corrosive, Contaminants, Oxygen

and Humidity ( GCOH), EMI Compatibility, Vibration,
Shock, Vacuum Storage, Explosive Atmosphere,
Burst Pressure, and Life Cyecle. A performance
test was conducted sfter each environmental

test, The problens encountered during qualifi-
cation testing are summarized below.

During functional test, priol to quzlification
test, with external pressuve of 10™* toxw, the
valve failed to operate when 22 VDC power was
applied, The failure was attributed to the
deflection of the end plate resulting from the
14,7 psi differential pressure, thereby causing
the brake to hang up. The coxrective action
taken was to reduce the internsl pressure of
the hermetically sealed actuator to 7,0 : 1.0
psia, thus reducing the deflection of the end
plate.

Duning high level roindom vibration testing in
the "Y" axls, one of the test units exceeded

the response time requirements (14.4 seconds
ingtead of required 8 seconds maximum). During
the same test, a second test unit had both

open and close Indicatoxr lights on simultaneously.
Past vibratlion fixture evaluation revealed an
amplification of input level at the secondary
mounting bracket of the vibration fixture of
approximately 9 to 1 over the input level.
According te the qudlification test report,

the specimen failure was due Lo overtest. The
fixture was redesigned and "Y" and "'2Z" axis
vibration tests re~zum. Both units passed

the post-vibration functional test requirements.

Delta qualificatiion tests were conducted on the
two test units. These delta tests conailsted

of vibration fixture evaluation, functional
test:, and vibration tests in X, Y, Z axes.
During fixture evaluation it was found that the
location of control accelerometers fox the pre~
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(c)

vious qualification tests produced an undertest
condition. The accelerometers wexe rclocataed
in oxder to simulate a realistic test during
the following vibzatlon tesis. During pogg-
fixturo evaluation functional tests, onc of

the two units failed to operate. Vealve failure
was attributed to ovartestiag resulting from
the excessive number of tests conducted during
qualificatiion and £ixture evaluation test programs.
This valve was used as a dummy mass for the
following vibration tests. During Z axis high
level random vibration, the test umit failed to
cycle properly. Tha unit had cycled properly
subsequent to the vibration environment, The
raquirement to cyele the valve during vibration
was xe=evaluated, It was deterxmined that the
vibration levels were negligible when the

valve had to cycle closed after launch, there-
fore the requirement was changed to cyecle subw
sequent to vibration., Vibration testing in
each of the thrce axis was then completed
successfully,

Acceptance Test - Each valve received an
acceptance test to demonstrate sultable quality,
correct assembly and required performance,

To satlsfy this demonstration the valves were
visually and dimensjonally inspected, subjected
to proof presasure, checked for internal and
external leakage, and wexe checked electrically
for operating voltage, valve response, current
dzaw, open and closed position switch actuation
#nd deactuation. No problems which requived
havdware redesign were encountered during
acceptance teasting of the production units,

(2) Habitation Area Vent Outlot Sealing Dewica, MDACW
/N 1B74B32,

*

(a)

(b)

Development Testt. = Not applicable. Used
existing MDAC design (Sce OWS Final Program
Repont), '

Qualilfication Test - MNDACSW, Raport Noe TMe

DSV7-F&M=-R6823 ~ Qualification testing was
performed on the scaling dovice BP/N 1n74832,

Lelthy



stowage fitting P/N 1878876, and adapter flange
P/N 1B78003 which was similar to Martin Marietta
procured adapter flamge P/N 1B82837. All
ceritical sealing surfaces and flange sealing
device Interfaces were the same for both
adapter f£lange partas, The function 1878003

was the same as 1BB2837. Testing was completed
in December 1970,

The qualification tests consisted of the
following envirommental and funciional taste:
handle locking force, proof pressure, leakage,
pre~vibration life cycle, vibratien « sime
evaluation and random, post vibration life
eyele, thermal vacuum, All of the above tasts
were conducted with the sealing device mated
to the adapter flange except fox vibration
and post vibration life ecycle during which
the sealing device was mated to the stowage
Eltting,

The problems oncountered duving qualification
tagting arve summarized balow,

During the life eycle tesi, the handle locking
pin fell out of the handle when the wetaining
ring, which xetains the locking pin in place,
broke durxing the lateching poxtion of & cycle,
Subsequent cxemination of the failed part
rvavenled a design deficlency whexein tho re-
tadining wing could cateh in the latching

sloti of the handla, Redesign of the unit
changed the locking pin assembly to a pross
£it plus a locking nut design imstead of &
rateining suap wing. Retoest of the redesligned
unlt was complated successfully.

Following the completion of pre~vibration life
cyele testing, aluminum particles were dige
covered on the sealing device Q-xing, The
particles caused no faflure of the tested
unlts but an investigation revealed that the
particles were generated by contact between
the aluminum sealing device and a detent
gpiing tab used on the adapter flange, This
contact occurs during normal installation and
vemoval of the sealing device onta the flange.
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The adapter flange was revised to change the
spring tab from steel to aluminum, Subsequent
post vibration life cycle testing result2d in
only normal wear of the two parts and no genera-
tion of paxrticles, All othor testing was
completed with no other problems encountered.

(c) Acceptance Test =~ The acceptance tesits con=
ductad on each sealing device woxe as spacified
on drawing lB74832 Rev B. These tosts wore an
internal leak check and a proof pressurc tcat,
All units met these roquirvementa without diffi-
culty. Acceptance testing of the non=-functional
adapter flange and stowage fitting was limited
to a visunl and dimensionsl inspectiion,

D. Mission Results - The two motor oporated vent valves were
openad at T-5 hours, 15 minutes, per the normal countdown procedure
for SL~l, and were commanded closad at T + 280 peconds. The valves
eloged in 6.2 seconds, The maximum MDA shell pressure achieved during
ascent was 5,25 psid, well below the MDA CBI limit of 6,2 psld. The
vent sealing device was installed during the SLe2 activation.

The vent system Wi not used ox operated after SI~2 activation,
howaver, the valves and sealing device maintained stpuctural and
leskage integrity throughout the entixe Skylab missions,

E. Conclusions and Recowmendations ~ Tho design of the MDA
vent system and its components wore adequate., No design changes
were proposed for its usage.

2,2.2.4 MS512/M479 Experiment Vent Svstamn

A, Design Requiremants
(1) M512/M479 Chamber Vent System - Tho M512/MA79

Expevimont Chamboy Vent System design requiremenis

wera specified in ORI GPL1411000026E as followo:

e The system shall .nclude manual redundant valvea.

o One valve shall be located on or near tho MDA
bulkhead, tho second valve shall be located at
the experiment vacuum chambere

» The valve systom shall be capable of providing
a varlable orifice systom.
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Dimensional requirements were specified in ICD
13M12161,

System Analysis -~ An analytical study was pexformed
to verify adequate sizing of the chamber vent line
system to maintain a vacuum condition at 1 x 107
torr during welding experiment operations.

(2) M512 Battexy Vent System

The M512 Battewy Vent System design requirements
were as follows:

s The battery vent system shall include a % inch
shutoff valve and the interconnecting system
tubing.

¢ DBattery vent allowable lecakage of 1 x 104
sce/sec Np @ 5 psi external pressure.

@ 15 psid internal pressure and 1 x 1073 sce/
sec Na.

) Chagber vent system allowable lealage of 1.85 x
10~ see/sec helium @ 1 x 105 tory and 5 x 10™%
sce/sec Ny @ 20 psid.

B, System Description =~ The M512/M479 Experiment Chambex
Vent System provided a conduction path from the experiment chambex
overboarxd to space. It consisted of two (2), series mounted (4")
manually operated valves separated by a mctal bellows asscubly
and a short section of hard duct penctvating the MDA shell, The
vent system had the capability of providing isolation of the experi-
ment chamber from space vacuum, maintaining & vacuum environment
within the experiment chamber or providing a conduction part for
venting experiment contaminants overboard as required,

The M512/M479 Battery Vent System incorporated a redundant
manually operated valve for vent or shutoff capability of the
battery case, The %" valve was mounted on the MDA vent panel.
The M512/M479 Experiment Vent System is shown in Figures 2.2,2-6
and 2,2.2-7,
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C, Test

(1) M512/M479 Vent Valve, Manually Operated (4 inch)
- MMC P/N 82000009820

(a) Development Test = ﬁevelopment testis on the

(b)

M512/M479 Vent Valve were limited to lubrica~
tion evaluation and valve shaft bearing load
tests undexr vacuum conditions, Other tests
wexre not conducted becauge of previous test
experience on gimilar valve configurations
developed for the Titan propellant systems.

Three bearings were utilized in the tests.

Two were lubricated wilith Vac-~Kote (Ball
Brothers Corporation) grease and one was
lubricated with Microseal 200-1, The bearings
were mounted in test fixtures designed to

lpoad the bearings radially from 0 to 500
pounds when cycledvsimnlating vent valve
operation.

Tare torque values were obtained prior to
starting the test, The test items were then
placed in a vacuum chamber and maintained at

a pressure of 1 x 10~ torr or less for 100
hours, -After the 100 hour soak and while main-
taining the vacuum chamber pressure at 1 x 106
torr or less, the bearings were load cycled
1000 times with torque measurement made every
20th cycle,

Test results indlcated that both lubricants
pexformed satigfactorily but Vac~Kote provided
the least increase in toxque and the smoothest
operation during load cyeling, Vac~Kote was
sélected for use in the production valves.

Qualification Test = MMC, Report No, 3300 ~
Qualification testing on the MDA Vacuwn Vent
Valve, P/N 82000009820-010, was completed on
22 September 197l. The qualification tests
consisted of the following envirommental testat
Vibratien (consisting of Sinusoidal Evaluation),
Vehicle Dynamiecs, High and Low Level Randomj
Shock; Thexrmal Vacuumj Temperatuwe, Altitude,
Storage and Transporationi Burst Pressure)
Vacuum Storagej Cycle Lifejy and CCOH, A
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performance teat was conducted prior to and
after each environmental test. Two problem
areas were cncountered during qualification
teating. These problems are summarized below.

During vibration testing (the fiwst environmental
test following initimsl performance testing) the
operating handle became loose and began rattling.
The test was stopped and the handle setscrew
examined, It was found to be peened and sub=
sequent examination revealed the setscrew
material to be too soft for the intended usage.
The setscrew design was modified to alleviate
the peening problem and also to provide positive
handle positioning even if the setscrew becgme
looge, The valve dash number was changed from
~009 to ~010, The valve was then placed back
into vibration test with the entire teat being
rewrun.

During pexformance of the external leak portion
of the functional test, following the CCOH

test, the leakage exceeded the allowable level.
The valve was rejected on MARS No, B73828 and

a failure analysis conducted. Examinstion of
the valve during failure analysis revealed no
evidence which would indicate leakage was caused
by expusure to the GCOH test. Failure was
attributed to contamination of a siatic O~ring
seal located between the operating handle adapter
and valve body. The contamination of the, gseal
cccurred during the original build cycle of the
valve, The contaminated seals were replaced and
the valve placaed back into qualification test
at the point testing was terminated (functional
test following CCOH) gince the CCOH test waz not
censidered a cpntributing factor in the failure,
The entire functional test was completed with-
out further difficulty.

During performance of the qualification test
program, each of the two units tested were
maenually cycled 1000 times, Three hundred

of the cycles were conducted at pressures less
than 1 x 108 torr, At the completion of all
teating, the units still operated within the
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allowable_operating torque and leakage was

5.4 x 1077 sce/see helium with 2.67 x 10~4
scc/sec allowable and maximym externmal leakage
of the units was 1,02 x 10”° sce/aec helium
with 1 x 107 scc/sec allowable,

Acceptance Test -~ Rach valve received an
acceptance test to demonstrate suitable quality,
correct assembly and required performance.

To satisfy this demonstration the valves were
visually and dimensionally inspected, checked
for proper operating torque, demonstrated an
over torque capability, demonatratell functional
capability under noxrmal operating pressure,
withetood proof pressure, and met the internal
and external leakage criteria.

All valves met these acceptance test requirements
without difficulty, Typically, intexnal) and
extgrnal leakage values were in the 107/ and

to 109 sce/sec helium range, respectively.
Allownble leak rates were 2.67 x 10“4 sec/see
and 1 x 107! gece/sec for internal and extermal
leakage, respectively,

(2) M512/M479 Bellows Vent Line ~ MMC P/N PD4400011

(a)
(b)

Development Test =~ Not applicable,

Qualificatlion Test, Ametek/Straza, Report

No, 8-480119 =~ Qualificafion tests on the two
bellows, P/N I'D4400011-009, Serial No's
0000005 and 0000006, were completed on 26

- February 1971l. The qualification tests, as

called out in Teble I of the MMC PD4400011,
consisted of the following environmental tests:
Proof Pressure, Spring Rate, Leakage, Vibxation,
Cycle Life, and Buxzat Pressure, The Proof
Prassure Test, Leakage Teskt, and Inspection

of the welds followed and preceded the Vibration
Test and the Cycle Life Test.

The qualification tests were all successfully
accomplished without difficulty on both bellows
tested, The two bellows passed the intermal
leakage rate of 1 x 108 sce/sec (max.), the
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(c)

(3) wM512
(a)

(b)

1000 cycles test, the proof pressure test of
32 psig for 3 minutes, and the internal burst
pressure of 52 psig for 1 minute, One bellows
(S/N 0000005) was subjected to an external
pressure test = the tube collapsed at 60 psig.
The other bellows (S/N 000006) was subjected to
an interngl rupture test ~ at 300 psig, the
bellows did not rupture, only the convolutes
of the bellows "squirmed" to a permsnent set,

Acceptance Test - The individual bellows were
acceptance tested to demonstrate suitable quality,
correct assembly and required performance,

The following tests were conducted for acceptancet
visual and dimensional inspection of the hard-
ware, inspection of welds, proof pressure,
internal lealkage, and subjected to cleaning

tests. All the bellows passed the acceptance
testas.

Battery Vent Valve (% inch) = MSFC P/N 20M32042

Development Test =~ One unit was subjected to

the following development tests: weight, proof
pressure, external leakage, operating torque,
internal leakage, life cycling, pressure drop,
vibration, shear torque and burst pressure,

The unit completed the development tests with
results that met or exceeded the specification
requirements, It was concluded that the design
objectives of NASA MSFC Specification No. 20M32042
had been accomplished.

Subsequent to development testing, the vibration
levels were revised and it was determined that
the Vespel seal material was incompatible with
potassium hydroxide (KOH) vapors given off by
the M512/M479 battery. Coneequently, the design
speci flcation was revised to reflect the new
vibration levels and the valve seat material
was changed from Vespel to Kel-F,

Qualification Test -~ Ametek/Calmec. Report

No. CM-512 - Qualification testing on the Valve
Assembly, Manual Astronaut Operated, %" diameter,
P/N 20M32042 was completed on 17 December 1969,
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The qualification consisted of the following
tests: Salt Spray, Pressure Drop, Temperature,
Life Cycle, Vibration (closed), Vibration (open),
Thermal Vacuum, Flow vs Handle Pogition, Sheax
Toxque and Buwst Pressure., Subsequent to each
vibration test, & functional test consilsting of
proof pressure, internal leakage and external
leakage was performed.

The only anomaly ocenrring in qualification
tegting was excessive leakage attnikuted to
£rost bulld~up on the valve seat during a post
vibration functilonal test, The test pexrsonnel
were cautioned fo follow specific evacuation
and purge times prior to performing a test,

Three units successfully comple*=d qualification
testing per Ametek/Calmec Repowt No, CM=512
dated 18 December 1969 with results that met or
excee’ -~ the design specificatlon criteria,

(c) Acceptance Test =~ Each valve received an
acceptance test to demonstrate suitable quality,
correct assembly and required performance. To
satigfy thls demonstration the valves were
visually and dimensionally inspected, checked
for proper operating toxque, demonstrated an
over torque capability, withstood proof pressure
and met the Internal and external leakage eriteria.

M512/M479 System Taest Summary = During the pexformance
of the MDA-OCP~3002 SEQ 05, 15, and 163 failluwxe
reports were issued on the M512/M479 work chamber
vent valves and against the battexry vent valve.

The purpose of the test was to vexrify that the
internal leakage of each of the two work chamber
vent valves had remained within the allowable range
and that the external leakage of the total chamber
vent system was within the allowable range, and

to verify that the battery vent line and valve .
leakage rates were within the allowable range.

These tests were conducted at 8t, Louis because the

MSlZ/M@?? woxrlk chamber was not available for test
at Denver,
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During performance of the system leak checks,
Valve #1 (at the work chamber) had no detectable
leakage using the volumetrics leal detector

and Valve #2 (at vent elbow) had a leak rate

too large to measuyre, The allowable rate is
less than 1 x 10°% séc/sec (GN2) .

Valve #2 was removed on MARS B88131 and returned
to Denver for failure analysis. 8ince there

was obvious contamination on the rejected valve
seat, the bellows assembly was also rejected

for suspected contamination and returned to
Denver on MARS B87982, Both rejected items

wvere replaced in the vent system, Retest of
Valve #2 (replacement item) resu’tad in no
indicated leakage.

External leakage of the work chamber and vent
line is measured by evacuating the chamber

and vent line through a (EC helium leak detector
and externally bagging the chanber and vent

line and £illing the bag with helium. The
measured Jleak rate for the total chamber vent
system was le4 x 107° ascc/sec (He) ani the
allowable rate is less than 3.7 x 10"V sce/sec
(He).

Leakage verification of the M512/M479 battery
vent valve resulted in rejection of the vent
valve for exceasive internal leakage. The
measured leak rate wai 1,06 scc/sec (GNp) and
the allowsble leak rate was 0.4 scefsec (GN)).
The valve was rejected on MARS B88054 and
returned to MMC for failure amalysis. The
results of the analysis revealed that the
excegslve leakage was caused by contamination
imbedded in the valve seat. The rejected valve
was replaced in the system with another valve
and the leak test re-run. The retest was
successful with a measured leak rate of 0.47
x 107 sce/sec (GNZ)'

De Mission Results « The M512 vent gystem operated propexrly
duxing all Skylab missions. No atmogphere leakage or hardware
problems were encountered. During initial experiment operation,
the valves were left In the "vent" position overnight due to
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excessive outgassing of the chamber and experiment specimens. *
Normal operation was to position the valves in the "open" position
for a shorter period of time. This normal method of operation was
used during all succeeding experiments following the initial out-
gassing period, During the electron beam welding experiment, at
which time  the most gaseou. effluents are produced, pressure Within
the chamber was maintained at less than 107" turr as requixed,

~ E. Conclusions and Recommendations - The vent system operated
as expected, and met all design requirements. Success of the electyon
beam we.ding experiment indicated that the vent system was sized
correctly and that no leaks were present. No design Improvements
are recommended. However, for ground operations, it is recommended
that all thin walled components, such as the bellows, should be
provided with protective covers.

2,2.2.5 MDA Pressure Equalization -System

A, Design Requirements ~ The pressure equalization system
requirements per CEI CPL14A1000026E congisted of the following:

v Visually indicate pressure differential across the hatch
from either side. '

® Capable of measuring 0.1 psid.
¢ Manually operated valve(s) for pressure equalization.

B, System Description - Prior to entry into the MDA, the
pressure between the CM and the MDA required equalization., This
funccion was accomplished by means of a manually operated pressure
equalization valve and a differential pressure gage which were
located in the MDA axial hatch. The equaligation valve provided
an atmosphere flow path through the hatch for pressure equalization
and for atmosphere sampling through the valve on SL-2., The
differential pressure gage indicated the CM/MDA differential,

A pressure cap provided a redundant seal to the equalization
valve and was installed on the outer (CM) side of the hatch. The
cap was removed prior to valve operation. The system was operable
from either side of the hatch after the pressure cap was removed.

A similar system as described above was located in the

radial docking hatch to provide the same equalization with a
radial dock, '
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The pressure equalization system gage and valve are shown
in Figure 2.2.2-8.

PRESSURE EQUALIZATION

VALVE
/‘,

SEMOVE CAP PRIODS

" v

Figure 2.2,2-8

axial Hatch Equalization System

The differential pressure gage was a bourdon tube type gage
with a dial range of -1.0 psid to +1.0 psid. The gage assembly
consisted of two gage units mounted back-to=-back in a bracket which
was then installed through a hole in the hatch., The inside of the
coiled bourdon tube of each gage unit was exposed, via a sensing
tube, to the atmosphere on the opposite side of the hatch, while
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the outside of the bourdon tube is exposed to atmosphere pressure

on the near gide.

A difference in pressure across the bourdon

tube will caused the tube to coil or uncoil,thexreby, by mechanical
linkage, causing the diagl pointer to move.

C. Test

(1) Pneumatic Gage Assembly

(a)

, (b)

Development Test <« Development tests were

not conducted on the gapge assembly because the
same basic gage deslgn was qualified for and
uged on the Apollo GS8M. A review .

of the Apollo page design at the start of the
Skylab program revealed that the ~1.0 to +4,0
poid dial range would not meet the + 0,05 PSID
initial accuracy requirement. The design was
subgequently changed to provide a dial range
of from ~1.0 to +1.0 psid. This design change
congisted simply of increasing the number of
¢olls in the bourdon tube thereby providing

a full range movement of from -1.0 to +1.,0
psid and consequently greater sensitivity

and accuracy.

Qualification Test - Kratos, Report No. KER 681
~ Qualification testing of the Pneumatic Gage
Agsembly, P/N PD8300139-009, was completed on
16 May 1972, The qualification tests congisted
of the following environmental tests: CCOH;
Temperature; Life Cycle; Vibration ~ Sinusoidal
Evaluatinn, Vehicle Dynamics, High and Low
Random; Shock: Vacuumj Burst and Collapse
Pressure. A performance test, consisting of
proof pressure, accuracy and lezk check, was
performed after each environmental test. The
problems encountered during quslification
testing are summarized below,

During temperature testing, the glass lens of

the gapes cracked. Epoxy was discovered between
the lens and bezel, creating stresses due to
thermal coefficlent differences. The epoxy was
removed from the unit and the assembly successfully
passed the temperature retest.
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During shock testing to a 1500g spectrum, the
pressure sensing bourdon tube shifted from

its original position, Corrective action con-~
eisted of two spearate efforts: (1) the
gages were redesigned to incorporate small
rubber shock isolators around the gages'
mounting screws,..and (2) hatch evaluation
tests at MMC resulted in lowering the shock
criteria te a 500g specturm. Shock and
vibration retesting was then completed success~
fully., However, the addition of metal stopa
to the hatch design resulted in shock paths
which increased the shock criteria back to the
1500g spectrum. Retest of the gage assembly
resulted in the same failure as had ogcurred
previously, Analysis of data from docking
tests performed at MSFC with actual £light-
type hardware indicated that the docking

shock data could be enveloped by a spectrum
which was lower in the 600-4000 Hz frequency
range than the original 1500z spectrum, Sub-
sequent retest of the gage assembly to this revised
shock spectrum was completed successfully,

Additional vibration testing was conducted on
the hatch with the gage assembly installed.
Data showed that the amplification through

the hateh to the gage location resulted in a
vibration level higher than had previously
been experienced in earlier qualification
testing., Following this testing, it was
determined that the gage accuracy was approxi-
mately +0.07 psid instead of within the -40.05
psld requirement, It was decided that the
accuracy requirement could be increased to
40,10 psid without adversely affecting mission
petformance., With this change the qualification
test program was completed,

Acceptance Test - Fach gage assembly received
an acceptance test to demonstrate suitable
quality, correct assembly and required per-
formance. To satisfy this demonsatration, the
gages were visually and dimensionally inspected,
checked for pressure indicating accuracy, sub=-
mitted to a proof pressure iategrity check,
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subjected to a lesk test, and then cleaned and
packaged, In addition the flight units were
tested after installation in the vehicle, This
testing consisted of leakage and accuracy

checks and was conducted at ground checkout of
the MDA in Denver and St. Louils and KSC. AllL
testing proceeded normally throughout system
checkout except for one anomaly during KSC
testing. During the inverted docking test of
the AM/MDA to the CSM, the gage pointer on the
CSM side of the hatch stuck during pressure
equalization, The pointer moved to the proper
pressure reading when tapped slightly by the
crew members. A thorough analysis was conducted
on the ingtalled flight gage units and one
available spare unit., When each unit was cycled
in the correct orientation, il.e. gage dial

horizontal and facing upward, there was no

indication of a sticking operation. However,
when ecycled in the dial face dowm orientation,
each unit exhibited some 4ticking operation,
Conclusions reached during disassembly inspection
were that the unit was subject to gravity
effects in the upside down orientation which
increase friction forces that could not be over-
came by the extremely low return spring forces
exerted by the two psi bourdon tube., This
anomaly was closed out and the gages designated
acceptable since the problem would not exist

in space operation.

The acceptance testing of the qualification
units revealed an assembly problem involving
the linkage subassembly resulting in binding
during full range cycling. A small redesign
and assembly procedure change alleviated this
problem on all qualification and production
units. Test requirements ware: accuracy

at 0,0 psid was #0.05 psid; at any other
prégsure, accuracy was 0,10 psid; proof
pressure + and -9.2 psid; maximum leak rate
was 2.0 x 107 sce/sec He,

(2) Pressure Equalization Valve, P/N82000040320

(a) Development Test - The equalization valve was
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(b)

(e)

o

e

developed for McPonnell Douglas, Eastern
Division for use in the Airlock Module ,
Martin Marietta procured the same part for

use on the MDA hatches. Development tests
conducted were vibration, shock and flow tests
with performance evaluation before and after
each test, The vibration test consisted of

a high level random test of 10 Grmsj the shock
test consisted of synthesized shock pulses

of 1500g maximum per IN=-ASTN=-AD~70=l, The
test unit sustained no physical damage and
pagsed all performance testsg after the environ-
mental exposures.

Qualification Test ~ Accessory Products Company,
Report No. 500200-1 QTR = The equalization valve
was qualified to requirements set forth in
McDonnell Douglas procurement specification
61B830014. These requirements were as stringent
as those of the MDA, therefore upon qualification
to these criteria, the valve was qualified

for uge in the MDA, Qualification testing of

the valve wae completed on 2 April 1971. The
tests consisted of the following environmental
testst High and Low Temperature, Oxygen
Atmogphere, Vacuum Exposure, Vibration - High
Level Random, Shock, Cycle Test, Limit Load

Test, Proof Pressure, Ultimate Load Test,

Burst Pressure, Salt, Fog and Humidity., A
performance test was conducted after each
environmental test., No problems were encountered
during the qualification tests and the test
units successfully passed all environmental and
functional tests,

Acceptance Test - Each valve received an
acceptance test to demonstrate sultable

quality, correct assembly and required perfor-
mance. To satisfy this demonstration the

valves were visually and dimensionally inspected,
checked for flow rate capacity, subjected to
proof pressure, tested for internal and external
leakage, and the detent spool was examined for
centexring adjustment. All valves thus tested
met the acceptable requirements without
difficulty. These valves were installed in
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the MDA docking port hatches at a position
approximately 4 inches from the hatch seal
lip. The length of the chain attaching trhe
cap to the valve body could, if

the cap was unscrewed from the valve, allow
the chain and/or cap to become lodged between
the seal and the hatch 1ip upon closing the
hatch. Martin Mariletta procured the valve,
P/N 61B830014~5, from Accessory Products
Company and changed the length and location
of the chain prior to installing the valve
in the hatch.

D, Mission Results = The axial hatch pressure equalization
valve was o.=rated by each of the three crews and the AP gage
monitored during hatch opening activities, The equalization valve
and cap was used for an unprogrammed toxic gas sampling during
8L~2 activation. A spare cap was modifled to accept a gas sampling
apparatus, This cap and the gas sampler were stowed in the SL-2
command module, Prior to SWS/CSM pressure equalization the crew
removed the flight cap from the valve and attached the modified
cap and sampler., The valve was then opened and a sample of the
atmosphere in the MDA was taken., When the gas was found satis=~
factory, SWS/CSM pressure equalization was performed, and the
hatch was opened in a normal manner, The system performed properly
during all operations.

E. Conclusions and Recommendations -~ Since the equalization
system operated satisfactorily during all missions, it is concluded
that the system was designed adequately, However, £from the experience
gained duyring this program, it is recommended that a differential
pregsure gage need not be required when one of the volumes to be
equalized is small (greater than 5:1 ratio) or if both volumes are
small, The equalizing process could be accomplished procedurely
by simply waiting & short length of time after opening the equaliza-
tion valve before opening the hatch, However, if a visual gage
is to be required, the accuracy requirement should be at least
0.1 psi. This would glliow a gage to be designed with a greater
pressure range and therefore a stiffer bourdon tube which would
be less susceptible to gravity effects and shock testing practices.

In addition it is recommended that future equalization
valve designs incorporate a detachable cap similar to this Skylab
valve in order that instruments suck as gas samplers can readily
be attached to them for unscheduled ovperations or usage,
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2.2.3 Thermal Control System (TCS)

2,2.3.1 Pagsive System

A, Design Requirements and Analyses - Design requirements
for the passive MDA are contained in the MDA CEI Specification,
the AM and CSM ICDs and several equipment

Some design requirements were applicable only to the Passive
TCS., Others were applicable to the Active TCS. Many requirements,
however, were applicable to both the Agctive and Passive TCS. Table
2,2.3+) indicates CEI requirements for the MDA, An identifying
letter, either (B}{A),or (B) preceding each roquirement, indicates
vhether the requirement wase pertinent to the Passive TCS, Active
TCS or both systems respectively,

Tables 2,2,3v2 and 2,2,3~3 indicate vehicle ICDs and equip-
ment requirements., The (P),{&), ox(B)identification convention, indicated
above, is applicable to these tables,

The primary requirements as imposed by the above mentioned
CEI and ICDs were that average wall temperature be controlled
between 609F and 90°F during the manned mission perxiod and between
40°F and 90°T during the orbital storage mode of operation.

No requirement was imposed on the MDA to meet comfort criteria
during the manned misslon phare, However, it was an objective to
provide environments that fell within the comfort box presenied in
Figure 2,2,3-1.

Numerous analyses were performed in support of the effort
dirvected toward the meeting of design requirements. Table 2,2,3=4
summarizes these analyses. A discussion of these analyses follows:

(1) Systems Studies - Passive TCS = Several systems studies
were performed on the Passive TCS., A description of
these studies is indicated below:

{(a) Error and Sensitivity Analysis =~ The purpose of
this analysis was to predict the tolerances that
could exist on calculated MDA temperature and
heat balance due to errors and uncertainties in
basiec environmengal and material property
assumptions. Calculated MDA external temperature

values were subjected to preliminary error(continued
on page
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(a)

(a)
(A)
(a)
(A)
(®)
(®)
@)
(P)

(®)

@)

Distribute atmosphere from the AM ECS (Para 3.1.1.2.4,1.1a)

Cabin fans and diffusers will provide capability to maintain
atmosphere at crew stations between 15~100 feet/min (Para
3.1.1.2.4,1b) '

Atmosphere shall be delivered from the MDA to the CSM by a
fan/duct system (Para 3.1.1.2.4.1.1c)

Wall heaters to be thermostatically controlled to approximately
459F during storage and 70°F during manned operation.
Penetration heaters to be thermostatically controlled (Para

3. 1. 1, 2.401. lE)

Heater elements shall be protected by overtemperature thermo=
gtats to deactivate individual heater clyrcuits (Para 3.1.l.2.4
1.1e)

An equipment cooiant system shall be Lncorporated to distribute
coolant fluid from the AM thryu the MDA to the ATM C&D console
and EREP System (Para 3.1.1.2.4,1.1f)

MDA passive thermal control shall consist of high performance
insulation, thermal paint and material selection to meet the
thermal requirements herein (Para 3.1.1.2.4.1.2)

The high performance insulation shall be attached to the
primary structure with Velcro and shall be laced together
with dacron lacling and boot hooks. The multilayexrs shall

be assembled by means of nylon swiftachment devices (Para
3.1.1.2.4,1,2)

MDA shall be desgigned to be purged intermally (Para 3.1.1.,2.4.1.2a)

MDA shall incorporate provisions for purging the insulation
blanket with GN, (Para 3.1.1.2.4.1.2b)

Insulation shall be installed on the external window covér
to minimize heat loss (Para 3.1.1.2,10.2.2)

The 5190 window shall incorporate heaters to prevent moisture
condensation on the glass during all periods when the window is iu
use (Para 3.1.1.2.10.2.4)

Table 2.2,3-1 MDA CEI Redquirements Summary - TCS

2164



(B) Docking port-hatch handle temperatures shall be maintained
betwaen +105°F and +35°F during docking and all manned
operations (Para 3,1.1.2.10,3,1)

(B) The MDA shall be designed to withstand effects of space
environments as in TMK~53798 and earth environments as per
TMX~53872, Thermal properties of the sun and earth (albedo)
shall be as defined in TMX-53957 (Para 3.1.2.4)

(B) The MDA shall be designed to withstand thermal stresses and
shock resulting from atmospheric conditions defined in TM{~
53872 and NASA TMX~53798 (Para 3.1.2.4.2)

(B) Net total steady state heat load to the MDA atmosphere shall
be defined in ICD 13M02521 {(Para 3.1.2.8.7)

(B) MDA to provide equipment environments as 'follows:

Vehicle External Environment | Internal Environment
Conditionl T max (OF) Tmin (°F) [Tmax (°F)  Tmin (°F)
Ground

Hold & 90 40 a0 40
Agcent

Orbital

Coast/ 277 -180 90 40
Storage

ctive

cS Mode | 277 ~180 90 50

(Para 3,1.2.8.7.1)
(B) Local wall temperature not to exceed 105°F (Para 3.1.2.8.7.2)
(B) MPA wall average area temperature shall be a minimum of 609F
at launch and during the active ECS mode, and a minimum of

40°F during the orbital storage modes (Para 3,1.2.8.7.2)

(B) Maximum wall average area temperature shall be 90°F during
the active ECS mode (Para 3.1.2,8.7.2)

(B) The external temperature requirement for the axial docking
port interior walls shall be -40°F min to +200°F max
(Para 3.1.2.8.7.2)

Table 2,2,3-1 (Continued)
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(B) The interior wall of-the axial docking port between
the drogue assembly and the pressure hatch will stabilize to
an average temperature between 40°F and 90°F within 8 hours
after successful CSM docking (Para 3,1.2.8.7.2)

(P) The external paint shall be of & type which will aid the
thermal characteristics of the passive environmental control
system (Para 3.3.10.1)

CODE

(P) =~ Requirement applicable to the passive TCS
(A) ~ Requirement applicable to the active TCS
(B) =~ Requirement applicable to both the passive and active TCS

Table 2,2,3-1 {(Concluded)
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AM/MDA ICD

(P) s MDA Tnsulation Purge - Flow rate 5 lb/min when supplied
with 150 psig gas at 700F,

(B) e Bulk Atmosphere Temperature within the MDA of 60°F to 90°F,

(B) & Internal Mean Radiant Environment =~

Manned Ascent & _rbit

Orbit Storage
Minimum 600F 40C0F
Maximum 909F 900F

(A) e AM/MDA Water Loop Requirements
o Pressure Drop 6,75 psid @ 220 1b/hr
® MDA Maximum Heat Additions 1335 BIU/hr at 78°F, Influence

of water supply and compartment temperature shall be as
determined from "AM/MDA Environmental Data'.

MDA/CSM TGD

(B) e Temperature Requirements just before docking.

Maximum OF Minimum OF

MDA Docking Ring 200 50
MDA Drogue 200 ~100
(B) e Temperature Requirements after docking.
CODE
(P) =~ Requirement appiicable to the passive TCS
(A) ~ Requivement applicable to the active TCS
(B -

Requirement epplicable to both the passive and active TCS.

Table 2,2.3-2 MDA Redupirements Summary
AM/MDA and MDA/CSM 1ICDs
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MDA/CSM _ICD

Pricxr to Tunnel After Quagi Steady
ITEM Pressurization 8 Hours State
Tmin 9F {Tmax OF| T, OF Tmin OF Tmax®F
MDA Docking 20 200 65 + 25 50 90
Ring
MDA Drogue ~100 200 N/A 50 90

(B) e MDA Atmosphere Supply to CM

AM Controlled

Flow Temgerature (1) Dewpoint (2)
100~200 (ACEFM) 679F to BOF 46°F to 559

(1) Attainable by exexrcising operational constraints.

(2) During specified brief mission periods dewpoint
may exceed the above limits.

CODE

{(P) = Requirement applicable to the passive TCS
(A) = Requirement applicable o the active TCS
(B) ~ Requirement applicable to both the passive and active TCS

Table 2.2.3-2 (Concluded)
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6912

AVERAGE ATMOS LOCAL DEW TELATIVE TXTERNAL
INTERFAL TEHP WALL FOINT HOMIDITT TIMP .
BDCUMENT ~ PERICD TEME °F °F op oF % ¥
FILM VAULT FRELAURGE w® 40 to 80 40 to 80 NR 0-45 m®
Icp ORB. COAST NR 40 to 80 40 to B0 W2 0-45 foszd
ORERATIONAL R G0 to 80 60 to B0 13):3 30-80 R
5190 FRELAUNCH -40 to 160 -40 to 160 40 o 160 MR 0-100 40 to 160
16D OR3. COAST 40 to 90 40 to 20 40 to 90 KR : 0-45 -180 to 277
OFERATIUNAL 60 to ©D 60 to 90 50 to 105 40 to 60 30-935 -180 to 277
5191 PRELAUNCH «40 to 160 -40 to 160 -0 to 160 R 0-100 =50 to 160
Icp ORB. GUAET 40 to 90 40 to 90 40 to 90 R 0-45 «180 to 277
: OPERATTONAL 60 to 90 60 to 90 50 to 10% 40 to GO 30-95 ~180 to 277
5192 PRELATNGH 40 te 120 40 o 120 40 to 120 R 0-55 =40 to 160
ICh ORB. GOAST 40 to 90 40 to 90 40 to 90 KR 0-55 «~180 to 277
OPERATTICRAL 60 to 90 S0 to 105 50 to 1U5 40 to 60 30-95 ~180 to 277
M512 PRELATRICH 40 to 160 -40 to 160 ~40 to 160 ¥R 0-100 MR
e ORB. CDAST 40 to 90 40 to S0 40 to 90 R 0-45 R
: OPERATIORAL 60 to 90 $0 to 90 50 to 105 40 to 50 30-95 ER
s009 PRELAUKCH -5 to 160 =50 to 160 -40 to 160 NR 0-100 R
(e} ORB. COAST 40 to 90 40 to 9D 40 to 90 13 . D45 ¥R
OPERATIONAL %0 to 90 60 to 0O 50 to 105 40 to 60 30-95 MR
RNEM PRELAUSCH &0 to 160 -40 to 160 -40 to 160 nn 0-100. NR
icp CRB COAST 40 to 90 40 to 90 50 te 90 KR 0435 NR
OFERATIONAL &0 to 90 50 to 90 50 to 105 40 to 6O 30-95 ¥R
ESE TRELAUKCH ~40 to 160 ~40 to 160 =40 to 16G KR 0-100 35:3
1CD ORE. COAST 40 to 90 40 te 90 4% to 90 MR 0-45 NR
OPERATIONAL 60 tc 90 80 to O 50 to 105 0 to 50 30-95 ¥R
I~BANP FRELAINCH NR BR - HR HR R 20 to 100
iiv I ORB. COAST I % WR R NR ~180 to 277
OFERAT IONAL oL ¥R R R R =186 to 20
FROTON PRELAUNCH mw® MR o3 R NR KR
SPECT ORB. CQAST MR R NR R KR ~180 to 277
1D OFERATIONAL 23 MR R R NB (1) &M CONTROLLED PARAMETER

- Table 2.2.3-3 MDA Reduirement Summary - Experiments
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Figure 2.2.3~1 MDA Comfort Box

2-170

I
-
»



B,

G,

D.

Fa

F.

Systems Studies -~ Passive TGS

1. Error and Sensitivity Analysis

2. Wall Penetration Heat Leak Analysis

3. MDA Installed Equipment ~ Passive Thexmal Featured
4o MDA Heat; Balance and Temperature Distribution

5. Development Test Data Correlation Analysis

insulation Blanket

l. Design Support Analysis

2. Performance Evaluation

3. Manufacturing Analysis
4. Ascent Venting Study

Fiberglass Standoffs:

1. Conductivity Assessment
2, Heat Leak Analysis

Low Emigsivity Tapes

1L, Fiberglass standoff Qoatings

2, L-band Anterma Truss Work

3. 8-191, 192 closure Angles
Surface Coatings

l. Parametric Studieas’ _
2. Docking Poxrt Component Studies
3. Striping Effects Analysis

Ingulation Punge System

Table 2,2,3-~4 Passive MDA TCS Analyses
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analysis early in the program to predict the
effects of possible variations in boundary
parameters such as surface emissive properties,
solar constant, earth albedo, earth IR and MDA/
5T5 radiator temperature. This preliminary
analysis was followed up in the second half of
1970, with an uncertainty analysis which had the
purpose of evaluating and updating the impact of
the above mentioned parameters with the addition
of configuration variables which became apparent
as the detailed design evolved, The resuli of this
analysis work was finally incorporated into later
studies which evaluated MDA module heat leak,
temperature distribution, heat-up and cool-down
rates.

Wall Penetration Heak Leak Analysis -~ The purpose

of this analysis was to evaluate miscellaneous

heat leaks through the MDA wall due o electrical
and mechanical penetrations of the insulation
blankets. Approximately 17 heat leak sources were
identified and analyzed. The most significant of
these heat leak sources included fiberglass rings
and rails, insulation blanket, S$191/81Y2 experiments,
radial docking port, ATM feed thru cdbles, electrical
penetration plate and the L-band truss, Individual
detailed computer models were built for many of these
heat leak sources.

MDA Installed Equipment -~ Pasgsive Thermal Features -
These analyses were carried out to predict the
effect of the MDA imposed environments on MDA
equipment surface temperatures, The prime objective
was to select passive features that would assist in
keeping equipment surface temperatures low, This
was desirable in order to prevent temperatures from
exceeding ICD limits and from exceeding crew touch
limits, Performance of the analyses involved con-
struction of computer models including equipment
details and selected MDA boundary conditions. Emphasis
was placed on passive features such as equipment
surface properties to increase radiation heat
transfer, and mounting details to increase the
conductance heat path through the particular piece
of equipment, The EREP Support Equipment, M512
experiment, Back Up L/LCA,and Video Tape Recorder are

2.172



(@)

(e)

typical of equipment receiving this detailed
analysis. As final designs evolved, computeyr
models were updated to reflect updated heat
generation profiles and analyses were updated,

MDA Heat Balance and Temperature Distribution
Studies = These ‘studies were carried out to
determine the characteristics of the MDA Passive
Thermal Control System in maintaining acceptable
tormperature levels, both internal and external,
Subsequent analysis created the thermal network
model for the internal MDA establishing a basis
for the internal heat balance, The output of

this effort was used to select external coatings, -
establish interface requirements with CSM and ST8
and also provide information on to what extent the
basic Passive TCS may need to be supplemented with
Active means such as wall heaters and atmospherie
systems. This information was also used as input
into the AM/MDA environmental control data book.

Correlation Analysis of Development Test Data -

The great majority of Passive TCS testing was
accomplished on the MDA Thermal Compoment Test
conducted at MSFC starting in September 1968 with

a final series of tests completed in August 1970,
This testing was supported by analysis to definpe

the facility requirements, test conditions, and to
provide thermal math models for test data correlations.
These models were used initially to determine overall
MDA wall performance in both steady state and a tempera-
ture decay mode, New, more detailed, wmodels were
developed to analyze individual heat paths to assign
the contribution of the insulation blankets, the
fiberglass standoffs and insulation gaps., A new set
of test runs and test correlation analysis were made
necessary when it was found, upon test article
disassembly inspection, that the original fasteners
had failed, significantly changing the heat paths in
the structure, The final series of test runs in
August 1970 used a test article which included the
docking port and certain fabrication variations
digcovered in the disassembly inspection. The
analytical models were tevised to reflect these
features, :
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(2) Insulation Blanket

(a) Design Support Amalyses ~ These analyses were
aimed at establishing the design of the insulation
blanket., Included wtie heat flow calculations
aimed at establishing design features such as the
numbex of layers of aluminized mylor, emissivity
of outer layer, effect of nylon swiftachments,
emissivity requirements for fiberglass blanket
border, effect of mounting blankets off of the
meteoroid shield in certaiu MDA areas, etc. These
studies ware done prioi to the final blanket design
to evaluate potential design features and were
terminated when the design was finalized., Most
of these special evaluations involved separate
compuier studies of each item being investigated.

(b) Performance Evaluation of Installed Flight Blanket -
The purpose of this task was to arrive at an
accurate estimate of the heat flow expected to
occur through the blanket during flight. Computer
case studies were conducted to predict effects of
lateral conduction through the blankets parallel
to the aluminized mylar layers caused by butt
joint thermal shorting at tab areas, and effects
of blanket mounting on the vehicle. Test results
from the thermal development test were comparxed
with results of these studies in order to arrive
at predicted blanlket performance for the MDA flight
vehicle.

(¢) Manufacturing Analysis, Insulation Blanket - Numerous
calculations were made to establish effects of
special problems associated with installing the
blankets of the MDA pressure shell, These analyses
resulted in recommending fixes to local problems
as they occurred during the manufacturing phase,

(d) Ascent Venting 5 ‘v. Insulation Blanket - Available
test information  rm other programs were reviewed
and analytical calculations were performed to
assure that the insulation hlanket Would vent
properly during ascent.

(3) Fiberglass Standoffs
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(a) Tiberglass structural standoffs were analyzed for
the purpose of determining material thermal con-
ductivity and also conductance of the attach points.
A detailed math model was constructed of a 12 inch
sect:ion o. fiberglass laminate with heat f£low
values calculated using temperature difference and
heat inputs from tests.

- {(b) Additional analysis was carried out on fiberglass
rings and rails to assess heat losses and provide
means for retarding same (See Paragraph (1) (b)
Wall Penetration Heat Leak Analysis),

(4) Low Emissivity Tapes - Analysis was carried out to
identify areas of potential overboaxd heat leak and to
assess the possible benefit of application of low
emissivity tapes. It was revealed that an aluminum
coated mylar tape ( €= 0.,1) applied to selected surfaces
to reduce radiative heat paths could significantly reduce
heat.leak, Detailed analysis was performed on the tiberglass
standoffs, L-Band antenna truss, and 5191 and §192 closure
angles to determine the most advantageous use of tape.

.(5) Buxrface Coatings Analyses =~ Surface coatings were the
subject of three basic analysis efforts. The first, and
most extensive, was undertaken as part of thermgl para-
metric studies with the purpose of selecting an optimum
coating for use on external meteoroid shield surfaces under
various operating modes, This study evaluated maximum
and minimum heating rates, external and internal tempera-
tures at various orientations and beta angles with afe
as the independent variable. Computer runs were made
for both manned and storage modes and a selection of
black paint with & = ,95 and € = .86 was made. A
second study was made which evaluated the effect of
docking port component surface properties upon heat
loss and component temperature levels. The heat loss
was found to be a weak function of internal emissivity
and temperatures -did not exceed allowable levels, The
thizd study was in the nature of an update of earlier
studies to assess the effects of a white stripe painted
about the circumference of the MDA cone,

(6) Insulation Purge System Analyses - Analysis was carried

out on the insulation purge system in several areas;
preliminary studies conducted at MSFC established the
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initial requirement early in 1969, Purge system studies

to establish system pressures, line and orifice sizes

and flows were completed in the first half of 1970, and were
later revised tu include provisions for S190 window purge.
Subsequent analyses were caxried out to determine the
effects of purge gas on MDA temperatures for various
operational and ambient conditions on the launch pad,

B. Functional Description - The Passive Thermal Control
system controlled the overboard heat loss from the MDA interioxr
to a value that allowed the Active TCS to control internal temperature.

