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FOREWORD

This Annual Progress Report has been prepared by
The Boeing Company to fulfill the requirement under
Article XXX, Paragraph A and C, Modification 100
of Contract NAS8-5608 as amended by NASA letter
I-MICH-CB, dated May 19, 1965, B. H. Aldridge to
E. S. Olason. Subject: Change of NAS8-5608 to In-
corporate Quarterly Technical Progress into the An-
nual Progress Report.

This document reports progress made by The
Boeing Company on the S8aturn S-IC program for
the ftecal year 1965 (July 3, 1844 through July 1,
1965) pertaining to Schedule I Contract NAS8-5603.
This report i{s the cousolidation of D5-11994, "Quar-
terly Technical Progress Report,' for the fourth
fiscal quarter and the FY 1965 Annual Progresa Re-
port, and places special emghasis on activities of
the fourth fiscal quarter.

Progress has been reported by contract part in ac-
cordaace with NASA/MSFC instructions. In cases
where activity progress encompassed more than one

vii

contract part, it was reported under the contract part
considered to have the ma jor role.

The report is arranged by the contract numerical
designation und includes the following subjects:

Stage und GSE design and logistics support.

Reliability. '

Facilities nctivation at Michoud and Huntsville.

Aseembly and manufacturing effort.

Quality Assurance Program development and {mple-
mentatton.

Developmental, qualification and reliability testing—
planning und status.

Ground test and static {iring participation.

Technical assistance rendered by The Boeing Company.

Launch operations support and liaison effort.

Manufacturing support rendered to NASA/MSFC.

Discussion of program administrative effort necessary
in the performance of contract.

S-IC systems mission support, with emphasis upon the
conduct of the structural test program.
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National Aeronautics and Space Administration e e T
George C. Marshall Space Flight Center

Progress in the Saturn V/S-IC Program durting fiscal year 1965 was highlightod by the
transition from initial implementation for hardware production to actual fabrication of
full scale S-1C boosters. The most impressive advanceincat was the completion of the
8-IC-T booster for engine firing tests.

The first single-engine firing occurred April 9, 1963, in the S-IC bouoster test stand ut
MSFC. The first five-engine test firing took place one weck later, on April 16, 1965.
This firing was nearly two months ahead of the target set in Plan VII, the current S-IC
schedule. The success of these and subsequent manual tirings was made possible by the
concerted and cooperative efforts of all S-IC Program participants. I'lans for automatic
test firings have been advanced from December to September, 1965, as a result of

these successes.

The S-IC-D dynamic test stage was the first booster to be structurally assembled tn the
Vertical Assembly Building at Michoud. Its completion inarked the passing of an im-
portant milestone at the Michoud Assembly Facility. Currently, the 5-IC-D t8 under-
going final installation of equipment {n the factory before beiuy barged to MSFC tor

dynamic testing. The ease with which the booster was removed from the Vertical Assemhbly
Tower, placed horizontally on the transporter, and moved to the factory is a result of the
personnel training and equipment checkout performed with the S-IC Stage Weight Simulator.

Booster and GSE basic designs are complete. On schedule release of enginevring drawings
and documentation reflects a recovery from a behind schedule condition at the start of the
year. This was made possible by improvements in the document releuse system, and en-
largement of reproduction facilities.

The early delivery to the MSFC Quality and Reliability Assurance Laboratory of an S-IC
Test and Checkout Station on June 21, 1965, assures timely support to the S-IC-1 booster,
which is scheduled for start of checkout on September 27, 1965. Completion of the
Qualification Program has been advanced from July, 1966 to December, 1965, and the
Reliability Test Program is now planned for completion in consonance with static firing
tests of S-IC-3 at MSFC in September, 1966.

Throughout the fiscal year, actions have been taken to implement NPC 500-1, "Apollo
Configuration Management Manual." The Coafiguration Control Board was activated in
March, 1965, and is chaired by the S-IC Program Executive. A Configuration Management
Information Center has been established for management visibility of change status, pro-
gram {mpact, and trends.

The outlook toward the next fiscal year looks promising even though established goals ure
obviously ambitious. Judging by past successes, il is fully expected that thege goals will
be achieved.

THE BOEING COMPANY

Aexo-Sgace Division
%@ o
(. C. Dunan

S-IC Program Fxetdtive
Launch Systems Branch

ix
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STAGE DESIGN
DOCUMENTATION

The release of basic documentation accelerated during
the last half of FY 1965 and overcame the behind sche-
dule condition that existed at mid-year.
tion of the last electrical and instrumentation drawings,
completed the basic design releases for the S-iC-D,

mentation requiremeats during the third quarter of FY

1964.

