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DEFINITION OF SYMBOLS

ADJ Adjust

ADV Advance

BAT. Battery

BATT Battery

CAM Camera

cb Circuit Breaker

CHMBR Chamber

CONT Control

cres Corrosion Resistant Steel

CSTR Canister

ctr Center

CUR Current

C3 F8 PerfLuoropropane Gas

DAC Data Acquisition Camera

DISCH Discharge
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FED Functional Block Diagram
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HOSC Huntsville Operation Support Center
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MPF Materials Processing Facility
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E-5



DEFINITION OF SYMBOLS (CONCLUDED)

MSFC

N/A

NOM

OPR

OWS

PI

pot

PRESS
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SEPEM
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STS
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Marshall Space Flight Center

Not Applicable
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Orbital Workshop
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Total Probability of Failure
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Skylab Experiment Performance Evaluation Manual
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Ref. 3.5
DefinE:
Syst

Ref . 3.5 —i
ine the M-512 I
riment/Carrier I-
em Interfaces I

3. 5. 1

Facility
Honeycomb

Mounting Panels h0
3.5.2

Electron Beam
Gun Assembly

Vacuum
Work Chamber

Assembly

Floodlight

-©

-0

3.5.5

Controls and
Displays

3.5.6

Battery -0
3.5.7

Water
Quench System

Vent Valves

Vent Lines

3.5. 10

Camera Mount

3.5. 11

EQUIPMENT
STORAGE
Container

-0

-0

-0

-©

3.5.12

Flammability
Specimen
Container

3. 5.Z. 1

Head Section

3. 5.Z.Z

Head Section
Power Supply

3.5.2. 3

Filament
Chamber

Vent Valve

3.5.5.1

Control Panel

3.5.5.2

Other Controls
and Displays

3.5.7. 1

Water
ACCUMULATOR

3.5.7.2

Water Valves

-0

-0

FIGURE E-l. M-512 MATERIALS PROCESSING FACILITY FUNCTIONAL BLOCK DIAGRAM (Sheet 1 of 5)
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G>

3.5.3. 1

Metal
Work Chamber

3. 5.3.Z

Metal Hatch

3.5. 3.Z. 1

Crew
Viewing Window

3.5. 3. 3

Camera
Viewing Window

3. 5. 3.4

Zero-G
Connector

3.5. 3. 5

Heat Sink

3. 5. 3.6

Tungsten Target

3.5. 3.7

Photo Light

3. 5. 3. f
Permanently

Mounted
Camera

Deflection Mirror

3.5.3.9

Hatch O-Rings

FIGURE E-l. M-512 MATERIALS PROCESSING FACILITY FUNCTIONAL BLOCK DIAGRAM (Sheet 2 of 5)
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3.5.7.2. 1

Water
Accumulator

Fill Valve

3.5.7.2.2

Water
Spray Valve

3.5.7.2.3

System
Purge Valve

3.5.8. 1

Work Chamber
Vent Valve

3.5.8.2

Bulkhead
Vent Valve

3.5.8. 3

CHAMBER
REPRESS

Valve

3.5.6.4

Battery Case
5 psia

Check Valves

3.5.8.5

Battery Vent
Line

Vent Valve

3.5.8.6

FILAMENT
CHAMBER
Vent Valve

0-

3.5.9.1

4-in. diarn
V ent Line

3.5.9.2

Chamber
Repressurization

Vent Line

3.5.9.3

Battery Case
Vent Line

FIGURE E-l. M-512 MATERIALS PROCESSING FACILITY FUNCTIONAL BLOCK DIAGRAM (Sheet 3 of 5)
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G>