The MDA Passive TCS consisted of the following principal parts
and features: insulation blanket assemblies, use of fiberglass as
structural standoffs and spacers, use of aluminized tape and thermal
control paints and coatings, While not used in flight, the insulatiow
purge system was generally discussed in conjunction with the Passive
TCS. A schematic of the Passive Thermal Control System is shown in
Flgure 2.2.3-2,

lnsulaﬁon_ Purge Fiberglass Rings

| Line {Typ) /_ and Rails (Typ)
g b AN

] it f s ~
Paints/Finishes S s

I

Fiberglass
Docking Port —
Ring (Typ)

ST, V{?/ a f}f_;l‘\/_f

Insulation
Insulated Blanket

"’Alumi_nizecl Tape Window Cover

Figure 2,2,.3~2 Passive Tuermal Control System Schematic
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(1) Insulation Blanket - The insulation blanket consisted
of 91 layers of perforated double aluminized mylar
separated by dacron netting. The blankets were held
in position on the MDA exterior by using lacing and
"boot hooks'". The multi-layers were held together
by the use of nylon swiftachments. The insulation
blanket was placed between the MDA pressure shell and
the radiator/meteoroid shield. The design of the
insulation blanket allowed the multi-layer aluminized
mylar to act as radiation shields. This retarded the
flow of heat from the MDA.

A typical insulation blanket installation is shown in
Figure 2,2.3-3, Further discussion on the insulation
blanket is included in this report under the structures
subgystem, Paragraph 2.2.1,

:
'

- AT NG

Figure 2.2.3-3 Insulation Blanket with Fiberglass Rings and Rails
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(2) Fiberglass Standoffs - The use of fiberglass as
structural standoffs and spacers retarded heat transfer
from the MDA interior overboard due to the low thermal
conductivity of the fiberglass. These standoffs took
the form of circumferential rings and longitudinal rails
to thermally isolate the MDA pressure wall from the
external meteoroid shield., Fiberglass staundoffs are shown
in Figure 2,2,3-3,

(3) Low Emissivity Tapes/Paints & Coatings - The use of low
emissivity aluminized tape and paints and coatings having
special thermal properties also retarded heat transfer
overboard, Low emissivity tapes were used principally
on the L-band truss and the fiberglass standoffs to
reduce heat leak in potentially high loss areas., Tape
was also used in several other local areas such as the
5192 and S191 penetrations. Use of tape is illustrated
in Figure 2,2,3-4, Use of thermal paints is illustrated
in Figure 2,2,3-5.

ras ¥

P

.I ¥ ,""' \ ' "
A y - f

Figure 2.2.3-4 Low Emissivity Tape on L-band Truss
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HEAT RESISTANT WHITE PAIXT

...J-a-‘l“‘ 3

(4) Insulation Purge System - The insulation purge system
was used only prior to flight., The system provided dry
GN2 distribution for conditioning the insulation blanket
and 5190 window at various times during MDA ground
operations, storage, and transportation,

The exterior of the MDA pressure shell was encircled
with a network of perforated .-tubing. This tubing
network, located beneath MDA insulation blankets, was
the gas distribution system, It was used for purging
the MDA insulation blankets and the exterior surface
of the 5190 window with dry gaseous nitrogen prior to
launch and atc other times when the MDA was not in a
conditioned environment.,
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A photograph showing a section of the system
in Figure 2,2.3-6, After launch, the

insulation purge
system served no purpose,
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Insulation Purge System, Typical Installation
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C. Test = The Bassive Thermal Control System including
insulation blanxets, fiberglass stand-offs and external thermal
coatings was evaluated thermally as part of an MSFC-ASTN MDA
Thexmal Component Wall Test Program. The test article incorporated
two 88° arc MDA barrel sections, seven feet long, forming an
elliptical cylinder, Tite test article wall sections consisted of
the aluminum pressure wall with insulation blanket, fiberglass
structural standoffs and meteoroid shield installed. The test
article also had the capability of having two flight-simulated
radial docking ports installed so that wall/port thermal effects
could be tested, Significant tests were conducted during November
and December 196% in a vacuum chamber at MSFC. The purpose of
this testing was to determine the overall thermal performance of
the MDA simulated wall structure as a Passive Thermal Control
system under specified test conditions. The inner wall was main-
tained at a constant temperature through regulation of an internal
radlant heater, The test article was allowed to come to steady
statz conditions and temperature measurements were recorded on the
pregsure wall, the !nsulation surface and the meteoroid shield,

The heater input was recorded and heat distribution through the
walls analyzed, .

Thermal conductivity value of the insulation blanket was
dzrived and recommended for use in the MDA flight thermal model

to predict the insulation's part on the overall thermal performance
of the MDA,

The thermal conductivity was determined to be

K = 0,000357 + ,CO00114T where K = BIU/hz~Ft-OF and T = temperature in °F,
The analytical techniques used for the MDA in simulating

the various heat transfer paths (fiberglass rails, insulation blanket,

lateral shorting via structural tees) were found adequate for predicting

the distribution of heat transfer of the wall structure and port
structure.

The test results thus provided useful data to predict thermal
performance of proposed wall features and verified analytical
techniques to be used in computer models of the MDA,

(1) 1Insulation Blanket Tests

(a) Development Tests
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¢ Super-Insulation blarket Pressure Drop Test -

Tlow rates of GNo proportional to values specified

in the CEI (5 lb%min +2, =1} wvere run.through a

6 inch diameter simulated MDA insulation blanket
sample in order to determine the pressure drop

across the blanket sample. Test results indicated

a pressure drop of 0.004 psi for a flow corresponding
to 5 1b/min., The test was completed 16 Tebruary 1970.

¢ TFlaxwmability Test - The objective of the flanm-~
ability testing was to determine the conditions under
which the insulation was flammable and how much damage
was incurred. A total of five tests were conducted.
Three of these tests used a standard bunsen burner
applying the flame for 12 seconds with differences in
orientation (vertical vs horizontal) to the flame and
mounting provision (blanket unmounted vs hlanket mounted
on 1/4" plate). Departures from the above procedures
were in the type of ignition used, in one case, a
paraffin candle,and a match in the other, Results

were evaluated on the basis of time to ignition, self
extinguishing time, burning rate and depth of burning.
Results indicated damage was greater where both sides

of the blanket were exposed (unmounted), flame was
self-extinguishing when propagating downward and when
the blanket was in a horizontal position with one side
exposed with the metal plate under it. Packaging of the MDA
"insulation blanket reduces flammability by minimizing
convection currents, reducing air supply for combustion
and creation of a heat sinlk by the aluminum pressure wall,

(b) Qualification Test - No qualification tests were per-
formed on the insulation blapket as such.

(c) Acceptance Test -~ The assembled insulation blankets
- were subjected to an acceptance test before they were

installed on the MDA, Emissometer readings shuwed that
the outboard sheet (5 mil aluminized mylar) had an
average emissivity of not more than 0,07, This data
was compared wiih design values to assure adequacy of
actual insulation hardware installed in the f£flight
article.

(D) Fiberglass Stindoff Tests

(a) Development Tests - Fiberglass Rings and Rails ~

- 12182




R A o

A series of tosts to determine the thermal
conductivity of a phenolic bonded fiberglass,
CTL~91LD, were conducted at MMC between June 18
and July 6, 1970, Test samples were fabricated
from 10 layers of fiberglass material, bonded with
CIL~91LD phenelic resin, The fiberglass cloth was
oriented so that the heat flow im the test specimens
would be parallel to the fibers, as it is in the
fabricated membersg that are installed in the MDA,
Typical members are the MDA meteoroid shield
support rails and rings. The thermal conductivity
was determined to be K = 0,315 + 0.0068T where K
is thermal conductivity in BIU/hr-ft-°F and T is
average temperature in °F (T= -150°7 to QCF),

(b) Qual Test ~ N/A

(c) Acceptance Test - N/A

(3) Low Emissivity Tape

(a)

Development Tesi ~ Aluminized tape J462 was designated
to bz applied at various MDA regions where the passive
thermal control prpperty of low emissivity was required,
Specimens of J462 aluminized tape were emissivity~
measured as received, after fingerprinting, and after
fingerprinting and cleaning, Methyl~ethyl ketone was
used as the cleaning solvent., Several T2024~T3 aluminum
alloy test specimens were coated in accordlance with a
standard MMC immersion process for corrosion protection
and one specimen was irridited (brushw-on process)., The
specimens processed by immersion for emissivity evaluation
were much datker than usual and the results were con-
sidered representative of a '"worse case" condition. The
meteoroid shislds were fabricated from T2024~T3 aluminum
sheets. Following were the emissivity test results on.
the specimens measured on the Lion Model 25A emissometer:
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Specimen Emissivity

®  J462 aluminized tape 0.03
(handled with gloves)

o  J462 aluminized tape fingerpriiited 0.04

e J462 aluminized tape fingerprinted 0.035%

and wiped with clean cloth

o J462 aluminized tape, fingerprinted  0,045%
and wiped with solvent and cloth

s  T2024-T3, regular irridite, 0,14
3 min immersion

e Tz024~T3, brush-on irridite ' 06

% Third place figures were obtained by interpolating
hetween successive meter readings

(b) Qualification Tests (N/A)
(c) Acceptance Tests (N/A)
{4) Exterior Coatings

(a) Development Tests ~ Two exterior coating materials
were chosen for application to the exterioxr of the
MDA for thermal comtrol purposes. 3M Nextel black
velvet (401-C10) coating as measured in MMC's
Materials Engineering Laboratozry, using the Lion
emlssometer and reflectometer, had a nprmal emittance
of 0,96 and an absorptance (solax) of 0.98. This

. _ coating is used on exterior surfaces of the MDA that

| ' are within line-of-sight to the 5190 window.

The black coating applied on the meteoroid shield is
Laminar X500 flat black polyurethane, Measured values
were (.92 for normal emittance and 0.95 for solar
absorptance,

- (b) Qualification Tests (N/A)

(c) Acceptance Tests (N/A)
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D.

Mission Results - An indepth discussion and presentatior

of mission results ia contained in Volumes I, TI, and III of the
"MDA Module Report! for SL 1/2, SL3 and SL4, respectively (ED-2002-
1702), 1Included are detailed plots of all MDA data and selected
AM data for the entire mission period. However, a summary of
mission results follows:

(1)

Requirements vs Actual Results - Because of the close
interaction between the Passive and Active TCS, this
summary of mission results includes reference to hoth
systems.

At various times during the SL 1/2, SL3 and SL4 missions,
the MDA was operated differently than plammed prior to
the mission. Off-nowminal operation included taking on

a pitch attitude with increased solar exposure of the
MDA, operation in a "Heater Management Mode" to con~
serve electrical power, and extended operation in the
ZLV attitude to accommodate lengthy EREPY passes,

During these "off-nominal®™ periods, some of the MDA
requirements were exceeded. The unplanned piteh attitude
and extended ZLV attitudes resulted in external meteo-
roid shield temperatures exceeding upper limits.
Operation of the wall heaters intermittently, in a heater
management mode, resulted in the MDA exceeding low side
limits during SL 1/2 and being lower than nominal for

813 and SL4. Lower temperatures resulted in relative
humidities that exceeded high side limits and operation
outside of the comfort box on the low side. While the
MDA periodically exceeded some 1limits throughout the
migeion, no detrimental effects on either the MDA,

MDA equipment experiments, or the crew wera noted
because of it.

When the MDA was operated as planned, all parameters
returned to normal limits with one minor exception.
During temperature decay for the post SL 1/2 orbital
storage period, the local temperature near the S190
window and S191 experiment attained 38 degrees
fahrenheit. (Minimum limit is 409F). No detrimental
effects were noted, and the temperature returned to
£1°F after the heating system reached quasi-steady
state conditions,
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(2)

(3)

On-orbit Pagsive TCS Performance ~ The MDA insulation

blanket, fiberglass structural supports, low emissivity

tape, paint pattern and details of construction, all
contributed toward Insulating the vehicle internal
structure from the external environment., Assessment
as to the individual insulative effect of all these
items for the on-orbit period was not possible.
However, the overall effect of these items has been
calculated,

The MDA overboard heat loss thru. the vehicle atructure
was calculated at 1401 Btu/hr when the MDA interior

was at an average temperature of 59,6°F. A preflight
estimate for the same internal temperature was predicted
at 1285 Btu/hr, This was a maximum estimate and made
under the assumptions of maximum wall conductance,
coldest estimated orbital heating, and minimum radiator
heat load. Thus the actual MDA heat loss was approxi=~
mately 9 percent greater than the maximum predicted
loss. The effects of this on vehicle operation were
slight. Warmup from orbital storage temperature was
glightly slower than anticipated in preflight estimates,
and slightly more heater operation was required to keep
the MDA at desired temperatures. The overall heat loss
was well within the control capability of the MDA wall
heating system,

One area of cancern prior to flight was the overboard heat

loss of penetration heat leaks, The 8191 and 5192
experiments fall into this category. MHaximum heat leak
for each of these experiments was to be 40 Btu/hr.
Preflight testing indicated that S191 would lose about
85 Btu/hr. Preflight analysis, when matched with flight
temperature measurements, indicated that S192 losses
were about 100 Btu/hr on orbit, While $191 and $192
heat losses exceeded mission preflight allotments,

‘there appeared to be no detrimental effects. Local

wall temperatures near 5192 and 5191 simply were a
few degrees cooler than expected.

Insulation Purge System - The insulation purge s?stem

~ was turned on approximately 15 hours prior to launch

and functioned satisfactorily until lift-off, when the
purge was terminated.
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E.

Conclusions/Recommendations -

(1) Performence of Passive TCS - In conclusion, mission

(2

results have indicated that the MDA passive system ade-
quately functioned in spite of off-deslign demands on
the system, Overall vehicle insulating features were
adequate to allow the active system to control the ve-
hicle internal temperatures when normal electrical
pover was available,

Instrumentation ~ Thermocouple placement on the MDA allowed
for thorpugh monitoring of the MDA thermal performance,
However, two recommendations are made concerning the
instrumentations

The 8190 window was closely monitored during the
mission due to the possibility of moisture conden-
sation on its internal surface. Many analyses were
performed to extrapolate measurement values from
nearby instrumentation In order to predict window
temperatures, A temperature transducer, located

on the internal surface of the window, would have
eliminated mucl analysis and given accurate real.
time information. It is therefore recommended

that future spacecraft windows, that are sensitive
to temperature, be equipped with temperature trans-
ducers wherever possible,

The axial docking port had two separate temperature
transducers to monitor temperature, Shortly after
launch, when the cluster was put in the pitch-up
attitude the temperature transducers in the axial
tunnel pegged out on the high side at 113 °F. Analyses
had to be performed to estimate the true maximum
temperature, It is, therefore, recommended that
wherever there is redundant or dual instrumentation
on future spacecraft, conslderation bte glven toward
making the calibration ranges different in order

to allow for contingencies,

(3) Analysils vs Test - The MDA thermal effort involved many

analyses because of the desire to reduce expensive testing, -

In some cases, testing would have been less expensive, and
would have provided more assurance of a suceessful product.
One case involved an extensive analysis performed to pre-
dict the ascent venting characteristics of the multilayer
insulation blanket. Thils type of engineering problem does
not lend itself well to an analysis. A tast could have been
set up and conducted for a fraction of the cost to do the
analysis.
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It is recommended that future programs give careful con-
sideration toward running brief tests as a potential cost
savings to certain analysis tasks,

F. Passive Thermal Control History ~ The MDA TCS design, con-
ceived in 1968 preliminary design studies, incorporated a purely passive
system which relied on a combination of wall insulation, radlative
selective external coatings and internal atmospheric gas counvectlon
to maintain desired temperature levels., This system incorporated an .
inner pressure wall covered by a 27 layer high performance insulation
blanket which in turn was covered by an aluminum meteoroid shield,
thermally coated and supported by fiberglass structural standoffs. A
design objective was to limit overboard heat leak to approximately
250 BTU/Hr. Subsequent design studies supported by tests revealed that
a degree of active temperature control in the form of wall heaters would
be required to maintain a minimum temperature level during orbital stor-
age periods. Further wall insulation studies during 1968 and 1969 re-
vealed that MDA heat leak was in the order four times that originally
estimated due to heat shorts in insulation blanket penetrations and
fiberglass standoffs. The following discussion summarizes the prinecipal
desipn decisions and events in the development of principal tomponents
of the MDA passive TCS.

(1) Insulation Blanket - The original 27 layer aluminized mylar
with foam spacers, while judged an adequate insulation
thermally, was replaced with a 91 layer 8luminized mylar
blanket with nylon spacers, Thils change was initiated by
MSFC in August 1969 in order to minimize a potential contami-
nation problem with foam spacers. The 91 layer configuration
was selected to maintain a consistent MDA wall structural
configuration even though it provides a wide margin with
respect to insulative qualities. The nylon net spacers were
subsequently replaced with dacron June 1970, due to nylon's
undesirable outgassing characteristics and dacren's superior
insulative properties., Concurrent studies supported by
testing on the MDA Component Test Article indicated that
approximately 65% of wall heat losses could be attributed to
heat shorts through insulation joints. The potential pro-
blem of heat shorts through gaps at structural joints was met
by close inspection of flight and backup articles during

"~ blanket installation with all questionable joints reworked
prior to final inspection.

(2) TFiberglass Structurasl Standoffs - The fiberglass standoffs
were assessed .carly in the program to be a potential
source of overboard heat loss. The principal issue in.
the use of fiberglass standoffs was the thermal conductivity
of the structural rings and rails, Tests run at MMC in
1969 revealed that actual thermal conductivity exceeded
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(3

(43

(5)

original estimates by a factor of three, resulting in

an increase in heat leak assessments. Inspection of the
MDA component test article (See Para. C-1) after tests
revealed shear failure of aluminum rivets due to high
temperature extremes with the regult that aluminum rivets
were replaced by steel hi-~lok fasteners, Analysis of
standoff rings in November 1970 resulted in configuration
modifications which reduced heat losses through the rings
by 50%. The application of low emissivity tapes to fiber~

g]ass standoffs to further reduce heat shorts is discussed
in Para., (3).

Low Emissivity Tapes - Analysis of MDA heat losses through
fiberglass structural standoffs, S191 and 8192 closure
angles and the Leband truss carried out during 1970 and

1971 revealed that significant improvement in heat loss
could be obtained by judicious application of low emissivity
tape, The application to £iberglass rings and rails was
made to impéde radiant heat exchange between the MDA
pressure wall, fiberglass standoffs, and meteoroid shield/
radiator surfaces. The L-~band antenna truss heat loss was
reduced by 50% by winding all truss members with tape,

External Coatings ~ Parametxic studies were carried out
during 1968 in order to form a basis for selection of an
exterior coating for the MDA meteoroid shield, These
studies resulted in the selection of a black paint with
properties of solar absorptivity to IR emissivity ratio

( @ /¢) of .95/.86. The selection was made on the basis
of minimizing heat loss, limiting external temperatures
(-180° to +277°F) and the stability of property values
under long term space environments. This selection was
carried forward to the flight article with the exception
of a circular white stripe added to the cone area in late
1970 to provide better visibility for docking., The overall
effect of this stripe was judged minimal to the MDA heat
balance.,

Insulation Purge System - A dry nitrogen purge requirement
was established in eaxrly 1968 in order to assure that the
MDA external insulation was free of moisture prior to
launch., A preliminary study was made at MSFC which defined
the system performance requirements, Final performance
requirements were established and a design definition made.
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2,2,3.2 Active System

A, Design Requirements and Analyses - Design Requirements
for the active system are indicated in Tables 2,2,3-1, 2.,2,3-2,
and 2,2,3~3. As indicated before, an "A" or '"B" indicated for each
requirement designates whether the requirement is applicable to the
Active TC8 or both the Active and Passive TCS,

Table 2.2,3~5 lists the categories of analysis and studies

performed for the active TCS, These are discussed in further detail
in the following paragraphs:

(1) MDA Vehicle Computer Models - The MDA computer models
consisted of three gseparate model systems; 1) an MDA
heat flux model to cbtain external environmental heating,
(2) an MDA external thermal model to compute external
temperatures, and 3) an MDA internal thermal model . to
compute internal temperatures.

The case studies with the MDA math model systeims were
used for numerous purposes Iin evaluation of active system
performance, Included were the following:

(a) Effect of Equipment on the Active System -~ Included
was the effect of ¥M512, EREP, BILCA and other internal
heat generators on the Active TCS. The Active TCS

was investigated for ability to handle the imposed
heat loads.

(b) Effect of heat generating equipment on nearby equip-
ment, (Such as effect of M512 on the ATM £ilm vaults).

{c) Thermal performance and internal MDA temperatures due
to operatlion of the Active TCS and MDA internal equip-
ment, This included orbital storage cool-down and
warmup transients 88 well as manned mission period
eopexation.

(2) MDA Wall Heating System

(a) Prellminary Studies - A trade sLudy con31der1ng four
- thermostat systems was performed to establish the
thermostat configuration to be used for the operation
of the MDA wall heaters, :
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(1) MDA Vehicle Computex Models

(a) ILEffect of Equipment on Active System
(b) Effect of Heat Generating Equipment on Other Equipment
(c) Thermal Performance and Internal MDA Temperatures

{2) MDA Wall Heating System, Analysis & Studies

{a) Preliminary Studies

(b) Design Studies

(¢) Final Design Studies to Establish Performance
(d) ¥Failure Analysis

(e) Test Support Studies

(3) MDA Docking Port Internal Heating System Analysis & Studies
(4) MDA Axial Docking Tunnel Heating System Analysis and Srudies
(a) Doéking Port Temperature Prior to Adding Heaters
(b) Design Studies
(¢) Final Design Analysis to Establish Performance
(d) TFailure Analysis
(5) 5190 Window Heating System
(a) Conceptual Studies
(b) Design Analysis
(e¢) Performance Evaluation

(d) Test Support Analysis
(e) Failure Analysis

~Table 2,2,3~5 Active MDA TCS Analyses
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(b) Design Studies =~ Calcuiations were made to evaluate
the wall heater mounting location and establish the
design features for their installation, for most
efficient heat transfer into the wall. Analysis was
also performed to establish the thermostat location,
These analysis gave congideration to thermal con-
ductive filler application between the mounting
interfaces. These studies involved computer calcula-
tions for each item being studied,

(c) Final Design Studies to Establish Performance -
These studies were made to establish the MDA interior
temperature deltas, heat leaks and heater performance
regarding warm-up times for selected cases., Computer
models for this included an overall MDA Interior
Model (supported by external models) and wall section
models, Calculations were made to prediet the maximum
number of Thermostat cycles during operating periods
to insure operation within specified limits.

{(d) TFailure Analyses - In support of manufacturing operations,
a study was performed to determine effect of revision
to thermostat specification regarding set points.
Relaxing the criteria permitted reducing the rejection
of units at acceptance test,

Thermal analysis of the wall heater wiring, in con~
junction with stress analysis and an evaluation of
test data, were employed in lieu of a qualitative
life cyecle test to eljiminate concern of a thermal
fatigue f£ailure mode,

{e) Test Support Studies -~ System verification test data
was analyzed to verify proper installation of the
wall heaters and proper operation of the wall heater
control, Previous data from computer math models
was employed for comparison.

(3) MDA Docking Port Internal Heating System ~ 'The MDA Internal
Thermal Model included representation of the Radial and
" Axial Docking port ring heaters. Studies using this model
have included performance of these heaters,

(4) MDA Axial Docking Tummel Heating System
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(5)

(a)

(b)

(e)

(d)

Preliminary Studies ~ These analyses were performed
to establish docking port temperatures prior te and
after dockinpg. It was determined that heaters would
be required to warm up the surfaces. Computer case
studies were utilized,.

Design Studies - Analyses involving a range of heater
sizes were performed to select the heater capacity

to provide reasonable warm-up after docking. Computer
math models of 'undocked! and docked CSM/MDA configura-
tions were utilized to predict temperaturcs.

Final Design Analyses to Establish Performance -
Further analyses was performed after selection of
heater size to determine cycle rates in conjunction
with thermostat settings in order to insure the
control relay would operate within its specified
limits., Thermostat set point evaluation and thermo-
stat cycle rate analysis were performed to determine
proper operation of the thermostat,

Failure Analysis -~ A thermal analysis was conducted in
order to predict maximum temperatures in the docking
port area in the event of runaway tunnel heater
conditions.,

5190 Window Heating System - Several types of themrmzl
analysis were required to design, analyze, and test

the S190 window heating system, The analyses fall into
the following general categories:

(@

Conceptual Studies
Design Analysis
Performance Evaluation
Test Support Analysis
Failure Analysis

2 3 @ ¢ B

Conceptual Studies - The objective of these studies
was to egtablish an optimum thermal control design
that would satisfy all window requirements. Trade
studies investigated nineteen thermal control designs

involving both passive and active controls. The

following thermal control techniques were cunsidered
in some combination with one, two, and three pane
window configurations:
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(b)

{c)

(d)

fans with atmosphere heaters

glass surface conductive heators

glass surface electrical conductive £ilm heaters
radiant heaters

fans with no atmosphere heaters

no active heating provisions

Most of these desipns required thermal math models
and computer analysis to calculate thermal performance.

Design Analysis - The design analysis objective was
to calculate window pane temperatures and temperature
gradients as affected by the heater control system
design, The window pane temperatures and gradients
were calculated for the external radiant heater
design and the Electrical Conductive Film (ECF)
heater design. Selection of the ECF heater design
resulted in analyzing the ambient reference sensor
for optimum locations and temperature bias, The
control system was analyzed for its affiect upon MDA
wall and atmosphere temperatuves., Maximum control
box temperatures and maximum wire temperatures were
calculated to assess impact on touch temperature limits.
All the preceding analysis required detailed therxrmal
math model development and computer analysis.

Performance Evaluation =~ The window thermal perfox-
mance was predicted so that various EREP passes could
be evaluated for optical performance, The baseline
EREP passes were analyzed for the worst case pass.,

For this pass window pane temperature maps and tempera-
ture gradients were penevated, The temperature maps
were input to optical group for window optical perfor-
mance evaluation, Extended duration EREP passes,
night EREP passes and terminator EREY passes were
evaluated. Baseline passes were evaluated with the
window heater controller turned off, All of these
performence evaluations required computer runs using
detailed thermal math models.

Test Support Analysis - Two test set ups were
analyzed, full scale extermal radiant heaters and
electrical conductive film (ECF) heater development
test, The external radiant heater test analysis
was used to predict the test article thermal perfor-
mance during the simulated flight environment test,
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The ECF test article analysis was used to evaluate

the window test thermal performance and compare it

with the predicted flight thermal performance., All
analyses required thermal math models and computer

studies,

(e) Failure Analysis - Computer math models of the window
were usad to predict ares temperatures and window
glass tumperature gradients in the event of window
frame heater and/or window glass heater failure for
various operating conditions,

-B. Functional Description - Primary items in the MDA active
system included electrical and ECS hardware, Electrical hardware
consisted of heating systems for the MDA wall, interral docking
port areas, and the axial docking port tunnel.

During periods of low internsl heat gemeration, the thermost-
atically controlled MDA heater systems provided heat to allow the
MDA to meet specified temperature limits. During manned E*saion
periods, the MDA plans were to set the heaters for Lhe 70°F control
mode, During orbital storage, plans were to use & 45°F control mode
for the MDA interior, e

During manned mission modes and periods of high intermal heat
generation, the MDA heating systems were inactive due to thermostat
cut out, Cooling was provided by intreoducing cooled air from the AM
via the ECS ducts., The cabin fauns were used to provide saLisfactoxy
atmosphere olrculatlon and velocities at crew stations.

(1) MDA Wall Heatex System ~ The wall heating system was part

of the Active TCS, Figure 2. 2,3-7 depicts the Active TGS,

et mame—
T l T
YA I o L Al B 0 Y 3

—Aft Wall Heaters

N~Malecuslar Sieve Duct

ATM C&DIEREP
_ _ g>_WaIer Loop
\/-Ecs Ducts 3)

\—— Internal Port Heaters

Figure 2.2,3-7 Active Thermal Control System Schematic

S190 Window
Heaters
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Eight 20-watt and eight 40-watt wall heaters were
located in the interior barrel section of the MDA
pressure shell to heat the MDA, Each heater had a
primary and secondary (redundant) heater element.

An overtemperature thermostal was electrically in
series with each heater element. Four (4) wall heater,
70°F thermostats and four (4) wall heater, 45°F thermo-
stats were provided to control the internal temperature
during manned and unmanned £lights respectively, Dach
thermostat had a primary and secondary (redundant) set
of points, '

A general arrangement of the wall heater system is
showa in Figure 2,2,3-8, A typical installation of
two wall heaters and one thermostat is shown in Figure
2,2,3-9, Further information concerning the wall
heaters and thermostats is contained in the Electrical
Subsystem, Paragraph 2.2.,4 of this report.

Docking Port Tunnel
37" Heater, 160 Watts

Docking Port Internal
Heater 15 Watlts

/ 7 0 7
E i B 2 I
@ Docking Port ? '
Internal {{eater, 15 Walls
' 70 7 Al e
ez s DJ i
4 - U4 3 "3 3

Wall Heater Thermostat Settings

Manned Operation  66,5°F to 73.5°F
Each Thermostat System Controls 4 Wall teaters Orbital Storage 4PF 1o B°F

Figufe 2,9,3-8 Wall Heating System, General Arrangement
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Figure 2,2.3-9 Wall Heater and Thermostat, Typical Installation

(2) MDA Docking Port Internal Heating System - Each docking
port had a 15-watt heater to make up the heat lost
through the docking port. Each heater had a primary
and secondary (redundant) heater element. An over=-
temperature thermostat was electrically in series with
each heater element, Each heater circuit had an inline
thermostat to control the docking port temperature to
between 60°F. and 70°F. Each thermostat had primary and
secondary (redundant) contact points,

A typical docking port heater installation is shown in
Figure 2.2.3-9, Furrher information concerning the
heater system components is found in the Electrical
Subsystem, Paragraph 2:"22.!4 of this report.
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(3) MDA Axial Docking Tunnel Heating System - Two (2)
semi-circular 8C-watt strip heaters were installed
around the external surface of the axial port docking
tunnel, Each heater had a primary and secondary
(redundant) heater element. The system was used to
provide a shirt sleeve enviromment for crew entry
into the docking tunnel. In addition, it assisted in
overall vehicle thermal control during orbital storage
and manned mission modes. An overtemperature thermo-
stat was electrically in series witl. each heater element.
Two (2) thermostats were provided to control the
temperature of the axial port tunnel to between 60°F
and 74°F, Each thermostat had primary and secondary
(redundant) contact points,

A photograph of the axial docking tunnel heating
system is shown in Figure 2,2,3-10, Further informa-
tion on the system may be found in the Electrical Sub-
system, Paragraph 2.2.4 of this report.
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Figure 2,2,3-10 Docking Tunnel Heating System
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(4) MDA EREP S5-190 Window Heating System - The S=190 Window
Heating System contained a window, electrical cable and
heater controller subassemblies as depicted in Figure
2.2.3-11. The function of the window heating system was
to control the window temperatures such that the glass

temperature gradients were minimized and moisture
condensation was prevented.

8190 WINDOW (ECF ON
EXTERIOR SURFACE)

Figure 2.2.3-11 8190 Window Heating System

The window subassembly contained a 40-watt electrical
conductive ..lm heater on the glass outer surface.
Two 100=watt frame heaters were mounted in the glass
support frame. These three heaters contained a total
of four tewperature sensors for heating control and
three sensors for overtemperature.

Cs Test = Active Thermal Control System component development,
qualification and acceptance tests are reported in this section of
the report. Those tests performed as a function of MDA module level
system testing are reported in Paragraph 7.8. Failures that occurred

during all testing, including system level testing, will be reported
in this section.
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(1)

MDA Wall Heater System Testing

(a)

(b)

Wall Heaters ~ MSFC P/N 20M42245~17 and
20M42245-19, These were GFP components. Compon-
ent testing of these items is not included in
this report,

Wall Heater Theymostat - MMC P/N PD7400083

e Development Tests -~ Not required. Simplicity
of device precluded development tests.

® Qualification Test - AETL, Report No. 5350-00-917L -
Qualification testing on the thermostal assemblies
was completed on 16 November 1971. Two thermostat
assemblies were subjected to the following qualifi-
cation tests: Vibration, consisting of sine evalua-
tion, vehicle dynamics, high and low level random,
shock, thermal vacuum, tomperatuxe, altitude,
storage and transportation, and CCOH. A pexrformance
test was conducted prior to and after each environ-
mental test. The performance tests consisted of a
thermal switching test, an insulation resistance
test, an electric strength test, and an electrical
power test. ALl tests conformed to specification
requirements and the thexmostats were considered
qualified.

Heater thermostat assemblies did not comply with
MIL-8TD-461L EMI requirements. Waiver was granted
since the switching events are infrequent and
system pexformance was not degraded.

e Acceptance Test - Thermal Systems, Inc. ~ Each
thermostat assembly received an accepiance test
to demonstrate suitable quality, correct assembly
and required pexrformance. To satisfy this demonstra-
tion, the thermostais were visually and dimen~
sionally inspected, electrical continuity checked,
operating temperature checked, contact: resistance
checlked, dielectric strength checked, current
capability checked, insulation registance checked
and vibration tested followed by an operating
temperature, dielectric strength and insulation
resistance check,
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Original Procurement Specification requirements
for thermogtat temperature settings (range) were
found to cause a high rejection rate of thermo-
stats during acceptance testing. The original
requirvements were as follows: '

Manned Unit Opening : 72,0°F
Closing 68.0°F

Differential (Min) 2..0°F

Storage Unit  Opening 50, 0°F
© Closing 42,0°F

Differential (Min) 2.0°F

A ve-analysis of the requirements using an

- updated thermal model resulted in relaxing the
requlirements without degradation of the system
operating requirements., The following criteria
were esteblighed as design requiremenks as a
result of the re-analysiss

Manned Unit Opening - 73.59F Hax
Closing 66.5°F Min
Differential (Min) 1.5°F Min
Storage Unit = Opening 50,0°F Max
Closing ' 42,09 Min
Differential (Min) 1.5° Min

These were the criteria used for hardware acceptance
and also the criteria used for qualification of
the units.

(2) Docking Port Internal Heater System -~ System/Subsystem

Testing - During Electrical Systeme teating in Denver
(August 1972) on the Backup MDA, the apare docking poxt
primary thermostat falled to funciion. The unit was

sent to MSFC for fallure analysis, Fajilure analysis
coneluded the primary element of the thermostat assembly
(8/N-002) falled ag a result of a cold soldered commectiou,
A pecond thermostat S/N-007 failed on the £light MDA
during testing at K5C., A fallure analysis at MSFC

found fractured and looge terminals caused by insufficient

-solder and cold solder connection. As a result of the

two failures, all docking port thermostats were removed,
reworked and replaced in the Flight and Backup MDA.
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e Docking Port Internal Heaters =~ MSWC P/N 20M42245-15
~ Thege wexe GFP components. Couponent testing of
these items is not included in this report.

® Docking “ort Internsl Heater Thermostats -~ MSFC
P/N 20M422485-13, These wewe GFP components, Compenent
testing of these ltems 18 not included in this xeport.

(3) Axial Docking Tunnel Heater System -~ MMC P/N PD6000202

(a) Development Tests - Not required. Simplicity of
the heater components precluded the development
testse.

(b) Qualification Test = AETL, Report No. 5350-00-9237
- Qualification testing on the MDA Docking Tunmel
Heatexr System was completed on 12 November 1971,
Two heater assemblies and two thermostat assemblies
were subjected to the following envirommental
qualification tests: wvibration, consisting of
sine evaluation, vehicle dynamics, low level random,
and high level randomy shock; thermal vacummy and
life cycle. A performance test was conducted prior
to and aftexr each envirommental test, The perfor-
mance tests consisted of dielectric strength,
insulation resistance, electrical power and heaterx
digsipation, Othexr funciional type tests conducted
were the thexmsl switching tests on the heatex
assembly over~temperature switches and on the thexmo-
stat agsembly thermal switches. One anomaly
occurred during testing and is duscribed below.

The procurement specifiication establishes a requixe~
ment for the thermostat assemblies of 4°F minimum
temperature difference between thermostat point

open and thermostat point closed (AT). Because

of lowver differentials cccurring duxing qualification,
; a thexmal evaluation, was made to determine if a

’ narrower temperacure differential band was acceptable,
It was concluded that the average AT of 3.79F
obtained during qualification test wae acceptable

and the specification requirement was reduced to
3.7°F minimum from 4.0°F minimum, On this basis,

the performance of the thermostat agsemblies was
congidered accepimble and qualified.
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Heater and thermostat did ant couply with MIL-~STD=-
461 EMI requirenenits, Walver was granted since
the switching events were infrequeni and system
performance was not degraded.

(e} Acceptance Test - Thermal Systems, Inc, ~ Rach
heatexr and thermostat zssembly received an acceptance
test to demonstrate sultable quality, correct
asgembly and required pewxformance. To satisfy this
demongtration, the assemblies were subjected to the
followlng acceptance tests: physical inspection,
contimiity checks, operating temperature checks,
heater dissipation, dielectric strength, altitude
check, current capabllity check, insulation resistance
and vibration followed by an operating temperature
check, dielectric strength check and insulation
resistance., All heater~thermostat assemblies met
these requirements successfully.

(4) MDA EREP S190 Window Heater Control System Testing

(a) Development Testes ~ Hycon Englnecering Co. - Develop~-
ment tests of a thermal natuge were conducted on
* the window assembly, control cable acsembly and
heater controller assembly. The following thermal
development teasts were conducteds

o Temperature Control ~ The window assembly was
instrumented with six thermocouples and placed
in an environmental test chamber. The control
cable reference sensor was instrumented with
one thermocouple., The assemnbly was allowed to
thermally stabilize, Temperature of the reference
sensor was increased 5°F and the window sonsor
temperatures recorded. Results indicated that
heater controller~applied power had increassed
the window assembly temperature 4.0°F, an
acceptable test value.

o Heater Frame Step Function Tempersature Test «
Theee thermocouples were attnched to the window
‘frames 1 and 2 and glass, The window assembly
was allowed to thermally stabilize for thirty
minutes, - B

A remistance was calculgted wﬁich would iIncresse
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the frame temperatures by + 5°F, This resistance
was Bet into the contxol box., As the temperatures
of Frames 1 and 2 increased, rcadings were taken
until the frame temperatures stabilized. Resulting
curves indicated a change in frame temperature of
3,5°F and Frame 2 of 3,0°F which were satisfactory
and within specification.

Moisture Condensation Test - The window assembly was
instrumented and mounted in the vacuum teat chamberx,
The chamber interiocr was evacuated and a8 cold wall
of liquid nitrogen appllied. The window heatexr
controller was turmed on, The control cable refer-
ence sensor was held at 70°F. Results of the test
indicated the window heaters maintained the glass

at 70°F and; thus would prevent moisture conden~
sation in f£light worst case environment,

Thermal Stress Teat ~ The window assembly was
ingtrumented and mounted in the vacuum test
chamber, The chamber was evacuated and liquid
nitrogen cold wall applied, ¥rame 1 heater was
powered at full power while Frame 2 and the
electrical conductive film (HOF) wexe not powered.

Results of the test imdicated no window structural
flaws or damage re.aulting from a worst case heater
failure,

Coating Test (Uniformity of ECF) ~ A full~size
window sample, coated with an electrical conductive
film (ECF) was tested for eveness of heating.

An AGA thermovielon unit was used to take a
"thexmal' pilcture of the ECF. Results of this
tegt indicated the window glass hed an apparent
themmal gradient of ome degree centigrade and

was within an acceptable value,

Wavefront Condition 3 Optical Teating -~ The

window assembly was instrumented and mounted in
the vacuum test chamber, The chamber was evacuated
with a "hot" interiox wall for onc test and a
Yeold" interior wall for the other test., These
chamber wall temperatures represented "hot" and
"eold" oxbital f£light conditions for the window
assembly. An interferometer was used to measure
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(b)

the window glass optical digtortion under these
simulated worst case flight enviromments, Test
results indicated the glase optical distortion
was within acceptable limita,

Results of these thermal development tests
indicated the window assembly, control cable
asgembly, and heater controller assembly designs
wexe mdequate and no changes were initiated
because of these thermal tests,

Qualification Tests ~ The thermal qualificgtion
tests were run on the window assembly, control

cable assembly, heater controller agsembly, and
all three systems conmected together.

The window assembly qualification tests are contained
in Actron Report No, HWS~190~DI~9~] and consist
of the following tests:

# Pre-Qualification Acceptance Tests (System Level)
which wexre: Temperature Control Test, Over-
temperature Test, and Delta Tempexrature Test.

s Qualification Tests which were: Low-Temperature
Storage Test, High~Temperature Storage Test,
Random Vibratlon Test, Complex Wave Shock Test,
CCOH Test, and Wavefront Deformation Condition
3 Test (System Level).

o Post~Qualification Tests which were: ECF Coating
Resigtence Test, Temperature Control (System
Level) Test, Overtemparature (System Level) Test,
and Delts Temperature (System Level) Test,

In the window overtemperature test, the ECF over-
temperature sensor shut off the ECF powex between
100,5°F and 105°F, This met the requirement that
the 105°F value was not to be exceeded since it
was the maximum sllowable local temperature in
the MDA,

The control ecable assembly and heater controllex
aggembly thermal qualification tests are contained

in Actron Report No, HWS~190-DI~9~2 and consist
of the following tests,
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=~ Pra=Qualification Acceptance Test which were:
Sensor Temperature Tesi, Temperature Control
Test (System Level), Over-temperature Test
(System Level) and Delta Tempexrature Test
(8yatem Level),

~ Qualification Tests which were: Low-~Temperature
Storage Test, High-Temperature Storage Test,
Random Vibration Test, Complex Wove Shock Test,
and Coxxosive Contaminants, Oxygen, and Humidity
(ccon) .,

~ Post~Qualification Tests which were: Temperature
Contxol Test (System Level), Over-temperature Test
(System Level) and Delta Temperature Test
(System Level).

The thermal qualification tests on the control cable
and heater controller encountered no significant
thermal problems., S190 Window Heater Controller

was 2 DB out of specification for EMC Qualification
testing. A walver wae granted since slight deviation
presented no problem, techmically, foxr the MDA system,

A delta qualification test was performed on the
heatex controller in March 1973, Reaults of the
test are contained in Actron Report No. ETL (R)

= 73=002, The tests pexrformed werxe to establish
thermal deltas and maximum temperatures reached on
components and areas of the Heater Contwollexr Case
when operated under various load and electrical
characteristics when the unit was subjected to the
following test conditionss

¢ 0,1 PSIA atmosphere enviroﬁment at a mean
thermal ambient temperature of 70°F,

¢ 0.1 PSTA atmosphere envirzonment at a mean
temperature of 80°F,

In addition, the tests evaluated the thermal
efficiency of heat sinlks. added to areas of the
heater controlier containing components with
high thexmal outputsduring normal operation.
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(c) Acceptance Tests = The window, control cable and
heanter=controllesr assemblies acceptance tests did
not contajin any thermal type tests, All tests
were of an electrical, structural, and optical
nature. The System Level acceptance tests did
contain the following thermal tests:

o Temperature Conirol Test
e Over-temperature Test
v Temperature Test

Thege thermal acceptance tests were conducted om
the flight and backup window articles and no
problem areas were found, A thermovision test
was run on the backup and qualification windows
and the report indicated no thermsl discrepancies
during these teats,

(d) MDA EREP S190 Window Heater Control Syatem Testing
Failures =~ Duxing testing of the £light MDA at
St., Louls and KSC g single point ground violation
oceurred in the 8190 Window Heater Controller.
Fallure analysis revealed that defective internal
feed~through capacitoxs were the cause of the
failure, ALl controller unilts were reworked.

Another fallure occurred at St, Louils duwing MDA
testing of the Window Heater Controller system.
The controller cshle shorted out one of the con-

troller sengors. A redesign of the cable corrected
this anomaly,

D, Mission Results -~ An in~depth discussion and presentation
of mission results is contained in Volumes I, IT, and TII of the
"MDA Module Report" for SL-1/2, SL3, and SL4, respectively (ED 2002-
1702), Included are detailed plots of all MDA data and selected
AM data for the entire mission period, However, a summary of
mission results for the Active Thermal System follows:

(1) Requirements vs Actual Results - Because of the inter-
action between the MDA Active and Passive TCS, reduire-
ments and results are discussed under the Passive TCS,

(2) Hardware Performance -
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(a)

(b)

(o)

Wall Heater Operation and Thermostat Control -
During SL-1/2, due to high OVS temperatures and
the shortage of electrical power, the wall heaters
were operated In an off-design mode, Heater
operation in a power-managed mode by DCS command
controlleu the MDA to desired temperatures ranging
from 50°F to 70°F,

Subsequent heater control in the 45°F and 70°F
control modes for orbital storage periods, and

for SL-3 and SL-4 manned periods, proceeded as
planned for the majority of each period. Only
during brief periods of time, during SL-3 and SL-4,
were the heaters shut off for purposes of power
management. While under heater control in the
45°F and 70°F mode, temperatures between 46°F

and 47°F and 68°F and 70°F were attained,
respectively.

Axial Docking Tunnel Heater Performance -« Due to
the pltch~-up vehicle attitude attained orior to
the first manned period, the axial docking port
attained internal temperatures in excess of 113°F,
As a result, the docking tunnel heaters did not
activate. After docking, temperatures in the
docking port dropped to below 70°F and the tunnel
heating system assumed control, As was the case
for the wall heaters, the docking tunnel heating
system was operated in a power-management mode
during the manned period of SL-1/2.

The tunnel heating system was active throughout
the subsequent storage periods and controlled the
axial docking port tunnel between 61°F and 70°F.
During the manned periods of SL-3 and SL-4, the
heating system remained on for the majority of the
time periods. During active manned periods, the
system controlled the axtal tunnel as expected,

‘between 61°F and 71°F.

Docking Port Internal Heaters - foth docking port
15 watt internal heaters were operated periodically
during SL-1/2, as were the MDA wall and tunnel
heaters,
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After SL-1/2, the docking port internal heaters
were armed continuously, The heaters operated as
expected during the subsequent orbital storage
periods, They were continuously on during storage
periods because of the prevailing low MDA
temperatures, During the manned periods, the
heaters, as expected, were mostly olf, This is
because MDA temperatures were above the set points
of the port heater thermostats.

{(d) 8190 Window Heater - Planned operations for the
‘81¢0 heater system were to have the system acti-
vated during the manned mission periods and
deactivated for the unmanned periods, Haowever,
in order to save power during SL-1/2, the system
was powered for only brief periods of time near
EREP operations.

During SL-3 and SL-4, the system was activated
continuously for the intended duratiom.

The S§190 heating system appeared to function
normally whenever it was turned on. This was
evidenced by the fact that the 8190 window did
ot overheat and did not develop excessive
temperature gradients. DBoth overheating and
excessive gradients are monitored by TM signals

or 'crew display, and at no time during the mission
was an adverse condition noted.

Conelusions/Recommendations

MDA Heating Systems ~ The MDA wall, axial docking port,
port internal, and 5190 heating systems all operated

as designed when normal electrical power was available.
When the wall heaters were continuously powered, the
thermostats kept the MDA within the crew comfort box,
There was no evidence that any of the heatiny systems
malfunctioned during the mission and therefore it is
concluded that they performed without failure,

Thermal Characteristics of Electrical Components - Prior
to flight, a defect in the 5190 window controller was
identified. The problem was due to thermal design on
the circuit board level. Some electrical comporents
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were predicted to exceed allowsble temperatures in a
Zero=-G environment, This was due to the lack of natural
convection in space. The controller was modified prior
to f£light and tested In a near vacuum ko prove the

ability of the design to he compatible with no natural
convection,

A similar problem with overheating electrical components,
on the circuillt board level, was found on the backup
inverter lighting control assembly (BL/LCA). A thermal
fix was incorporated on a transistor to assist heat
dizsipation. Once again a test at near vacuum conditions
verified abililty of the design to dissipate heat.