The comple-

-F, and -1 through -10 in the fourth quarter (Figure

I-1).

The basic release of structures and propulsion-
mechanical documentation was virtually completed by
year-end FY 1964 and almost all of the FY 1965 releases
were electrical and instrumentation.
of the total electrical and instrumentation documentation
for all vehicles other than the S-IC-T was released dur-
ing the past year, following establishment of instru-

Over 80 percent

There have been continuing changes in instru-
mentation requirements; however, siuch changes are
being handled by change action mamo trather than basic
documentation. The basic release history hy major
program element for the first flight stage (S-1C~1) ie
shown in Figure I1-2.

Release of Change Actiorn Memo {CAM) docuinentation
continued in the fourth quarter at about the same rate
as in the third quarter (Figure I-3).
release was completed on the 35 CAM's listed in Fig-
ure I-5. Thirty~-three new CAM's were initiated
(approved by Engineering management for presenta-
tion to the S-1C Change Board) during the fouwrth fis-

Documentation

ENGINEERING BASIC RELEASE SCHEDULE-STAGE
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cal quarter. All changes either initiated or commit-
ted during the quarter, with their commitment data,
documentation completion schedule, and vehicle ef-

fectivity, are listed in Figure I-4.

A series of joint MSFC/Boeing meetings was held
during the year to survey outstanding CAM's against
S-IC-T, S-IC-1 and S-IC-2 as each vehicle neared a
critical phase of completion. Each change was re-
viewed by management teams to evaluate real need—
based on test mission—and to develop minimum im-
pact schedules. The detail procedures for processing
and committing changes were streamlined during the
year to further minimize the impact on critical test
missions. At present, some urgent changes (particu-
larly stage/¥-1 engine interface changes) are being

S-IC-1 BASIC RELEASE

BY MAJOR PROGRAM ELEMENT

incorporated as liaison field installations, with Class I
as-built CAM documentation scheduled for release later.

Implementation of the automated Engineering Release
Documentation System, defined by D5-11979, "Re-
quired Engineering Release Documentation, " was be-
gun in June, 1964, In mid-October, as implementa-
tion of the basic system neared completion, several
major problems were discovered. These resulted
from inadequate computer inputs, deficient program-
ming, unsatisfactory computer tapes, and faulty data
transmission. Resolution of these problems was ac-
complished, and system implementation was completed
in early January, 1965. At that time, there was a
substantial backlog of requests for the computer-
produced drawing-generation-breakdowns. These are
some of the important outputs of the system. By pro-
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gramming to provide only needed parts, rather than
complete breakdowns, the backlog was eliminated.

Several additional program developments and system
improvements were made to provide vehicle com-
parison reports, improved parts-to-specification
cross-reference lists, and addition of qualification
status information in the Engineering Master Parts
List to supplement D5-12741, 'Qualification Status
List. " System studies and programming are presently
underway to cover submittal of S-IC data to the Sat-

urn V Data Bank Center in Huntsville. Work has also
started on converting existing computer programs

from ARGUS to COBOL programming language, as
directed by NASA/MSFC.

DESCRIPTION OF S-IC STAGE CAM'S INITIATED
AND/OR COMMITTED DURING FOURTH FISCAL
QUARTER

CAM 307—Requested by MSFC Technical Directive
246 and Modification 179 to Contract N AS8-5608.
This change revises the S-IC stage electrical system
to provide an emergency detection and flight combus-
tion monitor system to detect stage malfunctions.

CAM,328—Requested by The Boeing Company to cor-
rect technical deficiencies in telemetry transmitters
and power amplifiers.

CAM 337—Requested by Modification 239 to Contract
NAS8-5608. This change requires redesign of the
S-IC stage TV antennas and the antenna checkout hat,

CAM ENGINEERING RELEASE SCHEDULE - STAGE
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S-IC STAGE CAM’'S INITIATED
OR COMMITTED DURING 4TH QUARTER FY 65