3. 5. 11. 1

M551 ELECTRON BEAM
WELD MOTOR

3.5. 11.3

M512 FLOOD
LIGHT SHIELD

3. 5. 11. 5

M553 HATCH VIEW-PORT
SHIELD SPHERE

FORMING

3. 5. 11.7

M479 CAMERA PORT
SHIELD FLAMMABILITY

3. 5. 11. 9

M551 CAMERA
MIRROR

3. S. 11. 11

M479 WATER
SPRAY NOZZLES

3. 5. 11. 13

M479 FLAMMABILITY
SPECIMEN HOLDER

3. 5. 11. 15

M479 HEAT SINK COVER

3. 5. 11. 17

M553 SPHERE
CATCHER Z

3.5. 11. 19
M554/M555 CRYSTAL

GROWTH/COMPOSITE
CASTING CLAMP

3. 5. 11.Z

M553 SPHERE FORMING
MOTOR

3. 5. 11.4

M479 HATCH VIEW-PORT
SHIELD FLAMMABILITY

3. 5. 11. 6
M553 CAMERA PORT

SHIELD SPHERE
FORMING

3. 5. 11.8

M551 DEFLECTION
MIRROR

3. 5. 11. 10

M551 HATCH VIEW
PORT MIRROR

3. 5. 11. 12

M479 WATER SPRAY
CONNECTION COVER

3. 5. 11. 14

M512 ELECTRON BEAM
COVER

3. 5. 11. 16

M553 SPHERE
CATCHER 1

3. 5. 11. 18

M553 SPHERE CATCHER
INSTALLATION TOOL

3. 5. 11.20

WORK CHAMBER
VENT FILTER 1&2

FIGURE E-l. M-512 MATERIALS PROCESSING FACILITY FUNCTIONAL BLOCK DIAGRAM (Sheet 4of 5)
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D

Ref. 3.6 —|

Perform Experiment
Sensitivity Analysis

FIGURE E-l. M-512 MATERIALS PROCESSING FACILITY FUNCTIONAL
BLOCK DIAGRAM (Sheet 5 of 5)
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... ' ' SECTION II.,

M-51Z MATERIALS PROCESSING FACILITY
INTERFACE BLOCK DIAGRAM
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SECTION IV.

M-512 MATERIALS PROCESSING FACILITY
DATA REQUIREMENTS SUMMARY
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TABLE E-II. M-512 MATERIALS PROCESSING FACILITY
DATA REQUIREMENTS SUMMARY

Crew debriefing transcripts will be required at the end of each mission
that utilizes the MPF.
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SECTION V. M-512 MATERIALS PROCESSING FACILITY
DATA REQUEST FORMS

The data required for evaluation of the M-512 MPF consist
completely of voice comments by the crewman concerning MPF opera-
tions, transcripts of voice comments, and the logbooks for the experiments
which use the MPF. General Data Request Forms (DRF's) requesting
voice comments and experiment logs for all experiments have been
submitted; therefore, a DRF requesting these data specifically for the
MPF is not necessary.
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SECTION VI. M-512 MATERIALS PROCESSING FACILITY
ENGINEERING CHANGE REQUESTS

The Engineering Change Request is placed in this appendix as
a matter of record. It was submitted on August 19, 1971 and was
disapproved.
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ENGINEERING CHANGE REQUEST

DATE:
8-19-71

NUMBER:

BGSM 0535
PAGE

1 of 1

TO:

J. Waite, PM-SL-DP
THRU: FROM:

L. Vaughan, S&E-ASTN-SDI
TITLE OF CHANGE:

Experiment M512 Battery Status- of- Charge Monitoring
RELATED CHANGES <ECR. BCP, CR. etc.) BY NUMBER: PROGRAM CONTROL NC.=

BT-13756
DESCRIPTION OF CHANGE:

A state-of-charge meter is needed to monitor the M-512 batte'ry. A
qualified state-of-charge meter is used on panel 206 in the STS to
monitor the PCG batteries. The part number for this meter is
61B810002-97. A similar meter should be mounted on the M-512 con-
trol panel or experiment structure. :

ENCLOSURES:
[X] ECR ONLY
I | PIRN

DSCN
I | DRAWING/SKETCH
PI LEVEL A ICD
| | LEVEL A IRN
| | LEVEL B ICD
I | LEVEL B IRN
[U SLCN

JUSTIFICATION FOR CHANGE!

This change permits the Skylab A Mission Evaluation Working Group
and Operations Support Planning Group to monitor and assess the
adequacy of operating performance among the power source (M-512
battery) and the metals melting, sphere forming, and exothermic
heating tasks. . '

INITIATED. BY:

I | PANEL ACTION

Lx] S&E

MSC REQUEST

[~~1 KSC REQUEST

|~j OTHER (Explain)

E! FtCTi, ON-
j DOCUMENTATION

OTHERS (Explain)

HARDWARE SOFTWARE £3 OPERATIONAL COMPUTER PROGRAMS

ROGRAM AFFECTED:

O SATURN IB | | ENGINES
[ | SATURN V | | SPACE SHUTTLE
[53 SKYLAB PI SPACE STATION
Q HEAD fl QTHERSXF.xplaln)

PROJECT/STAGE AFFECTED:

| [ S-IB STAGE

| | S-IC STAGE

| | S-ll STAGE

PI S-IVB STAGE

IU

| | LVGSE

| 1 OWS

|~1 AIRLOCK

| [ MDA |~1 OTHERS (Explain)

| | ATM

| | PS

|Xl EXPMTS M-512

AREAS AFFECTED: . :i
1 I SAFETY

Q^] AIRBORNE ELEC. SYS.