It is recommended that future design reviews of space-
craft electronic assemblies specifically address the
possibility of overheating at the component level,

F, History
(1) MDA Wall Heater System

(a) Year 1967 ~ The initial MDA concept incorporated
passive thermal control. Wall heaters were not
considered at this time,

(b) Year 1968 - The environmental control system was
expanded to include active thermal control heating,
Sixteen wall heaters were added. The concept
envisioned wall heaters manually controlled from
within the MDA or remotely controlled from the ground.

%- (¢) Year 1970 - Bi-ievel thermostat controls were added
for wall heater control to eliminate the need for
extensive attention from ground controllers,

A thermal analysis of the MDA longeron mounted wall
heaters indicated that a large temperature difference

i would exist between the heaters and the wall, The

3 installation design was revised to mount the heaters

on Z-bar brackets that exhibited better heat dissipation
characteristics into the MDA wall,

{(d) Year 1971 - The wall heating system was installed

in the MDA at MMC. Thermal performance system tests
were performed, :

2-210




(2) MDA Docking Pdrt Internal Heating System

3

(4)

(a) Year 1967 -~ The initial MDA concept incorporated

(b)

(e)

passive thermal control, Heaters to minimize
docking port heat leak were not included,

Year 1968 - The environmental control system was
expanded to include active thermal control heating.
Heaters were added to the axial and to the radial
docking port hatch ring.

Year 1971 -~ The docking port thernal heating system
was installed in the MDA at MMC, Thermal performance
system tes(s were performed.

Axial Docking Tunnel Heater System

(a)

(b)

(e)

Year 1967 - The initial MDA thermal,control concept
incorporated passive thermal control. Tunnel heaters
were not included in the MDA design at this time.

Year 1270 - In order to permit crew shirt-sleeve
entry to the MDA from the CSM, two heaters were
added to the axial docking port tunnel.

Year 1971 - The axial docking port tunnel heating
system wag installed on the MDA at MMC.

MDA EREP $190 Window Heating System

(2)

(b)

(e)

Year 1967 ~ The initial window concept consisted
of two double pane windows (11.5 in. X 11.5 in.)
located on the 42 and the -Z axes., There were no
plans for active thermal control of the window,

Year 1968 = Window design changed to a single pane
(12 in, X 17 in.) of Corning 7940 glass, A window
trade study indicated the glass should be heated

by electrical conductive heaters. Moisture conden--
sation on cold surface was the prime concern,

Year 1969 - Light transmission through the window
glass became an importaht factor for photography.
Two window design concepts were, selected for
further study:
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(4)

(e)

(£)

&
e FElectrical Conductive Films (ECF)
¢ External Radiant Heaters

Gontrols ware to be a simple "Off-Low~High; manual
switch., =

A successful thermal test was completed on the
external radiant heater concept which demonstrated
its feasibility,

As a result of the study, the external radiant
heater concept was selectdd to provide window heat
because it permitted more light to be transmitted
to the photographic experiment than did the ECF
concept,

Year 1970 - A full scale development test was
completéd on the external radiant heater concept
using fused silica glass (19 in. X 16,5 in. X 1.6 in.).

Photographic experiment interface requirements re-
defined at this time, placed emphasis or optical
distortion of the window glass, and relaxed transmission
requirements, MMC selected the Hycon Company of
Monrovia, California (later renamed Actron) to build

a window that would satisfy the requirements specified.
Hycon selected the ECF concept to meet the window

light transmigsion and uniform glass temperature
constraints of EREP 5190 experiment,

An ECF heater test indicated the maximum temperature
difference across the ECF surface to be less than
one degree centigrade.

The ECF and the two window frame heateis were
selected to be controlled automatically.

The window external radiant heaters and the ~Z

‘axis window were deleted from the MDA configuratiou,

Year 1971 - Development, qualification and acceptance
tests were conducted on the MDA window by Hycon.

The window was installed in the MDA at MMC.
Year 1972 - Thermovision tests were conducted on the

window qualification test item and the backup item
at MMC,
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(g) Year 1973 -~ A delta qualification test was conducted
on the S190 Window Heater Controller by Actron
Industries, Inc, to demopstrat: the capability
of the controller tv"operate at neav apaee
‘ environments,
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2.2,4 Electrical System

nenkts,

The following is a discussion of the MDA Electrical Systems
design requirements, control documentation and subsystem/compo-

A,

System Design Requirements - The design requirements

for the MDA Electrical System are defined in:

» MDA Contract End Item Specification, C? 114A1000026,
Rev. F. _
@ MDA Electrical System Design Criteria, 82000001505,

Pesign was influenced and controlled by the following
general reduirements:

Specific design and performance requirements are referenced

Eight-month orbital mission

Crew safety from electrical hazards

No single point failures

Material control for contamination due to outgassing
Separation of cables into funttional categories where
practical

Use ol Zero-g and Microdot/Airlock connectors where
circuits will be mated/demated by astronaut

Voltage drop through MDA not to exceed one volt for
power circuits

Meet system EMC requirements of MIL-E~6051

Meet components MMC reduircments of ED-2002-1032
Single point ground system to be incorporated
Circuit bhreaker protection for all MDA electrical
equipment

in the appropriate section as applicable to the hardware/subsy.tem
discussed,

Electrieal ICDs that impacted the MDA Electrical Desipn

“and Test Program are gs follows:

AM/ YDA - 40M35662 (Volume II)
MDA/CSM 40M35661

ATM to AM to ATM C&D Console 40M35601-2

MDA to EREP Support System 40M35673

MDA to Proton Spectrometer 40M35664

MDA to I/LCA 40M37858

Cluster to Operational Support 40M35681

Equipment
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Cluster to Auxiliary Support 4OM35690
Bquipment
MDA to Experiments

M512
2190

5009
5191

5192
5193

5194

Material Processing in

Space A0M35625
Multispectral PhoLopgraphic

Pacility 4OM35646
Nuclear BEmulsfon 4(0M3I5652
Inlfrared Spectrometer

and Viewfinder LOM3IS6T1
10-Band Multispectral

Scanner _ 40M35675
Microwave Radiometer/

Scatterometer /Altimeter 40M3I5662 (Volume II)
L-Band Radiometer 40MI5674

2.2.4,1 Utility Outlets

A, Design Requirements -

(1)

(2)

Utility Outlet Assemblies - The MDA Electrical
system provided four utility outlet assemblies
which supplied voltage to low-power portable
equipment. DRach utility outlet had the follow-
ing characteristics,

» One-ampere capabillity,
¢ Portable equipmont ecase ground to structure, .
e Local switeh capable of de-energizing the outlet,

High Power Accessory Outlet Assemblies - The

MDA Electrical system provided two high power
accessory outlet assemblies which suppiied voltage
to high-power portable equipment. Each high-
power accessory outlet had the following
characteristics:

o Tyelve-amperc capability.

#» Portable equipment case pground to structure, _
e Local switch capable of de-energizing the outlet,
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- B.

(3

(4)

(5)

(6)

(7).

(8)

(9)

(10)

Human Bngincering - The w-its were desipned so
that the switches and ovutlets were readily aceess
gible, suitably arrvansved, properly identificd and
of such size and construction as bo permit conven=
ience and case ol operation. The units complicd
with theie destgn criteria and MSFC-STD-267.

Eleectrical Gonnectors -~ The connectors on the units

met the requirements of 40M39580 {Zero-p connectors),

Switches = Switchoes met the roguirements of
MI.~5-8834& and MIL-§5-25307-232.

Short Circuit Prolection - Shorl-circuit protection
was provided by circuit breakers located in the
Stractural Transition Section {STS8) of the AM.

Circuit Continuity = The cireuit continuity of

the unitls was in accordance with applicable sheets
of the Blectrical Schematic Diapram (82000000401).
Continunity was defined as 0.5 ohms maximum,

Operating Life - The units were capable of 10,000
cycles of operation.

Flammability, Toxicity and Odor - All materials
used in the units met the requirvements of MSFC-
SPEC-101A.

Grounding - Power input leads within the units
were isolated from equipment case ox structure by
a minimum of ten mepohms de resistance,

Tunctional Description -

(n

Utitity Outlets - Tour one-amp utility vutlets
provided 28 vde pawer to portable equipment. Case
grounding of potrtable equipment was provided
through the utility outlet to structure, Rach
utility outlet contained an ON/OFF switch and a
azero-g connector which interfaced with the portable

" equipment cable comnectors.
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(2) High Power Accessory Outieots - Two 12-amp high
power accessory outlets (See Figure 2.2.4-1)
provided Z8B vde power to portable cquipment .
photographic eyu . pment, experiments and the TV
Video Tape Recorder. The outlets were located
al cach ead of the MDA.

Figure 2.2.4-1 High Power Accessory Outlets

2-218




C. Test - Qualification testing of the MDA Gutlet Boxes,
P/N 82000008200-009, was completed on 9 April 1971L. The qualifi-
cation tests, as cutlined in MMC Qualifivation Test Procedure No,
3183, consisted of the following environmental tests:

o Vibration, consisting of Sine Evaluation, Vehicle
Dynamics, and High and Low Level Random

¢ Shock

¢ Thermal Vacuum

e Temperature, Altitude, Storage and Transportation
(TAST)

¢ Corrosive Contaminants Oxygen Humidity (CCOH)

A performance test was conducted prior to and after each environw-
mental test,

All qualification, acceptance and system level tests pere
formed on the outlet boxes were accomplished successfully and
without f£ailure.

D. Mission Results = The utility outlets and high power
accessory outlets performed satisfactorily during all missions.
High Power Accessory Outlet No. 2 (Panel 139) was used as the
power source for the Rate Gyro Six-Pack which was installed
during the SI~3 mission,

E, Conclusions and Recommendat:lons -« Excessive usage of
the high power accessoxy outlets during the Skylab missions for
contingency operations and mission growth reassignments resulted
in the conclusion that additional outlets were required,

2.2.4,2 Power Distributor Assembly (FDA)

A. Design ReQuirements ~ The design requirements for the
Power Distribution Assemblies defined in 82000000916 "Equipment
Specification, Power Distributor Assembly", and in 82000000401,

MDA design reviews were held in Decembexr 1969, August 1970
and May 1972, These reviews results in-no RIDs or changes against
the PDAs,

The PDAs were included in the MDA voltage drop analysis,
The power levels were specified in the Power Allocation Document
40M35632 and the PDA clrcuits met the requirement of less than
1 volt drop. The PDAs are time life cycle eritical components as
defined in 82051000010, "Critical and Limited Life Caomponents',

2-219



B, Tunctional Description -~ The PDAs consisted of 4 GRFP
aluminum boxes, NB connectors, hermetically sealed relays and
associated blocking diode PC boards (See Figure 2,2,4~2). The
PDAs were located outside the MDA, under the thermal blanket,
and adjacent to the AM umbilical plate and MDA/AM interface
conneetor plate,

There were four FDAs installed on each MDA, Two PDAs
(82000000900) were used to control the tunnel heaters, docking
port heaters and the MDA lights. The remaining bwo PDAs
(82000009100) were used to control the MDA wall heaters, Rach
of the identical units received power/control inputs from the
AM from separate power buses to provide redundancy/reliability.

The original design called for two units (82000000900) per .
system but this was expanded to four units when the MDA wall
heaters were required to be thermostatically controlled.

A total of 14 units were built for the following usages:

o 4 units -~ flight article

# 4 units -~ spares

o 4 units ~ backup article

e 2 units ~ qualification test
C. Test

(1) Development Tests =~ Tests were performed on power
distributor assembly relays to determine the degra~
dation of contacts caused by the light assembly
in~rush current. Relays were proven to be accepw~
table for this application.

(2) Qualification Tests

(a) Two units were subjected to qualification
tests per the requirements of the MDA General
Test Plan ID-2002-1032 as outlined in MMC
Qualification Test Procedure.No, 3180. Test-

ing consisted of the following environmental
tests: :

Vibration, Sine and Random

Pyro Shock

EMI

Thermal Vacuum _

Tempexature, Altitude, Storage, Transportation
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Figure 2.2.4-2 Power Distributor Assembly



A performance test was conducted prior to
and after each environmental test, Units
tested were P/N 82000000900~009. The ~010
and 82000009100-010 were qualified by simi-

larity,

(b) The PDAs did not comply with the EMI require-
ments of MIL-STD-461A, DAR~MDA-S was sub-
mitted and approved. The conformance was of
short duration and infrequent and resulted
in no system performance degradation.

(3) Acceptan¢e Tests ~ Each PDA was subjected to an
Acceptance Test per 82000000900 0P 125,

The Acceptance Tests were conducted pre and post
vibration using the AT506640 PDA test tool.

(4) System Tests - During the system testing, the PDAs
were used to distribute power to the MDA heaters
and lights and satisfied all requirements of the
£light and backup STACR,

One PDA, filed the MDA single point ground irolaw-
tion test on the flight article at St. Louis.
Failure analysis was performed znd a bead of
solder was found short-circuiting a relay case
to the power return,

A discrepancy check and report was fun on all
units, the acceptance test procedure was changed
and the hardware was repaired, There were no
further FDA failures,

D. Mission Results - The FPDAs performed satisfactorily
during all Skylab missions.

E. Conclusions and Recommendations -~ The FPDAs performed
satisfactorily and met all design requirements.

2.2.4,3 Qable Assemblies

The MDA electrical cabling construction consisted of two
types: (1) those cables used inside the MDA; and, (2) the exter-
ior cables. The interior cabling was designed and constructed
to include f£lammability protection, and was installed in covered
cable trays to provide protection against cable damage, see Figure
2.2.4~3, The exterior cabling configuration was the same as the
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Figure 2.2.4-3 MDA Interior Cabling
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interior design, with the exception of
cable tray installation, The
the MDA structure and

flammability protection and

exterior cables were installed on
mounted under the

meteoroid shield, see Figure
2.2.4-4, The L-Band truss cables, being exterior of the Meteoroid
shield were wrapped in NBG material for

meéteoroid protection.

Figure 2,2,4=4

MDA Exterior Cabling

Mismating protection of similar connectors was accomplished
by the use of

identification tags, connector clocking, cable routing
and clamping,
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A, Design Requirements - MMT drawings that were applicable
to MDA cabling design, fabrication and testing were:

« 82000000304 Automated Wirding Diagram

s 82000000401 Electrical Schematics

» B2000000503 Cable/Component Installation~Interior
e 82000000603 Cable/Component Installation=Exterior
& 82000000713 MDA Cabling Interconnect Diagrams

The MDA electrical cabling consisted of stranded and coax
wire. The standard wire types were identified by MMC material
specifications STME 843, 921 and 922, The wire was constructad
of a polyimide coated teflon insulation over a silver plated
copper conductor. The shield jacket was extruded teflon., The
wire conformed to MIL-W-22759, The coax wire types were as
follows: MMC material cede E1300153 (RGL79/U) - Teflon dielec-
trie with a 30 awg silver plated center conductor - silvered
copper braid with an extruded teflon outer jacket, This cable
conformed to MIL-C~l7 and was a 75 ohm coaxial cable. MMC material
code #1700001 triaxial cable had the same materials and the same
performance characteristics as the 75 ohm coax cable above,

The connectors used throughout the MDA were in general
accordance with MIL-(C-39012, MSFC 40M39569, MSFC40M39580, V56~
421102-11, V56-531103=21 and MMC drawings ST81D78, STELDES,
5T81D89, ST8IND107, STBID108, STYI1D110, ST82D28, STB2D29 and
5T82D32, See Figure 2.2,4~5 for cxamples of coax connectovs
5T782D28, ST82D29 and ST82D32; Zero~g connector 40M39580; AM
intexface connector ST81D108; and feedthwough connector ST81DLO7.

Feedtlirough connectors were used to provide hermetically
sealed skin penetrations capable of transferring electrical sig-
nals and power through the MDA skin, These connectors consisted
of various types: Deutsch Series 46000, pin to pin (mixror image)
used with NAS 1599 (40M39569) plugs; Deutsch Series 22638~24-
100~PP for coaxial penetrations used with Deutsch 38134-24-~
100SN Plugs; and Microdot/Airlock hermetic receptacle (GFP) for
erew handling functions used with Microdot/Airlock Plugs (GFP).
All of these connectors are single hole mount and were installed
prior to any leak checks performed on the MDA, Protective covers
were installed at all times prior to harness installatiomns.
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ST82D29

Figure 2,2,4-5 MDA Electrical Connectors

The development mockup, which started out as a 180° shell
and was modified into a full 360° mockup, was used as a high
fidelity structure to design and develop the flight electrical
harness configuration for both the internal and external cables,
It provided information in regard to bundle rize, optimum bundle
routing redundancy and EMC category separation, determination of
clamping provisions, location and orientation of connector brack-
etry, design and development of cable trays, as well as cable
tray covers, It was also used to: develop cable f£lexing methods
for cables routed to shock mounted or moveable components; verify
the cable forces on those particular components where necessary;
locate shield terminations and ground studs for structural
grounding; and finalize cable flammability protection, processes,
and quantities, It was later used as a three dimensional tool
for fabrication of the internal £light and backup harness.

The L-Band cables were also developed on a three~dimensional

kool which served its purpose in the same capacity as the develop-

ment mockup, Connector identification tags were positioned such
that they could be read without twisting the cables or disconnect-
ing the connector.
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Cables terminating in a Zero~G connector were potted for
strain relief and fitted with a flame proof piece of convoluted
tubing extending from the rear of the connector through the first
cable clamp. This was done to glve the crew the same handling
characteristics of these connectors in the MDA as they would
experience throughout the cluster. B8See Figure 2.2.4-6,

Fluorinated Hydrocarbon Harness
to Connector Adapter

Zero-G Connector to Cable Boot

Figure 2,2.4~6 Termination of Zero~G Conmector

Physical damage protection of the interior harness was
provided through the maximum use of cable trays, cable covers,
ducting, routing techniques and sleeving.

Flammability protection of the MDA cable assemblies was. in
accordance with MSFC-SPEC-101A. GCables were completely enclosed
in fluorel coated fiberglass tubing, Tubing junctions and cable
junctions were formed as shown in Figures 2.2.4~7 and -3, The
backup article tubing junctions were improved for handling and
dressing by use of a telescoping method with a string tie in lieu
of the Butt Junction., To complete the enclosure at the connector
ends, fluorel coated fiberglass, teflon coated fiberglass, conve-
luted viton tubing, fluorinated hydrocarbon boot, or approved
combinations of these were utilized, BSee Figures 2.2.4-9 and
2.2.4-10,
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[--Butted Joint

Tubing

String Tie |

= (1T

Overlapping Tuling

Figure 2.2,4~7 Tubing Junctions

il

—— Overlapping Tubing
yay .

String Tie—/

Tubing

"y" Type Breakout Joint

Figure 2,2.4~8 Cable Junctions
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Materials

A Teflon Coated Fiberglass Cloth (Used to Make Ftameproof Covers for Areas
Not Covered by Tubing. Covers Are Called Beta Bags).

B Fluorel Coated Fiberglass Tubing - 3 ft Lengths

C Liquld Fluorel Overcoating Materfal for Sealing Raw Edges of Tubing and
for Seallng of Taped Junctions

D Fiberglass Tape - 1/2 and 1 inch Wide - No Adhesive
E Fluorinated Hydrocarbon Harness to Connector Adaplers

Figure 2,2,4~9 Cable Flammability Protection

Figure 2,2.,4+10 Cable to Connector Flammability Protection
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B, TFunctional Description ~ The MDA Elcctrical cabling pro-
vided the following functions: interconnection of various clec~
trical subsystems within the MDA itself; and power and signals
transfer between equipment and subsystems located within the MDA
and other cluster modules,

The contingency cables for the video switeh poweor and the
video loop hook-up, MMC drawing 82000042920, wexe designed, built,
and tested to the same criteria as the £light functional cables,
and stowed in the MDA,

The BI/LCA cabling system was a mod kit consisting of cable
harness, patch panel and 8 shorting plugs. The mod kit was designed
to be incorxporated with minimal effect or rework on the existing
MDA cabling., Proper selection and installation of (4) shorting
plugs determined whether the I/LCA or BI/LCA system operated,
Installation of the mod kit, on the flight article was accomplished
at St. Louis and functionally tested and verified at KSC,

C. Test -~ Continuity and mepger testing of all harness wire
was done prior to power application, Testing was performed afterx
harness removal from the development unit and again after installa-
tion on the flight article, The same test procedure was used on
the harness for the backup unit, The test was accomplished using
the Hughes Analyzer and was tested to 1500 VDG breakdown and 50
megohm isolation criteria.

NOTE: Requirement to meet the 1500 VDC breakdown testing was
directed by MSFC, Ref; NASA letter EM-SI~AL/MDA-1461-70,

The L-Band cables were subjected to the same 1500 VDG break-
down and 50 megohm isolation testing.

Additional test activities resulting from design changes and
connector problems were as follows:

(L) 1wdcrodot/Airlock connector tolerance buildup; (NASA
Alert 72-03), brought about the desipgn and fabrica-
tion of test cquipment to test all the affected
connectors throughout the cluster,

(2) Structural ground continuity on the docking port
heaters was found inadequate on the backup article,

This resulted in additional grounding wires being
added to both the backup and the £light article.
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(3) 1Isolation of and/or ecrew handling requirvements of
coax connectors ST82n28, ST82D29, and STB2D32 pre-
vented safety wiring of receptacles and/or plugs,
Vibration testing was pexformed on affected connace
tors to determine the wequired torque values for
mounting the roceptacles, as well as for the mating
of the plugs,

NOTE: The incorporation of any and all mods into
the MDA vehicle resulted in the retesting {contine
uity and megger) of all affected cables and connec-
tors. This was effective at Denver, St. Louis and
KSC.

D, Mission Results « The MDA Electrical cabling, having been
designed, constructed and finished in a quality manner consistent
with manned space f£light operations, demonstrated its integrity
throughout all the Skylab missions.

E, Conclusions and Recommendations = The MDA Electrical
Cabling System performed satisfactorily., An evaluation of MDA
connectors was performed as part of the postflight data analysis
and crew debriefings. The results were that all MDA connectors
(NB, Micro-dot Airlock and Zero~G) were functional in space environ-
ments, For in-flight mating and demating the crew expressed a
preference for both the Micro-dot and Zero-~G connectors. The crew
also suggested that in future space applications the in-£light
maint.nance conmectors should be standardized throughout the
spacecraft,

2.2.4.4 TInterior Lighting

The MDA Interior Lighting system (see Figure 2,2.4-~11) was
designed to provide illumination at the crew work statlons and for
general illumination of the MDA using the General Illumination
Floodlight Assemblies.

A, Design Requirements - The design requirements for the MDA
lighting system wera defined in CP114A1000026 - MDA Contract End
Item Specification. The basie requirements were as follows:

(1) General Tllumination System -

e in illumination lovel of 3,5 foot-candle (fc)
minimum along the H~axis of the MDA
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e A minimum of 5 fe illumination at the work stations
and consoles,

e Lights near the ATM C& Panel were required to
have variable illumination with a maximum of 90%
illumination. :

e The lights weie to be controlled individually at
the light as well as remotely from the AM.

e All lights were to be simultaneously controlled
from the axial docking port.

(2) Emergency Illumination System -

e Automatically controlled and powered from AM,

e An illumination level of 0.5 fec to 2.0 fc along
the X-axis of the MDA,

e Lights to come on automatically when AM bus volt-
age falls below 23 VDC.

Aft 1 Aft 3 ARt 4
—

———1
AR 2

Figure 2,.2.4-11 MDA Interior Lighting System
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(3) The Light Assembly and the Light Switeh Assembly (see
Figure 2,2,4~12) were developed to meet the overall sys-
tem requirements, The specific design requirements of
the units were as follows:

(a) Light Assembly (P/N 1B69364) =~ This unit was
supplied to the MDA as GFP equipment., It met
the specificacicn 1B69364 written by MDAC-W.
The requirements of the specification are as

follows:

e Assembly shall be hermetically sealed,

& All switching devices shall be hermetiecally
sealed,

e The power shall not exceed 12.5 watts at
23 VDG, -

e Each assembly shall have a local control of
"OFF", nmqn, and “HIGH".

® Minimum operating life of 4500 hours,

i QFF

LS

Figure 2,2.4-12 MDA Interior Light Switch Assembly
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(b) Light Switch Assembly (P/N 82000001800-~009)
The uait was designed and fabricated at MMC. It
met the requirements of the equipment specifica~
tion, 82000001816, Some of the more pertinent
of these are listed below:

» Two pole~three position switch (momentary~
maintain~momentary).

e Contact ating of 10 amperes at 28 VDC,

a Voltage to unit of 28 jﬁ vDC.

e Operating life of 10,000 cycles and storage
1life of three years.

B, TFunccional Description = The interior general illuminaw-
tion floodlight assemblies provided crew work station illumination.
There were eight interior floodlight assemblies, four on the for-
ward dome and four aft along the air ducts, Each of the eight
lights had a local switching capability of "OFF", "LOW" and "HIGH".
Each light had an output of 315 lumens minlmum before installaticn
into the light fixture, A switch (Panel 101) for On-0ff lighting
control for all eight lights simultaneously shall be provided near
the axial docking port of the MDA for easy access control during
astronaut engry. However, the individual light switches had to be
in either the "HIGH" or "LOW" position for proper operation, The
MDA Lighting Control System was designed such that all AM remote
control switches (STS Panel 207) were independent of each other and
functioned in pairs of two lights per control. Control power
switching of the iights was accomplished through latching relays in
the PDAs (8200006.0900~010). The two lights above the ATM C&D Panel
(Aft 3 and Aft 4) were provided with removeable and adjustable
light filtexs for the purpose of attenuating illumination levels
at the ATM C& panel., Two lights (Forward 2 and Aft 3) functioned
as emergency lights and were controlled from thé AM,.

C. Test

'{1) Development Tests = The number of lights in the MDA
and their location was determined by simulating the
flight light output with commercicl fluoreseent lights
and then ¢onducting illumination tests in the MPA
Engineering Mockup Unit (EMU). Evaluation included:

Mechanical Characteristies
Electrical Characteristics
Performance Characteristics
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(2)

(3)

(4)

Bach Light Switch Assembly was acceptance tested at
MMC for verification of the following:

e Physical Examination
@ Functional Test
e Vibration, Low Level

Qualification Test

(a) Light Assembly . The qualification testing for
the Light Assembly was accomplished by MDAC-W,

(b) Light Switch Assembly ~ The Light Switch Assem-
bly was qualified by MMC., The vesults are con-
tained in MMC Qualification Test Report No.
3178. All requirements were successfully met
except for EMI, Tha EMI testing was completed
in conjunction with the Power Distribukor
Assexbly, see Paragraph 2,2.4.2 C(2)(b) for
EMI waiver informatioan. The qualification
test covered the following:

Performance

“Vibration

Thermal Vacuum

CCOH (Corrosion Prevention Criteris)
Shoek

Temperature, Altitude, Storage and
Transportation

Acceptance Test ~ Acceptance tests weve completed
by Sylvania Corxporation (MDAC-W's vendor) and con-
sisted of:

o Functional Verification
o Mechanilcal Verification (dimensional analysis)
o Illumination Verification

Lighting System Functional Verification

- (a) Denver -~ After installation of the lighting sys.

tem in the MDA, functional verification and
illumination level tests were performed to pro-
cedure MDA~QCP-D~G0002 "Electrical System
Functional', During functional verification
testing of the individual light assemblies,
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two lights drew excessive currvent in the "LOW"
mcde, The lights were removed and replaced with
flight spares. The removed lights were then re~
turned to MDAC-W for failure analysis and modi-
fication., The remaining functional verification
tests were ccmpleted satisfactorily. The illume
ination level test was ¢ompleted successfully
except: for the ATM C&D Panel and Aft General
Illumination,

(b) St. Louis -~ A functional verification test of
the individual light assemblies was accomplished
at St, Louis as part of the PDA reverification
test (refer Paragraph 2,2.4.2 C(4). During this
test, one light exhibited the same malfunction
as the two in Denver. The light was replaced
and returned to MDAC-W, During SEDR D3-E72,
"Systems Assurance", an illumination test was
conducted, The illumination level at the ATM
C&D panel was again talow specification, The
decision was made to have a crew evaluation of
the lighting during SEDR D3~E76. This was accoms
plished along with a remeasurement of the illum-
atlon level on tho ATM C&D panel., The crew
evaluation indieated that the lighting was low
but adequate. The illumination measurement met
the specification at the ATM C&D, it was deter=
mined that the light meter was very sensitive
as to where it was pointing which could have been
the reason for the previous measurements not
meeting the specification, Prior to altitude
chamber testing, all MDA interior lights were
replaced with modified lights received f£rom
MDAC~W. The electronies of the lights had been
modified as a result of the faillure analysis
perfurmed by MDAC-W, Remaining tests were com-
pleted satisfactorily.

D. Mission Results -~ The MDA interior lights functioned pro~
perly during SL-2,

During the 8I-~3 E£light on DOY 232, the Aft 2 and 4 MDA lights
were reported out by the crew. The light assemblies were replaced
and switches cycled, but the lights would not come on, Possible
causes of the fallure could have been an intermittent 'Aft 2+4'
light switch on STS Panel 207, inadvertent operation by the crew,
or an intermittent relay in an MDA power distributor,
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Trouble shooting procedures were accomplished by the crew on
DOY 243, The craw completaed the first three steps of the procedure
and reported that Aft Lights 2 and 4 were "ON" and that the switch
on STS panel was intermittent. To preclude any further loss of
Aft 2 and & lights, the lights were controlled from their local
switches instead of the switch on Panel 207, To prevent operation
of the light cirecuit in question during deactivation of SIL-3 and
activation of 8I-4, the SL-3 crew opened the "MDA Light 2" circuit
breaker on 3TS Panel 202, During SI~4 activation the "MDA Light 2"

eireuit breaker was closed and the Aft 2 and 4 lights were controlled

by their local swigches.

MDA interior lights performed satisfactorlly for missions
SL=2, SI-3 and SIL-4.

2,2,4,5 Exterior Lighting

A, Design Requirements -~ The design requirements for the MDA
exterior lights were defined in CP114A1000026 ~ MDA Contract End
Item Specification. The basic requirements were as follows:

¢ One set of four Gemini type running lights is to be
used. (See Figure 2,2.4«13)

® Provide illumination to the crew rendezvous from
2,000 feet to 50 feet,

& Sensitivity of each light must be at least 0,25 foot~
candles.

@ Loration and color:

Axis® Color
+¥ Green
=y Red
A Amber
- White

% (Based on mass properties coordinate system)

e Red and green lipght powered from one electrical bus
and white and amber powered by the other AM bus.

B. Functional Description - External running lights were used
for gross vehicle attitude determination. They were controlled and
activated via the AM/DCS, Rumning lights were provided to allow
determination of cocarse vehicle attitude aligonment by the erew
during rendezvous and docking of the CSM. The running Lights were
located radially near the MDA outer skin line, but did not inter~
fere with the deployment of the ATM truss as defined in 13420726,
The +Z axis (amber) light was partially obscured by the L-Band
truss assembly,
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Figure 2.2.4=13 MDA Running Light

C. Test = The MDA running light system was functionally veri.
fied at Denver to procedure MDA-OCP-D-60002, at St, Louis to pro=
cedure D3-E72 and at KSC to procedure KS0003. All tests were com=
pleted satisfactorily.

D. Mission Results = The MDA running lights performed without
failure as required in support )r rendezvous and docking maneuvers,

E. Conclusions and Recommendations = MDA running lights per=-
formance was satisfactory.

2.2.4.6 Rate Gyro Six Pack Cabling

During mission SL-2, the Rate Gyro system reflected an unstable
operating condition caused by overheating of individual Rate Gyro
assemblie.. A new hardware requirement was generated to build a
contingency Rate Gyro system (Rate Gyro Six-Pack) to be incorporated
into the airborne system for use during missions SI-3 and SL-4.

As a result nf this new requirement, the MDA Electcical group
designed, fabricated, tested and delivered three cable sets needed
to incorporate the Rate Gyro Six Pack into the MDA:

e l-flight
e 1-DAT/flight backup
e l-Zero-g trainer

A. Design Requirements - Refer to Section 2.2.4.3 A.

B. Functional Description - A complete cable set consisting
of:
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(1) One power and contrel distribution cable assembly
between the Rate Gyro Six~Pack distributor and the
individual gyros (6).

(2) One Y-cable assembly connecting between the control
distributor of the Rate Gyro fix-Pack, the MDA cable
connector 807W46P1 and receptacle 807W44J21 of the
ATM CSD distribution panel (807W46Pl was launched
mated with 807A44J21).

(3) One power cable assembly connecting between the Rate
Gyro Six~-Pack distrihutor and the MDA High Power
Accessory Outlet No. 2 to provide 28 VDC (AM Bus 2)
operating power,

NOTE: An additional external cable was designed and built by MSFC,

C. Test Requirements - Refer to Section 2,2,4,3.C,

D. Mission Results - Operation of the ATM Rate Gyro system,
uging the Rate Gyro Six~Pack and associated cabling, met all
requirements during the SI~3 and SI~4 missions and subsequent
orbital storage perilods.

E, Conclusions and Recommendations ~ The Rate Gyro Six-Pack
Cabling performance was satisfactory.

2,2,4.7 Rate Gyro Six Pack Meter Checkout dables

A capability to evaluate operational characteristics of each
Rate Gyro was required. The operational checkout cable set consisted
of two {2) cable assemblies.

A. Design Requirements - Refer to Seetion 2,2.4.3.A,

B, Functional Description - By using the two cable agssemblies
and a digital voltmeter, the output signals from each gyro and the
internal operating temperature of each gyro could be measured/
monitored, as desired. The checkout cables mated with the Rate
Gyio Six-Pack Control distributor and a digital voltmetex.

€. Test Requirvements -~ Refer to Section 2.2.4.3.C,

D, Mission Results - During missions SI-3 and Sl-4, the per-
formance of the cables met all requircments,

E. Conclusions and Recommendations ~ The Rate Gyro Six-~Pack
Meter Checkout Cables performance was satisfactory.
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2.2.4.8 TV Mini~Monitor Power/Signal Cable

During mission SL-3, ATM TV Monitoxr No. 1 system failed, A
requirement was generated to provide capability to use the onboard
TV Mini-Monitor to weplace the failed ATM TV Monitor No. 1 during
mission SI~4,

A. Design Requirements =~ Refer to Section 2,2.4,3.A.

B. Functional Description ~ The powexr/signal cable was a
Y configured cable, The cable maved with the MDA Low Power Outlet
#2 (Panel No. 134), the TV Mini-Monitor and with the ATM MON 1
Cable connector 80/W51P4 that mated to J-1 of the MDA Video Switch
Selector Assembly.

€. Test Requirements ~ Refer to Section 2,2,4,3.C,

D. Mlssion Results ~ Due to OSM storage priorities, the TV
Mini-Monitoxr cable was not carried up on SL-4,

E., Conclusions and Recommendations -~ No mission data for
conclusions and recommendations.

2.2.4.9 Adapter Power Cable/Modified Lunar Drill (Blectric Nibbler)

A power ecable was designed and fabricated to be used with a
modified Lunar Drill, The assembly was to be used as a metal cutting
tool in support of mission SI~2, The concept was to use the CSM
as a power source for the modified Lunaxr Drill during an EVA to aid
in releasing the malfunctioned WS Solar Wing Panel.

A, Design Requirements -~ Refer to Section 2,2.4.3.A,

B. Functional Desexiption « The power cable configuration
was a two~wire cable sheathed in convoluted scuff resistant tubing
approximately 20 feet in length. One cable end terminated into a
Zero~G connector, type ZG6E2525~19PA; permitting mating to CSM
Panel 230 to provide 28 VDC power. The other cable end terminated
into a "Yardney battery" drill interfcce connector which required a
special backshell. The backshell allowed for potting of the connecw
tor and attachment of the convoluted tubing., The cable/connector
assewmbly was secured to the Lunar Drill battery interface adapter
plate. The cable/adapter plate then became an integral portion of
the modified Lupax Drill (Electric Nibbler). Usage was to be in
conjunction with & CSM flyaround and & standup EVA.

C. Test Requirements -~ Refler to Section 2.2,4.3.C.
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D. Mission Results ~ The modified Lunar Drill (Electric
Nibbler) and power cable were prime candidates for mission SI-2,
however, an alternate method was developed which deleted the
requirement for the “Electric Nibbler",

E. Conclusions and Recommendations ~ No mission date for
conclusions and recommendations.

2.2.4,10 MDA Engineering Mockup Unit (EMU) Article

A, Design Requirements -~ The design requirements for the
£inalized MDA EMU Article was te provide an MDA test article of
sultable fidelity to work component, systems, crew and vehicle
relatlonships. To achieve that objective, the components and
cable bundles were representative in visual appearance and manual
operation to their flight counterparts. The specific "defined"
requirements for the EMU are defined in MSFC MOD, MSFC-165.

B, Functional Description ~ The MDA EMU electroniec system
consisted of nonfunctional as well as functional prototype equip-
ment and cirecuitry.

(1) Electrically Functional Equipment - The electrically
functional equipment which MMC provided for the MDA
EMU was as follows:

Interior Lights (8)

Entry Light Switch

Utility Outlet, Low Power (4)
Accessory Outlet, High Power (2)
Speaker Intercom Assemblies (3)

(2) Nonelectrically Functional Equipment ~ The nonelec-
trically funotional equipment which MMC provided
for the MDA EMU was as follows:

TV Qutlet Unit

TV Contxol Unit

UV (Fixe Sensox)

Inverter/Lighting Contyrol Assembly
UV (Fire) Sensor Control Panel

16 MM Camexa Cables

Window Heater Control Switch
Intervalometer

Radio Noise Buxrst Monitor (2)
Window Heater Limit Switch
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Backup D.A.S.

Wall Heaters
Prassure Sengsor PSIA
Prassure Sensor

(3) Electrically Functional Circuitry -~ The electrically
functional circultry which MMC provided for the MDA
EMU was interfaced by facility power at the EMU Rack,
The electrically functional circuitry and EMU Rack
functions and their intexrfaces were as follows:

Interior Lights (8) 75 VAC to 117 VAQ, 60 Hz

S009 28 vDC (GFP S009)

Utility Outlets, Low Power (4) 28 VDG

Accessory Outlets, High Powexr (2) 28 VDC

External Acquisition Lights (4) 28 VDC (GFP Lights)
Area Fans (2) 28 vDC (GFP Fan)

Entry Light Switch 28 VDG

CSM Fan (1) 28 VDC (GY'P Fan)

The electrical and facility interface requirements
for the EMU Rack and its intercomnecting cabling
were as follows:

Provide individual ON, OFF, and LOW bxightness
control for each of the elght interior lights.
Provide a relay to interface with the MDA entry
light switch, simulating the function of the

£light article's Power Distributor Assembly.
Provide intercom with subjects in vehicle,

Provide 28 VDC power to the electrically functional
MDA equipment,

Provide MDA EMU equipment with f£acility power, 28
VDG and intercom,

C. Test =~ During manufacture, and upon completlon of each
assembly, the units were examined tio verify conformance to the
engineering drawings with respect to materials, dimensions, con~
struction, identification, and intexface requirements.

Acceptance tests were also conducted on each assembly to
assure desilgn verification with Intended use of the item,

D. Mission Results ~ Prior to the launch of Skylsb the EMU
axticle was converted to the One~G Training Articie under a new
MSFC MOD (See Section 2.2.4.11).
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E. Conclusions and Recommendations « The EMU article pro=-
vided its required functions satisfactorily.

2.2.4,11 MDA One-~G Training Article

A. Design Requirements = The Design requirements for the
MDA One~G Training Article were: adequate and proper training of
the astronauts and the generation of suitable crew procedures and
flight problem workarounds, Comporient and system fidelity was
required to be representative in visual appearance and manual
operation, The specific component requirements are defined in
MSFC MOD, MSFC 322 "MDA One-G Trainer Definition".

B. Functiocnal Description -~ The MDA One-G Trainer electronic
system consisted of nonfunctional as well as functional enuipment
and circuitry. Due to training requirements being unique, NASA
along with MMC support, established a fidelity matrix (Table "A" g
and "B" of the above refercnced mod) to be adhered to in componeut |
and system design.

(1) Electrically Functional Equipment ~ The electrically
functional equipment which MMC provided for the MDA
One-~G Trainer was as follows:

Interior Lights (8)

Entry Light Switch

Uti{lity Outlet, Low Power (4)
Accessory Qutlect, High Power (2)
Video Switch

Television Input Stations
External Acquisition Lights (4)

L IR BN - K N

(2) Nonelectrically Functional Equipment -~ The nonelec-
trically functional equipment which MMC provided for
the MDA One-G Trainer was as follows:

UV (Fire) Sensor (2)

W (Fire) Sensor Contrel Panel

5190 Window Heater Contxol Panel
5190 Window ieater Cable with Temp Sensor
Radio Noise Burst Monitor

Backup D.A,S. .

Temperature Transducers (2)

Window Cover Limit Switeh

5190 Window Sensors and Llectronics
Docking Port Heaters (2)
- Doeking Port Thermostats (2)

9 6 0899 HEEeRD
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(3)

(4)

Wall Heaters 40 watt (4)
Wall Heaters 20 watt (3)
Wall Heater Thermostat +45°F (2)
Wall Heater Thermostat +70°F (2)
Gas Temperature Sensor = Cone
Auto Transformer (BY/LCA)(2)
DC-DC Converter (BI/LCA)(2)
Shorting Plugs ~ 1/LCA(L)

Shorting Plugs = BI/LCA(4)

Inflight Maintenance equipment which MMC provided
for the MDA One~G Trainer was as follows:

¢ Video Switch = Nonelectrically functional

e Television Input Station - Nonelectrically
functional

¢ 5190 Window Heater Cable with Temp Sensor =
Nonelectrically functional

® Video Switch Contingency Power Cable - Electri-
cally functional

¢ Revision of ATM C&D Console cable interface to
facilitate astronaut training toward expediént
on~orbit installation of the carry up Rate Gyro
Six Pack system.

Electrically Functional Circuitry ~ The electrically
functional circuitry which MMC provided for the MDA
One=G Trainer was interfaced with the training faci-
lity at the Training Interface Panel (TIP). The
electrical and facility interface requirements for
the TIP and its interconpecting cabling were as
follows:

¢ TIP Functional Requirements - Provide simulation
of AM Bus 1 or AM Bus 2 failure causing MDA
component(s) loss. Provide individual ON, OFF
and LOW brightness control for each of the eight
interior lights, Low brightness was accomplished
by a rheostat which allowed varying voltages to
be applied to the lights instead of the normal
117 VAC.

& Provide a relay to interface with the MDA entry
light switch, simulating the function of the
flight article's Power Distributor Assembly.

¢ Provide power and control for the external acqui=
sition lights, Provide 28 VDC power to the

- electrically functional MDA equipment.
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The electrically functional circultry TIP functions
and associated interfaces were as follows:

# Interior lLights (8) « 75 VAC to 117 VAC, GO0 Hz

# Televigion Input Station ~ 28 VDC and Speaker
Inteccom Assemblies (2) ~ 28 VDC Signal

®# Rate Gyro Six-Pacl (SL-~3) - 28 VDG and Signal

# S005 -~ 28 vDC

e Utility Outlets, Low Power (4} -~ 28 VDG

® Accessory Outlaets, High Power (2) -~ 28 VDC

» External Running Lights (4) -~ 28 VDC

e Entpy Light Switch - 28 VDC

®# Rate Gyro Checkout Cables {2) - Signal

C., Test -~ During manufacture, and upon vompletion of each
agsembly, the units were examined to verlfy conformance to the
engineering drawings with respect to materials, dimensions, cone-
struction, identification, and intexface wequirements,

Acceptance tests were also conducted on each assembly to
assure design verification with intended use of the item,

D. Mission Results ~ The One~G Training Article provided
tha high-fidellty necessary to successfully suppoxrt the Skylab
mission. The Article was used extensively during the mission to
develop astronaut procedures and assist in developing new cables
for crew onw~orbit Installation and checkout:,

E. Conelusions and Recommendations ~ The One~-G trainer

successfully provided its required functions throughout all phases
of the MDA program.
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2.2.5 Instrumentation System

The instrumentation system consisted of a signal conditioner,
temperature transducers and a pressure transducer. 1The temper-
ature transducers were platinum resistance elements which sensed
the temperature at various locations internal and external to
the MDA, The signal conditioner consisted of power supplies and
bridge completion networks of which one leg was the temperature
transducer. The measurement output range of the signal condi-
tioner was a 0 to 20 mv signal corresponding to the temperature
at the temperature transducer. The pressure transducer was a
potentiometric device which measured the internal MDA pressure.
The output of the transducer was a 0 to 5 volt signal correspond-
ing to MDA absolute pressure.

2,2,5.1 Signal Conditioner

The Signal Conditioner, P/N 82000001000, provided signal
conditioning for the MDA instrumentation system temperature
measurcment sensors.

A, Design Requirements - The specific design require-
ments were not specified in an ICD, The Equipment Specification
82000001016, gave all the dctails necessary for the design. The
signal and loading are described im ICD 50ML3122, Foliowing
is a list of drawings and specifications needed for the build of
the Signal Conditioner:

82000001000 Top Assembly, Signal Conditioner

82000001016 Equipment Specification, Signal
Conditicner Assembly

82000001018 Test Specification - Range Cards

§2000001026 Range Card Assembly

82000001027 Range Card Schematic

B, Tunctional Deseription =~ The Signal Conditiomer
provided to the AM PCM system, electrical signals proportional
to the ambient temperature of platinum sensors electrically con-
nected to it (See Figure 2.2.5~1). The basic Signal Conditionexr
circuit design came from the ATM I&C subsystem and required syn-
thesis of the bridge resistors for use on the MDA, The Signal
Conditioner weighed 16 pounds, was 475 cubic inches in volume
and required 2,5 watts at 28 VDC for operation.
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TEMPERATURE ,S!GNAL LOW-LEVEL
TRANSDUCER CONDITIONER MULTIPLEXER

W

REMOTE SITE A/D
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oATA CENTRAL
o OMPRESS 1 ON » DATA »  USER
REDUCT I ON

Figﬁre 2.2.5~1 MDA Temperature Measurement System Block Diagram

The Signal Conditioner consisted of 40 bridge completion
circuits, of which 37 were actively used {See Figure 2.2,5-2)
and four power supplies, There were three unique bridge circuit
designs which conditioned measurements to the three required
temperature ranges. The Signal Conditioner was divided into
four groups of 10 bridge eircuits and one power supply each.

The four power supplies provided identical voltages (8-9 volt
open circult) to cach bridge circuit with the actual bridge vol-
tage and the maximum output voltage determined by a zener diode
and a voltage divider network consisting of Rl, R2, R3 and the
bridge itself., The bridge was designed such that the lowest
temperature to be measured produced a null voltage condition.
The null voltage adjustwent was provided by R8. The maximum
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nominal output voltage corresponding to the highest temperature
to be measured was 20 mv. The maximum nominal output was ob-
tained through adjustment of R2.

C. Test~

(1) Qualification Test = Due to the similarity
with the ATM Signal Conditioner only a delta
qualification test was performed. This consisted
of a shock and vibration test, The primary reason
for this was the lack of shock requirements on

the ATM. The MDA shock requirement was 380 g's and
the vibration was 7 g rms maximum., The operations
are called out in the Equipment Specification
82000003816, Paragraphs 3.2,7.5.2.5 and 3.2.2.5.2.6.
A delta test was later performed to verify en-
vironmental temperature requirements compliance.
Dve g the test, 10 signals were monitored while
the temperature varied from -40°F to +150°F. The
average delta was 0.4 mv over the full range.

The Signal Conditioner passed all tests success~
fully. The results were recorded in Qualifica-
tion Report #3179,

(2) Systems Taest - All systems tests were per~
formed with the only failure being out of specifi-
cation temperature readings resulting from the

use of Vamistor resistors. Due to contamination
during the build process, these resistors pro-
graessively shifted in resistance causing a
corresponding shift in bridge output voltage.

The Vamistor-type resistor drift problem was

solved by recycling the signal conditioner-printed
circuit boards and assemblies through manufacturing
and acceptance testing. The Vamistor resistors
were removed and replaced with Mepco and Ward Allen
type resistors and re-~tested at the board level,
Bach signal conditioner assembly was then re-
acceptance tested without failure.

After the rework and reinstallation of the Signal
Conditioner in the flight article, new calibra-
tion data for each signal conditioner bridge circuit
was caleulated using the new ATP test data and

the bridge cffset caused by the resistance of the
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wire connecting the sensor to the Signal Cons
ditioner. This resistance was determined by sube
tracting the original ATP test data (signal con-
ditioner/cable interface) £rom the KSC system
level test (cable/sensor interface). This differ~
ence was directly attributable to the intercon-
necting wire resistance.

An endwto~end system level calibration test was
not possible due to the configuration of the
mated AM/MDA at KSC.

Mission Results ~ The Signal Conditioner performed

exceptionally well throughout the Skylab mission, It was opexrated
continually £rom the launch of SL-1 through *il~4. It provided
accurate data well within the predicted valuw~s and no failures
were attributed to the hardware.

In support of the mission, the following analyses were

performed:

(1) Error Analysis - An analyeis was performed
to establish the three asigme {&6.7 probability)
error band, considering calibration, eaviron-
ment and mission life, from the transducer to
the data uszer., The total error was obtained by
calculating the erroy attributable to the MDA
Signal Conditioner, obtaining the best available
PCM system ervor data from MDAC-E and using
transducer acceptance test procedure data, No
data reduction error was included because an
errorless conversion from PCM to temperature or
pressure was assumed,

The anglysis entitled "Skylab MDA Engineering
Report: Tewmperature and Pressure Measurement
Exrror Analysis" was submitted to NASA in ¥MC
letter 73¥-80,796, dated 21 May 1973,

(2) Corrected Calibration Data -~ During SI-1/2 it
became apparent that the calibration data being
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used for data reduction of temperature and VIR
'tape—remaining'measurements were incorrect, MMC
derived the correct calibration data utilizing

a third order curve fit computer program, with
data inputs from sensor and signal conditioner
tests, The corrected data vs both digitized
counts and incorrect data (then in use) were
published and distributed to NASA and MMC (73Y
80,837 - Identification of Calibration Data
Certification Responsibility) users. Similarly
derived corrected calibration data were put into
the MSFC data reduction computer prior to SL-3
launch, While the data processing system has
occasionally reverted to the incorrect calibra-
tion data, the predominant amount of MDA data
has been correctly processed.

(3) Trend Analysis - A continuing trend analysis
wag performed throughout the Skylab mission. The
purpose of the amalysis was two~fold: First;
detect measurement fallures and second; detect
measurement trends which would eventually lead

to a failure condition, TFor internal tempera-
ture measurements, the amalysis consisted of
caleulating the MDA wmean wall temperature and
comparing each measurement to the mean. Limits
were established based on system errors, measure-
ment location and special conditioners (e.g.,

MDA thermal gradient, equipment operation and

the addition of the Rate Gyro Six-Pack).

External temperature measurements were compared
to the average external temperature., Evaluation
of the MDA pressure measurement was accomplished
by comparing it to measurements D217-540, Lock/
Amb Delta P and D218~540, Aft/Amb Delta P. Mo
failures or failure trends were identified,

(4) Noise Analysis - During the manned phases,
the activation of the AM Caution and Warning Sys-
tem coupled necise onto geveral temperature

‘measurements, The peak noise and average peak

noise were deterwmined for those channels where
the noise peaks exceeded 1% ‘of signal range.
Noise, even at the 6% level proved not to be a
problem, as the true reading could be determined
by scanning several sequential data peoints.

24252



E. Conclusions and Recommendations ~ The Signal Conw-
ditioner performed satisfactorlly throughout the mission without
any signs of failure, Future missions should consider using state
of the art design and components to greatly decreasersize, weight
and power.

2.2,5.2 Temperature Transducer

Variable resistance temperature transducers were installed
in the MDA to provide instrumentafion measurements for the MDA
external and Internal wall and atmospheric gas teuperatures,

A, Design Requirements = Design requirements for the
MDA temperature transducer were included in PD7400082 and based
on the requirements speclfied in SP113A1000026D, MDA CEL,

B, Tungtional Description - The FD7400082~009 tempera=-
ture transducer was a variable resistance device with a platinum
resistive element mounted in a stainless steel case. The unit
included stainless steel sheathed cable and a three pin NASA-~type
connector which intexrfaced with the MDA electrical cabling., The
units measured 500+40.5 ohms at 0°C and were calibrated over an
operating range of ~125 to +150°C.

Vendor for the trensducer was: Hy Cal Engineering, Santa
Fe Springs, California. .

»

Transducer type was RIS~4565-~A,

The transducers were bonded with a thermally conductive
adhesive at various locations inside and outside the MDA or to
mounting adapters that were subsequently installed within the
MDA, See Figure 2,2,.5-3,

The resistive element of the gensor formed a leg of a bridge
circuit within the MDA signal conditioner, Bridge circuit compo-
nents permitted adjustment to operating ranges of:

o Internal | +23°F to +113°F

e External —193°F to +212°F

e Proton Spectrometer -103°F to +167°F
C, Test =

(1) Qualification Test Document - Hy Cal
Engineering Document 70-522A.
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(2) Testing =~ Qualification testing of the tempe
erature sensors was accomplished at the vendor's
facility and was performed on Serial Numbers
0000001 and 0000002, Both units failed to read
within limits at the icepeint after temperature
cycling., Thermal cycling tests were passed by
s/N 0000003, 0000004, and 0000083, See Table
2,2,5=1 for qualification test satisfaction and
component disposition.

Table 2,2.5~2 reflects usage of the temperature transducers
and disposition of components not installed on the flight or
backup article,

D. Mission Results - The temperature transducers
were used continuously during manned and unmanned £light of the
Skylab., All transducers performed satisfactorily through SL-4,
with the exceptions noted below:’

On DOY 295, MDA tunnel wall temperature measurement (C0052)
exhibited erratic output indicating a possible sensor/signal
conditioner/multiplexer and/or associated wiring failure. The
measurement as observed on strip charts and tab runs increased in
magnitude rapidly and erratically (12°F fluctuations) to a
level approximately 25°F above the apparent tuannel wall tempera-
ture at the Lime. The measurement level 2id not decreased below the
apparent wall temperature during any of the fluctuationms.

A lab test utilizing a spare MDA signal conditioner, flight
temperature transducer and the signal conditioner test box was
performed with the following conclusiont

® Introduction of 50 ohms in series
with the sensor causes the measure~
ment output to go off-scale, high
{113.9°F)

Analysis of the signal conditioner bridge circuit showed
that the above phenomenon, can occur with a proportional change
in value of the bridge components associated with measurement
C0052.

The MMC support group at MSFC performed a sneak circult
analysis of the involved circuitry and concéluded that the problem
could be caused by drift of the integrated choppers in AM wmulti-.
plexer (¥). However, they felt that the problem was more likely
(see page 259)
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Repeat=- Self Time : Thermal
S/N ATP ability Heating | Constant | Vibration CCOH Shock Cycling |Disposition
0000001 9/4/70 9/8/70 9/8/70 8/8/70 9/16/70 10/2/70 10/13/70 | 10/13/70
: Failed
ps7461 | ~ Serep
6000002 9/4/70 9/8/70 9/8/70 | 9/8/70 9/17/70 10/2/70 10/13/70 | 10/14/70
Pailed
MARS - F/A
B57461 - Repair
~ Delivered
Spare
0006003 11/4/70 11/4/70
Failed
MARS
B77463 - Repair
11/13/70 11/13/70| = Delivered
0000004 11/4/70 11/4/70 | ~ Delivered
0000005 11/13770 11/13/70] - Delivered

Table 2.2,5-1 Temperature Transducer Qualification Test Results and Disposition
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S/N Location/Disposition S/N Location/Disposition
NO. FLT BU MISC No. FLT BU MISC
1 Scrapped 25 €0018
MMC -DEN
2 Surplus 26 C0045
Consumed
3 DEN TEST 27 Serapped
MMC~-DEN
4 Surplus 28 C0048
5 C0030 29 C0049
Failed KSG
6 0032 30 Scrapped
7 Cc0015 31 0004
8 0035 32 G0051
9 C0046 33 C0024
10 0052 34 Cc0031
11 C0033 | 35 €0038
12 0034 36 £0022
13 C0005 37 C0040
14 C0003 38 0002
' Failed
_15 ST. LOUIS 39 G0043
16 0037 40 c0031
17 c0042 41 G052
18 C0041 42 co033
19 C0050 43 C0046
| 20 €0039 bty
21 C0044 45 CQ043
22 cDo21 46 €0015
23 C0047 47 G0023
24 CO016 48 cO044

Table 2,2,5-2 Transducer Location/Disposition
(Sheet 1 of 2)
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s/N Location/Disposition s/ Location/Disposition
NO. FLT BU MISGC NO. FLT BU MISC
49 co0037 73 C0002
50 C0051 74 €0032
51 €0005 75 0042
52 0041 | 76 0035
33 0045 77 o021
54 C0040 78 0016
55 £0036 79 C0023
56 0048 _ 80 0038
57 €0047 81 |__co022
i
58 Cc0003 82 C0024
Spare MMC ~-DEN
59 MMC ~-DEN 83 : Surplus
Spare ;
60 MMC~DEN 84 :
Spare Spare
61 MMC~DEN 85 MMCG-DEN.
Spare
62 MMC -DEN 86 €0019 .
!
63 €0039 87 :
T Spare
64 _ 1 £0018 88 j MMC ~DEN
65 C0034 89 0036
i
66 0004 !
MMC~DEN
t 67 Surplus
MMC ~DEN
68 Surplus
69 c0049
70 _ 050 X
i
71 0019 L
72 0030 f

Table 2,2.5~2

Transducer Location/Disposition (Cont.)

(Sheet 2 of 2)
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due to variations in component characteristics in the signal
conditioner circuitry. Evaluation of strip chart and MOPS data
indicated a possible correlation between the erratic indications
of C0052 and the tunmel wall heaters. FExtensive analysis of
available data revealed the following:

¢ TInitial C0052 anomaly =~ C0029 and
M0516 also exhibited some erratic
movement but C0029 and MO516 be=~
came stable shortly thereafter aud
remained stable,

e C0033 provided reliable tunnel wail
temperatures in the absence of C0052,
even though it read slightly lower
than C0052 because of its location
and the vehicle attitude with respect
to the sun.

o (0052 became erratic when tunnel
heaters were turned on and/or when
the tunnel temperature increased in
an erratie fashion.

o Measurement C0052 becawe more erratic
when primary tunmnel heater #1 was on,
than when primary tunnel heater #2
was on, although both affected the
output on an intermittent basis.

Contact with the sensor vendor (Hy Cal, Santa Fe Springs,
California), revealed that no similar phenomenon had been ex-
perienced with that particular device., Efforts to correlate
the anomalous phepomenon with a cause were unsuccessful. It
was recommended to the Denver Support Room Systems Area that
the parameter should be considered unreliable and all data users
were so informed,

On DOY 349 excessive nolse was noted on low level multi-
plexer (P) measurements C0028, C0029, Cc0052z, M301, M302, M303
and M304. WMDAG-E concluded the wmost probable cause for the
problem was a change in turn-on characteristics of the second
tier switch associated with the noisy parameters. On DOY 357,
measurements on all AM low level multiplexers became erratic.
MDAG-E concluded the problem was caused by a double failure,
but could not exactly duplicate the problem at the STU/STDN
facility at St. Louis.
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These additional problems associated with the low level
multiplexer raised doubts that the C0052 measurement anomaly
was a transducer or signal conditioner failure, but rather,
may have been an indication of an inciplent multiplexer failure.

E. Conclusions and Recommendations -~ Thers have been
no confirmed temperature transducer failures since qualification
testing., The component has proven itself as a high-reliable
device for monitoring temperatures over a wide range of applica-
tions.

2.2.5.3 Pressure Transducer

A potentiometric pressure transducer was Installed in the
MDA to provide for measurement of the MDA ambient pressure.

A. Design Requirements - Design requirements for the
MDA pressure transducer are included in PD7400081 and based on
the requirements specified in CPL14A1000026D, MDA CEI.

B. Functional Deseription - The PD7400081-010 pressure
transducer was a potentiometric device housed in a stainless
steel case. One end was a pressure port with a MS33656~4 pres-
sure fitting., The other end had an electrical coannector of weld-
mount hermetic design to mate with Deutsch P/N NB6E-8-98-SNC. A
wipar arm was positioned to sweep across a precision wirewound
resistance element of 5000 ohms 4250 ohms, picking off a voltage
ratio directly proportioned to applied pressure, CGCalibration
was based on direct proportionality, 0% VR representing 0% pres-
sure, and 100% VR representing 100% pressure. The instrument
had a 1.7% static error band which included the effects of non-
linearity, hysteresis, resolution, repeatability and friction.
The range of the transducer was 0 to 6 pounds per square inch -
absolute,

Vendor for the transducer was: Servonic Division, Gulton
Industries, Inc,, Costa Mesa, California,

Transducer type was: 3031-~11801L,
The transducer was installed behind the ATM C&D console,

The transducer, fot requiring signal conditioning, was con-
nected directly to AM high level multiplexer B.

C. Test
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(1) Controlling Test Documents were Qualification
Test Procedure QIP=3031-~11801 and Acceptance Test
Procedure, ATP-3031-11801,

(2) Testing - Qualification testing of the pres-
sure sensors was accomplished at the vendor's
facility.

Two test units, SNOOQOO013 and SNOOD0014, were
subjected to the bench operating test. Post
Bench Operating Calibration indicated test unit
S/% 0000013 error band was +2.1% and -2.3%.
Maximum allowed is +1.7%. Two new test units,
SN00D0018 and SNOOODO19, were constructed and
submitted into the Qualification Test Program,
During shock test at 1500 g's, both test units
exhibited output error in excess of specifica-
tion limits, Specification limits are +1.7%
full scale 10 milliseconds after completion of
shock pulse (shock pulse duration approximately
480 milliseconds)., Test unit SN0000019 post
shock calibration failed to operate beyond 4.7
peia. Investigation revealed that wiper arm
resonance and total energy absorbed during shock
testing resulted in a relaxation of the wiper
tension. Test unit SNOO00019, was readjusted,
submitted to ATP, and then reinserted into the
Qualification Program at the Shock Sequence.
Concurrently, the transducer location became
better defined and ss a result the peak shock
load was reduced from 1500 g's to 380 g's.
SNO000018 showed no post shock functional out-of-
tolerance condition after shock testing. Re-
appraisal of shock data taken while the test unit
was run using new criteria indicated SNOQD0018
passed the higher shock level, Therefore, .this
unit was not rerun to the reduced shock level,

It was concluded that the two test units, serial
numbers 0000018 and 0000019, passed all qualifi-
cation test requirements and were qualified.

A summary of pressure transducer failure analyses (not
including SNOO00Q13 and SKNO0000L4) is imcluded in Table 2.2.5-3.

D. Mission Results - The pressure transducer was
operated continually and performed nominally throughout the
Skylab Mission,

2-261



T92-2

SERTAL MARS TEST OBSERVID

NO. NO. IN FAJLURE OBSERVED/CORRECTIVE ACTTION

000GO15 B .74494 Acceptance Thermal coefficient of sensitivity - Input to output ratio excessive

{Flignt) at +160°F, Reference cavity resealed to eliminate minute leak path
through weld, seal-off area.

233419 Receiving Ynsp. Part received needed cleaning. Vendor error-cleaned at Denver

0000016 B-91656 Acceptance Excessive deviation from last calibration. Toleranece too tight., TD
(Backup) changed to reflect new raquirement.
B-93320 Final Iusp. 5% positive shift in calibration-due to overpressurization during test.
Unit scrapped.
0000017 ¥o Mars written against this umit.
(Spare)
0000018 B-66925 Acceptance Unit failed dimensional imspection. Error in vendor drawing. Drawing
{Qual) Revised.

B-66926 Qualification Excessive error band in post bench operating cycle calibration test.
Drive band assembly was redesigned and assembled using less loading
at weld off of the band to the drive frame.

r-73818 Qualification Exceeded max tolerance condiftion during and after shock exposure,

Shock requirement of FD7400081 and QTP-3031-11801 revised,

B-75188 Acceptance Thermal coefficient of sensitivity excessive at +160°F, Failure resulted
from insufficient outgassing time during seal off process. Engineering
drawing 118-%480 revised to. specify adequate outgassing time,

0000019 B-73819 Qualification Exceeded max tolerance condition during and after shock exposure.
{Qual) Shock requirement of PD7400081 and QTP-3031-11801 revised.

B-75189 Acceptance Unit failed dimensional inspection. Error in vendor drawing. Drawing
revised,

B~-75190 Acceptance Thermal coefficient of sensitivity excessive at +1609F, Failure resulted

from insufficient outgassing time during seal off process. Engineering
drawing 118-480 revised to specify adequate outgassing time,

Table 2.2.5=3 Failure Analysis Summary - Absolute Pressure Transducer



sy g

E. Conclusions and Recommendations = There have been
nu pressure transducer f£ailures since Qualification and Accep-
tance Testing.
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2.2,6 Communcations System

The Speaker Intercom Assemblies (SIAs), which were the major
components of the MDA Communications System, were supplied to MMC
as Government Furnished Property (GFP) for installation in the MDA.

A. Design Requirements - The design requirements for the
MDA Audio Communications subsystem were identified in the follow~
ing documents:

s 50M13136 ~ Skylab Orbital Assembly Audio System
Requirements

e RSO03MO00003 ~ Cluster Requirements Specifications,
Appendix E

o CPl14A1000026 ~ MDA Contract End Item Specificationm,
Page 3-9a, Paragraph 3.1.1.2.6.3

¢ Instrumentation & Communication (I&C) Design
Crlteria 8200004005

Interface Control Documents (ICDs) which defined the design
parameters are listed below:

e 50M13122 . AM to MDA Instrumentation and
Communication (I&C)

o 50M13125 - CSM to MDA Instrumentation and
Communication (I&C)

o 50M13146 - Ancillary Equipment to Saturn
Workshop I&C

o 50M13148 - Speaker Intercom Assembly to
MDA and Orbital Workshop (OWS)

The SIAs were designed and tested in accordance with
"McDonnell-Douglas Astronauties E-~0065, Design Requirements".

Accessory equipment to enable the crewmen to interface with
the intercom was also supplied as GFP and consisted of:

e Crewman Communication Umbilical (CCU)
o Lightweight Crewman Communication Umbilical (LCCU)
» Crewvman Communication Control Head Assembly (CCCHA)
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e Communication Carrier Headset Assembly
e Lightweight Headset Assembly

B. Functional Description = The MDA Communications sub=-
system provided the Skylab unsuited crewmen with a voice com=-
munication capability within the MDA and interfaced with the
Satvrn Workshop (SWS) audio system., It enabled the crewmen in
the MDA to communicate with each other in the MDA and through=-
out the SWS .und permitted real=-time voice communication between
the crewmen and the Spacecraft Tracking and Data Network. In
addition to the voice communication capability, it included
visual and audio provisions to alert the crewmen when emergency
and warning parameters of the SWS Cautior and Warning (C&W)
systems were exceeded. The subsystem also included provisions
to support the collection of the biomedical data.

The MDA Communications subsystem consisted of three Speaker
Intercom Assemblies (SIAs) as shown in Figure 2,2.6-1,

Figure 2.2.6-1 Speaker Intercom Assembly
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The three MDA STAs were identified as PNL 102, PNL 116, and
PNL 131. PNL 102 was located at the Earth Resources Experiment
Program (EREP) console; PNL 116 was located at the M512 facility;

and PNL 131 was located at the ATM Control and Display {(C&D)
console.

‘The MDA SIAs were inoperative until the crew entered the MDA
for the first time on Flight Sl~1/2 and made the required eonnece
tions, The connections involved the following:

e Transfer of PNL 102, stowed in the Structural
Transition Section (STS), to its MDA location,
where it remained throughout the program;

e Connection of PNL 102 to the communication
cable provided at the FREP location in order
to activate both PNL 102 and PNL 116;

e Activation of PNL 131 by reconnecting the
cable formerly attached to PNL 102 at the
STS location, to PNL 131 in the MDA.

Fundamentally, each SIA sexved three purposes: 1) as an
intercom facility; 2) as a junction box for connecting the crew
communication umbilicals and biomedical communications umbilicals
to the SWS communication network; and 3) provided audfo warning
tones from the Caution and Warning (C&!) System.

Functionally, the three MDA SIAs were connected in perasiel
via two Audio Load Compensators (ALCs) located in the AM, to the
CSM communications network, as shown in Figure 2,2.6~2. There
were two independent communications channels; i.e., Channel A and
Channel B were each serxved by a separate ALC. Channel A was con-
nected to the CSM Pilot (PLT) Audio Center while Channel B was
connected to the Commander (CDR) Audio Center.

The normal intercom signal flow in the SIA-ALC-CSM audio
center network was as follows: a microphone signal, originating
from an SIA, was amplified by the ALC and sent to the CSM. Where
it was again amplified by the CSM Audio Center microphone ampli=-
fier, as shown in Figure 2.2.6=3. . Through proper switching cir=
cuits the signal was routed to the CSM A/C headset amplifier and

then returned as a speaker {or earphone) signal through the same
ALGC to any SIA monitoring that channel.
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In this mode, private on-board intercom and voice record
capability was maintained without an active ground communcation
loop. The normal mode of operation required one of the channels
to be configured as above, while the other channel was inter=
connected to the CSM S=Band transmitter/receiver to allow real
time communication with the ground,

An over=view of the CSM~MDA audio subsystem configuration
is shown in Figure 2.2.6-4., It should be noted that the SWS
intercom was inonerative in the normal configuration when the
CSM Audio Center was off. Only in an emergency mode configura-
tion was it possible to operate the SWS intercom independently
from the CSM audio center.

(1) Speaker Intercom Assemblies = Each SIA contained
the fnllowing major components and controls:
speaker, speaker amplifier, SPKR VOL control,
mike, mike amplifier, COMM CHAN sw, ICOM/XMIT
sw, CHANNEL B sw, and a MASTER ALARM and a
Record light., The functions of the above cam-
ponents were, in brief, as follows:

2269

. AR e s ok b A

OO

e VTR T e 3B TULBRAG E

i e ¢ e o



0L2-2

| S=BAND ANTENSA
GO GMAI
A

Y p—

- s ey S "

J

G 4o

ALDIC LLAD
COMPENSATLA-A
l (ALC A}
CACEL A
& INTERCLE Bua
€ . LuCATLLS)
IVA PAEL
X .
-7 a5 T )
by 2y B
) 3°° L) :1.:.:\..:.3
_ .'.__."..-—
- ol Q e |
i
i

C.ACEL -

CCU=CREWSAL. CLULOLICATION MSILICAL
EVA-LATRAVE IV LR ACTIVIIL
TVA-INIRAVELTUCLAR ACCIVIZY
SIA-SEEALER T .. o ¥ AS3L ia

ALSiC CAD

CLITENSALLR-E
ald o}

Figure 2.2.6-4 CSM/MDA Audio System



(a)

(b)

(c)

(d)

(e)

(£)

(g)

(h)

Spoaker/Speaker Amplifier - The speaker responded
to :=wo input sources: a high level alarm signal
direct to the speaker and a signal via the
speaker amplifier for voice and Low Level Alarm,

SPKR VOL - Controlled the level of voice but
not the Low and High Level Alarm Signals,

Mike/Mike Amplifier = Provided input to ALC
mike amplifier for simplex mode of communicae
tiom.

COMM CHAN sw ~ Enabled selection of Channel A
or B to the ON or SLEEP wmode. In the ON mode,
power was applied to speaker amplifier and the
Push to Talk (PIT) relay. In the SLEEP mode,
both the speaker amplifier and the PIT relay
were disabled.

ICOM/XMIT sw - With COMM CHAN sw Channel A or
B ON, the ICOM position activated the mike
amplifier and, to avoid audio feedback, inhi=-
bited the local speaker amplifier (simplex
communication). The XMIT position enabled
voice transmission to ground in addition to
the ICOM functions stated above.

CALL sw « Enabled all speaker amplifiers in
the OA with the exception of local speaker
amplifier and ICOM/XMIT relays (including
those in SLEEP mode). At the same time,
enabled the local mike amplifier and connected
its output to both Channels A and B, simul~
taneously,

RCD/OFF sw = Enabled or inhibited tape recorde
ing of Channel A or ™ mel B audio signal

(as selected by the . i SYS RCDR AUDIO sw

on AM Panel 204), Sia Record light was ON
whenever voice recording was in progress,
except when SIA was in SLEEP mode,

CHAN A (B) sw - Selected the operating mode of

the CCU/headset connected to the Channel A (B)
connector.
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LIGHT

(1) PTCORD Light « See RCD/OFF sw function.

(2) CCU Functional Characteristics - The Crewman Com=-
murication Umbilical (CCU) was used to connect
the crewman Personal Communication Assembly
(Figure 2,2,6~5) to the intercom Channels A or
B. The CCU, se shown in Figure 2.2.6-6, inter=
faced with a T~adapter which separated and routed
the audio &nd biomed funcrions to the headset and
the crew's bloinstrumentation assembly respectively,

WEIGHT HEADSET SOFT HAT

Fiéurelz.i.G;S Personal Communfcations-Assembly _
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Figure 2,2,6-6 Crewman Communications
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(3)

(4)

(5

LCCU Functional Characteristies = The LCCU contained
audio cabling to connect the crewman Personal Commun=-
ication Assembly (Figure 2,2.6-53) to the Intercom

channels at the SIA. The LCCU, as shown in Figure

2.2,6=7, connected to the Crewman Communication Con-
trol Head Assemily (CCCHA), Figure 2.2.6~8, which in
turn mated with the Personal Communications Assembly.

CCCHA Functional Characteristics -~ The GCCHA con=-
tained a volume control for the headset and a switch
for intercom or PIT (transmission to ground). Two
LCCUs could be connected in series if a longer umbie-
lical was required.

Special Mounting Criteria = Shock and vibration cri-
teria defined in the MDA CEI exceeded the qualification
testing levels imposed on the SIA. The SIA installed
at the ATM C&D console (Panel 131) was shock mounted

to attenuate the levels imposed on the SIA.

Test - As stated previously, the STAs and associated com=
munication accessory equipments were furnished to MMC as GFP.

(1)

Qualification Tests = All of these equipments, except
for the headset, were qualification tested by the
developing contractor. However, the SIAs were sub=-
jected to a delta vibration qualification test because
the MDA vibration and shock environmental requirements
exceeded those to which the SIAs had been initially
qualified.

A special qualification test was performed to verify
the attenuation of the SIA Isolation System. Accelero-
meters were installed on the SIA which measured the
vibration levels received at the SIA with the follow=
ing levels inputted to the base of the isolation
assembly,

High Level Random Criteria - 9.6 g rms, 1 min/axis
Low Level Random Criteria = 4.8 g rms, 4 min/axis
ICD 50M13148 was revised to specify the increased

random vibration levels for the SIA and the tests
were successfully performed. '
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(2) MDA Module Test at MMC, Denver = The MDA communica-
tions system was successfully tested in accordance
with Operational Checkout Procedure, OCP=D-40001,
Results of this test are Included in Section 7.0
of this report,

(3) AM/MDA tests at St. Louis and Cluster tests at KSC =
Results of these tests are included in Section 7.0
of this report.

DP. Mission Results =

(1) 8SI~1/2 = The communication system within the MDA
provided the communication and data transmission
capablility for which it was designed. There were
no anonpalies reported by the SL~2 crew, nor were
there any malfunctions reported by the ground sta-
tions, However, because of the proximity of the SIAe
in the MDA, feedback would invariably occur when
using the SIA microphone if more than one SIA was
powered on. Operational discipline was required
to mitigate thie condition.

Audio difficulties were reportedly experienced by
the SL-2 crew while conversing directly with eacu
other beiween SWS compartments. Crewmen in the (WS
could not be readily heard by a crewman in the MDA
or AM without shouting. The poor sound-carrying
condition was attributed to the £ psi cabin pres-
sure. Usage of the ICOM mode on the SfAs was man=
datory under these conditions.

Functioning of the Caution and Warning System (C&WS)
input to the SIA audio and visual alert presentation
was demonstrated through the activation of a "Service
Propulsion System'" (SPS) Pressure Low warning trig-
gered in the SWS and properly identified in the C&HS
panel in the Structural Transition Section (STS).

(2) SLw=l/3 =~ The Communication system withim the MDA
provided the communication and data transmission
capability for which it was designed. There were
no anomalies reported by the S1~3 crew, other than
the SIA feedback problem evident in the SL=1/2
mission which caused occasional degradation in the
communications.,
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Due to the close proximity of the SIAs in various
sections of the SWS, audio feedback occurred and
interferred with crew communications, especially
with the ground, A partial resolution to the feed-
back problem was made by reducing the gain of the SIA
speaker amplifiers on Skylab missions Sl=1/2 and
§L=-1/3. This wasn't completely satisfactory, howe
ever, 80 a change to the audio system was incorpor-
ated into SL-4, This change consisted of the addie
tion of an electrical load to the microphone and
earphone lines between the CSM and the MDA reducing
the overall system gein, The load on the earphone
line was active only when the PIT switch was acti-
vated.

(3) 81~1/4 - During the SL=4 mission the feedback reduc-
tion network provided a significant improvement to
the audio feedback problem., On DOY 333 SIA Panel 131
microphone circult failed. The cause of the failure
was never determined and could have been associated
with any of the following electrical components:

¢ Microphone transducer

Electronic component within microphone
channel assembly

Qutput transformer

PIT relay

TCOM/XMIT switch contacts

Comm Channel (rotary switch) contacts

o

(= I - B = I »

The unit was removed and replaced. No further pro-
blems were experienced by any of the SIAs in the MDA,

E. Coaclusions and Recommendations - The crew reported during
the SI~2 debriefing that they believed they lost some recorded
voice data due to mistakenly operating the SIA ICOM/XMIT for the
RECORD/OFF switch. They suggested that for future designs, the
switch should be shaped differently or should operate in different
directions., For future programs it is also recommended that the
design of speaker systems include testing in a full scale mockup
at flight ambients and subsequent design of the system to prevent
feedback problems. Some consideration should also be given to
design of the SIA to faclilitate operation from any angle in a
zero=G situation,

It iz also recommended that portable, wireless communication
assemblies be developed for use by crew members to allow more freew
dom of movement and positive communication with each other and/or
ground personnel,
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2.2.7 Caution and Warning (C&V) System

The MDA C& subsystem was supplied to Martin Marietta as
GFE for installation in the MDA.

A. Design Requirements « Design requirements for the C&M
System were specified in the Cluster Requirements Specification,
RS003M00003, Appendix H, System and component design was per=-
formed by the SWS Integrating Contractor. Requirements levied
on the MDA consisted of:

e A study to determine the number and location of Fire
Sensor Assemblies (FSA) required to assure optimum
coverage of the MDA,

# Provide mechanical interface for installation of the
FSAs and the Fire Sensor Control Panel (FsCP) (50M16147).

e Provide cabling information to electrical design area
to assure compatibility with OWS C&{ system functional
requirements and the AM/MDA Electrical ICD (40M35662-2),

e Provide the capability of verification and checkout of
the subsystem at the MDA module level,

B, Functional Description ~ The C& system monitored the
CSM, ATM, AM, and (WS for malfunction (outeofelimit) conditions
categorized as caution, warning or emergency, and identified
malfunctions by visual and distinctly coded audible alarms.
Functionally, the caution and warning system was divided into a
Caution and Warning (C&¥) subsystem and an emergency subsystem,
The C&W subsystem monitored OA systems performance parameters
categorized as caution and warning conditions, The emergency
subsystem monitored two hazardous conditions: fire in the MDA,
AM and WS, and a rapid decrease in pressure (rapid AP) within
the 0A, Each subsystem was further divided into twc subsystems,
providing redundant parallel parameter monitoring and malfinec-
tiop indicators. The C&W system was active only when the SWS
was manned. No ground control of the C&J system was provided,

The components used to detect and initiate a caution and
warning alarm (high or low limit detection) consisted of C&W
sensors, CO detector module and C& signal conditioning display
convertere. Emergency condition detection was provided by two
rapid delta=-P sensors located in the S$TS, and 22 fire sensors

2.279




installed throughout the SWS. The two Fire Sensors, one Fire
Sensor Control Panel (FSCP), and the Master Alarm lights located
on each Speaker Intercomm Assembly made up the C&8 subsystem in
the MDA, (fee Figures 2.2.7=1 and 2.2,7=2,)

All circult breakers for the emergency subsystem were located on
Panel 202 in the AM. Power on/off control was provided by POVER
EMERGENCY 1 switch (Panel 206) for subsystem 1 and POWER EMERGENCY
2 switch (Panel 206) for subsystem 2, EPS control bus 1 supplied
power to emergency subsystem 1 and EPS control bus 2 supplied power
to subsystem 2, Either subsystem could be disabled and the remaining
operative subsystem would provide monitoring of all emergency
parameters, however, all fire sensor power switches would have to

be configured to the operative subsystem (BUS 1 or 2). All circuit
breakers and control switches, except for the Fire Sensor Control
Switch, were in the AM STS,

(1) Ultra Violet Fire Sensor Assemblies = Each UV fire
sengsor used 4+ 28 vdc for internal power and provided
two output signals upon sensing a flame within its
coverage zone or application of test signal
(Figure 2.2,7-3), One signal latched on the fire
sensor idencification light on the fire sensor
control panel, and the other drove a relay in the
fire sensor control panel as long as a flame was
sensed, The coverage zone by each sensor was a
120~degree cone with the apex being the sensor
element. An external semsitivity adjustment
{requiring a slot screwdriver) set the sensor
electronics sensitivity, Numerals 0 through 5
provided a range of 75 to 25 counts per second
with position 4 {35 counts/sec) being the normal
setting. The shielded background sensor provided
protection against false alarms due to high energy

. particles in the South Atlantic anomaly,

(2} Fire Sensor Control Panel (FSCP) -~ The FSCFE
provided controls for operation and test of the
fire sensor assemblies. See Figure 2.2,7-4,

The FSCP had the capability of controlling both
sensors in the MDA, Two power switches were
provided, one for each sensor, which allowed
manual selection of one of two normally energized
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8ensor,.

buses capable of supplying power to the respective
A master alarm reset/test switch was pro-

vided for testing the sensor(s) and resetting the

SWS C&W system,

A rved display lamp was provided

for each of the two sensors and remained illuminated
until power was momentarily removed from the seunpvi.
Each display contained one bulb which drew 40

milliamperes of current when illuminated,

The bulbs

and lenses on the panels and the panels themselves

were in=-flight replaceable,

When both sensors were

energized, the panel dissipated 5.5 watts of power,
The FSCP weighed 1.4 pounds.

(3) Fire Sensor Test = Individual fire sensor testing
was accomplished by the MASTER ALARM RESET/TEST
switch on the respective remote fire sensor control

panels (Figure 2.2.7-5).

Actuation of the MASTER

ALARM RESET/TEST switch to TEST applied a test signal

to an UV test source in sensors 1l and 2,

Individual

fire sensor testing was accomplished by turning
power off to either sensor 1 or 2 as desired prior
to performing the test.

MASTER ALARM reset and cycling of the sensor power
; switch to off and back to the bus 1 or 2 position
f was required after each sensor test.
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(4) Performance and Design Data = UV Fire Sensor

Assembly
e Input Voltage 18 to 33 vdc
¢ Input Power 3.6 watts standby,

6 watts active
e UV Spectrum
Sensitivity 1850 to 26508
e Response to Test Approximately 1 sec
® Size 5.3 x5 x 3.15 inch
» Weight 5.8 pounds

For a more complete description of the Skylab Caution and
Warning System, see MSFC 40M35701, Skylab Caution and Warning
Technical Manual,

¢, Test = The FSCP and FSA were provided to MMC~Denver as
GFE to be installed in the MDA. Subsystem testing was accome
p’ ished on=board the MDA per MDA-OCP=D~10001, An ultraviolet

light test tool was designed and functionally tested per
SK820DM6020 OP125.

Two fire sensors failed subsystem testing. The units indi=-
cated the presence of a fire during a background noise verifica-
tion test, The units were bench tested and all hardware functioned

per specification. The test requirement and procedure were sube
sequently rewritten,

The MDA C&V subsystem was satisfactorily tested in St, Louis
and at KSC per STACR ED-2002-2020.

There were no other failures in the C&! subsystem during
Denver Testing.

D, Mission Results - C&{ hardwere components in the MDA
functioned satisfactorily throughout the Skylab mission.

E. Conclusions and Recommendations - The Caution and Warning
system performed its intended function adequately, However, it
is recommended that future designs provide sufficient isolation
to prevent intra=system noise from inadvertantly coupling into
other systems, For example, the converter switching spikes asso=
ciated with the emergency power rjstem caused data perturbations
on MDA Temperature measurements. Modifications were incorporated
but the problem was never totally eliminated,
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2.2.8 Television (TIV) System

Major TV system components installed in the MDA included a
Video Switch, Television Input Station (TVIS) and a Video Tape

Recorder (VTR), (Ref, Figure 2.2.8-1).

A discussion of each of

these components, including their contribution to the performance

of the CA TV System, is included in the following paragraphs.

ATM MDA CSM
ATM ATM
ows Video| |Video
1 2
50M16131 50M16159
50M16149 Video Video CSM
Selector= Tape M Switch Trans-
Switch | |Recorder mitter
[TV v TV
Input ==l Input f== |nput
station| [Station| |Station S0M16149
L | - j - o
AM] [TV —
mput input W
S0M16154 Station Station iCamer
- T ===
Monitor Power ,.l.=
~ L}
Camera 50M13122 50M13125  Monitor

Figure 2,2,8-1 Skylab TV System

2.2.8.1. Video Switch

A, Design Requirements - The design requirements for the

Video Switch were specified in Drawing PD7100078,

The system re-

quirements applicable to the Video Switch were specified in the

following ICD's:

50M16132

Requirements

50M16139
50M16131
50M13122
50M13125
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B. Functional Description - The Video Switch, Figure 2.2,.8-2,
provided manual switching and conditioning of TV video signals from
the ATM or the MDA/AM/OWS TV bus,

Figure 2.2.8-~2 Video Switch

The switch was a three-position rotary switch with positions for
AT MON 1, ATM MON 2, and TV. The switch was hardwiied to two 75
ohm coax cables from the AM/ATM interface and one 93 ohm cable from
the MDA TVIS. Another 93 ohm coax connected the video switch out-
put to the VTR and through the VIR to the CSM unified "S" band
transmitter., Power (28 VDC) was supplied from the Airlock Circuit
Breaker Panel 202, The unit had no local power switch, The unit
conditioned the video signals as follows: ATM impedance of 75 ohms
was converted to 93 ohms and the ATM video signal bias and ampli-
tude were adjusted so as to be compatiple with the S-band trans-
mitter. The portable TV camera bus signal was not conditioned.
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The ATM signals were isolated from each other, each having a
gseparate power supply and conditioning circuitry, Adjustments
were provided for both gain and bias.

The ATM TV camera video for each of the two channels was se-
lected at the ATM C&D panel from one of five TV cameras in the ATM.
The video being viewed on the ATM C&D TV monitor #1 could be routed
to the VIR and/or transmitter by placing the video switch in the
ATM MON #1 position, Likewise, selection of ATM MON #2 permitted
that video being viewed on ATM C&D TV monitor £2 to be routed to
the VIR and/or transmitter.

In the TV position a relay was activated which connected the
output of the TV bus through the video switch to the VIR and trans-
mitter. When in either ATM position, the TV bus coax was connected
to a 93 ohm load internal to the video switch, with the shield being
connected to structure. This provided a fault current path in the
event of a short in the portable camera,

The Video Switch had three event measurements which indicated
switch position to the ground controller via the AM telemetry sys-
tem. These were 28 V indications to the TM system and were dig-
played on the ground console as ATM MOR 1, MON 2 and TV,

C. Test - The test requirements for the Video Switch were
specified in the PD7100078 drawing. DBendix Corporation Report
No. 5426A covered the qualification testing. There were no anom-
alies reported in the following tests:

e EMI: MIL-I-6181 and CEQl, CSO06 of MIL~STD-461

# Thermal Vacuum: Temperature - +.0°F to 90°F;
Pressure -~ 321 om Hg to 5 mm Hg

e Vibration: 7.4 grms for 1 min/axis; 3.7 grms for 2 min/axis
e Shock: 60 gs ~ 6 shocks/axis

» CCOH: 1 percent salt solution followed by oxygen and
humidity

® Temperature Altitude, and 'Storage: Temperature -40°F
to +160°F; Pressure, Sea level to 35 K ft

Because of the addition of the TV bus relay which provided a
ground connection for the shield, a Delta Qualification Test was
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performed which consisted of Acceptance Tests and Delta Qualifi-
cation Vibration. There were no failures reported. The results
of these tests are covered in Bendix Corporation Report MT-17,70L,
dated October 1972, The systam testing at Denver and St. Louis
was minimal. The unit received comprehensive system test at KSC
with the complete flight OA TV system.

The two ATM channel goain and DC offset settings were pre-
set at KSC during testing with video signals. ''he settings could
not be verified during test since the ATM TV cameras could not be
activated while in the VAB cluster test configuration., Minimal
stimulation of the XUV MON, XUV SLIT, and WLC VIDICONS was pro-
vided to verify that video was trunsmitted as selected, and that
the DC offset was correct.

There were no anomalies during KSC testing. One system
problem, where the shields of the TV bus were found to be grounded
through 475 ohms, was traced to a safety wire configuration on the
Deployment Assembly. The 475 ohm reading was traced to resistive
elements in the Video Switch and enabled isolation of the fault to
the Deployment Assembly, The Video Switch proved to be easily

adjustable and performed as required during all testing prior to
launch. '

During backup article testing at St. Louis, a failure occurred

in one of two amplifiers in S/N 6, The failure was found to be a
broken wire internal to a potted module. The wire had apparently

been stressed during the build cycle and had broken under thermal
cycling during shipping and storage. Other units, including the
second amplifier of S/N 6, were thermal cycled to gain confidence
as to the reliability of the flight units. All units were twice
cycled over the range of 30° F to 90° F with no failures observed.
Therefore the flight units were not removed from the vehicle. No
other anomalies occurred during backup article testing.

D. Mission Results - During the first manned mission there
were no reported anomalies. However, a problem was noted with the
knob on the Video Selector Switch (VSS), The crew requested the
ground to advise them of the position of the switch on one ocea-
sion. They then reported the knob was loose. No further dis-
cussion was heard or reported, and the switch was observed to be
working normally during subsequent passes by monitoring the ™
indication of switch positions. Apparently, the Allen set screws
worked loose and were retightened by the crew.
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E. Conclusions and Recommendations - The Video Switch proved
to be a very reliable component of the television system, Except
for the one incident of the loose knob, there were no anomalies
during the nverating life of the unit,

Some recommendations which are applicable to the Video Switch
are as follows:

(1) The gain and bias pot adjustments were too deeply
recessed and the A-l1 amplifier packaging design
made alignment of these pots difficult.. A
larger, more rugged pot should also be used to
avold adjustment screw breskage. Repackaging
the A-1 amplifier as recommended above should
also include a new mounting technique for the
pot that will place it closer to the external
surface of the Video Switch case,

(2) A post ATP thermal cycle should be introduced into
the test program for new Video Switch bullds.

(3) High torque operated rotary switches (70 in.-o0z. or
more) should have a special knob attachment so that
repeated operation does not overstress the set
screws and cause the knob to loosen.

,2.2.8,2 TViS

A. Design Requirements - The requirements governing the de-
sign of the Television Input Station (TVIS) were imposed by the
following Interface Control Documents (ICD's):

50M13125 CSM to MDA Instrumentation and Communication
Requirements
50M16132 Skylab Orbital Assembly Television System
Requirements
50Mi6149 TV Input Station to AM and OWS Require-
"~ ments
50M16154 Portable Television Camera Assembly to

SWS Interface
The design requirements are summarized in the MMC document,
"IV Input Station; Equipment Specification, 82000003816". The

detail drawinge which were used in the build of the TVIS are
listed in Table 2.2.8-1.
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82000003800

TOP ASSEMBLY - TVIS

82000003801 TOP ASSEMRLY SCHEMATIC -~ 'IVIS

82000003816 EQUIPMENT SPECIFICATION - TV INPUT
STATION

82000003818 TEST SPECIFICATION - TV TINPUT
STATION

82000003826 CASE AND COVER

82000003827 INPUT F1LTER

82000003828 INDUCTORS - INPUT FILTER

82000003829 PRE-REGULATOR ~ CONVERTER - TVIS

82000003830 TRANSFORMERS AND INDUCTORS -
DC-DC CONVERTER

82000003831 OUTPUT FILIER

82000003832 INDUCTORS OUTPUT FILTER

82000003833 AMPLIFIER - TVIS

Table 2.2.8-1 TVIS Build Drawings

B, Functional Description - The TV Input Stations accepted
video signals from the portable TV camera, amplified and signal
conditioned the signals and routed them to the SWS video bus, A
variable gain adjustment was included to enahle the TVIS to be
utilized throughout the SWS, The variable gain was used to main-
tain a constant signal level at the MDA/CSM interface.

The IV system maintained a single point ground at the CSM.
Isolation of the signal return from both the case and the power
return was required in the TVIS, The former was accomplished by
development of a bulkhead connector which, by means of & teflon
insulating sleeve, maintained this isclation. The latter was
maintained by use of a transformer isolated DC-DC converter.

The interface with the Portable Camera was by means of an
Air-Lock microdot connector. This connection supplied +28 VDC
system power to the camera. The video signal from the camera
was also carried on a coax pin in the same connector,
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The final flight TVIS configuration was an 82000003800-020
(see Figure 2.2.8-3). The units built for the One-G Trainer were
of the same configuration, with one exception, The EMI filters
which were replaced on the flight units,(2.2.8.2.C.4), were not
replaced on the One-G Trainer units. The reason for this was
that the form and function of the filter was not changed; only
additional testing was added to improve reliability. A total of
five units were built for the One-G simulators.

The TVIS units were built for operation in the Skylab environ-
ment for a minimum period of eight months. The unit itself was
electronic in nature with the only mechanical part, the power
switch, rated at 20,000 cycles at full load. All other parts were
adequately derated and heat sinks were provided to extend the life
of the unit to its maximum.

The unit's design was discussed at various NASA and MMC
reviews., The purpose of the reviews was to verify that the
unit met all specifications and to familiarize using agencies
with the electrical and mechanical interfaces.

Figure 2.2.8-3 TV Input Station
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As a result of the build cycle, three deviations we.e re~
quested and grant.d:

DaR MDA #7 = Approved use of an increased plating

thickness of solder on PC boards (devi-
ation from MSFC-STD-154A),

DAR-MDA #13 - Approved use of plated-through holes for

qualification PC boards (deviation from
MSFC-STD-1544).

DAR-MDA #20 R1 . - Approved EMI test deviations as discussed

in paragraph 2.2,.8.2-C(2} below.