[J TELEMF.TRY

|_~] SINGLE. POINT FAILURES

[~1 FLIGHT TAPES

O GROUND TAPES

13] RELIABILITY

[ J ACS

j 1 STRESS CORROSION

| | ESE

Q] GSE(SloEe)

QJ MGSE

[^] GROUND INSTRUMENT

[ | QUAL STATUS

[~~1 PAYLOAD WTS.

Q] SAS

PRODUCT IMPROVEMENT | j REDLlNES

[^] TEST RQMTS.. SPECS & CRITERIA COC,

| | VEH. WEIGHTS

[~| SPARES

| | SPACECRAFT

| [ LAUNCH COMPLEX

Q CREW SYSTEMS

I ] MISSION OPERATIONS

P~| IN PROCESS TEST

[ | BREADBOARD

Q] PROPULSION

[^} STRUCTURES

[~] TEST SCHEDULES

[H CRITICAL COMPONENTS

f]j STOWAGE

RECOMMENDED

[^] MANDATORY FOR_

[~] HIGHLY DESIRABLE FOR

["J DESIRABLE FOR SL-1

ICD'S AFFECTED:

~]~] YES (Mst)

n

PRIORITY (Explain):

p~| URGENT

| | EMERGENCY

ROUTINE

COMPATIBILITY

M.SFC - For.-n 2327 (Kov Sopli-mber 1971)
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EFFECT OF NONINCORPORATION:

The state-of-charge of the M-512 battery cannot be monitored without this meter.

SCOPE OF WORK: | | SEE ATTACHED SKETCH AND/OR DESCRIPTION

ADDITIONAL REMARKS AND DISTRIBUTION:

CONCURRENCE

SIGNATURE & ORGANIZATION DATE SIGNATURE & ORGANIZATION DATE SIGNATURE & ORGANIZATION DATE

APPROVAL

UAB SYSTKM ENGR. DIV. DATF. PRODUCTS-OFFICE •

U/>B PROJECT OFFICE DATE

DATE CEN. SYSTEM ENGR.
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SECTION VII.

M-512 MATERIALS PROCESSING FACILITY
EVALUATION SEQUENCE
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SECTION IX.

M-512 MATERIALS PROCESSING FACILITY
MALFUNCTION ANALYSES
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The material contained in this section is an excerpt from Reference 22.

6. MATERIALS .PROCESSING IN SPACE, M512

The primary M512 operational functions requiring analysis
are presented in Table 6.1. Figure 6.1 depicts the relation-
ships used to develop this table.

Table 6.1 Operational Functions and Malfunction
Analysis Items, M512

Operational Function Sub-Function Malfunction Analysis
Item

6.1 Materials
Processing
Facility

6.1.1 Provide
Electron Beam

6.1.2 Provide
Instrumentation

6.1.3 Provide
Chamber

6.1.1.1 FIL BATT cb,
BATT cb., FIL/BEAM
CONT sw, HI VOLT/
CAM sw, READY Ip,
relays K3, K8, or
EB POWER sw fail-
ures

6.1.1.2 BEAM CONTROL
CUR ADJ, BEAM CUR
ind, failure

6.1.1.3 Provide EB
focus

6.1.1.4 HI VOLT ind
failure

6.1.2.1 INSTRUMENTATION
POWER sw failure

6.1.2.2 Provide Pressure
data

6.1.2.3 TEMP ind, TEMP
SOURCE sw failure

6.1.2.4 BASE TEMP sw
failure

6.1.2.5 TEMP sw fail-
ure

6.1.3.1 Provide Vacuum
6.1.3.2 Provide Repres-

surization
6.1.3.3 Provide EB

Filament Chamber
Vacuum
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Table 6.1 Operational Functions and Malfunction
Analysis Items, M512 (Cont'.d)