C. Test - Summary ~ There were two (2) specific programs of
testing performed on the TVIS at the component level., These were
the development and qualification testing programs. Each unit was
also subjected to the required acceptance tests,

(1)

(2)

Development Tests - The purpose of these tests was
to prove out the design prior to fabrication of
the first production unit, It was decided to test
the TVIS in the most severe environments; i,e.,
random vibration, shock, and temperature., The vi=~
bration test was run to 32 grms for 1 minute per
axis and was followed by a run of 28 grms for 2
minutes per axis, The TVIS was shock tested at
380 gs. A temperature test was performed to ver-
ify the D,C. bias drift and pgain stability over
the range of -50°F to +180°F,

Puring vibration, two parts failed due to improper
bonding and mounting. Rework was accomplished and
a successful vibration and shock test was run. No
problems occurred during shock or temperattre test-
ing. Over the temperature range tested, -50°F to
+1809F, the D.C. blas drift totalled 97.6 milli-
volts, However, over the operating range of the
unit, +25°F to 4+125°F, the drift was 4,4 milli-
volts,

Qualification Test (Report #3278) - The purpose of
the qualification test was to assure flight environ-

ment compatibility of the TVIS using worst-case
cluster-assigned environments., The tests included
the following:
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® Temperature, Altitude, and Storage: Temper-
ature, -50° F to +120° F; pressure, Seal
level to 35K ft.

® vyibration: 32 grms/oxis for | min/axis;
26.6 grms/axis for 2 min./axis.

® Shock: 380 g's - 6 shocks/axis.
® EMI: MIL-S1D-461 and MIL-STD-462.

® CCOH: 1 percent salt solution followed by
oxygen and humidity.

® Thtarmal Vacuum: Temperature 25° F to +120°F;
Pressure 1 X 106 peia.

The TVIS successfully completed all tests with the
exception of EMI and vibration. There was no evi-
dence of contamination due to salt or oxygen. The
drift of the IVIS during thermal vacuum test was .
12 millivelts, During vibration, an intermal con-
nector, Pl, bacled off during the first test, This
connector was located in a position where it could
not be torqued adequately. Bonding compound was
placed across the plug and receptacle. The tests
were continued successfully. However, the unit

failed portions of the EMI tests (see Table 2.2,8-2)

as follows:

(a) Radiation Susceptibility - Out of specifica-
tion at 59 MHz to 62 MHz.

(b} Narrow Band Interference - Out of specifica-
tion at 120 MHz, 436 MHz and 800 MHz,

{c) Broadband Interference - Out of specification
due to input power switching.

A deviation was received for the following reasons:

® (a) and (b) - There were no transmitters oper-
ating at these specific frequencies in the QA.
® (c) - Broadband interference occurred only
when the TV was switched on. Since this was
infrequent, it was not felt advisable or
necessary to redesign.
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EMI DEVIATION SPEC LIMIT L—— MEASURED REMARKS
1. Conducted interference + 28 V lead to IVIS 90 db 149 b Violation only occurs
Broad band auvdioc + 28 V return to TVIS 90 db 140 db when power switch is
Method CEOl + 28 V load to TV Camera load 90 db 119 db actuated
2. Conducted interference + 28 V lead to TVIS 70 db out of spec|Violation only occurs
Broad band method CEO03 when power switch is
‘ + 28 V return to TVIS 66 db out of spec|actuated.
28 V .lead to camera
load 40 db out of spec
3. Conducted narrowband + 28 V to TVIS 11 db above spec [The emission was found|
limit to be common mode
Method CEO3 + 28 V to TVIS 13 db above spec ;2333{37. and peaks of
limit ‘
E: 4. Radiated interference from 14 KHz to 240 KHz 25 db above spec |Violation only occurs
2 Broad band method CEO03 at 25 MHz limit when power switch is
actuated.
5. Radiated interference at 436 MHz 18 db out of spec
Narrow band method REO2 at 880 MH=z 7 db out of spec
6. Radiated susceptibility Exceeded level from 1.0 Volt/Meter|Reduced RF level
Method R503 59 MHz to 62 MHz to .25 Volt/meter
or 12 db below
required level to
pass.
NOTE: TVIS is ON cunly when camera is

plugged in and TV system
curned ON,

Table 2,2.8-2 TVIS EMI Deviation Report



o ey e SRS L T

e

o R 1, e e v oM TR b el R TR

et

(3) Delta Qualification - Report #3512 - Due to a re-

(4)

(5)

vision in the vibration requirements, a delts test
was performed. While the overall composite level
wos lower (27.7 grms), there was much more energy
concentrated at the lower frequencies. This was
the main reason for the performance of the test.
The test was successfully completed using S/R 7
TVIS with no anomalies,

Acceptance Test - The purpose of the acceptance
test was to prove out the assembly of the produc-
tion units, The test consisted of a thermal cycle
test and a vibration test at 7 grms/axis. A func-
tional test was also run before and after each en-
vironment. The results of the ATP tests were suc-

cessful., The major anomalies consisted of the
following:

® ST8BDB EMI filters had a shorted capacitor,
The problem was traced to foreign matter in-
side the filter., 4ll filters were returned to
the vendor for additional tests to update the

part to "hi-rel" status. All filters in the
TVIS were replaced,

The bottom shell of the 5T82D29 connector (J1
and J2) became loose. This was corrected by
the addition of a small amount of "Locktite"
to the threads as well as torquing the bottom
shell to 8 to 10 in.-1b.

The above changes were incorporated into the draw-
ings. The functional tests and the final check-
out of the TVIS consisted of the following:

Impedance
Isolation

Gain and Bias
Frequency Response
Insertion Loss
Power

System Test - The system test program took place
at Denver, St., Louis, and KSC.

At Denver, all tests were completed successfully

with the exception of an isolation test., This test
showed a short between the +28 VDC power return and
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(6)

structure. The problem was traced to a shorted EMT
filter (see C.(4), herein)., As noted, all EMI [il-
ters were retested and replaced.

At St, Louis no anomalies occurred., However, during

a system development test excessive reflections were
noted, The problem was traced to the impedance mis-
match caused by the 10 ohm output impedance of the

TVIS and the impedance characteristics of the RG 180
coax ot these relatively low frequencies. All TVIS's
were returned to Denver and the output impedance

raised to 93 ohms. During subsequent system testing at
St. Louis, no further anomalies were reported,

At KSC, a series of anomalies occurred. One was a
reported gain change. The output of S/N 1l was re-
ported to have been set to 3,72 VP-P, After a
period of time it dropped to 3.24 VP-P, Subsequent
burn-in testing, thermal cycling and vibration test-
ing with 100 percent monitoring could not verify the
failure. The unit was sent to St., Louis as the in-
flight maintenance unit for the backup article,

The next anomaly was reported against S/N 16. This
unit was located in the OWS which was tested for the
first time at XSC. The offset voltage was reported
to be high and out of specification., In testing and
investigation at Denver it was discovered that a
selected value resistor was chosen incorrectly. Re-
selection of the resistor corrected the problem and
retest resulted in no further anomalies, All other
TVIS records were checked to verify correct resis-
tor values.

The next problem that occurred at KSC was mechani-
cal. It was discovered that the portable camera
cable did not mate with S/N 13 TVIS. The problem
was traced to a tolerance build-up of the camera
cabl> connector. However, the solution was to
tigitnn i e tolerances allowed on the TVIS side and
use shim+ .uder the Airlock adapter where neces-
sary. This approach was chosen because it was the
quicker solution and would not require retest. No
further anomalies occurred during the rest of the
system testing at KSC

Backup System Testing - As a result of the flight
system and development testing programs no signifi-
cant problems occurred during the TV testing that
could be attributed to the TVIS. Backup system
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testing was the same as that performed on the £light
Vehic ].e .

All anomalies encountered during the entire testing

phase were inalyzed and proper design adjustments

were made, These changes were all incorporated in- ;
to the quaiification and production units, 5

Special Testing

{a) Relay Moisture Test =~ An alert against Tele-
dyne RF relays was concerned with inoperative con-
ditions, die to moisture internal to the relay. At
the time a requirement was made to test all relays
(CCBD800-70-0859) prior to installation, only two
TVIS units were left to build., As a result, only

two relays were tested. The test conslsted of
energizing the relay at 140 percent of rated coil
operating voltage for a period of two and one half
minutes., An electrical check of the relay was per-
formed before and after the stress test. The primary
characteristic observed was the insulation resistance.
A change in the resistance before, during, and after
the test would show the presence of moisture, 1In

the test no change was noted and the relays were
installed in S/N's 17 and 18,

{(b) Gain vs Turns - Due to the interchangeability
of the TVIS units it was decided to run tests to
determine the gain adjustment when moving the unit
from one position to another in case of a failure.
The results were first found analytically using
specified cable losses, The analytical results
showed the adjustments were needed. However,
tests both at Denver and at St, Louis showed that
the total adjustment was less than 3/4 of a turn,
This was felt to be so nominal an adjustment that
it would not be needed if it became necessary to

- perform a change~ont, During SL-4 this was proved

to be true when the spare was used as a replacement
for the TVIS in the OWS., No adjustment was made
and the video received was satisfactory.

Mission Results

(1) SL-1/2 - No anomalies occurred during the first

‘Skylab mission which could be attributed to the
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WIS, All units, with the exception of the AM
TVIS, were used during real time TV transmission.
The units in the OWS were subjected to higher wall
temperatures as a result of a meteoroid shield loss
during launch. However they still operated proper-
ly with no observable problems, Flight performance
was analyzed by viewing flight video data. Nominal
performance by all units was indicated,

SL-3 ~ During this mission all units were used,
The AM unit was used during the EVA of DOY 236,
During this EVA the camera falled due to over-
heating. To verify that it did not cause a prob-
lem with the TVIS, the AM unit was used at a later
date., No problem was observed,

SL-4 - During the mission all units were again used.
On DOY 361 the crew reported a broken pin in the
Airlock/Microdot conmector on the TVIS located in
the OWS., At the crew debriefing it was stated that
the pin had been broken while attempting to
straighten it, No explanation of how the pin was
bent was given, The unit was replaced and the
mission was completed with no further anomalies.

E. Conclusions and Recommendations - The prime areas of im-
provement for the TVIS would be:

1)

e Increase in the gain-bandwidth product
e Use of a potentiometer for bilas adjustment
e Use of smaller connectors for J1 and J2,

The need for the increase in gain-bandwidth became
evident when the output impedance was raised to

90 ohma. The original design had a 10 ohm output
impedance, Analysis had shown that there would be
little reflection due to the mismatch. However,
actual system tests showed that reflections were
greater than expected. To reduce the reflection,

the output impedance was raised to 93 ohms. As a re=
sult, the gain needed to maintain the required out-
put was increased. The efiect of this was more roll-
off from 2 MHz to 4 MHz, The exact roll-off is shown
in Report ED-2002-1550, For future usages, thought
should be given to improving this design.
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(2) A potentiometer could have been used for the bias
adjustment. Possible movement during vibration was
the main reason for not using it. However, the
use of a gain potentiometer provided an ex~mple of
satisfactory stability of a cermet potentiometer,
If the bias potentiometer had been used, time would
have beun saved when the R7 (bias select) was re-
placed as a result of specification change.

(3) In the design of “he TVIS a new coax connector was
developed which provided isolation of both center
pin and shield from chassis ground. The connéctor
worked well, however, it was very bulky for a unit
of the TVIS's size. A TNC bulkhead mounted on
fiberboard would have been adequate and would have
reduced the overall envelope.

2.2.8.3 Video Tape Recorder (See Figure 2.2.8=4)

A. Design Requirement - The Video Tape Recorder (VIR) was
a modified version of the RCA ERTS VIR originally built for Goddard
Space Flight Center. The Interface Control Documents which
deseribe the VIR are:

ICD 50M16159 -  Video Tape Recorder and Audio Splitter
' to Multiple Docking Adapter Interface

ICD 50M16132 -  Skylab Orbital Assembly Television
System Requirements

B, Functiopnal Description - The Video Tape Recorder con-
sigsted of a tape Transport Unit (TU) and an Electronics Unit (EU),
each in its own separate package. The TU was installed in &

21,5" X 15" X 6.5" hermetically sealed housing. The EU was pack-
aged in a 16.75" X 16" X 7" housing. Thesze two units were con-
nected together via four cables and had a combined weight of ap-
proximately 74 pounds exclusive of interconnecting cables, The
transport contained 2,000 feet of special two-inch-wide video re-
cording tape which was scanned transversely by a rotating head with
a head to tape speed of 1,964 inches per second. The tape was re-
corded or played at a tape .speed of 12 inches/second resulting

in a 30-minute minimum record time, The rewind speed was four
times faster. The wide-band recording electronies were function-
ally similar to those used in conventional broadcast television
recorders, The recorder had a bandwidth of 4 MHz.

All circuitry was designed to insure an operating life per~
formance of three years.
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Figure 2,2, .~4 Video Tape Recorder

The recorder electronics included circuitry for control and
telemetry. The VIR could be controlled manually or by ground com-
mand with the exception of playback, which could only be controlled
by ground command. The command system had beez1 designed such that
command sequencing was performed internal to che recorder, thus de-
leting prerequisite commands from most VIR operating modes., The
following functions could be commanded from the ground:

Headwheel Drive Motor Onm,
Headwheel Drive Motor Off,
Fast Forward,

Rewind,

Playback,

Record.

The VIR provided an output signal to the MDA for telemetry
transmission of tape position, This signal was a 0 to 5 volt
signal in which five volts indicated no tape had been used, and
zero volts indicated that all tape had been used,

The VIR was connected to a Speaker Intercom Assembly (SIA)
in the Skylab audio system. The VIR accepted & voice signal from
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the earphone circuit and interleaved it with the recorded video

such that a single composite signal was avallable for transmission
to the STDN.

In the event that one or more external VIR command lines
became disabled, a separate device called the Command Transfer
Unit (CTU) could be used to sacrifice less important commands
and restore necessary ones, The CTU was essentially an ine=line
patchboard which permitted cross-patching of command functions.

C. Test = A nonflight VIR was installed in the MDA at

St, Louis. During icolation testing the 28 vdc return line was
found to be only 10 ohms above structure ground instead of the re=-
quired isolation. The VIR was returned to the manufacturer for
rework, After rework the unit was reinstalled into the MDA at

St. Louis and tested briefly. During this test, data was recorded
rud played back through a CSM simulator and transmitted to an S=
Band STDN receiver. This nonflight unit was then returned to RCA,

The f£light VIR was installed in the MDA at KSC, Isolation
tests determined that an audio cable shield was grounded. This
was traced to a VIR connector pin which was grounded internal to
the VTR. Although this ground was in conflict with the control-
ling ICD, the module cable shield termination was changed in the
interest of speed and simplicity,

Subsequent testing revealed that the“tapesremaining'telemetry
channel calibration was incorrect. A problem also developed be=
twveen the VIR and the audio splitter. The audio splitter was GSE
equipment whose purpose was to racover the audio recorded on the
VIR, The bias in the VIR was not compatible with the audio split-
ter and the voice recordings were not latelligible, As a result,
the VIR was returned to RCA for rework.

During retest, streaks were occasionally seen across the mone
itor, The problem was traced to the interleaved audio. However,
since it was only observed when the audio levels were high and the
monjitor was set up for high contrast, it was judged acceptable.

No further anomalies occurred during testing.

D, Mission Resulcs = VIR

(1) Skylab 1/2 - The VIR operated properly throughout
the SL=1/2 mission, All uplink commands were suce
cessfully exercised except the RECORD function.

The RECORD function was always operated by the crew.
Since all commands operated satisfactoxily it was
not necessary to utilize the CTU during SIs1/2.
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3)

Skylab 1/3 - The VIR operated properly until mission
day 6, when it failed during a playback, On-board
troubleshooting, ueing ground~formulated procedures,
isolated the probable cause to the EU. The crew
replaced the flight VIR with the inflight maintenance
unit and restored video recordi~g capahility. It was
thought that the TU may have br.:n damaged, either by
the EU failure or the faet thut it had been left ON
for approximately 13 hours., Skylab Test Unit (STN)/
STDN testing revealed that only the failed EU need be
replaced.on the next mission (SL-4)., The EU from the
backup MDA VIR was being prepared for launch on Sl=4
when a loose connector was discovered on the unit.

It was found that the connector nut had not been
epoxied in place. The connector was tightened and
epoxied, aud the unit was shipped to KSC for launch
on Sk=4,

Failure mode anelysis on the ground led to the deci-
sion to have the crew remove four printed circuit
boards from the failed VIR EU, This was done accord-
ing to a procedure developed on the ground. Upon
return of the four printed circuit boards to the
manufacturer, fallure analysis isolated the failure
to an inductor on the Video Demodulator board, The
failed inductor was replaced and all four cards were
inspected, X-rayed, temperature-~cycled and tested,
These four boards were launched on Sl=4 for replace-
ment in the failed VIR EU.

The inflight maintenance VIR operated properly
throughout the SL-1/3 mission after its installa=
tion on mission day 6.

The CTU was not used during SL-1/3,

Skylab 1/4 = The VIR operated properly during the
entire SL=-1/4 mission. The four P.C, boards carried
in the CSM by the crew were not used. The unit
installed on mission day 6 of SL-l1/3 operated suc=
cessfully and so there never was a need to repair
the unit which failed. No problems were indicated
with the uplink commands, As a result the CTU was
not used during SL=4,
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E. Conclusions and Recommendations = The flight VIRs ade-
quately performed the required functions throughout the manned
Skylab missions. However, the following recommendations would
enhance the capability and usability of the VTR,

(1) Remote switching would allow a crew member to start
and stop the receorder without going to the VIR loca=
tion in the MDA,

(2) A visual readout of tape pcsition, which could be
read by a crew member, would aid in tape management,
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2.2,9 Crew Systems

2,2.9.1 Crew Stations

A. Design Requirements -~ The design requirements for the MDA
Crew Stations were delineated in the Cluster Requirements Speciff-
cation (CRS) RSO03M00003, The following is the Crew section from
the CRS, Appendix G:

Crew Stations - The crew stations established for accomplish-

ment of mission activity are generally located as shown in
Figure G~1 (figure not included herein).

Multiple Docking Adapter (MDA)

a, In addition to those requirements specifiﬁd in paragraph
3.1.1.1.4.2.2 of the basic Cluster Requivrments Specifica~
tion, the following items shall be provi<-J in the MDA:

1) Lighting and associated controls.

2) Caution and Warning System (audio only),
3) Communication stations.

4) Ventilation fans,

5) Astronaut mobility/stability aids.

6) Utility outlets (high and low power). -
7) Experiment and viewing windows.

Also applicable were Sections 3,1.1,1.4,2.2 Multiple Docking
Adapter (MDA) which specified the basic requirements for cluster
integration of the MDA, and 3,1.3.7 which referenced MSFC-STD-267,
10M32447, and MIL-STD-1472 as guides for standards and practices
for human engineering design for new hardware and Appendix G, Crew
System Design Requirememts, Section 2,1 System Requirements.

B, Functional Description -~ This section described the crew
stations of the MDA, The MDA had crew work stations at the ATM C&D
conscle, EREP C&D panel, EREP Viewfinder Tracking System (VIS), and
the M512/479 Material Processing in Space Facility (MPF), Because

of its small volume, the MDA module was also treated as a crew station
in the evaluation,

This crew station section will discuss work space, work space

layout, reach envelopes, habitability factors, and compatibility
between crew stations.
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The term crew station was rather a generalized term. Originally
it was associated with control panels and experiment installations
but as the MDA received additional installations such as the EREP
expariment, the VIR and numerous stowage containers, the whole of
the MDA was looked on as a crew station by the f£light ecrew. With
the growth of the MDA installed experiments, it became obvious that
task and volume sharing was required and this requirement became
part of the crew station definition. The primary criteria for
defining a crew station was the provisioning required for long dura=-
tion, two-handed tasks. Where these requirements were identified
a foot restraint was provided; i.e,, EREP C& Panel, ATM C&D console,
and the M512/479 facility. The single exception was the VIS crew
station for EREP, The foot restraint for this station was deleted
at the astronauts' request., The rationale for the VIS was that hand=-
holds mounted on the VTS panel would adequately position the operator
and give hiu the freedom to quickly move away from the station and
back again, The crew believed this would be easier to do if they
did not have to disengage their feet from the foot restraint grid.

Each crew station was evaluated by task analysis to establish
the operator's functions, His xeach and work envelopes were major
constraints for positioning the foot restraint at the crew statiom,
Tradeoffs and compromises were made as required and on occasion,
equipment was re-poeitioned, e.g., the positioning of SIAs at EREF,
M512/479 and ATM C& console. Where operator volume sharing was
required, the scheduling c¢f the experiments was studied to assure
no conflict existed such as between EREP VIS and the M512 which share
the same work envelope.

(1) ATM C&D Crew Station (Ref, Figs. 2.2,9-1 and 2.2,9=2) =
The ATM Crew Statlon hardware consisted of the C&D
Panel, the ATM foot restraint, the chair and a speaker
intercomm assembly. The ATM C&D console was originally
designed for seated operation and installation in the
Lunar Module (IM). Although changes were made in the
panel for Skylab, its basic size and shape did not
change.

At crew yeviews early in the program, the astronauts
elected to operate the ATM C&D Panel from a standing
position., This decision was based on two considera=-
tions, 1) that two operators may be required at the
ATM, and 2) the requirement to monitor the STS cone
trol panel while physically oriented at the ATM C&D
Fanel, Neither of these requirements remained by
the time the Skylab was being readied at KSC and the
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Figure 2.2.9-1 - Crewman at AT™ Crew Station (left view)

Figure 2.2.9-2 - Crewman at ATM Crew Station (right view)
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decision was made by the flight crew commander (CDR)
to install a chair at the ATM C&D conscle, To pro=
vide flexibility in the chair, its seat and back
angles could be changed and its height adjusted,.

It was mounted with captive connectors in the ATM
foot rvestraint grid and stowed in the Orbital Work-
shop (WS) for launch.

The ATM C&D foot restraint was composed of the Skylab
triangular grid; jt was the same length as the con=
sole width and approximately 20 inches wide, The
foot restraint was adjustable in 3 pesitions, at
6=-in, increments, vertically to the panel face.

EREP C&D Crew Station (Ref., Fig. 2.2.9~3) = The EREP
crew station hardware consisted of the C&D Panel, the
5190 camera array, tihe S190 stowage container, a
speaker intercomm assembly, and the M512/497/EREP
foot restraint, The major crew interface with MDA
hardware was with the foot restraint,

The original foot restraint concept for the EREP C&D
console was a grid platform, serving both the EREY
¢&D Panel and the VIS, Functions on the C& Panel
were not fully developed and were quite limited at
that time so it was decided to remove the C& Panel
foot restraint but leave the VIS foot restraint.
However, during this design period a crew review
reversed this concept placing the foot restraint
back at the C&D Panel and removing it from the VIS,
It was at this crew review that the recommendation
was made to use a combined M512/479 and EREP C&D
Panel restraint. This is the concept that was ulti-
mately designed and f£lowm.

The EREP C&D Panel foot restraint fitted into mount-
ing brackets and provided a standing orientaticn of
the operator to the panel with the center of the
panel chest high to a 50th percentile astronaut.
This restraint was not adjustable in its vertical
orlentation to the panel. It was removable for
positioning and utilization at the M512/479 experi-
ment,
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Figure 2.2.9-=3 Crewman at EREP C&D Crew Station
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(3) EREP VIS Crew Station (Ref, Figs., 2,2.9-4 and 2.2,9-5)=
The VIS crew station hardware consisted of the View~
finder/Tracking System, its associated control and
display panel and a clipboard restrained on the S191
closeout cable cover. A crewman at this station
utilized the SIA located adjacent to the MPF.

No foot restraint was provided at the VIS crew sta=
tion, Handholds on the VTS panel were provided for
crew positioning and operation at this station. The
operator needed to interface with the EREP STA and
the C8D Panel. Neither of these units were posi=
tioned to provide this capability from a foot
restraint. (A major medification to the MDA equip~
ment arrangement would have been required to con-
figure this station for that capebility. A modifi-
cation of this magnitude was deemed undesirable at
that time.)

(4) M512/479 Material Processing Facility Crew Station
(Ref, Fig. 2.2,9-6) - The design of the M512/479
crew station foot restraint utilized the same
restraint platform provided at the EREP C&D console,
but repositioned to the M512/479 experiment, The
placement of the restraint in the MPA provided the
operator with access to all the pallet-mounted
M512/479 equipment, the M512/479 SIA and the two
4=inch vent valve handlea controlling the experie
ment furnace venting. Duz to the wall mounting of
the M512/479 and the positioning of the mounting
pallet, it was not possible to position the operator
to the M512/479 in a standup position. The resule
tant operator position was a compromise between a
standup attitude and a position wherein the operator
leaned slightly forward to operate the experime its,
In effect he assumed a bent~over "hovering'" position,
This presentation to the experiments was evaluated
in the Neutral Buoyancy Facility (NBF) and deter-
mined to be satisfactory.
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Figure 2.2.9-4 - Skylab Crewmen at EREP VIS and C&D Crew Station
vy R

Figure 2.2.9-5 - Crewman at VIS Crew Station
2-313



Figure 2.2.,9-6 = M512/479 Experiment Crew Station

(5)

MDA Module Work Space (Ref. Fig, 2.2.9=7) = The
significant feature of the MDA as a crew work area
was its cylindrical layout of hardware and crew
stations as opposed to the OWS floor=ceiling
arrangement of equipment and crew work stationms.
The evolution of the MDA from a five port docking
adapter to the two=port docking adapter and experi=
ments/stowage module resulted in an add-on approach
to interior layout. This prevented a dedicated
area approach to MDA layout of experiments and
stowage. Experiment work stations were laid out
according to space available rather than with a
specific orientation in mind.
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Figure 2.2.9=7 = Total MDA Workspace

The crew interfaced with the MDA in the following
areas:
e Passage between the AM and the CSM.

e Stowage of hardware and support equipment
for experiments,

e Performance of experiments at the respec=-
tive crew stationms,

e Stowage of probe and drogue during activa=-
tion.

e Photography and TV recording of IVA activities,

C. Test = Crew station reviews were held at Denver, St. Louis,
and KSC as discussed below:
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e 18 Discrepancies dispusitioned rework to
engineering

® 30 Discrepancies agrinst GFP/Experiment
hardware

e 13 Discrepancies requiring flight crew
nomenclature changes

¢ 21 Discrepancies requiring hardware changes,

The most significant hardware changes involved
captivating screws, addition/modification of Velcro,
stowage relocation of an $056 magazine to reduce
interference and the extension of inflight stowage
straps to ease operational access,

The intent of this test was to have a total 02F2
with items ngt accomplished in Denver to be tested
in delta C2F% tests at St. Louis and KSC.

During the course of this test, the flight crew
also made a subjective evaluation of the MDA
lighting with the result that it was considered
low but adequate,

St. Louis Crew Compartment Fit and Functional (CZFZ)
Test - The St. Louis C%F2 test was a composite of
four events utilizing a common test procedure, MDA-
0CP=S«~80001. The first two events were incremently
held in February 1972 utilizing the vehicle in a
vertical orientation. The third event was a bench
review held in May 1972 with the final event a com=
bined AM/MDA C2F2 held in June 1972 with the AM/MDA
horizontal.

The culmination of all crew tests held at St. Louis
resulted in 40 discrepancies., The breakdown of
these discrepancles follows:

e 20 Discrepancies against GFP/experiment
hardware
3 Discrepancies dispositioned no item

® 4 Discrepancies dispositioned rework to
engineering

e 6 Discrepancies requiring f£light crew
nomenclature changes

e 7 Discrepancies requiring hardware changes.
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The most significant hardware changes involved
captivating washers to bolts designed for in-flight
removal changing the mounting hardware for the TV
input station and video awitch, adding a 1/16 Allen
wrench to the MDA tool kit and adding additional
restraints to the miscellaneous stowage container,

KSC Crew Compartgent Fit and Functional (cze)

Test = The KSC C°F2 was held in April 1973 for the
MDA portion of the Sl-l, The test was conducted
uﬁiiizing the MDA portion of KSC=0010 Integrated
C“F° Test. Prior to the test, all available flight
crew and experiment equipment available at KSC wase
launch stowed in accordance with MDA stowage pro=
cedures KM=-3014 and KM=7000,

At the conclusion of the test, 13 discrepancies
were recorded., Their breakdown follows:

e 7 Discrepancies against GFP/experiment
hardvare
® 2 Discrepancies dispositioned no item

Discrepancy requiring flight crew
nomenclature changes

e 3 Discrepancies requiring hardware changes.

The three hardware changes consisted of removing
the blue paint from the ATM handrail due to

chipping, stowage configuration changes for EREP
attenuators and the MDA tool kit launch pip pins.

Mission Results =

(L

ATM C&D Crew Station = The comments made by the

S1l~2 crew on the ATM C& crew station were generally
favorable except for the layout of the controls and
displays. The SL-2 Science Pilot (SPT) commented

in detail on his reach envelope at the ATM C&D
station while using the chair (Dump Tape 154-03).

The SI=2 SPT further states that the ATM C&D in
his opinion was designed to be worked in a one=g
environment (Dump Tape 155-12). He goes on to

say that they did not want to sit at the C&D station,

but neither did they want to stand on the foot
restraint.
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During the S5l-2 crew debriefing, the CDR and Pilot
(PLT) said that the ATM integral panel lighting gave
a nice effect when the MDA floedlights were shut
off, but the lighting was not necessary. When the
floodlights were turned on the ATM edge lighting
effect disappeared and when the ATM lights were

used alone they couldn't read the checklists.

The crew further stated in their debriefing that,
because of the similarity between the S0B2A and
S082B panels, control and displays on one panel
were often mistaken for those on the other panel.

The Skylab 3 crew in all their comments about the

. ATM crew station indicated that they preferred to
use the triangular grid foot platform alone without
the ATM seat/backrest assembly. The 51=3 CDR gave
a complete description of how the crew arranged
their checklists and portable equipment around the
ATM work station. He also said:

"We know where everything is and - I think
that works pretty well = it's a nice area
to use."”

The SI-3 CDR further stated that it was really
pleasant to work the ATM. (Ref, Final Dump Tape
251-11)

The SL-3 SPT evaluating the ATM work station stated
that the foot restraint at the ATM work station was
very adequate and worked well but added that the
lighting was poor for reading or updating checklists,

The SL=4 crew also considered the ATM foot restraint
to be very adequate. They did not consider the ATM
seat/backrest an acceptable work station restraint.
The SL~4 crew preferred the freedom of having just
one foot fastened to the yestraint and the shoulders
and body unrestrained,

The Si~4 SPT made one comment saying that he would
have liked the foot restraint to be just a bit
lower (Dump Tape 022-06, Pg. 13 of 24). No other
comments were located to suggest that other crewmen
would ltke to have had a lower platform,
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The SL=4 crew, explicitely by the SPT, made suggesw
tions that the addition of a trash bag at the ATM
station and in general a bag in the MDA would have
aided operations in the MDA (Dump Tape 361=03,

Pg. 4 of 17).

EREP C&D Crew Station =~ The SI-% crew operated at
the EREP C&D station as planned and no major pro=-
blems were indicated, however, the arrangement of
the experimeut controls (from top to bottom: 85192,
5191, 5190, 5193, S194) was a source of minor
irritation,

The §1-3 CDR and the PLT gave evaluations of the
EREP crew station. The CDR said (Final Dump Tape

251=11):

"The foot restraint there, that's the
greatest thing since popcorn,"

The S1l=-3 PLY's comment on the EREP crew station
was !

"You've got to have the abllity to get your
feet locked down at the EREP panel, The
C8D does have that ability. It's easy to
work that."

The S1~4 comments were very similar to the SL=2
and SL-3 comments, The EREP C&D crew station
posed no problems and agein the foot restraint
was considered a very adequate reatraint (Dump
Tape 365=07, Pg. 3 of 21).

EREP VIS Crew Station - The kinescopes of the VIS
passes showed the ease at which the VIS operator
acquired and tracked the target site. The Sl=2
crew described the VIS as working better than the
simulator, They did feel, however, for fuvture
designs a wider field-of~view would be desirable,
The only bothersome problem on the SL-2 mission
associated with this crew station had to do with
the clipboard mounted on the EREP experiment S191
closeout cable cover. The clipboard was attached
to the cable cover by two snaps and was utilized
to hold checklists, maps, photographs of target
sites, ete, The clipboard came unsnapped several
times when used by the crewman,
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The significant comment the Skylab 3 crew made
relative to the VIS crew station was the lack of
a foot restraint for the VIS operator. The CDR
said of the work station (Final Dump Tape 251-11):

"One of our biggest mistakes in EREP was not
having one of those (foot restraints) for
the VIS, Sure you can hold on by your hands,
but then you can't grab your map cause you
are holding on."

As with the SL-3 crew the SL-4 crew thought that
the VIS station needed a foot restraint {Dump Tape
365-07, Pg. 3 of 21):

CDR: "I think we need more of the grid-work sort
of thing, like the ATM C&D and the EREP C&D
foot grid restraints, Those are very, very
useful and very versatile and very handy....
I think the VTS Operator needs some sort of
foot restraints. The way it's working right
now, you = we're wrapping our feet asround the
restraint system that holds the =~ the elephant
trunk that goes ovev the sill into the Command
Module down througii the tunnel, the AID."

M512/479 Materials Processing Facility Crew Statione
There was 1ittl: SL=2 crew comment on this experi-
ment station. The S5l-2 crew did not report using
the M512/EREP foot restraint in the M512 position.
In review of the SL=2 kinescopes it was noted that
the suit which was stowed near the M512 operator's
head appeared to cause minor infringment into the
operator's work space, Stowage of a suit in this
ares was not nominal and was assumed to have
resulted from stowage constraints due to the extra
equipment brought up for the repair operations and
the early EVAs. Also, it was seen from viewing the
SI~2 kinescopes that the furnace door evidently

had some unanticipated forces acting on it. The
door would not remain open, causing minor incon=
venience to the operator,

The M512/479 crew station appeared to have adequately
provided for the tasks performed by the crew. The
SL=2 crew stated in their.debriefing (14=117) that
using the M512 was just like working on the trainer,
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The only reference to this station by the SL=3

crew was during the crew inventory. The CDR

pointed out that the M512/EREP foot restraint was

in the M512 position to perform the M51B experiment
operations., The M518 Multipurpose Electric Furnace
Experiment was the only M512 series experiment that
was performed by the Skylab 3 crew. Therefore, this
crew station was not heavily used by the SL~3 crew-
men and did not receive a significant evaluation on
this missicn.

The most significant comment from the SL-4 crewmen
concerning the M512/479 Materials Processing
Facility crew station come from the PLT (Dump Tape
356=-010, Pg. 15 of 17):

PLT: "When you use the foot restraint for 512 it's
not very good. It = in fact I stopped using
it, it was so bad, I could get along better
without the thing. It holds your body in the
wrong position,"

However, the PLT did say that the station was
operable without the restraint,

{5) MDA Module Work Station = The SIL-2 CDR (TAB 154-02)
stated that there was disorientation upon initially
entering the MDA from the AM early in the mission.
The SL~2 SPT (Dump Tape 155-12) stated that the
MDA size was very good for hanging onto things, but
that it was not too good for traffic, in that if
two crew members were working in the MDA the thixd
had problems getting past them.

The add-on type avolution of the MDA module layout
generated such descriptive crew comments as
"hodgepodge" and "boiler room".

The $L-2 PLT (Dump Tape 159-13) stated:

T e e

"Orientation is all right, I've come to learn
to accept ic during training. The general
arrangement is kind of helter-skelter and
hodgepodge...It's not good, you come in here
and things are -~ you have trouble finding
things in here,,.The volume is good, more than
adequate."
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The crew preference was strongly in favor of a
one=g flooreceiling orientation of spacecraft
modules. This was evidenced by comments like the
CDR's:

"Trouble with the MDA is it's not oriented
like a room,...Also by having circular rooms,
you end up having a problem knowing whare
different cabinets and things are stowed.
It's much better to have rooms, like down in
the workshop where you've got a floor and
you've got cabinets; you've got certain
places to put certain things, and it just
seems to work better."

The floor-ceiling orientation seemed to be largely
& matter of crew preference rather than an opera-
tional necessity. The fact that the crew had no
problems workinhg in the MDA was pointed out by such
comments as the SL-3 CDR's (Final Dump Tape 229-13):

"Now this is certainly acceptable for what
we're doing. We don't have any trouble in
there except bumping into each other unless
things accidently slide into spots and maybe,
who knows, maybe that's a thing of the future.
But right now, my feeling would be that you
want to stick to something that you put things
of a similar nature in the same place: Put
all stowage against one wall; put all this
against another wall; put all the equipment
in a little corner. In other wovds, it gets
everything in a spot where it can be useful
and not have to try to hunt for it."

The SL=-3 PLT expressed a similar opinion about
improving the arrangement in a cylindrical vehicle,
He said (Final T .ap Tape 232-05):

"Next time we build romething like that we
ought to make it so things are faired in
better and there's not so manv nooks and
crannies for stuff to get lost into, So many
head knockers and sharp objects sticking out
from lack of things to grab on to and to
fasten yourself down to."
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In evaluating the total volume of the MDA the SL~3
PLT said (Final Dump Tape 232«05):

"The volume of the MDA is probably about right,

but it's so cut up it's hard to really evaluate

the volume in there., The volume is, in my case,
is unusable because its small sections of volume
tucked down behind boxes and around boxes. And

a lot of volume in the MDA is not available for

use.ll

The SL-4 crew was the first Skylab crew to describe
to some degree the MDA arrangement as having other
than a "hodgepodge" or "boiler room" effact.

- Comments relating to the MDA by the CDR are as

follows:

"MDA/STS, general arrangement and orientation
of compartment, I would say given the size and
volume you got to work with, it's rather well
oriented and arranged and compactly done so;
the volume is acceptable, adequate." (Dump
Tape 356-05, Pg. 17 of 19),

"The MDA is fairly adaptable to other uses, but
it's kind of crowded there." (Dump Tape 347-11,
Pg. 2 of 16).

Comments relating to the MDA and STS by the PLT are
as follows:

"Boy, both of those are so lousy, I don't even
want to tslk about it until I get back down to
the ground, because everytime I think about how
stupid the layout ias in there I get all upset,
You can't even find numbers on panels . . . That
MDA is really bad."  (Dump Tape 356-06, Pg.

14 of 17). ‘

Although the SPT did describe the relationship of
working spaces to stowage spaces in the MDA as &
hodgepodge, his additional comments are as follows:

"Now there's one thing I do like about it,

General arrangement and orientation of compartment,

Come people, I guess, do knock it, but I kind of
like having the walls as working space." {(Dump
Tape 361-03, Pg. 3 of 7).
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"That's one feature I do like about the MDA,
is that at least they co-manage, it seems, to
use up all the walls, The walls are the
working area, (Dump Tape 361-02, Pg. 6 of 6)

The SL-4 crew also experienced difficulty in locating
panels and stowage locations in the MDA. Typical
comments noted are ag follows::

PLT ",..This is one of the reasons that they got
in trouble = of course they just didn't make
the numbers big enough in a lot of cases,"
(Dump Tape 365-10, Pg. 14 of 22)

SPT "The MDA/STS is one of the biggest mysteries
of the world waen you go in there to find a
panel. ... The guy = when he did that, it
looks as though he just kind of flipped numbers
up in the air and scattered them all around and
vhatever way they came out, that's the way it
was,”" (Dump Tape 361~03, Pg. 3, 4 of 7)

E. Conclusions and Recommendations =

(L

ATM C&D Crew Station = The ATM C&D console design
was predominantly a& result of the evaluation of this
crew station, The ATM C&D Panel was originally
deaigned to fit the unique limited confines of the
IM. Another design constraint which greatly ine
fluenced the layout of this station after it was
moved to the MDA was a potential requirement for
two=man operation, This considerscion rules out
having a wrap-around console suited to one operator.
However, despite these design 'constraints in the
evolution of this crew station, the operator was
apparently able to perform his duties quite well.

To minimize the confusion between S082A and 5082B,
color coding decals were launched with the Skylab 3
crew to be applied one.orbit. The Si-3 crew stated
in their debriefing that the color coding decals
were added to the ATM C& Panel and further sug=
gested that more color coding would improve the
operation of a C& panel like the ATM C&D Panel.
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The final layout of the ATM crew work station
proved to be troublesaome to the Skylab 2 crew,

The Skylab 3 crew was not inconvenienced by the
one~g design influences referred to by the SL-2 crew,
The only known major difference in operating at the
ATM work station between the SLe2 and SL=3 crews
was the use of the ATM "chair' by the S5I-2 crew.

The lack of adverse comment by the SL-3 crew was
attributed to their greater freedom and range of
motion by use of the foot restraint platform alone
while working at the ATM C& Panel. The conclusion
was that the ATM seat/backrest assembly while pro-
viding additional restraint also restricted free=
dom of motion and the reach envelope of the crewman,

The SL=4 recommendation of a platform having more

flexibility at work statioms should be considered

for futuce designs, This would enable more flexi-
bility for individual crewman comfort.

It ig recommended that in future designs of C&D
Panels with multiple experiments like the ATM C&D
Panel that color coding be used to differentiate

the individual experiments and separate functions

on the panel. It is further recommended that &

seat /backrest "chair" type restraint undergo further
evaluation to determine the degree of its usefulness
or necessity at a crew work station,

EREP C&D Crew Statjion - The Skylab crews had no pro-
blems working at the EREP C&D work station. The
51l=3 erew saved setup time at the EREP work station
by leaving the communication cables and communica-
tion soft caps connected to Channel A on the Speaker
Intercomm at the ERFP work station,

The Skylab 3 crew was pleased with the use and opera-
tion of the EREP C&D foot restraint.

The crew station appeared to have adequately ful~
filled its design function of control of the earth
resources experiments.

EREP VTS Crew Station = The only crew criticism of

the EREP VIS work astation was the lack of a foot
restraint for the VIS operator.
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A crew review eliminated the foot restraint at the
VIS work atation. The orviginal foot restraint con-
cept for the VIS crew station was a grid platform
which folded out from the MDA wall and rotated over
the radial hatch.

The Skylab crews when evalusting work stations
repeatadly expressed & need for n foot restraint
type device so that they ecould use both hands to
operate Ca&D panels and handie charts and checklists,

M512/479 Materials Processing Facility Crew Station-
In accord with the councept of negative reporting

the lack of §L-2 and 5L-3 erew comments on this

crew station indicated satisfactory performance.

The SI-4 comments concerning the M512 foot restraint
should again emphasize a need for a foot restraint

at each work station and the possibility of designing
a resatraint with position flexibility for compli-
menting different crewmen,

MDA Module Work Station - The MDA evolved from a
multiple port docking adapter to include experi-
mental and stowage provisions. This eveolution
generally entailed "add-on" of an item at a time
and was governed by a "minimum impact" groundrule.
Consequently installations were made where space
and system interfaces were readily available.

Crew convenilence and optimum vwork station groupings
of equipment were compromised., The addition of
stowage items to the MDA continued following cluse-
out of the OWS. This mode of evolution in the
development of the MDA configuration vesulted in

a somewhat disassociated arrangement of the MDA
installed hardware and equipment.

The parformancs of the Skylab crews proved that man
can function effectively in a cylindrical spacecraft
module with a zaro-g orientation and layout of hard-
wara, There existed, however, a longer pertod of
adaptation to working in the cylindrical layo.t of
the MDA than the floor-ceiling layout of the crew

and experiments modules in the (WS, Each of tle
Skylab crews thus far expressed a problem of orienta=
tion when arriving in the MDA until they found a
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familiar plece of experiment hardware to kay on,

Most crewmen found that they used the ATM C&D Panel

or the EREP experiment hardware to orient rhemselves
in the MDA, It also took the crawmen longer to locate
a particular stowage contalner in the MDA than in the
WS where the stowage containers are laid out in floor
to celling shelf=type cabinets.

Each of the Skylab crews felt the volume

of the MDA was good for working in and hanging onto
things, but expressed problems with traffic when two
crewnen were working in the MDA and a third crewman
tried to get past them, The volume of the MDA, 17
feet long and 10 feet in diameter, was suitable for
its functions as a multiple docking adapter to a
larger space station and experiments/stowage module,
The volume ideally should be larger for a module
similar to the MDA that is used as a single space
station experiments module for a crew of threa,

The floorw-ceiling layout of a spacecraft module was
preferred by the Skylab crews but more than prefer-
ence, the floorwceiling layout is more efficient,
The Skylab crews adapted faster to the floor-ceiling
layout and were able to locate stowage containers
quicker than in the cylindrical layout of the MDA.
This would suggest that in future spacecraft it
would be efficient to layout experiment and stowage
hardware in a one=-g oriuntation even in small cyline
drical vehicles like the MDA. At the very least the
early design concept for a small cylindrical vehicle
like the MDA should provide for functional grouping
of similar hardware, Stowage containers should be
grouped along one axis Iike the (WS experiment com=
partment stowage containers, or around the radius

in a particular location like the ring lockers in
the WS,

In tha development of future modules of this type,
opportunity for a more analytical, systematic design
approach to crew integration considerations should

be afforded. The design process obviously should
include application of established human factors
techniques and simulations utilizing both one-g mock-
ups and a neutral buoyancy facility to develop
optimum crew interfaces with the installed equip~
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ment and systems, Futuxe design concepts would
capitalize significantly on the experience and
crew inaights to be gleaned from the Skylab
missions,

2,2,9.2 Stowage

A. Design Requirements ~ For the purpose of normal and con=
tingency resupply and to support speclfic operational equipment,
a number of items were required to be stowed on Skylab. To acco=-
modate these items, stowage containers were designed to secure and
protect the stowed equipment from prelaunch, launch and docking
loads and to provide couvenient locations for orbital storage.
Specific requirements for latches, restraints, operation, inter-
faces, sharp edges, etc., are set forth in the following documents,

o Contract End Item Specification, CP114A1000026, Rev, E
e Human Engineering Design Requirements for AAP, 10M32447

B, Functional Description - Flight crew equipment, consisting
of communication equipment, tools, film magazines and cassettes,
camera filters and assorted experiment equipment and supplies were
stowaed in the MDA in forty-three (43) different stowage locations,
Th: MDA was assigned a block of stowage location numbers from 100
thru 199, inclusive although all of the numbers were not used, To
differentiate stowage numbers from panel numbers, the prefix (M)
was added to the stowage numbers. A total of 418 items were stowed
for launch in the MDA, Most of the items were stowed inside cone
tainers which were designed to provide restraint and protection for
launch and docking environments as well as zerxo=-g restraint once
the container was opened, The film vaults additionally provided
radiation shielding for the ATM film contained therein. One panel
location (SIA 131) provided stowage for two dust caps,

Fifteen of the stowage locations were containers. The remaine
dar were wall-mounted locations, use locations or experiment loca-
tions, The containers utilized basically four types of equipment
restraints:

e Equipment nested in Mosites foam (Ref. Fig, 2.2.9-8)

¢ Equipment stowad between partitions padded with Mosites
foam (Ref. Fig. 2.2.9~9)

e Mechanically clamped and secured with Calfax fasteners
(Re£' Fig. 2.2-9“10) .
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e Equipment with clevis/lug interfaces secured with
expandogrip pin (Ref, Figs, 2,2.9-11 and 2,2.9=12)

There were a variety of container door latches, hinge frice
tional devices, and equipment restraint designs.

There were several last minute stowage items added to the
MDA after the vehicle was on the launch pad., Two spare water
heaters were mounted to & plate that was added to the outside
surface of the door of £ilm wvault No, 2 {(M152), Two Scientific
Airlock (SAL) window-covers were added to the M512/EREP foot
restraint (M127). An EVA hatch window covexr and the 5183 kick
plate were attached to the ATM C&D console foot restraint (ML75).
One earth terrain camera magazine was added to film vault 3 (M143).

A complete listing of MDA stowage may be found in the Skylab
Stowage Locker List (MDA) #1-SL-012 which lists the items by stow-
age location number or #1-SL-007 which lists the items by stowage
list item number,

C. Test - Final stowage of the MDA was accomplished by per=
formance of test and checkout procedures (TCPs) KM=-3014, KM 7000,
and test preparation sheets (TPSs), written in real time, to
accomodate revisions to the original stowage plan as well as last
minute additions. The MDA Stowage Installation Drawings
(SK820000100) were used extensively detailing and clarifying the
TCPs and TPSs, No waivers were required to be written, although
273 deviations were written against TCP KM=-301l4 and 101 against
ICP KM 7000,

D. Mission Results = Based on all reports available, the
overall stowage program was entirely adequate and went smoothly,
No launch stowage anomalies were reported by the crew; everything
was secure as stowed when the MDA was acti{vated. The sticky back
Velero strips were the only temporary stowage/restraint devices
reported to be totally inadequate throughout the entire spacecraft.
The Velecro which was bonded to the vehicle before launch performed
satisfactorily, The crew stated a disiike for the dialatch fast=
ener. Although swelling mosite was a major problem during the
altitude chamber test at St, Louis, the subsequent modifications
made to such containers proved excellent as stated by the crew at
their debriefing of July 1973,

During the SI-2 mission, destowing and restowing of headsets,

INCCUs, £ilm magazines, cassettes, etec., from the 15 MDA stowage
containers went "as advertised".
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E, Conc¢lusions and Recommendations = Standardization of
latches and hand operated fasteners related to stowage compart=
ments should be of prime concern for future spacecraft design.
Customizing of latches and hand-operated fasteners should be
avoided in favor of off-the-shelf products to the maximum extent
possible, Use of the Dialatch type of latch should be avoided
as these were considered too complex and awkward to operate (and
too numerous per container) by both the SI=2 and S1L-3 crews, Cal=
fax fasteners need to be improved with regard to the reliability
of the retainers intended to keep them captive.

Containers or drawers stowing like items of varying sizes
such as tools should be designed to present these items in order
of size to expedite selection of proper item, i.e., allen wrenches,
sockets, and screwdriver bits, Attention should also be given to
categorization of tools with respect to their application.

More temporary stowage devices should be provided in the
spacecra€t of the future rather then requiring the crew to impro=-
vise, In conjunction with generaz. temporary stowage devices, the

design and location of planned operational temporary stowage aids
should be considered.

2,2,9,3 Habitability (Comfort Evaluation)

A, Design Requirements =~

(1) Noise -~ The design requirements for the MDA noise
levels were detailed in the Cluster Requirements
Specification, Appendix A, Paragraph 2,12,2a. Sound
pressure level limits were identified for various
frequency ranges including an overdll internal sound
pressure level no greater than 72.5 db when the
summation of the individual sound pressure levels
from all sources is considered at any given time.

(2) Illumination - The paragraph below was taken from
the CRS, Appendix G, Section 2.8 and gives the
general crew systems lighting requirements. The
details of the interior lighting requirements were
presented in Section 2,8,1 of the CRS.

"The lighting system shall provide general
interior lighting during the mission to allow
the crew members to locate, operate, and read
all displays, controls, ard nomenclature, to
provide visual access to interior visual sur-
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faces, allow storage and retrieval of all
articles of crew equipment, and provide for
location and orientation of the crew members
within the various crew areas."

(3) Thermal and Atmospheric Habitability - The MDA Crew

Thermal Design requirements were called out in the
Thermal Comfort Toleranne Design Criteria BRO DB=
57=67, Rev, B, The crew comfort criteria was deter-
mined by a "comfort box" area on a plot of wall
temperature versus air temperature. See the Thermal
Control System, Section 2,2.3 of this report for a
plot of the comfort box. The maxiwmum surface touch
temperature of 105°F was also specified in the above
referenced design criteria document,

The air flow velocity design requirements for crew
systems was defined in the CEIL Specification
CP114A1000026 which specifies velecity at the MDA
crew stations of 15 to 100 fpm,

B. Functional Description =

(1)

Noise Sources - The primary sources of MDA internal
ambient noise were the three circulation fans and
the Rate Gyro Six-Pack. Intermittent noise sources
emanating from the MDA were the EREP (S190 Camers
Array) and the Nuclear Emulsion experiment (S009).
However, the predominant source of noise in the MDA
emanated from the Rate Gyro Six-Pack which was
installed in the MDA by the SL=3 crew.

Also contributing to the MDA internal ambient noise
was the Airlock Module's Environmmental Control
System. In this system the noisiest sources were
the Molecular Sieve fans and the Cabin Heat Exchange
Module fans,

A cluster wide analysis of noilse sources was con=
ducted which effected the development of acoustic
mufflers for the MDA circulation fans and produced
predicted on=orbit noise levels, The predicted
ambient noise level in the MDA (including noise
sources in the AM but excluding intermittent noise
generated by experiments), with all MDA circulation
fans operating at high speed was approximately 60
decibels overall.
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(2)

(3)

Test

(1)

Illumination « The interior of the MDA was illumin-
ated by eight interior floodlight assemblies that
provided an illumination level of five foot candles
(f¢) minimum at the ATM Control and Display (C&D)
console, EREP C&D console, and experiment M512 work
stations, and a general illumination level of 3.5
fc minimum when measured along the X=-axis of the
MDA, The two lights nearest the ATM C&D console
were provided with removable light attenuators.
Each of the eight iights had a local switching
capahility of "OFF", "LOW", and "HIGH", The above
stated illumination levels were met with all lights
on "HIGH". A switch for on~off lighting control of
all MDA lights was provided near the axial docking
port of the MDA,

Thermal and Atmospheric Habitability - Three cabin
heat exchangers located in the STS provided cooling
to the MDA/STS area. Three circulation fans located
in the MDA provided air circulatior for the MDA and
the CM interiors, Each fan could be operaced at
high or low speed or eould be turned off. Two of
the circulation fans had their inlets and outlets

in the MDA with adjustable diffusers at the outlet,

The third fan forced air through a removable duct
into the Command Module interior, Thermostatically
controlled electric wall heaters could be set to
actuate based on MDA air temperature in either the
70°F range or the 459F range. An air temperature
sensor was located at the inlet to the "CSM" fan
which provided telemetric data.

There was a ground capability to select, through
telemetry, the heating range. The integrated sys-
tem (wall heaters, ailr heaters, circulation fams
and control systems) was designed to be capable of
keeping the MDA atmosphere within a prescribed
astronaut comfort range. This range assumed the
astrongut had some capability to adjuat to the
temperature through clothing, metabolic rate, and
circulation fan control.

Noigse = The Skylab crews during prelaunch tests made
a few subjective comfort evaluations of individual
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(2)

(3)

nolse sources and found all MDA noise sources accepe
table, See Section 2.2.2, Environmental Control
System, of this report for sound pressure level test
rasults in the MDA.

Illumination -« The one lighting test performed with
the flight lights resulted in the crew stating that
the light levels were low but acceptable., See

Section 2.2.4.3, Lighting, for illumination test
results,

Thermal end Atmospheric Habitability - There was no
subjective evaluation by the Skylab crews of temper~
ature and air velocity in the MDA during prelaunch
tests. See Section 2.2,3, Thermal Control System,
and Section 2,2,2.1, Ventilation System, for pre=
launch test results of temperature and air flow.

D, Mission Results -

(N

Noise ~ During the SI-2 mission, noise measurements
were taken by the crew (Dump Tape 152-05).

The overall sound pressure level (reported as
"ambient noise level”)} was 53.5 db. The SL-2 PLT
evaluated the MDA noise level as satisfactory, but
stated that it got high when EREP was operating.

Comments and evaluation by the SL-3 crew indicated
that the noise environment throughout the cluster
was quite comfortable.

On Dump Tape 230-03, Page 3 of 3 on mission day 22,
the 51~3 pilot comnmented:

"Noise levels are all satisfactory everywhere,"

Later on mission day 24, the SL=~3 pilot further
elaborated (Final Dump Tape 232-07):

"Noise level is quite low. It's higher in the
STS area than anywhere because the fans on the
mol sieves are running but otherwise it's quite
quiet, There is no objectionable noise. It
just hums along with a very comfortable noise
level, That's throughout the whole spacecraft
..+, 80 I don't have any complaints about the
noise at all.”
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Commentary relative to the noise induced by the rate
gyro six-pack was provided on mission day 49 and
appears on a transcript of the communication, wherein
the pilot's answer to a query from Cap Comm was:

"No, I wasn't turning anything on and off,
Bruce, probably the rate gyros. They do a
lot of humming back here and that's the thing
that makes the most noise up here in the MDA,
when EREP is not with us,"

A comparison of the sound pressure level measurements
recorded by the SL-3 crew and the internal noise
spectrum shape over nine frequency ranges specified
as the design goal maximum in the Cluster Require-
ments Specification, MSFC Document RSCO03IM0O0003,
substantiated the subjective evaluation describing

a comfortable noise level environment.

The SL=4 crew reported that unacceptable noise levels
in the MDA affected them in areas of communications,

concentration and work as explained in the following

crew comments.

CDR "Noise: ... has affected our recordings. And
the people on the ground have complained on
several occasions about the recording situation
and the fact that there's a lot of background
noise," {(Dump Tape 365-07, Pg. 4 of 21)

SPT "Noise: ... I find that it gets to me when I'm
trying to concentrate." (Dump Tape 003-01,
Pg. 3 of 11)

SPT "The noise .,. used t-: get to me when we're
working in the MDA." (Dump Tape 003-01, Pg.
3 of 11) :

Some sources of noise are pointed out by the SPT
on Dump Tape 361-03, Pg. 6 of 7.

"Aside from the pump which I mentioned, we've
got rate gyros in there, And they're both
making so much racket, I can't tell what noise
level exists under either two of these."
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(2) Illumination - The SL-2 mission power problem caused
the SL=-2 crew to operate with reduced lighting in
the MDA for a portion of the mission,

The SL=2 PLT rated MDA illumination as adequate to
poor (Dump Tape 159-13). The SPT stated, "Illumina-
tion is low in the MDA and a little bit confusing in
a circular compartment" (Dump Tape 1539~12). The
S1~2 PLT also said, "The lighting bugs me a little
bit, T think the light level is too low ..., the
color temperature or quality of the light is too
harsh ..." (Dump Tape 155=12). After splashdown,
the PLT evaluated the MDA lighting as adequate but
stated that since the first two weeks were spent
with reduced lighting, when the lightse were com-
pletely turned on everything locked guod.

During the S5L=3 mission power-down requirements
imposed on Sl~2 as a result of EPS (Llectrical
Power System) anomalies were not necessary. How=
ever, crew comments indicated that in general they
still felt the lighting levels should be increased,
Some trouble~shooting and maintenance tasks required
the crew to work in out-of=the-way places {"Nooks
and crannies") where adequate lighting could only
be provided by handheld flashlights and penlights.
This prompted a recommendation for head-mounted
lights which would leave both hands free to per-
form the desired task,

For a short period during SL-3 lighting within the
MDA was somewhat restricted uue to an outage of aft
floodlight assemblies 2 and 4,

The general impression regarding cluster illumination
was well summed up in the following comments expressed
by S51=3 pilot in Tag Tape 232-07, Pg, 5 of 7:

"Okay, illumination seems to be generally a
little bit low, It could be higher everywhere,
I guess, although we're able to accomplish our
work with the illumination that we have ...
Just to work around in here and throw switches
and so forth, it seems adequate, but if you
want to read a book or something, it's best to
find yourself near the window or something like
that so that you've got illumination, But for
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just working and moving around and doing your
job, why the illumination is adequate although
it could very easily be higher and make every-
body happier."

The subjective evaluation of the SL-3 crew that the
cluster illumination level should be increased
relterates the recommendation expressed by the crew
of 81=2. Lighting levels were apparently adequate
for the performance of scheduled tasks.

The Sl=~4 crew was somewhat more tolerant of the
illumination level than previous crews as the
following comments indicate.

CDR "Illumination in the airlock MDA/STS is = is
more than adequate, quite adequate." (Dump
Tape 356-05, Pg. 18 of 19)

PLT "Iilumination is satisfactory." (Dump Tape
356~06, Pg. 15 of 17)

SPI '"Adequacy of lighting. No problem." (Dump
Tape 02505, Pg. 7 of 28)

Thermal and Atmospheric Habitability -~ The SL=2
mission habitability of the MDA was affected by
the total Skylab thermal and power problems. The
S1-2 crew wore tlieir jackets at times when working
in the MDA because the heaters were kept on low
range to conserve power,

The thermal problem in the OWS caused PLT Weitz to
sleep in the MDA for two nights until the sleep
compartment temperatures cooled down enough to be
comfortable, The Sl=-2 crew said that the air flow
in the MDA, 28 in the whole Skylab vehicle, was
excellent. The CS8M fan was operated almost con-
tinuously to provide air flow to the CM while the
MDA area fans were used as required when the crew
was working in the MDA.

A unique feature of the zero-G air flow systém is
its ability to transport items to the intake duct
of the ventilatich system. The following comments
express some crew thoughts., These comments were
made at the SL-2 Technical Crew Debriefing June 30,
1973.
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CDR "Auy time you are handling a lot of little
plocas of stuff, you really have to take your
time or you wlll lose it. The way the clircula-
tion system was blowing alr into the Command
Moduln, Lf something got sway from you and you
didu't see {t, it would quickly be up in the
middle of the MDA, This was because the air-
flow was out the tunpnel. The duct blew it down
the side of the tunnel and ducted it in. There
was & nice little flow down the bottom and right
back out, If somethinz got out in the middle
of the command module you would leok out and
see that tha thing would be 15 feet down there
in the MDA heading for the workshop."

The following conversation occurrad at the same de-
briafing as above:

COR "But as soon as fans are going in there, that
circulation system causes everytning thac's
floating to line up on a fan screen someplace."

SPT "This is a very good design point in the vehicle.
You don't lose things. If it's properly closed
down and you have good fang, everything winds
up on a scraeen,"

PLT "“fhat's right, We agonized a lot, especianlly
Bob Overmeyar on those closeouts in the MDA,
But it was worth it, because it kept stuff Lfrom
getting lost back there."

Through telemetry the wall temperatures and air temp=
avatures in the MDA were monitored on the ground and
the plotting of aily versus wall temperature revealed
that the MDA met tha design comfort box criteria for
only three-days of the S5L«2 mission, The reason for
this was that the MDA wall heaters ware kept off to
consexrve electrical power,

Review of the SL=3 crow comments and subjective
evaluations indicated that the thermal enviroument
was assentially quite comfortable,

The SL-3 PLT in a M4B7 Habitability Experiment de-

briefing recorded the following on Final Dump Tape
232-07,
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PLT Thermal comfort, The temperature has been quite
satisfaciory in here, It was a little warm in
the workshop when we first got here; the sail
took care of that. It gets cool in the night
when we're sleeping and most of the stuff is
powered down, Wind up putting a little extra
blanket over late in the mornings. The MDA is
alwvays quite cool, and it's uncomfortable to
come up here, matter of Ffact, for me anyway,
without any = or in my underwear, which is some=
times the way you work up here because you have
to work up here before you go to bed, And you
come up here to get the pads and do some other
things. 5So the MDA is a little cool but toler-
able; in fact, sometimes a pleasant place to
come when things get a Little warm down in the
workshop.

Reduction of the telemetered thermal data recorded
during SL-3 mission is presented in a plot of module
gas temperature versus wall temperature. This plot
of the crew comfort criteria in the MDA is reported
in the Thermal Contreol System section of this report
(Section 2.2.3). It shows that the MDA met the
"comfort box" criteria for the entire 5L=3 mission
from DOY 209.8 through 268.9,.

SIL=4 comments also agree with previous comments.
PLT "Thermal comfort is cold, but it's sort of a

nice relief from the workshop, which is hot."
(Dump Tape 356-06, Pg. 15 of 17)

Conclusions and Recommendations =

(1) Noise -~ Quantitative recordings of the overall sound

pressure level within the MDA indicated that the MDA

complied with the specified requirement for the acous-
tic environment, The rate gyro six pack was the only
noise producing installation that exceeded the design

- sound pressure levels in some of the frequency ranges,

However, it was lower in ambient noise level than the
design specification,

The rate gyro six-pack was launched with the CSM for

S1~3 to provide a contingency installation as backup
for the basic rate gyro system due to gyro module
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(2)

(3)

failures in the basic system, which had occurred
during the SL-2 mission. This consideration would
tend to qualify the criticality of this induced
noise environment, Likewise the sound pressure
level measurements recorded by the commander were
afforded some degree of qualification in his accome
panying comments on the dump tape = 251=14,

“Remember that these were taken in the environ-
ment with other equipment running. And so some-
tices you're not getting a pure sound level on
this except for pointing the instrument at it."

A qualitative assessment established that the acoustic
environment was within comfortable limits based on

the subjective evaluations reported by the crew of
SL~3,

Illumination = Throughout the test program, with the
exception of one lighting test performed ... St, Louis
very late in the program, all crew tasks were per=
formed using GSE lighting,

The reason for this was to minimize operating hours
on the flight lights, The one lighting test in St.
Louis resulted in the crew stating that the lighting
was acceptable but low, This test involved reading
checklists and photos, not performing specific flight
tasks. This leads to the recommendation that future
designs be given evaluation under flight-type con-
dicions performing typical orbital tasks.

Thermal and Atmospheric Habitability - The MDA was
cold most of the time during the SL=-2 mission and
there are numernus references to this by the crew.

Because of the elactrical power conservation required
during most of Slw2, evaluation of the thermal comfort
in the MDA during this mission did not reflect the
MDA's capabilities,

Obviously the individual preferences of the crew
members and their personal comfort criteria was
reflected in the subjective evaluations provided by
the crew as recorded on the Tag Tapes and the Dump
Tapes,
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Considering the individual crew comfort preferences
future manned space vehicles should give the crew a
maximum coutrol over their thermal environmenc in
the spacecraft modules. The circulation of air in
the MDA was adequate based on crew comments, The
alr diffusers were set at "wide" on launch and no
further adjustment was required on orbit by the SL=2
crew,

The circulation system in the MDA was designed to
eliminate pockets of stagnant air and to equalize
temperatures throughout the MDA and CM interiours,
The crew had few comments on these functions. What
interested the crew more about the air flow was its
capability to move locsc objects in zero gravity.
There were numerous comments on this subject.
Quantititive evaluation of the air flow velocity
&t the MDA crew stations was not accomplished by
either Sl=2 or SL-3 crews.

The consensus of the 5L=3 crew commentary ralating
to air flow was that this aspect of internal atmos-
nhere conditioning was satisfactory.

The utility of the circulation air flow as & means

of capturing lost items and debris on vent screens
was again noted by the SL-3 crew.
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2.2,10 Experiments/ATM C&D to MDA Interfaces

2.2.10.1 Earth Resources Experiment Package (EREP

The Earth Resources Experiment Package in the MDA System
consisted of a selected group of remote earth survey sensors
designed to obtain earth resources data (see Figure 2.2,10-1),
The sensors accomplished this objective by remote sensing in
various regions of the electromagnetic spectrum,
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Figure 2,2,10-1 EREP Installation
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Specifically the experiments and the regions of the spec-
trum they covered were as follows (see Figure 2.2.10-2):

¢ S190A Multispectral Photographic Facility-Visible apd
near infrared,

e 5191 Infrared Spectrometer-Visible, near infrared and
thermal infrared.

e 8192 Multispectral Scanner-Visible, near infrared and
thermal infrared.

e 5193 Microwave Radiometer/Scatterometer/Altimeter - 13.9 GHz.

o 5194 L-Band Radiometer-Microwave - 1.4 GHz

The major components required to support these experiments were
the following:

e EREP System Control and Display Panel (C&D)
EREP Data Recording System

Interconnecting cabling

EREP Diagnostic Downlink Unit (E.. 1)

A. EREP Design Requirements -

{1} Location - The five data taking sensors were
mounted such that the sensor viewing line-of-sight
was on the CA geometric Z axis to permit earth
viewing while the MDA was in cthe Z-LV(E) pointing
mode. EREP experiments S190 §191, S192 and S194
wera mounted in and/or on the WRA and 5193 was
mounted on the DA,

(2} Control &nd Display - The EREP system required a
centralized control and display panel wmeunted in
the MDA with room tv allow operation by one crew-
man in a shirt sleeve environment., The C&D panel
was required to provide for the complete control
and display of the five data taking sensors and
the EREP data recording system. It also was
required to provide power distribution and control
of MDA power, sensor calibration control, sensor
operational mode selection and display pertinent
data to verify proper sensor operation and inter-
face with the MDA TV input station. The panel
provided signal conditioning for certain of the
EREP experiments and accepted and routed FREP
data to the data recording system. 1t also pro-
vided proper signals to the MDA TV input station
for dumping over CM TV downlink for ground analysis.
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(3) Cabling - MDA cabling between sensors and the
data electronics within the C&D Panel was required
to handle the following capabilities:

(%)

(a)

(b)

(c)

(d)

(e)

(£)

Transmit analog signals from sensors to the
C&D and Tape Recorder (T/R) with a maximum
frequency of less than ¢.2 Hz, with a voltage
range from O to 5 VDC and 250 ohms, or less,
source resistance,

Transmit on-off signals between sensor, T/R
and C&D as required for display.

Transmit a 36 bit time signal from the AM/MDA
interface to the C&D. The signal was time
multiplexed into an NRZ-L PCM format and run
at a nominal bit rate of 8.192 KBPS,

Transmit DC power of the quality described
in paragraph (7) below.

Transmit discrete control signalé, as required,
of three types:!

e Contact closure - switching for loads
up to 0.5 ampere at 28 VDC.

® Logic ~ differential discretes to provide
the capability to operate properly with
up to 10 volts DC of common mode voltage
between the driver and receiver circuits.

e Multidiscrete Level ~ voltage discretes
to provide a voltage scaling network
within the panel,

Transmit PCM NRZ-L wave forms at 0 & 5V from
the sensors to the C&D Panel. Each PCM
signal was accompanied by a synchronizing
signal, where required, at twice the PCM

bit rate., The unit frequency multiplexed, or
encoded the PCM NRZ-L signals as Miller Code.

Data Recording System - The EREP system required

a capability to record and store data generated

by the system. The data recording was accomplished
by mounting two (one primary and one backup)
magnetic tape recorders in the MDA, The MDA was
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(5)

required to provide wiring between the C&D panel e

and these T/Rs for the following data transmission
and control capabilities:

(a) 1.0 MBPS Maximum - Miller Code Data - 24 lines
(b) 60 KBPS Maximum - Miller Code Data - 2 lines

(c) A composite signal consisting of one 200 BPS
(maximum) PCM signal, one 8 KBPS (maximum)
PCM signal and one 10 KBPS (maximum) PCM
signal and one 10 KBPS (maximum) PCM signal;
each PCM signal frequency shall modulate a
Voltage Control Osclllator (VCO). The
three VCO outputs would be mixed by mixer
amplifier - 2 lines.

(d) Control signal to select servu controlled
speeds of 7-1/2 and 60 inches per second.

{e) Transmit Miller encoded or FM multiplexed
signals from the Control and Display Panel
for recording on magnetic tape, The bit
error rate for these signals would not exceed
an average of 5 bits in 10°.

The MDA was required to provide for crew access
to permit tape changing and head and guide rollers
cleaning, a shirt sleeve environment, and cooling
of either T/R when manned (see item {5) below).

Special Thermal Requirements - The EREP System
requirel a liquid coolant loop to theimally con-
trol the C&D Panel, the primary and secondary

tape recorders and the 5192 Electronics Assembly.
This coolant loop was connected downstream of the
ATM Control and Display Console coolant system
and performed as a dependent part of that system,
A means was required in the MDA to isolate the
EREP cooclant loop rom the ATM C&D Console coolant
system.

The EREP coolant loop required high purity iohib-
ited water as the working fluid:

(a) Maximum supply pressure: 37.2 psia
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(6)

(N

(b) Maximum A P from EREP inlet to outlet: 2.0 psid
@ 220 Ib/hr

(c¢) Minimum flowrate: 220 1b/hr

(d) Inlet Temperatures - EREP operating: +40°F to +81°F
- EREP not operating: no flow
thru system

(e} Maximum heat dissipation to coolant loop: 810 btu/hr
@ 81°F inlet
temperature

The cooclant loop was required to maintain surfaces
of the equipment being cooled (which were likely
to contact the crew) between 50°F and 105°F. The
maximum allowable leakage from the KREP coolant
loop was not to exceed 17 cubic inches from final
fill to the end of a 240-day mission.

The MDA wall temperature in the vicinity of the
5192 mounting plate was required to be greater
than 65°F prior to operation of the 8191 cooler.

Structural Requirements - The EREP system was
constructed to operate after being subjected to
the dynamic environments of the MDA. The MDA
provided mcunting space and crew restraints in a
controlled enviromment, The MDA also provided
mounting plates, trusses and windows for various
pieces of EREP equipment.

Electrical Requirement# - The MDA was required to
transmit powar to the EREP system from the AM
power system with the following characteristics
at the experiment interface:

(a) DC Steady-State Voltage Limits: 30 volts
maximum at zero power transfer to 24 volts
minimum at rated power transfer.

(b) Ripple Voltage Limits: composite ripple
voltage, superimposed upci the DC steady-
state voltage, not exceeding 1.0 volts peak
to peak from 20 Hz to 20 KHz,
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(c)

(d)

(e)

(£)

(g)

1TEM

Under Voltage: not less than 21 VDC returning
to the steady-state voltage within one second
under normal conditions.

Over Voltage: not exceeding 33 VDC returning
to the steady-state voltage within one second
under nominal conditions,

Transients: transient voltage at the inter-
face not exceeding plus or minus 50 volts
with a pulse width not greater than 10 micro-
seconds,

Reflected Ripple: reflected ripple meeting
the requirements of MIL-STD-461, CE 01,

Power Consumption: power consumption used
toc size the transmission system in the MDA
system are given in Table 2.2.10-1.

ELECTRICAL POWER - WATTS AT 28 VDC

PEAK
5190 580

5191 (2) 481
s192 266
5193 300
8194 (3) 35.4
C&D Panel 298

Tape Recorder N/A

STANDBY AVERAGE
60 153 (1)
{2 sec interval)
85.5 (1)
(8 sec interval)
72 (1)
{20 sec interval)
90 150
124 117
59 131.5
20.4 35.4
;130 117.6
N/A 260

(1) Intervals shown are between camera exposures.

(2) Includes

the V/TS.

(3) Includes heater power.

Table 2,2,10=1 EREP Power Allocations
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(8) Alignment Requirements - The mounting provisions
of the MDA were required to keep the line-of-sight
(viewing axes) of the EREP data taking sensors
\ perpendicular to the MDA X-Y reference plane
within +0.5 degrees.

(9) Window Requirements - Experiments 5190, 5191,
and $192 required viewing windows set into the
MDA shell. The particular optical requirements
of each window are specified in the paragraphs
below,

(10) Welght Allocations - The total weight of the EREP
system within the MDA was 2159 pounds. This was
exclusive of the MDA cabling, windows, the $§193
experiment and £ilm and wmagnetic tapes.

(11) Thermal Allocation - The acceptable heat dissipa-
tion required by the MDA atmosphere from the EREP
system was 2740 btu/day. The heat dissipation
from the EREP system to the EREP coolant loop
provided by the MDA did not exceed 2740 btu/day.

B. S8ystem Description - The EREP System is pictorially
illustrated in Figure 2,.2,10-3, The following (Table 2.2.1072)

is a l1list of the contract end items that comprised the EREP
system: ‘
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5190

5191

5192

§193
s194

ESE

SUPPLIER

ITEK

MMC

Block
Engineering

MMC
Honeywell

Radiation
Center

G.E.
AIL

MMC

Table 2.2,10-2

NAME

$190 M/S Photo Ass'y
Boresighted Camera Array
Magazine Assembly

Cassette Assembly

Flight C/0 & Support Equip.

5190 Supplemental Hardware

5191 IR Spectrometer Module
Electronics Module

$191 Viewfinder/Tracking Sys
External Scanner Assy

Internal Scanner Assy
Digital Electronics Assy

Microwave Rad/Scat/Alt

L-Band Electronics Box
Microwave Radiometer
Antenna

Control and Display Panel
Data Recording System
ESE Subsystem

EREP System End Items

END ITEM

173200
173150
173160
173155
N/A

220401A

PL-950167
PL-950139

220301A
DJIK11Al

DLK79A1
KHK9A1

3240

375668
375584
375667

220601A
220101A
220201A

(1) S190 Multispectral Photographic Facility (MSPF) -
The 5190 MSPF was a six camera system with a for-

ward motion compensator.

The six cameras had a

matched distortion and provided photographs, in

the vigible and near infrared regions, of the

earth's features. The specific objectives of the

§190 MSPF were to .

& provide a photographic facility to study the
value of multisp-:tral photography using various
film/filter combinations for the identification
and assessment of the earth, oceans and cloud

features.

¢ determine to what extent multispectral photo-
graphy could be applied to detailed analysis
in earth resources,
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The 5190 MSPF consisted of a boresighted camera
array with a Forward Motion Compensator (FMC),
a Mount Support Assembly (MSA) and a viewing

i ¢ A TR A e R e e
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window in the MDA shell,

(a)

8190 Boresighted Camera Array (BCA) - The

5190 BCA employed six camera stations, each
using 70 mm film, The six camera lenses were
distortion matched so that the impage points
fall within a 20 Tan © micrometers (tangential
dimension) by 10 micrometers {radial dimension)
elliptical envelope. The BCA was boresighted
to position the optical axis of each camera
station parallel to each other within a cone
of 60 arc seconds full angle. The spectral
region covered, the film type used and
resolution of each of the camera statiomns,
are given in Table 2,2.10-3,

WAVELENGTH RESCLUTION LP/MM
(MICROMETERS) FILM TYPE STATIC  DYNAMIC

o XV, N P St

.3 -
.6 -
.7 -
.8 -
5 -
.

.6 PanX Aerial T 116 102

.7

PanX Aerial 130 115

.8 IR Aerographic 535 50

9

IR Aerographic 50 45

.88 Ektachrome IR 45 40
o7 Aerial Color (50242) 130 116

Table 2.2.10-3 5190 Sensor Specifications

The BCA was capable of sequencing exposures
from one frame every two seconds to one frame
every 20 seconds, controcllable at 2 second
intervals,
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(b)

(c)

(a)

5190 Window -« The S190 window was mounted into
the MDA hull and performed a photographic
function, an astronaut viewing function, a
structural function and a sealing function,
The area of optical quality was a minimum of
13,5x19.76 inches with the following
characteristics:

e Wavefront Variation - Less than 0,06 micro-
meter from original plane, less than 0,012
micrometers from best RMS fit plane (any
3 inch diameter area)

e Transmitting 1/4 Figure 2,2,10-4

@ Reflectance - Figure 2,2,10-5

o Parallelism - The exterior surfaces of the
window parallel to within 2.0 arc seconds
over the entire window area.

The window was provided with external and
internal covers. The external cover was
mechanically operable from within the MDA,

£190 Mount Support Assembly (MSA) - The MSA
was the member that attached 8190 to the MDA
shell, The MSA positioned the S190 camera
array over the MDA window during lannch,
during sensor operation, rotated the camera
array to a stowed position to clear the window

for crew viewing and f£ilter changes, and provided

an intermediate position for camera checkout.
The MSA mounting in the MDA positioned the

BCA oveér the center of the 5190 window assembly
during photographic operations with tie optical
axes positioned within +0.25 inches of the
center of the MDA window. The MSA was capable
of holding the BCA such that the Forward
Motion Compensation device (FMC) axis was
perpendicular to the MDA X-Z plane within

0.060 inch and parallel to the window within
0.057 inch.

Functional Interfaces Description - The operation

of the S19C experiment was controlled at the
EREP C&D Panel, with the exception of certain
basic controls which were located on the BCA,
The 8190 housekeeping and timing signals were
recorded on magnetic tape by the EREP Data
Recording System.
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(2) S191 Infrared Spectrometer System - The S191 IR

Spectrometer had the capability of acquiring spectra
of small (approximately one nautical mile diameter)
ground targets with a one milliradian spatial reso-
lution from orbital altitudes of 200 to 260 nautical
miles, The IR Spectrometer scanned through the
spectral regions .4 to 2.4 micrometers (visible to
near IR) and 6.2 to 15.5 micrometers (thermal IR),
The acquisition and tracking of the specific ground
targets was accomplished by the utilization of an
astronaut controlled Viewfinder/Tracking System
(v/T8). The IR Spectrometer had the same line-of-
sight as the V/TS by the manipulat‘ 2 of a two-axes
hand controller. Once the ground ic.get was being
tracked, the EREP Data Recording System would record
the spectrometer outputs., Concurrent with tracking
the target and recording data, the V/TS provided

the capability to take photographs of the target area.
The specific objectives of the 5191 IR Spectrometer
were to quantitatively evaluate earth resources
sensing in the above spectral regions from near
orbit and to evaluate the use of an astronaut
controlled tracking system to acquire ground sites,

The S191 IR Spectrometer consisted of the Infrared
Spectrometer, a Viewfinder/Tracking System and
precision machined mounting plate, set in the MDA
shell,

(a) 8191 Infrared Spectrometer Description - The
5191 IR Spectrometer consisted of a filter
wheel desipgn utilizing circularly variable
interference filters as the spectral bandpass
selection elements., The spectral resolution
of the gpectrometer is shown in Figure 2.2.10-6,
The IR Spectrometer completed one spectral
scan per second through the entire wavelength
range. The IR Spectrometer had full internal
calibration in radiance, and employed sandwich
detectors of silicon and lead sulfide for the
short wavelength channel and mercury-cadmium-
telluride for the long wavelength channel.

The mercury-cadium-telluride detactor was
cooled to below 90°K by a closed cycle cooling
engine,
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Appropriate electronics were provided to

output the various signals in a form compatible
to the S191 pulse code modulation (PCM)

system. The PCM system sampled each spectral
channel (5) and the filterwheel angular

; position at a rate of 684 samples per second

! (SPS) and 31 housekeeping channels at a rate

of 21,375 SP5. The PCM system had a 10-bit
accuracy. A clock output was provided to
allow the PCM data stream to be Miller encoded.

(b) 8191 Viewfinder/Tracking System Description «
The V/TS permitted an astropnaut in the MDA
shirt-sleeve environment to visually acquire
; a selected ground target, direct the field

i of view of the TR Spectrometer within the

: target area, then maintain this condition

F during one second of data acquisition. The
system provided a structural/environmental
enclosure for the externally mcunted portions
of the S19]1 Experiment.
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Key ~haracteristics of the V /TS were as
follows:

The magnification of the astronaut viewing
telescope was adjustable between 2.25 pawer
and 22.5 power.

The field-of-view ranged from 70 + 4 nautical
miles at minimum magnification to 7 % .4
nautical miles at maximum magnification

from a 235 nautical mile altitude,

The static ground resolution of the V/TS

telescope was!

Maximum magnification: On-axis 73 ft/eycle
0.859 from 105 ft/cycle
the center
of FOV

Maximum magnification: On-axis 660 ft/cycle
8.5 from 930 ft/cycle
the center
of FOV.

The V/TS was designed for in-flight align-

ment of the telescope line-of-sight to the
IR Spectrometer detectors.

The V/TS had the capability to direct the
line-of-sight 10 degrees aft to 54 degrees
forward along the ground track and 23
degrees left and right measurcd from the
+Z axis. These angles are defined for the
center of the field-of-view with the entire
field of view unobstructed,

The telescope field-of-view displayed time,
gimbal angles, and an alignment light for
V/TS and IR Spectrometer alignment.

The V/TS provided all controls and displays
necessary for complete operaticn of the
system. The controls and displays were
located at the V/TS station.

The external environmental enclosure was
equipped with an electrically operated
aperture cover, The cover was designed to
open or close at a rate of 2,0° per second
and had an automatic electrical/mechanical
latching mechanism.
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(3)

e The V/TS accommodated a camera, either TV
or Data Acquisition Camera (DAC), and
incorporated a pick-off mirror to allow the
camera to photograph the field-of-view of
the V/TS, It was also possible to dump
photographic data to the ground via TV,

{e) 8191 Mounting Plate Description - The S191

(d)

mounting plate provided the internal and
external mounting of all S191 components. The
mounting plate provided feedthrough connection
for transmission of all data, power and control
signals between the various portions of S5191.
The mounting plate also provided a viewing
window (which was a part of the optics of the
telescope gimbal mirror system) for the V/TS
telescope and a thermal sink for the 5191
Ianfrared Spectrometer. The window had, as

a minimum, the following optical qualities:

o Transmissivity - In the wavelength range
from 4,000 § to 7,000 £, a minimum of 95
percent transmission at normal incidence.
An anti-reflection coating was provided.

e Parallelism - 5 arc seconds or less.

e Wavefront - Peak-to-peak variation did not
exceed ..%... for » = 6,000 § over a total

window area.

Clear Aperture - Three-inch diameter, minimum.

® Index of Refraction Variation - The index
of refraction of the glass measured at
> = 66000 £ would not vary by more than
+ 5x107° over the clear aperture.

Functional Interface Descriptioh - The 8191
equlpment operation required two-crewmen

{one at the C&D for power, and spectrometer

operation and sne at the V/TS). All S191
data along with housekeeping data, was trans-
mitted to.the C&D panel to be recorded on
magnetic tape by the EREP system.

5192 Multispectral Scanner - The Multispectral
Scanner was capable of gathering high spatial

e e i
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resolution and quantitative line scan data on the
radiation reflected and emitted by selected test
sites. The data was taken in 13 spectral regions
of the visible, near infrared, and thermal infrared
regions of the. spectrum. The Multiapectral Scanner
could gacher the data in these spectral bands with
a high signal-to-noise ratio in a spatially
reglatered manner, The data was digitized to
maintain the information content and spatial
registration of the data as it passed through the
system electronics to the EREP C&D panel and to

the EREP recorder.

The S192 Multispectral Scanner employed 13 detectors
to gather information in the 0.4 micrometer to

12,5 micrometer region of the spectrum and separated
the spectral information into the following 13 bands:

Band Wavelengéh (Micrometexs) Band Wavelength gnicrohetersz

0.41 - 0.46 ’ 8 0.98 - 1.08
0.46 - 0.51 4 9 1.09 - 1.19
0.52 - 0,56 10 1.20 - 1,30
0.56 - 0.61 11 1.55 - 1.75
0.62 - 0,67 12 2.10 - 2,35
0.68 - 0.76 ' 13 10.2 ~ 12.5
0.78 - 0.88 '

The 5192 Multispectral Scanner consisted of an
internal and external scanner, a digital electronics
assembly and a mounting plate in the MDA shell,

(a) 8192 Multispectral Scanner Description - The
external scanner was provided with a remotely
actuated cover for the objective aperture.
The instantaneous field-of-view (IFOV) for
all detectcrs was 0,182 milliradian times
0.182 milliradian or 260 feet by 260 feet, from
a 235 nautical mile orbit. The total scan
overlap was less than 5% of the area scanned.
The variations in the scan pattern were less
than 0,1 times the dimension of the smallest
IFOV in both the in-track and cross-track
directions, The spatial registration between
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(b)

any two bands was maintained to one~tenth the
dimension of the IFOV of the two bands, The
angular coverage (swath width) was 120° of
rotation of a 5.5 of a half angle cone.

- The optical resolution of bands 1 thru 12

was such that the diameter of the blur circle
of the optics was smaller than one-half the
dimension of the IFOV. For band 13, the
optical resolution was essentially diffraction
limited., The Multispectral Scanner had a
cooler/detector/preamplifier assembly replace-
ment and realignment capability. The replace-

ment assembly was stowed in the internal
scanner assembly,

The Multispectral Scanner had the capability

to calibrate each spectral band radiometrically,
once each scan line.

S192 Digital Electronics Assembly (DEA) -

The DEA accepted the video outputs from the
detectors and digitized/formatted this data.
The DEA also distributed MDA power, controlled
5192 gains and provided circuit protection.
The output of the electronics assembly was

22 channels of digital scientific data and a
single channel of housekeeping data at a rate
of 970 megabits per second per channel. Each
scan line (data frame) was divided into sub-
frames with synchronization signals at the
beginning of each frame and subframe, The
digital data output was coded in pure binary
and was then Miller encoded in the C&D panel
before being recorded on tape.

The DEA also digitized and multiplexed all
electrical signals necassaxy to define the
ingtrument status, at a rate of once each
scan line; such as operating conditions

and calibration source conditions. These
signals were routed through the EREP C&D
Panel at the same rate as the scientific data

. to be recorded by the EREP Data Recording

System. This housekeeping data was redundantly
recorded on T/R tracks 1 and 27,
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The electronics asgembly also provided selected
analog signals for display on the C&D panel.

S192 Mounting Plate - The S192 Mounting Plate
provided for the mounting of the internal/
external portions of the scanner, The mounting
plate provided a thermal sink for the external
portion and provided feedthrough connectors
for all data, control and power tranamission
between the internal and external portion of
5192, The mounting plate included two
windows for sensor viewing. The window
material for spectral bands 1 thru 12 was

T17 Infrasil I. The window had as a minimum
the following characteristics: :

e Clear Aperture: 2.0 inches in diameter
by 0.25 inch in thickness.

e Transmittance: 937% minimum at any wave-
length between 0.4 and 2.4 micrometers;
96% minimum at wavelength of peak trans-
mittance; uniform within 0.5% over any
1/4-inch diameter.

e Coating: 8Single layer of magnesium
fluoride anti-reflection coating to both
sides with 1/4 wavelength optical thick-
ness for peak transmittance at 0,6 micro-
meters per MIL-C-675.

e Wavefront Variation: Variation not to
exceed 1/4 wavelength for a wavelength of
0.6 micrometers over the total window area.

The window material for spectral band 13 was
germanium with the following minimum require-
ments.

e Clear Aperture: 2.0 inches in diameter by
0.25 inch in thickness,

e Transmittance: 92% minimum avefage over
the 10.2 and 12.8 micrometers; band uniform
within 0.5% cver any 1/4 inch diameter.

e Coating: Multilayer anti-reflection
coating: to both sides.
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(d) Functional Interface Description - The 5192
Experiment was controllable from the EREP
C&D Panel and required only one crewman for
operation during data passes, The experiment
used 24 recording tracks of the EREP Data
Recording System; 22 for scientific data and
2 (1 redundant) for housekeeping data., The
Digital Electronics Assembly was supported
on equipment rack no. 2 and used cooling
water from the EREP coolant loop.

(4) 8193 Microwave Radiometer/Scatterometer/Altimeter -

The 5193 Experiment was a combination radar alti-
meter, radar scatterometer and passive microwave
radiometer., The 5193 Experiment measured near
simultaneocusly, the radar differential backscattering
cross section and the passive wmicrowave emissivity
of the land and sea surfaces, The microwave
radiometer and scatterometer were capable of oper-
ating independently of each other and of operating
independently of the altimeter, The system used

a single antenna which was gimbaled to scan in
various modes.

The S193 Experiment also consisted of a gimbaled
(pitch and roll) antenna and an electronius package
mounted externally.

(a) 8193 Microwave Radiometer/Scatterometer/
Altimeter Description - The S$193 System was
designed to cperate on a single frequency of
13.9 GHz. A single antenna was used for all
operations. The antenna exhibited a pencil
beam of approximately 1.5 degrees and was
gimbaled to allow for scanning up to 48
degrees on either side of the flight track
and 48 degrees forward along the flight track
relative to the Z axis of the MDA, The
system was electronically controlled from
the EREP C&D Panel to pexrform the various
modes for the altimeter radiometer and
scatterometer. In addition, the altimeter
range pgate was set from the C&D panel,
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The 8193 electronics data output was digital
and adaptable to a 10-bit word PCM format.
It was 10 KBPS for the altimeter mode and
5.333 KBPS for any radiometer/scatterometer
mode. All data was redundantly recorded on
the EREP Tape Recorder System, tracks 14 and
15, '

The flight hardwara, antenna and electronics
box, was provided for mounting directly to
the AM DA truss,

(b) Functional Interface Description - The entire
8193 Experiment was mounted to the AM DA
truss, It received power directly from the
AM power bus. All 5193 controls were contained
in the EREP system in the MDA, The AM also
provided survival heater power for the unit,

§194 L-Band Radiometer - The S194 L~-Band Radiometer
was a microwave radiometric sensor, utilizing a
fixed planer array antenna, oriented toward Nadir.
The system measured the earth's thermal radiation
and provided a digital representation of 0 to 350°K
input temperature range to an accuracy of 1°K, at a center
frequency of 1.413 GHz, The antenna beam provided
a noninal 60x60 nautical mile footprint coverage

of the earth. The energy recelved by the antenna
was integrated at a rate that ensured a minimum

of 80 percent ground coverage overlap.

The 85194 L-Band Radiometer consisted of the antenna,
an electronics box and a mounting truss,

(a) 8194 L-~Band Radiometer Description - The 5194
L~Band Radiometer was a modified Dicke type
radiometer with gain modulation utilizing a
tuned radio frequency -—eceiver. It had an
integration time of .- :cond and a band width
of 27 MHz (1.400 to ).+427 GHz), The radio-
meter measured the effective antenna tempera-
ture by comparing it to a reference at a
Dicke switch rate of 105 Hz. The electronics
had a dynamic range of 0°K to 350°K with an
accuracy of '+ 1°Kk, The system included two
automatic calibration intervals; one cycle
calibrated every four minutes and the other
every 34 minutes. A manual calibration could
be initiated by the crewmen from the EREP
C&D panel,

)
1
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The data output of the radiometer was a slowly

varying DC voltage sampled at a rate not to
exceed 200 TIPS,

The mounting truss supported both the antenna

and the slectronics box. It was designed to
maintain the alignment requirements of the

sensor and withstand the MDA dynamic enviro-
ments.

(b) Functional Interface Descripticn - Control for

the S194 L-Band Radiometer was contained in
the EREP C&D Panel and all scientific and
housekeeping data was routed from the sensor
through the C&D Panel and recorded on the
EREP Data Recording System,

C, Test - The component tests were performed by the
experiment developer prior to being delivered as GFE., For
details refer to the Experiment Final Program Repor:. For
systems testing see section 7 of this report,

D. Mission Results - All aspects of MDA and AM/MDA inter-
face requirements affecting the EREP experiments were satisfac-
torily met. Concerns that developed at the EREP system level
were possible loss of Flight Time Reference System (TRS) in the
AM and posseible loss of AM coolant loop. The severe electrical
power restrictions during the earliest part of the mission were
successfully worked around. Results of individual experiments

performance during the mission can be found in the Experiment
Final Program Report.

(1) S190A - Interfaces were satisfied., Concerns with
malfunctioning lights, with "dust or bubbles"
inside the lens assembly and, later, with slowing

or inoperative shutter drive were internal to the
experiment.,

(2) 8191 -~ All interfaces were satisfied. A substan~
tial concern that an 5191 door failure was eminent

developed early in the mission and persisted until

the operation was demonstrated to be complete,
including proper latching. The first opening of
the door, reported at 3 minutes (in contrast to
nominal KSC test value of 1:45) was the basis of
this concern; door operations were absolutely
minimized throughout the mission in the belief
that total failure might occur at any time. As a
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(3)

(4)

result of leaving the door open or unlatched:

e alignment could not be performed as had been
scheduled

e colder temperatures were presented to the
Malaker cooler

¢ longer warmup time was required.

These matters were routinely handled by the MDA
Mission Support/EREP Support Operations.

5192 - MDA interface redquirements were met. The
cooler-detector~-preamplificr assembly (CDPA) was
installed at the beginning of the first manned
mission and the CDPA did not, it was later found,
mate properly. This created considerable crew
difficulties and confusion in alignment procedures
and final readings. The second crew readjusted
the CPDA and normal procedures worked and expected
values were observed., A noise in the 1§-20 Hz
range was present in the flight and in the St.
Louils test data as modulation on the expected data,
It appeared that this noise was built into the
experiment design.

8193 - Mechanical, electrical and operatioral
interfaces with the orbital assembly and the EREP
C&D Panel were satisfactory throughout the mission,
The crew interface with 5193 C&D Panel presented

a more complex situation than usual as a result

of constraints on sequence and timing of 5193
switches and sights, After the first operations
by each crew, the problems were mastered and
operations became routine.