Operational Function Sub-Function Malfunction Analysis
Item

6.2 Perform
M551

6.3 Perform
M552

6.1.4 Provide
Photography

6.1.5 Provide
Vacuum Cleaner

6.1.6 Provide
Power

6.2.1 Provide
Weld Speci-
men Discs

6.2.2 Provide
Specimen
Drive

6.3.1 Provide
Exothermic
Package

6.3.2 Control
Power

6.1.4.1 Relay K8, 1
pole of HI VOLT/
CAM sw fails, open

6.1.4.2 HI VOLT/CAM
sw failure

6.1.4'.3 PHOTO LT sw,
FIL CHMBR INTER-
LOCK sw, Photo
Light failure

6.1.4.4 FIL CHMBR
INTERLOCK sw fail-
ure

Same as Section 14.6

6.1.6.1 Provide
Battery

6.1.6.2 AM BUS 1
cb failure

6.2.1.1 Physical
Damage to Discs

6.2.2.1 Motor connector,
EXP ADV sw failure

6.2.2.2 EXP ADV sw
failure

6.3.1.1 Phys ical Damage
.to package

6.3.2.1 EB POWER sw,
EXOTH POWER sw,
TRIGGER sw, SELECT
sw, or connector
failure
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Table 6.1 Operational Functions and Malfunction
Analysis Items, M512 (Cont'd)

Operational,Function Sub-Function Malfunction Analysis
Item

6.4 Perform M553

6.5 Perform M554

6.6 Perform M555

6.4.1 Provide
Specimens

6.4.2 Provide
Specimen.
Drive

6.4.3 Provide
Sphere
Catchers

6.5.1 Provide
Package

6.5.2 Control
Power

6.5.3 Prbvide
Heat/Cool
Cycle

6.6.1 Provide
Package

6.6.2 Provide
Continuous
Heating

6.3.2.2 TRIGGER sw
failure

6.3.2.3 EXP HOT lp,
thermistor, or
relay K9 failure

6.4.1.1 Physical Damage
for Wheels or Indi-
vidual Specimens

6.4.2.1 Motor, connec- •
tor, EXP ADV sw
failure

6.4.2.2 EXP ADV sw
failure

6.4.3.1 Physical Damage
to Sphere Catchers

6.5.1.1 Physical Damage
to package

6.5.2.1 COMPOSITE CAST-
ING POWER sw failure

6.5.3.1 THERMAL MODE
sw failure

6.6.1.1 Physical Damage
to Package

6.6.2.1 Heating Blanket,
CRYSTAL GROWTH AM
BUS 1 cb failures,
or power drop
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în

> trf

. O M
'n c
^ 2
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SECTION X. CONCLUSIONS AND RECOMMENDATIONS

1. The M-512 MPF is a facility that is used to accomodate the per-
formance of Experiments M-479, M-551, M-552, M-553, M-518,
and M-555. The contingency plans for the switches, circuit breakers,
and valves were primarily concerned with the MPF integrity check
and not the effects on the experiments that use the MPF. These
experiments will be discussed in separate appendices.

2. The MPF uses power from AM Bus 1 and a self contained battery.

3. In Table E-I , F. B.No. 3. 5. 9. 3, the battery case verit line failure
was classified as a Category I failure. If the vent line ruptures
between the battery case and the M512 BAT VENT VALVE, this
would allow the MDA atmosphere to escape until the M512 BAT VENT
VALVE could be placed in the CLOSE position. The battery gases
could escape into the MDA and contaminate the atmosphere when the
5 psia check valves opened. If the vent line ruptures between the
M512 BAT VENT VALVE and the MDA wall, this would allow the
MDA atmosphere to escape into space.

4. The following failures would termineite the MPF integrity check:

• The CHAMBER REPRESS vlv .failing to close

• The work chamber hatch window or seals cracking,
preventing the work chamber from holding a vacuum

• The bulkhead vent vlv failing to open

• The work chamber vent vlv failing to open

• A pressure leak in the vent line between the bulkhead
and work chamber vent valves

• A pressure leak in the wall of the work chamber.

5. The following failures could terminate the MPF integrity check:

/

• The work chamber hatch window and/or seals being
cracked

• The bulkhead vent vlv failing to close
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• The work chamber veint vlv failing to close

6. It is recommended that on the initial opening of the bulkhead vent
vlv and the work chamber vent vlvi the bulkhead vent vlv be opened
first. There will be standard atmosphere and pressure trapped
between the two valves. This will prevent possible damage to the
work chamber by venting the atmosphere and pressure to space.

7. It is recommended that the astronaut have voice communication
with the ground when performing the MPF integrity check.
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