The gimbal system of S193 exhibited an abrupt
failure during the SL-1/3 mission. A short in the
power circuits to the gimbal systems rendered the
pointing uncontrollable. A test-and-fix box was
taken up on SL-4 and - sed during EVA. The existence
of a short was confirmed and the box was used to
open the circuit to the shoit restoring the
remaining funccions employing the power system.
The gimbal launch-lock pin was also installed
locking the inoperative axis. The 8193 operations
during the SL-1/4 mission were performed within
this additional constraint. The mechanism which
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could have caused the short was considered, and
speculation seemed to suggest that thermal blanket
material may have moved into the gimbal pot near
the high end (with respect to ground) of the

electrical sensor winding around the structural
member.

8194 - Mechanical, electrical and operational
interfaces with the orbital assembly and the EREP
C&D Panel were satisfactory. The rare, unexpected
operations of indicators were the result of out of
tolerance temperatures or insufficient time to
reach in-tolerance tewmperatures,

Conclusions and Recommendations - All EREP interfaces
with ¥DA hardware and subsystems were satisfactory. The crew
interface at the EREP C&D panel was highly successful, confirming
this approach of a centralized nerve center for all the EREP

experiments,

Centralized power distribution, sensor control

and data processing is highly recommended for future experiment
operations of this nature.




2.2.10.2 Materials Procesg;ng_;p Space Facility (MEF)

A. Design Requirements - The Materials Processing in Space
Facility consisted primarily of a sphere for vacuum envircoment,
an electron beam source, and asssciated mechanical and electrical
hardware. The fac{lity was utiiized for numerous experiments
which were performed in the Zero-G and vacuum environment.

The MDA/Experiment interfaces required for these experiments,
and the correct environments were:

(1)

(2)

(3)

(4)

(3)

Mechanical - The MPF was shock-mounted in the MDA,
The entire facility was mounted on honeycomb pancls
and then installed in the MDA. The stowage con-
tainer was mounted in the same manner,

Electrical - The MPF required only the 28 VDC
interface for its operation. When the M518 Multi-
purpose Eleciric Furnace (MEF) was added, it also:
required pover from the hi-power utility outlet
and telemetry data interface utilizing the Speaker
Intercom System.

Vacuum =

(a) The MDA provided a 4-inch line to the external
vacuum environment, This line was controllable
with two 4-inch valves placed in series between
the MPF and the MDA bulkhead.

(b) A Battery Vent Line was provided for overboard®
dump of battery gas.

Water - The MDA was compatible with a flex line
water hose from the OWS to provide quenchinpg water
for M479.

Vacuum Cleaner - Access around the MPF was necessary
for using the vacuum cleaner attached to the vacuum
cleaner port,

B. Functional Objectives - The objective of the MPF was

-to provide a facility (see Figures 2.2.10-7 and -8) in which to

demonstrate and evaluate the merit of performing various repair
and assembly techrniques and numerous procedures needed to process
certain materials research projects in a Zero-G and vacuun

envir-nment,

Molten metal flow, freezing patterns, thermal
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Figure 2.2.10-7 M512 Materials Processing in Space Facility

Figure 2.2.10=8 M512 Equipment Stowage Container
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stirring, fusion across gaps and surface tension were examined.

The Experiment objectives were met by performing various
experiment tasks within the facility. The following is a listing
of the experiments and their objectives by number and title:

(1) M479 Zero Gravity Flammability - Ignite various
materials in Skylab cabin atmosphere to determine:

Extent of surface flame propagation, flashover
to adjacent materials, ete.

Rates of surface and bulk flame propagation
under zero convection.

Self-extingulshment,

Extingufshment by vacuum or water spray.

(2) M551 Metals Melting -

Study behavior of molten metal in micro-gravity.

Establish means of materials joining and cutting
in space, and maintenance of orbiting structures.

(3) M552 Exothermic Brazing -

Study hehavior of molten metal in reduced gravity
(in particular, surface wetting and capillary flow)

To demonstrate a heat source fo: melting metal
in space.

To test and demonstrate a method of brazing
components for space repair and maintenance
operations. :

(4) M553 Sphere Forming -

To evaluate segregation in binary alloys and
pure metal solidified in micro-gravity.

To determine amount of supercooling of a pure
metal solidified in micro-gravity.

To determine the stoothness of metal surfaces
solidified in micro-gravity.

The M518 Multipurpose Electric Furnace (Figure 2,2,10-9)
experiment system was approved for the Skylab Mission in June 1972
to provide necessary thermal parameters for the following experiments:
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(1)

(2)

3)

(4)

(5)

(6)

(7N

(8)

M556 Vapor Growth of IV-VI Compounds - To determine
the degree of improvement that can be chtained in
the perfection and chemical homogeneity of crystals
grown by chemical vapor transport under weightless
conditions,

M557 Immiscible Alloy Compositions - To determine
the effects of near Zero-Gravity on the processing
of material compositions which nommally segregate
on earth.

Solidification of immiscible metal liquids under
isothermal conditions with a third sample to be
solidified in a temperature gradient.

M558 Radiocactive Tracer Diffusion ~ To measure
self-diffusion and impurity diffusion effects in
liquid metals in space £light and characterize
the disturbing effects, if any, due to spacecraft
acceleration.

Specifically, determine the diffusion coefficient
of radiocactive zinec in natural zinc,

M559 Microsegregation in Germanium - To determine
the degree of microsegregation of doping impurities
in germanium caused by convectionless directional
solidification under conditions of weightlessness.

M560 Growth of Spherical Crystals - To grow doped
indium antimonide (InSb) crystals of high chemical
homogeneity and structural perfection and study
their resulting physical properties in comparison
with theoretical values for ideal crystals,

M561 Whisker-Reinforced Composites - To produce
void-free samples of silver reinforced with oriented
silicon carbide whiskers,

M562 Indium Antimonide Crystals - To produce doped
semicenductor crystals of high chemical homogeneity
and structural perfection and to evaluate the
influence of weightlessness in attaining these
properties.

M563 Mixed ITI-V Crystal Growth - To determine
how welghtlessness affects directional solidifi-

» cation of binary semiconductor alloys and, 1if single
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(9)

(10)

(11)

crystals are obtained, to determine how their semi-
conducting properties depend on alloy composition.

M564 Halide Eutectics - To produce highly continuous
contrclled structiizes in samples of the fiber-like
NaF-NaCl eutectics, and to measure their physical
properties.

M565 Silver Grids Melted in Space - To determine
how pore sizes and pore shapes change in porous
structures when they are melted and resolidified
in space.

M566 Aluminum - Copper Eutectic - To determine the
effects of weightlessness on the solidification of
Lamellar structure in an eutectic alloy when
directionally solidified.

C. Test - Component level tests were performed by the

experiment developer prior to being delivered to the MDA as GFE.. .

For details refer to the Corollary Experiments Final Technical
Report, TMX-64809, MDA systems level testing results are included
in Section 7 of this report, a

D. Mission Results -

SL-1/2 - Experiments M551, M552, and M553 were performed

as scheduled. Slightly longer than amticipated
times to achieve the desired working pressures
in the chamber, and a malfunction in the cir-
cuitry controlling the shutoff of the electron
beam were the only events marring the success-
ful operation of the facility. The extended
time to achizve the pressures impacted the
number of samples completed on M553 (21 of the
scheduled 28). The malfunction of the electron
beam gun was successfully corrected through

an operational procedure using the battery
circuit breaker to terminate the beam when
necessary.

SL~1/3 - The M518 series of experiments was scheduled

to be performed on the SL-1/4 mission, but due
to the availability of mission time and the
crew's request for additional work, approval
was granted by the Flight Management Team to
perform as many of the M518 expeximents as

L.
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possible on SL-3. Thus, the entire series of
eleven experiments (3 samples each) was performed.
The system performed as designed with two
exceptions, neither of which created a problem

or was considered an anomaly. First, the heat-up
: times were generally shorter than expected.

i This was due to the AM Bus 1 voltage being

j slightly higher (but well within tolerance)

[ than that used to predict the heat-up time. ,
i Second, there was an apparent "slip" in the r
| "Soak Temp" potentiometer, resulting in slight !
; . varjations in the furnace soak temperatures
l Obtaine‘l .

SL-1/4 - Seven of the M518 backup experiments were Cod
launched, performed, and returned successfully. ‘
The heat-up times were slightly longer than . H
anticipated, again due to minor variations. of i
the AM Bus 1 voltage. ‘ t

M479, "Zexro-G Flamability" was performed as
scheduled. All samples were performed, with ) -
the only significant problem being the perfor- ; v

; mance of the water quench system. The system

@ did not operate as intended, but it could not ,

i be determined whether the problem was proce- ‘

i dural, or a hardware malfunction.

A more detailed discussion of the results
obtained during the three manned mission can
be obtained by referring to the Corollary
Experiments Final Technical Report, TMX-64809.

E. Conclusions and Recommendations - See the Corollary
Experiments Firal Technical Report, TMX-64809.
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2,2,10.,3 5009 Nuclear Fmulasion

A, Design Requirements - MDA support to the S009 consisted
of physical support, a controlled environment and electrical
power., The experiment consisted of a detector package, an
experiment housing assembly and the support structure furnished
by the experiment developer, the Naval Research Laboratory (NRL).
The detector package was launched {n the OWS film vault and

transferred on orbit to the experiment housing which was per-
manently mounted in the MDA.

The support consisted of two beams attached between two
longerons in the forward section of the MDA. This aligned the
experiment housing such that the detector pointed along the
-Y axis. The skin of the MDA, between these two longerocns,
was then chem-milled to 0,076" from a nominal thickness of
0.250", to allow a uniform skin as thin as possible to "look"
through. The MDA provided the controlled enviromnment required

by the detector package emulsion and 28 VDC at a maximum of
1.25 amps.

Further details concerning the designh requirements and .
interface requirements can be found in the Experiment Require-
ments Document (SE-010-022-2H) and the appropriate ICDS:

e Mechanical - 13412191
e Electrical - 4(MM35652

B, Functional Description - The objective of the experimen£
was to study the charge spectrum of primary cosmic rays, obtain
detailed chemical composition of the heavy primary nuclei,

search for rare particles, and study these phenomena as a
function of the solar cycle.

This was accomplished by exposing a stack of layers of
emulsion and atudying the tracks left by the cosmic rays as they
passed through, Two actions were taken to eliminate unwanted
particle tracks such as protons in the South Atlantic Anomaly.
First, the detector package containing the emulsion was hinged
along one edge much like an open book. This allowed the package
to be closed or put in a "data reject" mode. Thus, any track
that could be traced across the interface between the two halves
could be considered to have occurred during the data reject
mode and was not analyzed, Second, the detector package was
oriented so that it "looked" essentially perpendicular to the
orbit plane. This was to eliminate secondary particle tracks

regulting from collisions between the primary cosmic rays and the
earth's atmosphere.
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These two functions were accomplished by the detector
housing assembly mounted to the wall of the MDA (see Figure
2.2.10-10). The opening and closing of the package was con-
trolled by a stepping motor activated through a timing circuit,
The period of the orbit was set, then the fixed open and closing
cycle insured that the package was closed whenever the OA was
north of 30 degrees north latitude ox south of 25 degrees south
latitude, Orienting the package perpendicular to the orbital
plane was accomplished by the astronaut. His particlpation was
required because the pointing of the experiment varied with the
beta angle of the orbit. Thus, he was required to make an ad-
justment to the experiment pointing anywhere from once a day to
once avery six days, depending on what part of the beta angle
versus time curve the miesion covered.

C. Tesat - Component teats were performed by NRL prior to
being delivered as GFE. For details refer to the Corollary
Experiments Final Technical Report, TMX-64809. MDA systems
level testing is included in Section 7 of this report.

D. Mission Results - The 8009 Nuclear Emulsion Detector
Package was transferred from the OWS Film Vault on MD5 (LOY 149)
of SL-2 and was successfully deployed, although the crewman
commented at the time that the package was very difficult to
install because of tighter-than-expected tolerances between the
package and the Experiment Housing. The package was exposed
for 21 days, and then on MD26 (DOY 170) it was removed on schedule
from the experiment housing and stowed in the CM for return,

The experiment did not perform as well as expected, and the
data was degraded due to:

(1) High tempergtures in the OWS Film Vault during the
first 13 days of SL-1,

(2) Late deployment due to the delay of the launch of SL-2,

(3) The tendency of the package to stall on the close
cycle of the automatic open/close sequence, This
problem was noted on MD1l7 (DOY 161).

The first two of these problems were related to the loss
of the OWS meteoroid shield with the resultant high temperatures
and late scheduling of the SL-2 launch. The OWS temperatures
climbed far above nominal and remained there for several days.
The Nuclear Emulsion Package resided in Drawer J of the OWS

Film Vault during this period. Although there was no temperature
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Figure 2.2.10-10 S009 Nuclear Emulsion
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sengor in the Film Vault, the temperature could be closely
estimated by use of the sensors in the vicinity of the vault,
The temperature was above 90 F the nominal maximum, from DOY
136 to DOY 149. From DOY 142 to DOY 147, the temperatures were
between 120°F to 125°F. These extremely high temperatures led
to the softening and sticking together of the individual layers
of the emulsion to such an extent that they were deformed when
separated for analysis. In addition, the background fogging
level increased by a factor of 2.

Late deployment was deleterious because the Nuclear Emul~
sion Package begins to gether data (cosmic ray tracks) from the
day the film is made until the time it i3 processed. In space,
of course, the effect is much greater since there i1s no shield-
ing atmosphere. Therefore, the additional ten days that the
package spent in orbit in a data reject mode (package closed)
added to the background "noise" that had to be eliminated during
the postmission analysis,

Or MD17, the motor/drive train proved incapable of closing
the Emulsion Package. This condition interrupted the timing
gequence of the package openings and closings that were accurate-
1y synchronized with 30° north and 25° south latitude crossings,

‘The decision was made to turn off the motor and deploy the

Emulsion Package open, but with the continued manual pointing
updates. This mode of operation continued through MD26.

In order to evaluate the motor/drive train condition, a
set of questions were uplinked to the crew and later a malfunc-
tion procedure was prepared in a coordinated effort with NRL,
JSC and MSFC. The procedure called for the cycling of the
motor/drive train through several opening/closing sequences
without a package present, but with the crewman actuating limit
switches manually. When tried by the crew, the motor closed
the emulsion package with some hesitation at the midway point,
It then opened, but when the attempt was made to close it again,
it stalled.

A backup package was prepared for launch on SL-2, but was
not launched due to limited CM stowage. It was then approved
to be launched on SL-3, but was again deleted due to stowage
considerations. It was launched and performed on SL-4.

A replacement motor assembly was launched on SL-3 to replace

the degraded unit on orbit. Inflight maintenance was performed
prior to the activation of the experiment on SL-4,
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E. Conclusions and Recommendations - Skylab experience
has shown the importance of supplementing Telemetry over and
above information gathered through voice contact with the crew.
The anomalous condition of 5009 could have been discovered at-
its first occurrence and possibly converted had telemetry been
provided to indicate when the motor was operating, This also
would have allowed the ground support personnel to relieve some
of the duties of the crew, such as requiring them to adjust the
experiment only when required, rather than on a regularly
scheduled basis.

Testing of the experiment could have included zero-G
simulation, This would have allowed investigation of the effects
of the high mass of the detector package on the open and close
cycle. It also would have provided am evaluation of the adequacy
of the motor to perform this function.

Overload protection on the motor itself might have detected
those times when it is predicted that the package stalled.
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2.2.10.4 Proton Spectrometer

A. Design Requirements - The Proton Spectrometer required
support from the MDA in the form of physical support, electrical
power, and instrumentation and communication., Specifically,
the instrument was mounted to the L-band truss (see Figure 2.2.10-11)
such that the detector had a clear field of view (a 45 acceptance
cone) along the Y axis. The instrument was, in addition, bonded
to the structure through the truss. Electrically, the MDA
provided 28 VDC at 5.9 watts maximum load. The I&C interface
accommodated:

Figure 2.2.10-11 Proton Spectrometer Installation
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A 6 VDC count/calibrate threshold change signal,
Detector head, and electronics temperature measurementsa,.
Transmission of a 12-bit digital word.

Two particle rate counting measurements.

A spacecraft clock signal for data synchronization.

Further information can be found in the Instrument Require-
ments Documerc for the Proton Spectrometer (Repository No.
SE-010-050-2H), or the applicable ICDa,

¢ Machanical - 13M13513
o Electrical - 4035664
¢ 1I&C - 50M16134

B. Functional Description - The objective of the experiment
was to determine the energy spectrum and intensity, as well as
the pitch angle distribution, of electxons and protons trapped
in the radfation balts of the South Atlantic Anomaly., Time
variations of these measurements over long pericds should help
in the analysis of solar modulation of the radiation belts.

Solar flare radiation was also recorded. This knowledge of the
energy spectrum of the particles should aid in the design of
shielding, the choice of £ilms and £ilm developing procedures,

and the determination of radiation dosage being received by the
crev,

The Proton Spectrometex was a charged particle spectro-
meter mounted on the L-band truss external to the MDA, It
measured electrons from 1.2 to 10 MEV and protons from 20 to
400 MEV, The spectrometer consfeted of a detector head, and
electronics housed in a single instrument.

The detector head was & particle-identifying and measuring
device (see Figure 2.2,10-12), It measured specific energy loss
in two thin sclid state detectors and energy in a cesgium fodide
crystal detector., These three detectors were surrounded by a
fourth detector, a plastic scintillator, which operated in

anti-coincidence. The scintillation counters were viewed by
photomultiplier tubes,

When in the South Atlantic Anomaly, the intense electron
radiation environment resulted in a very high counting rate in
the individual detectors despite heavy shielding., Therefore,
very fast electronics were used and multiple coincidences and
anti-coincidences were required before a particle was counted.
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Figure 2.2.10-12 Proton Spectrometer Detector Head Assembly
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The instrument was normally acquiring calibration data,
using an alpha source grown into & cesium iodide crystal as a
reference, Both scintillation detectors sensed the radiation
environment contiruously. One sciatillation detector signal
was gent to a threshold discriminator. The discriminator was

used by the control logic to bring the detector system into its
counting mode automatically.,

This method of automatic count-calibrate mode changes
required initial knowledge of radiation to be measured in order
to properly set the reference threshold voltage for the discri-
niinator. Therefore, a ground command was used to change this
reference voltage, as well as providing a ground command capa~
bility for turning the instrument on oxr off. The status of the

reference voltage was changed in steps by repetitlon of the
ground commandsa,

The Proton Spectrometer, due to the layout of the coinci-
dence and anti-coincidence detectors, had an acceptance cone
angle of 45° from both the front and rear of the instrument,
Rnowledge of the orientation of the OA while passing through
the South Atlantic Anomaly yielded information about the pitch
angle distribution of the spiraling particles.

The output of the instrument consisted of two analog
temperature measurements, two analog count measuxements
(indic+ting the total flux of the radiation field) and a 12-bit
digital word., The digital output was updated at a 10 per second

rate and provided the complete data frame of 12 words in 1.2
seconds.

The complete data output per orbit was reconstructed after
the orbit. Real time data recorded by the ground stations was
combined with AM recorder dump data covering periods when no
ground coverage existed. Real time monitoring was limited to
the four analeg measurements, Near real time monitoring could

be accomplished by addressing the mission data retrieval system
via MOPS,

C. Test - Component level tests were performed by the
Experiment Developer prior to delivery as GFE. Details of these
tests are contained in the Cornllary Experiment Final Technical

Report, TMX-64809. MDA systems level testing is discussed in
Section 7 of thia report,
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D. Mission Results - The instrument was scheduled to be
turned on appruximately five hours after the launch of SL-1
by ground command. The activity caused by the loss of the
meteorold shield delayed instrument activation until approximately
twelve hours after launch, By this time, the temperature of
the instrument had dropped to -23°F. The design condition low
temperature was +14°F. Data output during this period indicated
that the instrument was not calibrating itself.

Efforta were then undertaken to lower the OWS temperatures
by taking the cluster out of the solar inertial orientation,
basically pitching the X-axie toward the sun. This resulted
in some radiant heat input to the instrument, and the tempera-
ture increased to approximately +40°F and stabilized there for
the next eight days. The data during this perfod indicated some
improvement irn instrument performance.

The third period of the instruments thermal history occurred
with the assumption of solar inertial attitude (returning the
Proton Spectrometer to the shade) and the hard dock of the CSM.
The temperatures were within +5°F of -25°F for the detector head
and -ISBF for the electronics.

The resuli of this lower fhan predicted thermal environment
is discussed in HOSC Action Request AR-444, and a Failure

Analysis Report prepared by the experiment manager, George Detko,
S&E-SSL“S. .

Briefly, the internal gain of the instrument dropped so
low that it could not calibrate itself, rendering only two of
the thirteen data channels uszful. All of the proton channels
and two of the three electron channels were lost. The remaining
data consisted of ona channel of low energy electrons and one
channel indicating the total flux of the field through which
the inatrument was passing.

The lower internal temperature resulted due to & design
error concerning the value used for the emissivity of the inner
face of the thermal shroud. An emissivity 0.05 was used rather
than the actual value of 0.88. Thus the instrument did not
retain as much of {ts Iinternally generated heat (both from the
electronics and two small heaters) as was predicted. The low
temperature was predicted.to have caused a mechanical failure
within the detector Liead. Specifically, the scintillation
detectors (protona or electrons striking them create small
flashes of light ~ scintillation) were light coupled to a photo-
multiplier tube by RIV 615. The coefficient of thermal expamnsion
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and contraction was believed to be responsible for a gap at the
interface either between the detector and the RIV or the RIV
and the photomultiplier tube, Either way the end result would
be an effective loss of gain in the instrument. Thus, the
instrument was incapable of determining the energy levels of the
electrons or protona.

The failure could possibly have been reversed by raising
the temperature of the detector head to bring the RIV into
contact with the surface. It was proposed to install a thermal
blanket to accomplish this, but due to the complexity of in-
stalling it on orbit and limited launch stowage, the effort was
terminated,

The Proton Spectrometer continued to transmit the two
useful channels of data throughout the Skylab missions.

E. Conclusions and Recommendations ~ It is likely that
had the Proton Spectrometer been subjected to a thermal vacuum
test, the error in the thermal shroud emissivity value would
have been detected and corrected. Although one was planned, a
failure of the qual unit prior to the thermal vacuum test
necessitated qualification by analyasis. Schedules for the
development of space hardware should include adequate time to
allow a failed unit in test to be analyzed and all scheduled
testing completed.
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2.2.10.5 Solar Radio Noise Burst Monitor (RNBM)

A, Design Requirements - The ATM Solar Radio Noise Burst
Monitor receivers were mounted on an MDA panel above the ATM
C&D panel (see Figure 2.2,10-13), The two identical units were
mounted such that the two cables (one antenna, and one power
and signal) could be connected to either urit, the flight or
spare.

L
VRO dregy o
sur
"

Figure 2.2.10-13 Solar Radio Noise Burst Monitor Installation
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The MDA, in addition to physically supporting the receivers,
provided approximately 1.4 amps of 28 VDC power, and a signal
interface with the ATM C&D console for an analog output to a
history plotter and a discrete toc an alarm.

B. Functional Description - The ATM Solar Radio Noise Burst
Monitor system recelved solar electromagnetic radiation in the
5 GHZ frequency range, and fndicated the absolute intensity of
this radiation relative to an internal noise source calibration.

The system consisted of a two-foot diameter parabolic
antenna mounted on the AM truss, and a receiver mounted in the
MDA, connected with low losa coax cable., The operation of the
system was based upon the detectlon of an increase of approxi-

mately 5 solar f£lux units (SFU) to accompany most significant
solar events, .

The receiver accepted the signal from the antenna and
displayed its intensity on a 0-5 volt meter on the face of the
instrument. In addition, it presented an analog signal to a
history plotter on the ATM C&D console and, when the intensity
exceeded a threshold set by the astronaut (which corresponded

to the ambient solar radio noise), it delivered a 28 volt DC
signal to an ajarm circuit,

The receiver had a built-in calibration noise source and
a mode switch that allowed the selection of either the antenna
or this cal source, A system gain adjustment and balance
adjustment was provided to allow calibration relative to this
nolge source. It also contained an Iinternal clock that allowed
the period of the orbit and the "on time" to be set. Thus, the

inatrument could be adjusted to be activated only when the cluster
was in the view of the sun,

C. Test - The component level tests were performed by the
experiment developer prior to being delivered as GFE. For
details refer to the Corollary Experiment Final Technical Report,

TMX~-64809. For systems level testing, see Section 7 of this
report, .

D. Mission Results - The RNEM was activated at approximately
16:40 on DOY 163. The activation occurred later in the mission
than scheduled due to power conservation efforts in the early

phases of the mission., Dr, Kerwin reported that "it calibrated
very nicely." .
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As the mission progressed, it was reported that the paper
had jammed in the history plotter and could not be repaired,
It was also noted that the threshold setting was fairly critical
to preclude false alarms at sunrise and sunset.

Since the calibrated signal to the history plotter was no
longer required, the Principle Investigator, Dr. Owen Garriott,
revised the sensitivity adjustment to maximum,

On SL-3 Dr. Garriott utilized this same calibration system.
In the crew debriefing he reported that the RNBM was a useful
tool as a backup to the X-ray sensors as an early indicator of
solar flare activity.

E. Conclusions and Recommendations = Refer to the Corol-
lary Experiments Final Technical Report, TMX-64809,
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2,2,10.6 ATM Control and Display Subsystem

TR

A, Design Requirements -

(1) The ATM Console supplied the necessary controls and ;
displays for conducting the following experiments,

o High Altitude Obsexvatory (HAO) White Light
Coronagraph (WLC) Experiment

e American Science and Engineering (AS&E) X-Ray
Spectroheliograph Experiment

e Naval Research Laboratory (NRL) Extreme Ultra-

‘ violet (XUV) Coronal Spectroheliograph and

. Spectrograph Experiments

| e Harvard College Observatory (HCO) Ultraviolet
(UV) Scanning Spectrometer Experiment

e Goddard Space Flight Center (GSFC) X-Ray Telescope

¢ Hydrogen~Alpha (H oC ) Filter Experiments

e T g TR T T

(2) Controls and displays were also provided for moni-
! toring and/or operating the ATM Attitude and Point-
] ing Control System (APCS), Power Supply System,
Lighting System, Telemetry System, Computer System,
Experiments Closed-Circuit Television (TV) System,
Canister Thermal System, Event Timer and Alert
Subsystem. A cooling system was provided to con- ;
trol the conscle thermal characteristics. ‘

(3) The overall Console dimensions were in accordance %
“with 4037870,

(4) The console weight was limited to the value speci-
fied on 40M37870 (630 1b max.)

(5) Thermal cooling of electrical components was ac- §
complished through the use of active (liquid) i
cooling. The coolant was circulated through cool-
ing lines attached to structural members in those
areas of the Console that were thermally critical.

(6) The console colors were in accordance with 40M37871.

(7) Inverter/Lighting Control Assembly (I/LCA) - The !
I1/LCA provided regulated and unregulated electrical
power, both alternating current and direct current,
to the ATM C&D Console, The I/LCA used electrical
power provided by ATM busses.
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(8)

(9)

(10)

Backup Inverter/Lighting Control Assembly (BI/LCA) -
The BL/LCA provided fixed and variable AC backup
power and fixed DC backup power to the ATM C&D
Console in the event of failure of the primary

power source, the I/LCA,

Digital Address System (DAS) Backup Device -
Expansion of console DAS requirements to provide
functions addressable only by the DAS keyboard
necessitated the addition of a backup capability.

The functions provided by the console DAS keyboard
and the DAS Backup Device included the following:

(a) Backup capability for control of critical
subsystem functions,

¢(b) Control of critical functions addressable only
by the DAS to the ATM Digital Computer, e.g.,
command vehicle attitude change, command TACS
pulse width, etc.

(c) Capability for power malfunction isolation of
the ATM subsystems, e.g., AS&E main power ON,
AS&E main power bus no. 1 OFF, AS&E main
power bus no. 2 OFF, The AS&E main power
ON-OFF switch did not provide the capability
for removing a single power bus,

(d) Subsystem operational flexibility, e.g., the
telemetry subsystem was provided with approxi-
" mately 125 commands through the DAS,

(e) Commands to display APCS parametric information.

EVA Rotation Control Panel (RCP) - The ATM EVA

RCP eénabled an astronaut to contrel the rotation

of the canister to gain access te the camera doors
for £ilm loading and removal. Rotation of the RCP
handle in the left or right direction caused
canister rotation in the respective direction.

The RCP consisted of a housing, control handle with
appropriate mechanical assembly, and electrical
equipment, The unit conformed to Drawing 40M37795,
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The RCP also supplied switching for redundant panel
input power, roll control activation, and S082
doors control. A separate visual position-status
display for each of the two S082 doors was provided.

B. Functional Description - The Control and Display Sub-
system, consisting of the C&D Console, the I/LCA, the BI/LCA,
the DAS Backup Device, and the RCP provided the crew interface
for the operation and management of the ATM experiments and
subsystems. This interface was provided primarily by the C&D
Console on which the controls and displays required to operate
the ATM experiments and subsystems (see Figure 2.2.10-14) were
located. Commands were provided to the ATM by toggle and rotary
switches, the Manual Pointing Controller and the DAS. Monitoring
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Figure 2.2.10-14 ATM C&D Console
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was accomplished by the use of status lights and flags, alert
lights, dual scale vertical meters, pulse counters, digital
digplays, an activity history plotter, and TV displays, Addi-
tionally, the C&D Console interfaced with the MDA RNBM, providing
data recording and monitoring capabilities, and interfaced with
the OWS Thruster Attitude Contrul Subsystem (TACS), providing
status monltoring and thruster inhibit command capabilities, All
critical command and display functions were implemented through
redundant wiring and switching contacts, alternate displays,

or were available through the DAS,

A summary description of the major C&D subsystem components
is provided in the following paragraphs:

(1) ATM Control and Display Console - The C&D Console
contained all components required for commanding and
monitoring the following ATM experiments and subsystems.

(a) Experiments

Hydrogen-Alpha (Hoc ) 1 and 2 Telescopes
X-Ray Telescope (8056)

XUV Spectroheliograph ( S082A)

White Light Coronagraph (S052)

UV .Scanning Polychromator Spectroheliometer
( S055A)

e X-Ray Spectrographlc Telescope (S054)

(b) Subsystems

Attitude and Pointing Control System (APCS)
Telemetry (TIM)

Power System

TV System

Canister Thermal

Ground /DAS

Alert

C&D components were arranged on nine panel assem-
blies, each removable for servicing during ground
checkout operations, The experiment controls and
displays were centrally located in a row-column
matrix configuration wherein rows contained
experiment controls and displays and columns
contained controls and displays having a common
function. Subsystem controls and displays were
functionally grouped around the periphery area.
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Time sequenced controls ran from left to right
within each experiment and subsystem grouping.

A History Event Recorder, located in the lower
left-hand corner of the console, provided an
onboard record of solar activity. The device
provided for simultaneous recording of two
channels of analog data, One channel recorded
the X-Ray Telescope (5056) X-Ray Event Analyzer
(X~-REA) outputs; the other channel recorded RF
activity as provided by the Solar Radio Noise
Burst Monitor,

The controls and displays for the Attitude Control
System provided for activation and mode selection
of the Experiment Pointing Control System, Star
Tracker, and momentum dump. They also provided
override controls for the CMG subsystem and the
ATMDC, TACS inhibit commands and thruster status,
and Fine Sun Sensor experiment bias enter contruls.

The Manual Pointing Controller (MPC) allowed
manual control of the Experiment Pointing System
and the Star Tracker, The MPC could be replaced
in orbit with a spare provided onboard. (MDA
Misc. Stowage Container, M157)

The controls and displays for the telemetry system
provided for activation of the system and mode
control. Mode control allowed the activation of
the ATM tape recorders in the record or playback
mode, the selection of tape recorder or real time
inputs to the ATM transmitters, and the selection
of forward or aft antennas for each transmitter.

The power system displays provided status monitors
fc.: the individual ATM CBRMs, status flags which
cued the operator to off-nominal conditions, and
dual scale vertical meters to monitor parameters
of the ATM main busses and individual CBRMs,

The TV controls provided for the activation of

the ATM TV system and £4r the operation of the
individual experiment IV cameras. Two IV monitors
were provided, each of which displayed any of five
TV signals from ATM experiments; Het -1, Ha =2,
XUV MON, WLC and XUV Slit.
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The canister thermal controls allowed selection

of PRIMARY/OFF/SECONDARY pumps and controllers

and heater power AUTO/OFF, A dual scale vertical
meter was provided for display of system parameters.

The Digital Address System (DAS) keyboard provided
the command and data entry capability for functions
vwhich were not allocated a dedicated control and
provided the backup command capability for control
of eritical subsystem functions.

The alert advisory indicators warned the astronauts
of a low level malfunction of an AIM experiment

or subsystem. The system was independent of the
Cluster Caution and Warning System and the
functions monitored did not require immediate crew
attention.

The location within the console of major C&D
components required direct structure mounting.

A distributor assembly, located at the bottom of
the console accommodated interpanel and subassembly
wiring. All panel connections were routed directly
to the distributor or interface connectors by means
of an interconnecting harness, thereby eliminating
inter-panel connector interfaces. Power distribu-
tion, signal conditioning and relay switching
required by the panels was provided by the distri-
butor, .

Power was provided to the console by redundant
main ATM load busses, Circuit breakers, located
on the console power distribution panel, provided
current overload protection., The use of power
distribution switches and/or circuit breakers
provided a flexible power distribution scheme,
therefore, console single point failures were
capable of being isolated to insure against the
loss of parts of more than one experiment or the
loss of an entire experiment or subsystem.

Electroluminescent Lighting (EL) was utilized for
panel nomenclature, integrally illuminated dis-
plays, and for numeric readouts. The numeric
displays utilized green EL lamps which contrasted
with the immediate background when energized.
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The lamps were designed for an operating life expectancy

of 2000 hours, with end of light brightness defined
as 0,2 foot-lamberts for integral and 1.8 foot-
lamberts for numeric lighting.

Vibration isclation of the entire console was used
to protect components from the severe dynamic
environments of the MDA, A four-point, vibration-
isolation, mounting scheme was used with the
console CG in the plane of the isolators and
equidistant to the isolators in that plane.

Thermal control was provided by a liquid coolant
loop which used an open cycle cold rail, fluid
supplied externally by the AM coolant system.

The console structure (frame) served as an inter-
mediate heat sink, transferring component heat

loads to the coolant loop for removal from the
console,

Inverter/Lighting Control Assembly - The I/LCA
provided regulated and unregulated electrical
power, both alternating current and direct current,
to the ATM C&D Console. These various types of
power were required for the operation of the
conscle display components and the electrolumi-
nescent lighting of the console nomenciature and
digplay components,

¢ Operational power was provided to the unit by
ATM power busses with input and output circuit
breakers located on the ATM C&D Panel.

e A Pulse Width Modulator was used to satisfy
the requirements of variable output and high
efficiency for four AC outputs. Regulated DC
outputs were generated from a ripple regulator
type preregulator that provided the power to
three separate regulator circuits.

e The I/1LCA thermal control was accomplished by
a combination of active heaters, selected case
finigh, and thermal isolators.

o The I/LCA was located externally on the forward

conical section of the MDA and mounted on the
L-band antenna truss.
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(Ref.) ATM

Cc&D
Console

(3) Backup Inverter/Lighting Control Assembly - The
BI/LCA consisted of two DC to AC inverters, two
auto-transformers, two 5 volt DC to DC converters,
and a connector patch panel used in transferring

the C&D Panel from I/LCA to BI/LCA.

The BI/LCA

system, in the primary mode of operation, provided
a fixed and variable AC power by using one inverter

and the two auto-transformers.

In the secondary

mode the BI/LCA provided only fixed AC power from

the other (secondary) inverter.

A fixed 5 VDC

was supplied to the C&D Panel in both the primary
and secondary modes by employing one of the two
The BI/LCA components were

DC to DC converters.

installed in the MDA as illustrated in Figure
2.2.10-15.
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Ref.) Frame
Sta 3522, 503

(Ref,) Cable Tray

Converter

Autotransformer Assembly

| nverter

Converter

Figure 2.2.10-15 BI/LCA Installation
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i (4) DAS Backup Device - The DAS Backup Device was
installed in the MDA, adjacent to the right of

the console, to provide command redundancy. This

P was a manual switching unit which utilized five
rotary switches tn format each command, Unlike

the Console DAS, recdback from ATM was not avail-
able to verify command transmission. the positions
of the rotary switches were the only indications

to the crew of the command transmitted.

(5) EVA Rotation Control Pamel - The EVA Rotation
Control Panel was located at the ATM Center Work-
station., It was used to rotate or roll the ATM
experiment canister to any desired position within
a range of + 120 degrees from a mechanical zero
roll reference position. During EVA it served
‘as a control panel to position the ATM experiment
canister such that each of the four film retrieval/
replacement doors (8052, S054, S056 and H-ALPHA)
of the ATM could be aligned with the Center Work-
station and ATM experiment film camera assemblies
could be replaced.

e et v enipmtrep

Full rotation control capability existed at the
Control and Display Console and provided a backup
to the RCP, Thus, should the RCP control haundle
become completely disabled, ATM film retrieval
could be accomplished by controlling canister
rotation from the console under the direction of
the EVA astronaut.

C. Test - Component level tests were performed by the console
developer prior to being delivered to the MDA as GFE. Refer to
the ATM Final Technical Report, TMX-64811, for systems level
testing results,

D, Mission results and recommendations are included in the
ATM Final Technical Report, TMX-64811,
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2.2.11 Ground Support Equipment (GSE)

The GSE described in this section is limited to those equipments
provided by the Martin Marietta Corporation as Contractor Furnished
Equipment (CFE) under the MDA contract. A more detailed description
of each specific CFE end item accompanied by a brief description of
: MDA related GFP GSE can be found in the MDA GSI Deseription Document,
{ ED-2002-2002,

T

2.2.11.1 Structural

, The Ground Support Equipment (GSE) described herein was provided

i by the Martin Marietta Corporation under the MDA contract. Structural
GSE for the MDA flight article evolved from just five items in the orip-
inal MDA proposal to a total of 83. The initial items were: one handl-
| ing fixture and sling; one transportatiorn fixture; two access platforms;
% and one package handling kit. A hoist and track, two docking port pro-

; tective covers, and an STS sealing plate were supplied as GFP with the
; MDA,

r As program requirements were defined, it became necessary to modify
the GFP items. The hoist and track, being supported inside the conical
end of the MDA, was relocated to clear dome installations and its capac-
ity was upgraded to lift heavier objects. The docking port covers were
provided with adapters for use with the desiccant breathers and the in-
ternal heaters which were used during transportation of the MDA. The
STS sealing plate, initially intended as a closure during pressurization
and leak testing of the MDA, was modified to accept a support adapter
during transportation, rotation, and trunnioning cof the MDA,

et e i o s = e e

Additional program directives identified structural GSE for instal-
lation and removal of EREP, VIR, I/LCA, and M512, protection of sensitive

areas and equipment, contingency activities, and MDA test peculiar re-
quirements .

; In addition to providing for handling and transportation of the
MDA and access inside the MDA, structural GSE was frequently used to
perform special functions, and was designed specifically for unique
activities and tasks. Some notable ones were:

¢ Support equipment used during horizontal rotation of the
; MDA and during weight and center-of-gravity determination
| of the MDA.

e Hoisting and handling equipment (with the MDA in the hor-
izontal attitude) used for contingency installation of EREP,
Video Tape Recorder, L/LCA, the M512, and the L-Band truss
and antenna, ’
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Crew support equipment inside the MDA during the altitude
chamber test,

Crew support, access, and ingress equipment used inside the
MDA during the inverted docking test,

Horizontal and Vertical Handling

(1)

(2)

Design Requirements - The handling fixture was designed
as a very rigid frame for 1lifting and transportation. A
lifting load factor of 2.0 was used for design, with
material safety factors of 3.0 on yield and 4.0 on ult-
imate stress. In order to prevent transmission of hend-
ing moments or externally induced forces into the MDA
structure, spherical sockets were incorporated into the
support legs of the fixture to mate with special lifting
fittings on the MDA,

The assembly was also designed as the MDA forward sup-
port during transportation and rotation of the MDA, and
during inverting of the AM/MDA, See Figure 2.2.11-1.
Since the most critical loading conditions occurred dur-
ing transportation of the MDA, the handling fixture de-
sign was alsc based on the load factors defined ir the
General Specification for Air Transportation, MIL-A-84211B
and Aerc Space Lines Cargo Loading Schedules ASL-30 and
ASL-46,

The design requirement for the stronghack beam used with
the handling fixture was to support the outfitted MDA
during hoisting and provide a co-planar MDA interface when
mating to the AM, Due to limited headroom at the MDAC-E
facility, the beam was designed for use without slings

or spreaders. See Figure 2.2.11-2,

The lifting fixture was also required to support the
mated AM/MDA during trunnioning and hoisting and to
provide a true co-planar interface when stacking the
AM/MDA onto the FAS, See Figure 2,2.11-3.

Description - Hoisting and handling of the MDA was as-
sisted with the use of the Handling Fixture and Sling
Asgembly, The assembly consisted af three major com-
ponents; i.e., a handling fixture that was secured to
special fittings on the conical end of the MDA; a strong-
back beam for mating the MDA to the AM; and a lifting
fixture for stacking the mated AM/MDA to the FAS.

22404
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The function of the handling fixture was to distribute
the hoisting, handling, and transportation loads through
four fittings on the MDA and provide the forward sup-
port for the MDA during transportation or horizontal
rotation, and when trunnioning the MDA or the mated
AM/MDA to the vertical or horizontal attitudes, and
during inverting of the AM/MDA,

Figure 2.2.11=1 MDA Trunnioned Onto Rotation Fixture
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Figure 2,2.11-2 MDA Trunnioned to Horizontal
Attitude after Mating to AM

(3)

The function of the strongback beam or the lifting
fixture was to supply the connecting link between the
handling fixture and the hoisting facility during
hoisting of the MDA or the AM/MDA,

Design/Test Verification - During the mauufacture,
and upon completion of the assembly, the unit: were
examined to verify conformance of the product to the
engineering drawings with respect to materials, di-
mensions, construction, identification, and interface
requirements.
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Figure 2.2.11-3 AM/MDA Trunnioned to Vertical
Attitude for Stacking to FAS

Proof load testing of the assembly was conducted by
statically loading the assembly to 200 percent of its
design loads, with no evidence of failure or
ation.

deform-

Fit checking of the fixture to the MDA was not pos-

sible prior to delivery and first use of the product.

(4) Program Usage - First usage of the Handling Fixture
and Sling Assembly was made at MSFC. The units were
Delivered to MSFC for fit checking, match drilling of

2=407



by

(5)

the fixture, and mating tc the MDA, The fixture was
used for initial handling and loading of the MDA in
preparatiovn for shipment to the Martin Marietta facil-
ities at Denver, The assembly was used repeatedly
during handling, as the forward support during trans-
portation, and during mating of the MDA to the AM,
The versatility of the handling fixture was demon-
gtrated in its wvaried uses. In Denver, the fixture
wag adapted to the rotation fixture, as shown in
Figure 2.2.11-~1. At St. Louis and K5C, the fixture
was uged in conjunction with associate contractor GSE
for trunnioning the AM/MDA during inverted docking
and stacking of the AM/MDA, Since a prior fit check
had not been possible, high confidence was placed on
previously verified interface examinations. Also
ugsed successfully on a first-time basis for providing
co-planar interfaces were the strongback beam for
mating the MDA to the AM, and the lifting fixture for
stacking the AM/MDA to the FAS.

Conclusions ~The Handling Fixture and Sling Assembly
encountered no significant problems in the design,
build, or use, The assewmbly met and satisfied the
design, functional, and interface requirements imposed
by the Skylab program, The GSE performed as planned
in all *its uses and proved to be a highly reliable and
safe set of handling equipment.

Transportation

(1) Design Requirements - The Horizontal Transportation

Fixture was designed as a rigid support cradle for
the MDA during air and ground transportation., The
fixture was designed to prevent external forces from
being induced into the MDA. The design loading cri-
teria were contained in the General Specification for
Air Transportation, MIL-A-8421B and Aero Space Lines
Cargo Loading Schedules ASL-30 and ASL-46. Material
factors of 2.0 on yield stress and 3.0 on ultimate
stress were used.

The assembly was designed to distribute the transpor-

tation loads to an aircraft pallet or to a flat bed
trailer.
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(2)

(3)

Description - Transportation of the MDA was accom-
plished on the Horizontal Transportation Fixture.

See Figure 2.2.11-4., The assembly consisted of an
aft trunnion and support, a forward support, and a
main frame. The assembly was used in conjunction
with the MDA handling fixture attached to the forward
support.

The function of the Horizontal Transportation rixture
was to provide support for the MDA during air or ground
transportation and to permit the MDA to be trunnioned
from the horizontal to the vertical or the vertical to
the horizontal attitudes,.

The fixture provided support for the desiccant breather
assembly during transportation. (See Section 2.2.11.2).

Design/Test Verification - During the manufacture,
and upon completion of the assembly, the fixture was
examined to verify conformance of the product to the
engineering drawings with respect to materials, di-
mensions, construction, and identification.

Figure 2.2.11-4 MDA in Transportation Fixture
Offloaded from Guppy
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(4)

(5)

Proof load testing of the fixture was conducted by
statistically loading the assembly to 150 percent of
1t8 design loads, with no evidence of failure or de-
formation,

The fixture wag fit check.d and match drilled to the
aireratt pallet, but f£it checking to the MDA and handl-
ing fixture was not possible prior to delivery and
first use of the product.

Program Usage - First use of the Horizomtal Transporta-
tion Fixture was made at MSFC. The assembly was de-
livered to MSFC for fit checking, longitudinal align-
ments, and mating to the MDA, The assembly was used
repeatedly during movements of the MDA for MSFC to
Denver, and between the manufacturing, test, thermai,
and high bay facilities. Also, the fixture was used
during MPA weight and C.G. determination, See

Fipure 2,2,11-5,

Conclusions - The Horizontal Transportation Fixture en-
countered no significant problems in the design, build,
or use., The assembly met and satisfied the design and
functional requirements imposed by the Skylab program.
Performance of the GSE was successful in each of its
uges and the GSE proved to be a highly reliable and
safe set of transportation equipment.

MDA Protection

(1)

Design Requirements - In general, the philosophy tor
the design of protective devices was hased on its lo-
cation inside the MDA, 1If a cover could be stepped on,
it was designed for a stepping load of 300 pounds,
Otherwise, the cover was designed for a pushing load

of 150 pounds from any direction. Since the MDA couid
be oriented to the horizontal, vertical upright, or in-
verted attitudes, the design of the protective covers
was required to satisfy loading from any direction,

It was not made a design requirement to impose impact

factors to the covers, but material factors of safety

of 2,0 on yield stress and 3,0 on ultimrte stress were
used,
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(2)

(3

%)

(5)

Description - Protection fcr senmsitive areas and equip-
ment in the MDA was provided by GSE, Covers were in-
stalled over the 5190 window, the hatches and hatch
seals, and the docking ports. A sealing plate protected
the AM/MDA interface surface. During equipment instal-
lations, checkouts, and other activities in the MDA,
protective covers wWere provided for the EREP components,
1/LCA,the M512, fire detectors, RNBs , valves, and
gages., Also, a safety net and a debris catcher were
installed to prevent damage to equipment or injury to
personnel from dropped objects,

Design/Test Verification - During the manufacture and
upon completion of the assemblies, they were carefully
examined to verify conformance of the products to the
engineering drawings with respect to materials, di-
mensions, constructiom, identification, and interface
requirements,

In general, proof loading of the covers was not re-
quired. An exception was the docking port protective
sleeves, These flanged covers lined the full length of
the tunnels while providing protection to the docking
surfaces and the hatch seal. Used extensively during
equipment ingress to the MDA, they also became the sole
means of access for personnel into the MDA after the
MDA was mated to the AM, See Figure 2.2,11-6.

Program Usage ~ Extensive use was made of the protective
equipment, Once the covers were installed they remained
in place at all times that personnel were working on the
MDA, During those times when access to controls or dis-
plays was required, covers were removed to facilitate
those activities, While handling or transporting the
MDA, protective covers were always in place over the 5190
window and the docking ports. During air transportation,
special environmental protection was provided.

Conclusions - The protective devices encountered no sig-
nificant problems in the design, build, or use, They
met and satisfied the design, functional and interface
requirements imposed by the Skylab program. Performance
of the GSE was successful, and as planned.
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Figure 2.2.11-6 Equipment for Protection and Access
at the Radial Docking Port
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D.

MDA Experiment Installation

(1)

(2)

Design Requirements - The criteria used to determine
which experiment packages would be provided with handl-
ing and installation equipwent was based on NASA human
engineering requirements contained in MSFC-STD-267. In
general, if the package to be installed weighed more
than 35 pounds or required a reach of more than two
feet, GSE was provided,

Handling loads were as defined in appropriate ICD's,
The GSE was designed for a load factor of 1.5 and a
material safety factor of 2.0 on yield stress and 3.0
on ultimate stress. In order to maintain the MDA
cleanliness environment, the GSE was required to be
cleaned to Class 100,000 compatibility. All parts such
as pins, bolts, and small assemblies were tethered or
made captive to the main assembly to prevent dropped
objects inside the MDA,

Description - The function of the MDA experiment in-
stallation equipment was to provide a mechanical means
for handling the experiment packages from the bench to
the MDA, and the capability to make the final instal-
lation,

A special set of GSE was required to install and remove
EREP experiments. The size, weight and awkward location
of the equipment precluded manual handling and dictated
basic design requirements. Since the MDA was to be po-
sitioned in two attitudes, GSE was designed to accom-
modate both the horizontal posture of the MDA at MDAC-E,
St. Louis, and the vertiecal {(upright) position at Martin-
Denver, and at KSC.

GSE was also provided to permit loading experiments into
the horizontal MDA, through the radial docking port.
This equipment consisted of a rail and cart assembly to
winch equipment into the MDA and a hoist and track in-
side the MDA to remove and position the experiments.

See Figure 2.2.11-6. For access to the equipment lo-
cations, a platform assembly for the full length of the
MDA was provided. See Figure 2.2,11-7, A system of
handling slings and counterbalances was employed to
permit installations on the sides of the MDA, TFor equip-
ment mounted on the exteriur of the MDA, an adjustable
lifting fixture was provided.
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For the MDA in the upright position, a hoist and track
were secured to the underside of the dome. See Figure
2.2.11-8,

i
Figure 2.2.11-8 Hoist and Track Installation

Equipment was moved vertically through the AM tunnel
and out the EVA hatch opening. These operations re-
quired a set of slings and counterbalances to be used
with handling frames and fixtures. Access inside the
MDA was provided from two platfoim levels.

See
Figure 2.2.11-9,
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Special universal handling frames and fixtures were
designed and sling/counterbalance attachments were
made to permit rotation of the experiment into any
desired attitude,

(3) Design/Test Verification - During the manufacture, and
upon completion of the assembly, the eguipment was ex-
amined to verify conformance of the product to the
engineering drawings with respect to materials, di-
mensions, construction, identification, and interface
requirements,

Proof load testing of the assemblies was conducted by
statically loading them to 150 percent of thelr design
loads with no evidence of failure or deformation,

Fit checking of the equipment to the experiments and

the MDA was usually made prior to delivery and first use
of the items., A notable exception is described in the
following section.

(4) Program Usage - First use of the installation equipment
wag normally made at Denver, as most of the experiments .
were available, Some experiments were installed, checked
out, and then removed from an upright MDA in Denver, and
were later reinstalled at St. Louls when the MDA was in
the horizontal attitude. Thus, all items of GSE that
were designated as contingency hardware for use at MDAC-E
were utilized in planned activities,

Removal of the M512 prior to the MDA being mated to the

AM posed a challenge at MDAC-E. Reinstallation was re-
quired to be made of the M512 intact into the horizontally
positioned AM/MDA, As a consequence, a plan was devised

to insert the M512 through the radial dockings tunnel,

This required a new set of GSE, Because a fit check

could nnt be made of the GSE prior to usage, high confidence
had to be placed in the design and build verifications, re-
sulting in a successful first-time installation,

Also used succesgsfully on a first-time basis without a

prior fit check were the internal access platform and
ladder assemblies during inverted docking tests.
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{5) Conclusions - The hardware encountered no signif-
icant problems in its design, build, or use. It met
and satisfied th: design, functional and interface
requirements imposed by the Skylab program, Per-
formance of the GSE was as planned. The hardware
proved to be highly reliable and safe equipment, and
resulted in the successful installation of all the
experiment packages,

E, One-G Trainer GSE

(1) Design Requirements - Since the One-G Trainer was to
be capable of supporting flight crew procedures de-
velopment and flight crew training exercises for those
experiments performed in the MDA, the Trainer had to
have the capability of being placed in either a hor-
izontal position or in a vertical position. When in
the horizontal position, the capability to rotate the
Trainer about the longitudinal axis was required.

Ground handling for loading, erection and transporta-
tion of the Trainer by air or ground was required.
Design loading conditions were the same as those
used for flight hardware GSE,

(2) Description -« To satisfy these criteria, the follow-
a&ng set of GSE was identified:

e A handling and installation set - to provide the
capability of lifting and positioning the MDA
Trainer through the horizontal and vertical po-
sitions. See Figure 2.2.11-10,

o A vertical support stand - to support the Trainer

*  in the vertical (launch) position, to pexmit
personnel entry through the aft end of tha MDA,
and to provide access to the experiments inside
the MDA. See Figure 2.2.11-11.

® A horizontal rotation fixture - to support the MDA
Trainer when mechanically interfaced with the
AM/STS Trainer in the horizontal position and pro-
vide manual roll capability of the Trainer about
the X-axis.
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Figure 2.2.11=-10 MDA Trainer Erected to Vertical Position

2-420



Figure 2.2.11-11 MDA Trainer on Support Stand
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(3)

(4)

(5)

® A Trainer access stand - to permit personnel access
into the aft end of the trainer while on the ro-
tation fixture.

e A handling fixture and transportation fixture (sim-
ilar to those provided for the flight article) -
for handling and transporting the MDA Trainer by
air or ground, This set was jointly shared with
the MDA Dynamic Test Article,

Design/Test Verification - During manufscture, and upon
completion of the assembly, all equipment was examined
to verify conformance of the product to the engineer-
ing drawings with respect to materials, dimensions, con-
struction and identification,

Proof lomd testing was conducted on all assemblies by
statically loading them to 150 percent of their design
loads with no evidence of failure or excessive deforma-
tion,

Program Usage - All GSE for the One-G Trainer was de-
livered to JSC and was used extensively throughout’

all phases of One-G Trainer operations. The equipment
contributed substantially to the success of the Trainer.

Conclusions - The hardware encountered no significant

problems in its design, build or use, It met all re-
quirements and proved to be reliable and safe equipment.
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2.2.11.2 Mechanical

Mechanical GSE provided by MMC as CFE started with 3 end
items per the original proposal and expanded to ecleven deliverable
end i*ems as the MDA program progressed., The original three
pieces of mechanical GSE were the Pneumatic Checkout Console,
the Desiccant Breather Assembly, and MDA Shipping Cover Assembly.

The other units all evolved from new requirements as the program
developed. The mechanical GSE items categirized as transportation
support, module support, and experiment support are discugsed below.

A, Transportation Support - The following items were provided
for protection of the MDA during transportation from Demver to
S5t. Louis and St. Louis to KSC and during any storage modes:

o Desiccant Breather Assembly SK820FL5300
e Shipping Cover Assembly SK820FL5500

The breather assembly and the shipping cover assembly were
designed to protect the MDA from envirommental damage or contamina-
tion during ground handling and transportation’ from Denver or during
any storage modes of the MDA outside of a controlled environment.

The breather was also designed to provide protection of the AM/MDA
during air transportation to KSC.

(1) Decign Requirements - The design requirements
for the breather assembly and the shipping cover
assemblies were based on requirements derived
from the MDA End Item Specification, CP114A1000026,
NASA Technical Memorandum TMX 53328 for natural
environments, and Aercspacelines Report ASL-30
for air transportation criteria. A preliminary
design criteria was prepared for each to establish
pressures, temperatures, and general configuration
of the hardware for preliminary design reviews
since no end item specs were available,

(a) The Desiccant Breather Assembly was designed
to protect the MDA during handling, transpor-
tation, and storage againsgt structurally
harwmful atmospheric pressure changes and to
maintain a clean, dry interior envircnment
withid the MDA ahd its shipping cover. Design
considerations were mwainly concerned with dry-
ing capability, filter requirements, maximum
air flow conditions vs pressure drop, and
interface criteria.
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(b) The Shipping Cover Assembly was designed to
protect the MDA from the environments and
normal transportation hazards. The assembly
was designed as an inner cover to be sealed
to maintain a dry and clean environment
ground the MDA and an outer cover of more
rugged material to protect the inner cover
from external damage. Design considerations
were concentrated on compatible materials
and proper confipuration and size for installing
and removing the covers in the areas prescribed
for this operation.

(2) Functional Description - The breather and cover
assemblies (See Figures 2,2,11-12 and 2.2.11-13)
were designed to {unction together for protection
of the MDA, The breather allowed the MDA and the
inner cover to breathe clean dry air by directing
all air through a desiccant bed and fllter assemblies
of proper size and capacity for the air inside to
be dry and the pressure drop at maximum flow rates
to be less than 0,5 psid (maximum allowable AP per
the MDA-CEI), Prior to connecting the breather
assembly to the system the interior of the MDA and
the inner cover were purged to a low dew point to
remove moisture inside and assure no condensation
would occur. A brief description of each unit is
as follows:

(a) The Desiccant Breather Assembly consisted of
a desiccant canister assembly, a humidity
indicator, filter assemblies, flex hoses,
adapters, and other miscellaneous hardwave
such as clamps.

The Air Carry Unit was a large unit designed

to meet the higher-capacity requirements during
alr carry; the smaller Ground Handling Unit
could remain attached to the MDA during

ground handling operations,

The desiccant canister assemblies consisted
of a desiccant container sized to flow the
required air to or from the AM/MDA and main~
tain the humidity level within the MDA and
the AM/MDA while preventing the outside=-to-
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Figure 2.2.11-13 Shipping Cover Assembly (SK820FL5500)



inside pressure differential from exceeding
0.5 psid. The Air Carry Unit also provided
a separate outlet to supply dry alr to the
MDA Shipping Cover Assembly,

{(b) The MDA Shipping Cover Assembly consisted of
inner and outer covers., The inner cover was
a water~proof cnclosure of plastic film
(VELASTAT) designed to eliminate moisturc and
other contaminants from contacting the outer
surfaces of the MDA, The MDA Desiccant
Breather Assembly was attached to the inner
cover during ground and air transportation.

The outer cover was installed over the MDA
Inner Cover to provide protection against
physical damage resulting from weather and
dirt conditions encountered in transit and
storage, It was made of durable waterproof
and flame resistant material (HYPALON) that
provided maximum protection during shipment,
It attached to the Horigzontal Transportatiorn
Fixture by ropes thru eyelets in the cover and
hooks on the transportation fixture.

(3) Design/Test Verification = During manufacture, and
upon completion of each assembly, the units were
examined to verify conformance to the engineering
drawings with respect to materials, dimensions,
construction, identification, and interface require-
ments.,

Acceptance tests were also conducted on each assembly
to assure design verification with intended use

of the item, The breather assembly was tested for
its capability to meet flow vs pressure drop, moisture
removal and general assembly configurations and
Interface verifications. The shipping cover tests
included proof pressure and leak test of the inner
cover and complete ingpection of all units for com-
pliance with engineering drawings, Fit checks on

the Breather and Gover Assemblies for the flight

and backup articles were also completed. Some
alterations to inner cover were required as a

result of the fit check and retests were conducted.
All tests were completed successfully for each
assembly.
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(4) Program Usage - First usage of the breather
assembly and the shippiug cover assembly was
during preparation of the flight article
for shipment from Denver to St, Louis. The
assemblies were used again in the same con-
fipuration for the backup article, The breather
assembly was incorporated into a shipping plan
provided by MDAC=E for the AM/MDA configuration.

(5) Conclusions - The breather assembly and the
cover assembly encountered no significant
problems during design, build or use, The
assemblies met and satisfied the design,
functional, and interface requirements
imposed by the Skylab Program.

B. MDA Module Support - The following items were provided
for support of the MDA Module testing at Denver, St. Louis, and

KSC:
Volumetrics Leak Detection Unit (VLDU) SK820FL5010
Pneuwmatic Checkout Console SK820FL5100
MDA/CSM Leak Detection Kit 5K820rL5200
MDA Fan Teat Set SK820FL5400
Coolant System Checkout Unit (CSCU) SK820FL5700
Water Ch.‘ler Unit SK820FL5800
M512 Vent Adapter Assembly SK820FL5900
Leak Detection Adapter Kit SK820FL6464

Some of the above items were used for support of experiment
testing as well as MDA module support., Design of each item was
based on the known usage requirements at the time of design.

(1)

Design Requirements -~ The design requirements for
each of the end item assemblies were based on
requirements derived Erom the MDA End Item
Specification, CP114A1000026, applicable ICDS,
and actual usage requirements for the unit, A
preliminary design criteria was prepared for

each item to establish criteria such as pressures,
temperatures, and general configuration of the
hardware for preliminary design reviews since no
end item specifications were available. 1In some
cases trade gtudies were completed to determine

‘which method of leak measurement would be used.

Some of the units were initially designed as non=-
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(2)

deliverable GSE and later converted to deliverable
GSE in which case changes were worked to upgrade the
units for more universal usage. In general each
unit was designed using standard off-the-shelf
components wherever possible, with similarity to
previously used hardware for added design assurance
without special qualification testing.

Functional Description - A brief descrlptlon of
each unit is as follows:

(a)

(b)

(VLDU) and the Leak Detection Adapter Kit -
The VILDU (SK820FL5010) was used to measure
the leakage rate of MDA subsystems aud
experiments, The Leak Detection Adapter Kit
{SK820FL6464) provided the hose assemblies,
filters, and adapters required to comnect the
VLDU to the flight article being tested and

to the facility gaseous nitrogen (GN2) supply.
The VLDU also interfaced with facility 115
VAC, 60 Hz, single-phase electrical power.

The VLDU was approximately 25.5 inches wide

by 27,25 inches deep by 36.5 inches high and
weighed approximately 150 pounds, Major sub-
systems were & pneumatic system and an electrical/
electronic system, Basically, the VLDU

utilized a volumetrics micrometer to measure

the precise volumetric change required to
neutralize the pressure change resulting from
leakage of the test article, Charge pressures
from zero to 60 psig could be used, The VLDU
had the capability of determining the test
article leakage rate by maintaining a constant
differential pressure or by determining the

drop in pressure over a timed interval, Leakage
rates from 100 scc/min to 1.0 x 10" sccfsec
could bz measured.

Pneumatic Checkout Console - The Pneumatic
Checlkout Console (SK280FL5100) was used to
control, measure, and monitor the facility
nitrogen gas used during the Leakage Rate
Measurement and Purge Manifold tests on the
MDA, It consisted of the console, reference
volume kit, flex hoses and flowmeter kit.
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(c)

The console contained the controls, indicators,
and pneumatic circuits required to perform the
test functions, The pneumatic circuits con-
sisted of high flow circuit, a low flow circuit,
and a differential pressurc cireuit. The
differential pressure cirecuit was isolated [rom
the high and low flow circuits., The ruference
volume kit assembled to the STS Simulator
Sealing Plate Assembly on the MDA and was
connected to the console by flox hoses, A

flex hose assembly was used to counect the
console to the facility gaseous nitrogen supply.
The flowmeter kit consisted of a portable
flowmeter and a 15 foot length of clear vinyl
tubing.,

The Pneumatic Checkout Console operated

in a clean environment located within 65 feet
of the test article and 35 feet of the [facility
nitrogen supply because of the flex hose lengths.
The hoses were restrained when pressurized and,
when laid across floor areas,were protected by
barricades or covers to avoid damage Erom
vehicular or personnel traffic over them.
Facility nitrogen used met the requirements of
MIL~P-27401B and was capable of supplying a
flow of up to five pounds per minute at a
pressure of 150 to 475 psig for the duration

of the tests.

MDA/CSM Leak Detection Kii -~ The MDA/CSM Leak
Detection Kit (SKB20FL5200) was used to mea:ure
gas leakage from the MDA and Command and Service
Module (CSM) interface, This leakage test was
performed during the AM/MDA inverted docking
test with the CSM in the WITS of the O&C Building
at KSC.

The kit was houged in a portable aluminum
carrying case approximately 15 by 12 by 13
inches. Components assembled and installed
in the bottom of the case were a thermowell
assembly, two flowmeters, a thermometer, a
three-way valve, and associated plumbing aund
hardware. Removable componernts stored in
the stowage space in the upper half of the
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case that completed the kit were:

® Spring - to provide a flow channel for
lcakage gas at the MDA/CSM interface,

¢ White vinyl tape that laid over the spring
to form a leakage collector cavity,

® Tee assembly that mated with the spring and
tape to form a leakage comnection point
from the leakage collector cavity,

® A piece of flex tubing that connected
between the tee assembly and inlet fitting
of the kit,

® Flowmeter that could replace one of the
flowmeters installed in the case if
additional flowmeter range was requived,

e Spare disc filters,

@ Leather punch used to punch & hole in the tape
for the tee assembly installation, and

® GS-43 sealant that provided a seal for the
assembly.

The test setup was obtained by creating and
then connecting a leak collector cavity at

the MDA/CSM interface to the gas flow measure-
ment equipment in the carrying case.

MDA Fan Test Set - The MPA Fan Test Set
(SKB820FL5400) was :sed to check the perfor-
mance of the fans in the MDA ventilation system.
It consisted of an Air Velocity Meter Set,

an Inlet Adapter Assembly, an Electrical Set,
and a Shipping/Storage Container Assembly,

The Air Velocity Meter Set consisted of a
velometer, range selector, diffuser probe,
pilot probe assembly, and tubing., It was

used at the air inlet to the CSM duct fan

to measure the CSM air supply and at the MDA
diffuser outlet to determine the MDA cabin fan
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alr velocity,

The Inlet Adapter Assembly was used to position
the diffuser probe during measurement of the
CS8M air supply. It interfaced on the screen
side of the inlet muffler assembly and was held
in place with tanc.

The Electrical Set was used to contreol and
measure electrical power to the applicable

MDA fan during the testing functions. It

was inserted between the MDA airborne wiring
and the applicable fan and supplied electrical
power of 26 + 0,1 VDC and approximately 350
MA via the airborne wiring.

The Shipping/Storage Container Assembly was

a light weight alumipum carrying case £illed
with Scott Yyrell foam., Cutouts were provided
in the foam for test components to restrict
movement to a minimum during handling and
shipping.

{CSCU) and Water Chiller Unit - The GSCU
(SK280FL5700), was used to check out the MDA
coolant loop. It consisted of a mobile cabinet
containing a liquid reservoir, pump, interface
fittings and hoses, and the associated control
and measuring components., It used facility
nitrogen and 115 VAC, 60 Hz, single phase power.

The CSCU was designed to circulate a Elow of
coolant fluid through the MDA coolant loops

and to measure the flow versus differential
pressure. A pneumatic circuit was included

to permit purging and drying of the liquid

flow circuit. An auxiliary Water Chiller Unit
(SK820FL5800) was connected into the coolant
return lines between the MDA and CSCU for tests
requiring cooling capability.

The Water Chiller Unlt was used to maintain
the temperature of the MDA coolant system
fluid between 49°F and 789F during testing
functions., 1t was a cast cooler package
manufactured by Dunham=-Bush, incorporated and
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modified by MMC. It was approximately 27
inches high by 21.5 inches wide by 24 inches
deep, with two rigid and two swivel casters
to provide casy wovement, and opcrated on
115 VAC, 60 iz, siuple phasc facility power,

(£) M512 vent Adapter Assembly = The M512 Vent
Adapter Assembly (SK820r1L5900), provided an
inter[ace connector between the pressure supply
or vacuum pump and the M512 Experiment vent
system, It was used for the leak check,
experiment vacuum tests, and for protection
during trangportation, The asscubly consisted
of an aluminum cylinder with one end threaded
and one c¢nd [langed, gaskets, a blind [lange,

a tube [itting with cap, and mounting hardware
for the blind flange.

The cap was removed and the pressure supply
connected to the tube fitting during the leak
check. The blind flange was remnved and the
vacuum pump connected to the adapter flange
interiace for vacuum testing.

(3) Design/Test Verification - During manufacture, and
upon completion of each assembly, the units were
cxamined to verify conformance to the engineering
drawings with respect to materials, dimensions,

construction, identification, and interface
requirements.

Acceptance tests were alno conducted on each assembly

to assure design verification with intended use
of the item.

All end item units were subjected to tests such

as proof pressure, leakage, functional, flow and
temperature control, as applicable to verify design
capability versus usage requirements,

When schedule allowed, fit check were conducted
prior to actual usage to verify interfaces,

{4) Program Usage - Usage of the GSE items described
herein was as follows:
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(a) The VLDU was uscd at KSC for the M512
leakage tests, M512 battery vent leakage,
and tunnel leak tests, A similar unit of
capital equipment (non CSE) was used for
similar tests at Denver and KS8C and was not
available for use at KSC,

(b) The Pneumatic Checkout Console was used at
Denver only for the MDA leakage tests,
insulation purge tests and various other
unscheduled usages requiring nitrogen within
the clean room area during the flight and
backup test periods in the high bay at Denver.

(¢) The MDA/CSM Leak Detection Kit was used at
KSC during the inverted docking test to
mecasure the leakage at the MDA/CSM interface,

(d) The MDA Fan Test Set was used at St, Louis
with the flight article and at Denver with
~ the backup article to measure air capacity

of the MDA fans.

(e) The CSCU and the Water Chiller Unit were used
at Denver and St. Louis during all usages
of EREP & ATM C&D coolant system on flight
and backup articles to supply coolant as well as
to verify flow and pressure drop data on the
system. The units were used also at St, Louis
during bench tests on the EREP system.

(f) The M512 Vent Adapter Assemblies were installed
at Denver on the flight and backup articles,
These units remained on the MDA until after
completion of tests at KSC, The flight article
unit was removed before flight at KS8C. The
backup article unit remained installed
through storage. These items were used for
M512 leakage and vacuum tests conducted at
Denver, St. Louis and KSC and also provided
intetface protection during all other times,

(5) Conclusions - None of the GSE items described herein
encountered any signifitant problems in design, build
or use. The units met and satisfied the design,
function, and interface requirements imposcd by the
Skylab Program.
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C. MDA Experiments Support - One item, the Internal Scanner
Ground Coolant Adapter Kit, SKB20FL5600, was only provided for
experiment support, Other units mentioned above, however, were
used in support of various experiment tests mostly on module
with some off module tests supported, 'The SK820FL5010, SK820FL5900,
and SK820FL6464 werc used to support M512 on-module tests;
SK870FL5100, SK87FL5700, SK820FL5800, and SK870FL6464 were used

to support on module and off module EREP tests at Denver and St,.
Louis.

(1) Design Requirements ~ The Internal Scanner Ground
Coolant Adapter Kit was required to furnish a
supply and return flex hose from the axial docking
port closure plate to the inlet and outlet fittings
at the 5192 Internal Scanner Heat Pipe Condenser
and Cover for use during the Altitude Chamber Test
in St, Louis. Two standard off the shelf hoscs of
correct length were provided for this use,

(2) Functional Description

(a) The Internal Scanncr Ground Coolant Adapter

Kit supplied the cooling flow loop within
the MDA,

During the tests the atmosphere in the MDA
varied from sea level ambient atmospheric
conditions to an oxygen enriched atmosphere
at approximately 5,0 psia. The two coolant
hoses were % inch in diameter, 21 feet long,
and consisted of an inner teflon liner with
a wire braided outer jacket and corrosion
resistant ;AN hose fittings. One end of each
hose had a straight swivel nut flared fitting
and the other end had a 90° swivel nut {lared
fitting.

The Internal Scanner Ground Coolant Adapter
Kit was part of the GSE required to provide
coolant to the S192 Internal Scanner during
the Altitude Chamber Tests at MDAC-E, It
consisted of two hoses that connected the
inlat and outlet fittings at the 5192 Internal
Scanner Heat Pipe Condenser and Cover
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(F21005807) to pass through fittings in the
MDAC=E Axial Docking Port Closure Plate
(61E010044), MDAC~E tubing, hoses, and
fittings, completed the supply and return

flow loop to the Heat Pipe Condenser Water
Cooling System (F21005644-102) on the outside

of the altitude chamber. The completed assembly
transferred heat from the Cooler~Dewar=-Preamp
Assembly Engine Cooler by circulating distilled
water at 0,5 gpm minimum through a heat exchanger
attached to the wall of the engine cooler.

(b) The VLDU and the Leak Dctection Adapter Kit
were used for leak testing of the M512 experiment
at KSC, Reference 2.2.11.2.B for details on
thesc units.

(c) The CSCU and Water Chiller provided cocolant
flow during EREP testing at St, Louis for
on-module and off module tests, Reference
2.2.11.2.B for details on these items.

Design/Test Verification ~ The hoses of the Ground
Coolant Adapter Kit were proof pressure tested,
leak tested, and inspected to meet the engineering
drawing requirements for proper identification,
cleanliness, and packaging.

Program Usage = The Ground Coolant Adapter Kit
was not used since the 35192 was not installed for
the altitude test at St. Louis.

Conclusions - The Ground Coolant Adapter kit was
provided with no problems enc.untered during design
or build and tests verified the item would function
as required. This unit employed commonly used flex
hoses and could be used for many other purposes
where flex hoses are required.
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2.2.11.3 Electrical

A. Test Lighting, SK820FL6461 (Figure 2.2.1l=14)

(1) Design Requirements - Provide electrical lighting
for operations within the MDA,

Intematon tuttey

Figure 2.2,.11-14 Test Lighting Fixture

(2) Functional Description - The Test Lighting Fixture
provided electrical lighting for operations within
the MDA, in lieu of using the MDA internal lights.
The fixture consisted of an electrical extension
cable with outlet boxes for supplying 115 VAC for
MDA internal ure, Portable lamps provided with the
fixture connected to the outlet boxes, as applica-
ble, to supply lighting in the MDA,
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(3)

(4)

(5)

Test = During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with respect
to materials, dimensions, construction, ildentifica-
tion, and interface requirements.

Acceptance tests were also conducted on each assem-
bly to assure desisn verification with intended use
of the item.

Program Usage - The test lighting assembly was used
in the Flight MDA during testing at Lanver, St. Louis
and KSC, The lighting assembly was used in the
Backup MDA during testing at Denver and St, Louls.

Conclusions - The test lighting assembly encountered
no significant problems during design, fabrication
or usage. The assemblies met and satisfied the de-
sign, functional, and interface requirements imposed
by the Skylab Program,

Breakout Boxes, SK820FL6462, SKB20FL6463 and SK820FL6465

1)

(2)

Design Requirements =

6462 - Provide access to MDA flight interface
points for the purpose of signal monitor-
ing during MDA checkout and verification
tests.

6463 - Provide access to EREP/AM power bus and
timing interface points for the purpose of
signal monitoring during initial EREP
checkout and interface verification tests,

6465 - Provide access to Proton Spectrometer/MDA
flight interface points for the purpose of
signal monitoring during initial MDA check-
out and interface verification tests.

Functional Description - All breakout boxes pro-

vided "in line" access for diagnostic test equip-
ment to troubleshoot and monitor individual cir-

cuits during initial checkout and interface veri-
fication testing,
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6462 - The MDA Checkout Fixture consisted of two
packing trunks containing eleven inline and
end-line breakout boxes used to provide
access to MDA flight interface points. The
utility C/0 box and CCU simulator C/0 box
contained load resistors ind switches to
provide the capability for special tests
(Figure 2.2.11~-15).

6463 ~ The EREP Checkout Fixture consisted of n
packing trunk containing six in-line break-
out boxes used to provide access to EREP/AM
power bus and timing interface points
(Figure 2.2.11-16).

6465 - The Proton Spectrometer GSE mating fixture
consisted of an in-line and end-line break-
out box. The box was kept in a "kudl-Pak"
vac-u-form carrying case when not in use
(Figure 2.2.11a17),

(3) Test = During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materinls, dimensions, construction,
identification, and interface requirements,

Acceptance tests were also conducted on each assem-
bly to assure design verification with intended
use of the item.,

(4) Program Usage - The breakout boxes were used to
checkout the Flight MDA at Denver, St. Louis and
KSC. They were also used on the Backup MDA during
testing at Denver and St, Louis.

{5} Conclusions -~ The breakout boxes encountered no
significant problems during design, fabrication
or usage. The boxes met and satisfied the design,
functional, and interface requirements imposed by
the Skylab Program.

C. Television GSE, SK820FL7100 - 7400 (Figure 2.2.11-18)
(1) Design Requirements = Provide a signal source to

the Skylab television systems to assure the func-
tional integrity of the system.
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Figure 2.2,11«16 EREP Checkout Fixture

Functional Description - The TV GSE provided sine?
2T, stairstep, and multiburst signal sources to

the Skylab TV system to assure the functional in-
tegrity of elements of the system. It was designed
to test parts of the Skylab TV System in the devel-
opment lab. It consisted of a monitor, a box cf
signal sources, cables, and a storage case,

Test - During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the erngineering drawings with
regpect to materials, dimensions, construction,
identification, and interface requirements,

Acceptance tests were also conducted on each assem-
bly to assure design verification with intended use
of the item,

Program Usage - The Television GSE was used for
development of the TV system in Denver.
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(5) Conclusions - The Television GSE encountered no
significant problems during design, fabrication or
usage.

EMC Test Adapters, SK820FL7500

(1) Design Requirements - Provide capability to per=
form MDA system Electromagnetic Compatibility
(EMC) tests.

(2) Functional Description - This set consisted of
seventeen test adapters that provided in-line
menitoring of MMC furnished experiments for pur-
poses of asgessing, with GFP EMC equipment, the
electromagnetic energy characteristics of indi-
vidual critical circuits. Sheet 9 of SK820FL7500
illustrates the connections of the adapters for
EMC testing at St. Louis.

(3) Test - During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
identification, and interface requirements.

Acceptance tests were also conducted on each assem-
bly to assure design verification with intended
ugse of the item.

(4) Program Usage - The EMC Test Adapters were used on
the Flight MDA during testing at St. Louis.

(5) Conclusions - The EMC Test Adapter encountered no
significant problems dvring design, fabrication or
usage, '

Transportation Heater, SK820FL7700

(1) Design Requirements - Provided environmental pro-
tection during transportation of the MDA.

(2) Functional Descviption - The set consisted of a
Portable Generator Plant, a Heater Control Box,
six (6) 500 watt Heaters, two Thermoswitches,
Electrical Cables and a Sensor Readout Adapter,
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(3)

(4)

(5)

Test - During manufacture, and upon completion of
each nssembly, the units were examined to verify
conformance to the engineering druwings with
regspect to materials, dimensions, construction,
identification, and interface requirimeits,

Acceptance tests were also conducted on each assem-
bly to assure design verification with intended use
of the item.

Program Usage - The heaters were used during trans-
portation of the Flight MDA from Denver to St. Louis
and St, Louis to KSC. The Backup MDA used the
heaters during transportation from Denver to St.
Louis and St. Louis to Huntsville,

Conc) lens = The transportation heaters encoun-
tered no problems during design, fabrication or
usage.

Cable Set - AM to MDA, SK820FL7760

(1)

(2)

(3)

Design Requirements - Provide capahility to-
breakout all EREP functions at the AM/MDA inter-
face to allow checkout of EREP components inde=
pendent of the AM after electrical mate of the
AM/MDA,

Functional Description - This set consisted of
four cable assemblies, each a Y configuration with
three connectors. These cables permitted isola-~
tion of the MDA EREP bus and ground after AM/MDA
electrical mate, The cables interfaced with EREP
connectors MP4, MPl2, MP25, and MP26.

Test - During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materiasls, dimensions, constructionm,
identification, and interface requirements.

Acceptance tests were also conducted on each assem-

bly to assure design verification with intended use
of the item.
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(4)

(5)

Program Usage - The cable set was used on the Flight
and Backup MDA during testing at St. Louis,

Coneclusions - The cable set encountered no sig-
nificant problems during design, fabrication, or
usage.

G. 5190 Window Assembly Pre-Flight Tester, SK820FL7770
(Figure 2.2.11=19),

PREFLIGHT TEST SET

Figure 2.2.11-19 S190 Window Assembly Preflight Tester

()

(2)

Design Requirements - Provide functional checkout
capability for the $190 Window Heaters and Con-
trols either on or off module to assure functional
integrity of the system,

Functional Description - The tester was a portable
suitcase type test set consisting of a panel assem-
bly and test cable. The panel assembly contained

a selector switch and voltmeter to monitor the
heater control outputs and resistors. It also
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(3)

(4)

(3)

contained switches to simulate heater high-low
range and over temperature signels. Test points
were provided to monitor heater error signals.

Test - During manufacture, and upon completion of
each assembly, the 'mits were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
identification, and interface requirements,

Acceptance tests were also condicted on each assem-
bly to assure design verification with intended use
of the item,

Program Usage - The S190 Window Tester was used on
the Flight MDA during testing at St. Louis and KSC,
and on the Backup Article at St. Louis.

Conclusions -~ The tester encountered no significant
problems during design, fabrication or usage. The
tester met and satisfied the design, functional,
and interface requirements imposed by the Skylab
Progranm.

H., Television Test Set, SK820FLB000 (Figures 2.2.11-20
and 202.11-21).

(1)

(2)

Design Requirements - Provide the appropriate
stimulus to and monitoring of the Skylab Television
Systems to assure the functional integrity of the
system. '

Functional Description - The Television Test Set
{SK820FL8000) was used to test the Skylab TV Sys=-
tem on a module and partially integrated system
level at the manufacturer's facilities and on a
system level at KSC, It consisted of an input
rack and two output racks and a set of intercon-
necting and adapter cables with a storage case,
Miscellaneous items included patch cords, termina-
tion resistors, panel adapters, and f£ilm cameras
which were stowed in drawers in the racks and the
cable stowage case when not in use,

Functionally, the Television Test Set consisted of
an input rack to generate test signals and an
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output rack to monitor the results. Six standard
video test signals, stairstep, sine? pulse and win-
dow, and multiburst of both the 100/40 and 100/28
formats; plus a simulated sequential TV signal,
were generated in the input rack., A selected test
signal from the input rack was transmitted to the
Skylab TV system module and/or integrated system
under test and the resulting outputs were compared
and evaluated on the output rack's oscilloscope,
waveform monitor, RMS voltmeter, and TV monitors.
The stairstep test signal was required to verify
amplifier linearity and signal to noise. The sine
pulse and window test signal was required for DC
response verification., The multiburst test sirnal
was required for frequency response verification,
The field sequential TV signal was required for
sequeuntial color verification. An audio splitter/
interleaver was provided to separate the audio
from the video and for self test,

2

The Television Test Set was used to verify the
videc bus performance on a module level and to
identify potential problem areas., It was used at
KSC to verify the video bus performance on the
module level after shipment from the manufacturer's
facility, and to verify system capability and per-
formance at the various levels of system integra-
tion. The input rack provided selectable video
test signalis to the TV Input Stations, Video Switch,
and associated test points on the MDA, AM, ATM and
OWS, The output racks displayed field sequential
color or black and white video data, monitored
video signals up to 4.0 volts peak to peak and pro-
vided for ampiritude measurement of gignals in .x-
cess of 4.0 volts peak to peak. Output racks also
provided for test signal evaluation and the record-
ing and playback of test data, The following sys=
tem parameters were monitored to assure functional
integrity of the system:

{(a) Frequency Response
(b) D. C, Response

(¢) Sine? Pulse

(d) Linearity

(e) Differential Gain
(f) DNoise
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(3)

(4)

(5)

(g) 1Interface Signal Levels
(h) Color
(i) Audio

Test - During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
identification, and interface requirements,

Acceptance tests were also conducted on each assem-
bly to assure design verifization with intended
use of the item,

Program Usage ~ The Television Test Set was used on
the Flight MDA at KSC, and the Backup MDA at Denver
and St, Louis. During the Skylab Mission the test
set was used for mission support at St. Louis,

One of the Television Test Sets has been delivered
to JS5C for use during the Russian and United States
joint Spacelab flights.

Conclusions - The Television Test Set encountered
no significant problems during design, fabrication
or usage,

MDA Dust Cover Kit, SK820FL8500 (Figure 2,2,11-22)

(1)

(2)

(3)

C(4)

Design Requirements - Provide protection for de~
mated MDA electrical comnectors during altitude
chamber testing

Functional Description - The kit consisted of a
lockable lightweight stowage and shipping contain-
er containing environmental dust covers which were
oxygen and contamination compatible.

Test =~ During manufacture, and upon comnletion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
jdentification, and interfare requirements,

Program Usage - The MDA Dust Cover Kit was used on
the Flight Article during testing at St. Louis.
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Figure 2.2.11-22 MDA Connector Dust Cover Kit

(5) Conclugions - The Dust Cover Kit encountered no
significant problems durirg usage.

J. BIL/LCA Functional Test Set, SK820FL8600 (Figure 2,2,11-23)

(1) Design Requirements - Provide electrical loads and
simulations to checkout MDA BL/LCA systems,

(2) TFunctional Description - The BI/LCA Functional Test
Set (FTS) consisted of a 22" X 17" X 9" box con-

taining all components and a front panel with test
and display points,

The BL/LCA FTS provided a loads network capable of
supplying 28 VDC and 115-130 VAC simulation of 9

: electrical loads to the BI/LCA and the I/LCA sys-
% tems,
|
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Figure 2.2.11-23 BI/LCAl Functional Test Set

(3)

(4)

)

Test = During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
identification, and interface requirements.

Program Usage - The BI/LCA Functional Test Set
was used on the Flight MDA during testing at KSC,
and on the Baokup MDA during testing at St. Louis.

Conclusions - The BI/LCA Functional Test Set encoun~
tered no significant problems during design, fabri-

cation or usage.
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K.

T027 TV Test Adapter, SK820FL8700 (Figures 2.2,11=24)

(1)

(2)

Design Requirements - Provide a means to monitor
voltage and to control camera/lens movement during
T027 checkout and interface verification tests.

Figure 2.2.11-24 T027 TV Test Adapter

Functional Description - The T027 Test Adapters
consisted of a T027 TV Camera Test Adapter and

a T027 Control Panel Test Adapter. Both adapt-

ers were small electrical boxes sized approximately
3" X 4" X 6", with nine tip jacks, a three foot
cable with connector, and a ten foot ground cable
with alligator clip.

‘Conniector (J1A) on T02Z7 Camera Test Adapter inter-

faced with T027 C:mera connector (Pl) and connector
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(3)

(4)

(5)

5193

(1)

(2)

(3)

(4)

(J94) on T027 Control Panel Test Adapter interfaccd
with T027 Control Panel Connector (I’9) during test-
ing functionms.

Test ~ During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
respect to materials, dimensions, construction,
identification, and interface requirements.

Acceptance tests were also conducted on each assem-

bly to assure design verification with intended use
of the item.

Program Usage - The test adapters were used on the
Flight Article during KSC testing.

Conclusions - The test adapters encountered no
problems during design, fabrication or usage.

Heater Control Breakout Box, SKB20FT.8800

Degign Requirements - Provide access to the $193/
AM heater interface connection and provide a means
to check for AM voltage orr the pins of the 5193

A3 Pl connector during EREP checkout and interface
verification tests.

Functional Description ~ The 8193 Heater Control
Breakout Box was a small electrical box, sized
approximately &' X 5" X 6" with fifteen banana
jacks, a ground stud, and a five foot electrical
cable with connector,

Test = During manufacture, and upon completion of
each assembly, the units were examined to verify
conformance to the engineering drawings with
regpect to material-, dimensions, ceonstruction,
identification, and interface requirements.

Acceptance tests were also conducted on each assem-

bly to assure design verification with intended use
of the item.

Program Usage -~ The breakout box was used during
test of the Flight MDA at Denver, St. Louis and
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(5)

KSC. The Backup MDA used the breakout box at
Denver and St. Louls,

Conclusions - The breakout box encountered no prob-
lems during design, fabrication and usage.
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accuracy.

AV '\&9\“

McCool
Ploject Manager, Airlock/Multiple Dockmg Adapter

=N

R. Ise
Pregram Manager, Skylab Program Office




	0021A02
	0021A03
	0021A04
	0021A05
	0021A06
	0021A07
	0021A08
	0021A09
	0021A10
	0021A11
	0021A12
	0021A13
	0021A14
	0021B01
	0021B02
	0021B03
	0021B04
	0021B05
	0021B06
	0021B07
	0021B08
	0021B09
	0021B10
	0021B11
	0021B12
	0021B13
	0021B14
	0021C01
	0021C02
	0021C03
	0021C04
	0021C05
	0021C06
	0021C07
	0021C08
	0021C09
	0021C10
	0021C11
	0021C12
	0021C13
	0021C14
	0021D01
	0021D02
	0021D03
	0021D04
	0021D05
	0021D06
	0021D07
	0021D08
	0021D09
	0021D10
	0021D11
	0021D12
	0021D13
	0021D14
	0021E01
	0021E02
	0021E03
	0021E04
	0021E05
	0021E06
	0021E07
	0021E08
	0021E09
	0021E10
	0021E11
	0021E12
	0021E13
	0021E14
	0021F01
	0021F02
	0021F03
	0021F04
	0021F05
	0021F06
	0021F07
	0021F08
	0021F09
	0021F10
	0021F11
	0021F12
	0021F13
	0021F14
	0021G01
	0021G02
	0021G03
	0021G04
	0021G05
	0021G06
	0021G07
	0021G08
	0021G09
	0021G10
	0021G11
	0021G12
	0021G13
	0021G14
	0022A01
	0022A02
	0022A03
	0022A04
	0022A05
	0022A06
	0022A07
	0022A08
	0022A09
	0022A10
	0022A11
	0022A12
	0022A13
	0022B01
	0022B02
	0022B03
	0022B04
	0022B05
	0022B06
	0022B07
	0022B08
	0022B09
	0022B10
	0022B11
	0022B12
	0022B13
	0022B14
	0022C01
	0022C02
	0022C03
	0022C04
	0022C05
	0022C06
	0022C07
	0022C08
	0022C09
	0022C10
	0022C11
	0022C12
	0022C13
	0022C14
	0022D01
	0022D02
	0022D03
	0022D04
	0022D05
	0022D06
	0022D07
	0022D08
	0022D09
	0022D10
	0022D11
	0022D12
	0022D13
	0022D14
	0022E01
	0022E02
	0022E03
	0022E04
	0022E05
	0022E06
	0022E07
	0022E08
	0022E09
	0022E10
	0022E11
	0022E12
	0022E13
	0022E14
	0022F01
	0022F02
	0022F03
	0022F04
	0022F05
	0022F06
	0022F07
	0022F08
	0022F09
	0022F10
	0022F11
	0022F12
	0022F13
	0022F14
	0022G01
	0022G02
	0022G03
	0022G04
	0022G05
	0022G06
	0022G07
	0022G08
	0022G09
	0022G10
	0022G11
	0022G12
	0022G13
	0022G14
	0023A02
	0023A03
	0023A04
	0023A05
	0023A06
	0023A07
	0023A08
	0023A09
	0023A10
	0023A11
	0023A12
	0023A13
	0023A14
	0023B01
	0023B02
	0023B03
	0023B04
	0023B05
	0023B06
	0023B07
	0023B08
	0023B09
	0023B10
	0023B11
	0023B12
	0023B13
	0023B14
	0023C01
	0023C02
	0023C03
	0023C04
	0023C05
	0023C06
	0023C07
	0023C08
	0023C09
	0023C10
	0023C11
	0023C12
	0023C13
	0023C14
	0023D01
	0023D02
	0023D03
	0023D04
	0023D05
	0023D06
	0023D07
	0023D08
	0023D09
	0023D10
	0023D11
	0023D12
	0023D13
	0023D14
	0023E01
	0023E02
	0023E03
	0023E04
	0023E05
	0023E06
	0023E07
	0023E08
	0023E09
	0023E10
	0023E11
	0023E12
	0023E13
	0023E14
	0023F01
	0023F02
	0023F03
	0023F04
	0023F05
	0023F06
	0023F07
	0023F08
	0023F09
	0023F10
	0023F11
	0023F12
	0023F13
	0023F14
	0023G01
	0023G02
	0023G03
	0023G04
	0023G05
	0023G06
	0023G07
	0023G08
	0023G09
	0023G10
	0023G11
	0023G12
	0023G13
	0023G14
	0024A01
	0024A02
	0024A03
	0024A04
	0024A05
	0024A06
	0024A07
	0024A08
	0024A09
	0024A10
	0024A11
	0024A12
	0024A13
	0024B01
	0024B02
	0024B03
	0024B04
	0024B05
	0024B06
	0024B07
	0024B08
	0024B09
	0024B10
	0024B11
	0024B12
	0024B13
	0024B14
	0024C01
	0024C02
	0024C03
	0024C04
	0024C05
	0024C06
	0024C07
	0024C08
	0024C09
	0024C10
	0024C11
	0024C12
	0024C13
	0024C14
	0024D01
	0024D02
	0024D03
	0024D04
	0024D05
	0024D06
	0024D07
	0024D08
	0024D09
	0024D10
	0024D11
	0024D12
	0024D13
	0024D14
	0024E01
	0024E02
	0024E03
	0024E04
	0024E05
	0024E06
	0024E07
	0024E08
	0024E09
	0024E10
	0024E11
	0024E12
	0024E13
	0024E14
	0024F01
	0024F02
	0024F03
	0024F04
	0024F05
	0024F06
	0024F07
	0024F08
	0024F09
	0024F10
	0024F11
	0024F12
	0024F13
	0024F14
	0024G01
	0024G02
	0024G03
	0024G04
	0024G05
	0024G06
	0024G07
	0024G08
	0024G09
	0024G10
	0024G11
	0024G12
	0024G13
	0024G14
	0025A01
	0025A02
	0025A03
	0025A04
	0025A05
	0025A06
	0025A07
	0025A08
	0025A09
	0025A10
	0025A11
	0025A12
	0025A13
	0025B01
	0025B02
	0025B03
	0025B04
	0025B05
	0025B06
	0025B07
	0025B08
	0025B09
	0025B10
	0025B11
	0025B12
	0025B13
	0025B14
	0025C01
	0025C02
	0025C03
	0025C04
	0025C05
	0025C06
	0025C07
	0025C08
	0025C09
	0025C10
	0025C11
	0025C12
	0025C13
	0025C14
	0025D01
	0025D02
	0025D03
	0025D04
	0025D05
	0025D06
	0025D07
	0025D08
	0025D09
	0025D10
	0025D11
	0025D12
	0025D13
	0025D14
	0025E01
	0025E02
	0025E03
	0025E04
	0025E05
	0025E06
	0025E07
	0025E08
	0025E09
	0025E10
	0025E11
	0025E12
	0025E13
	0025E14
	0025F01
	0025F02
	0025F03
	0025F04
	0025F05
	0025F06
	0025F07
	0025F08
	0025F09
	0025F10
	0025F11
	0025F12
	0025F13
	0025F14
	0025G01
	0025G02
	0025G03
	0025G04
	0025G05
	0025G06
	0025G07
	0025G08
	0025G09
	0025G10