DATE DOCUMENTATION EFFECTIVITY

CAM COMMITTED COMPLETION P

NO PRIORITY  BY CHANGE BD. SCHEDULE STAGE GSE MSE

307 B 5-10-65 10-28-65 D,F.1-10 R-QUAL, R-TEST,
MTO, MAB, MICH

09 B 4-13-45 6-2-65 D,F,1-10 R-QUAL, R-TEST,
MTO, MICH

ns 8 4-12-65 5-17-65 F,1-$

328 B 4-27-65 7-15-45 1-10

330 C 5-17-65 9-14-65 T,1-6

33t Cc 5-17-65 9-14-65 T,1-6

332 B 5-17-65 10-12-65 1-6

333 8 $-17-65 3-14-66 T, =1

33s 8 4-19-65 5-14-65 D

337 e 5-25-45 12-15-65 D,F,1-10 R-QUAL, R-TEST,
MTO, MICH

340 B 5-17-65 10-22-65 D, F,1-10 R-QUAL, R-TEST,
MTO, MICH

342 B §5-17-65 8-9-65 1-10 R-QUAL, R-TEST,
MTO, MICH

343 B §-4-65 5-26-65 1-10

344 A 5-14-65 1-10

5 B 5-14-65 7-22-65 D, F,1-1¢

346 ¢ A 5-18-65 6-4-65 T,D0,F, 1210

47 B 5-24-65 I-14-66 2-10

A9 » B 5-18-85 7-6-65 D,F,1-10

350 C 6-18-65 9-14-65 6-10

351 B 2-10 MICH

382 B 6-22-65 8-12-65 1-10

354 B 6-9-65 3-10

357 8 6-9-65 7-6-65 D,F,1-10

359 [« 1-10

360 B 4-10 MTO, MICH

I 8 5-17-45 9-2-65 T,1-6

362 8 5-17-45 12-8-65 T,1-6

363 B 5-17-65 12-7-65 -

364 8 6-9-65 8-3-65 2-10

365 - B 6-7-65 6-18-45 F,1-10

367 8 6-9-65 3-14-66 T,1-10

68 8 7-1-65 9-24-65 F,1-4 R-TEST, R-QUAL,
MTO, MICH

349 B 6-23-65 7-16-65 1-10

370 a 6-30-65 8-11-65 T.D.F.1-10

N B 6-30-65 D,F,1-10

374 A 61865 7-29-65 T =10

375 8 D,F,5,1-10

377 B % T.0,F,1-10

379 B -6

" DESIGNATES COMPLETION
FIGURE (=4
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STAGE :
CAM'S COMPLETED DURING 4th QUARTER FY '65

CoM NO TITLE
138 CHANGE TO TITANIUM FASTENERS
207 MODIFICATION OF INTERTANK RING FRAMES AND SKIN PANELS
238 DELETE LOX SUCTION DUCT INSULATION AND CONDITIONING auaaum:, SYSTEM - _ B
239 ADD REMOTE DIGITAL SUB-MULTIPLEXER ASSEMBLY TO STAGE PCM TELEMETRY SYSTEM -
242 REVISE FUEL AND LOX PREVALVES -
;_ RELOCATE FUEL TANK VENT VALVE CONTROL SOLENOID -
7 MODIFY PANEL CUTOUTS TO PROVIDE CLEARANCE FOR PLUMBING msuu'non (FLIGHT co~ncunnnom
274 MODIFY SHIELD AND SUPPORT STRUCTURE - -
277 ELIMINATE WELDMENT OF FITTINGS TO GORES IN UPPER AND LOWER HEADS OF FUEL AND OXIDIZER TANKS
278 ADD AERODYNAMIC SEALING TO ELECTRICAL AND PRESSURE TUNNELS o
“219 DELETE JOINT LEAKAGE MEASUREMENT _ -
282 ADD TEMPORARY INSTALLATION OF SEPARATION EBW UNITS AND PULSE SENSORS -
T284  RELOCATE FUEL DENSITY MEASUREMENT RESISTANCE THERMOME TER TRANSDUCERS
285 ADD INSTRUMENTATION FOR THRUST STRUCTURE STRAIN ;AETS_U_REMENTS
286 ADD SUPPORTS FOR ELECTRICAL AND OTHER MISCELLANEOUS EQUIPMENT ON THRUST STRUCTURE
288 INCREASE LIQUID LEVEL SYSTEM OUTPUT VOLTAGE AND PROVIDE ADDITIONAL LIQUID LEVEL INFORMATION
VIA HARDWIRE a o em
289 INCORPORATE FAIRING HEAT SHIELD SUPPORT STRUCTURE -
292 REDESIGN RATE GYRO ENVIRONMENTAL COVER
294 MODIFY TELEMETRY CHANNEL ASSIGNMENT AND LOX AND FUEL PREVALVE MEASUREMENTS
T295 MOOI;Y_S‘TATIC FUEL PRESSURIZATION DUCT SUPPbRT FLANGE -
T298  MODIFY S.IC-S STAGE TO INCLUDE RECENT DESIGN DEVELOPMENT - .
304 ADD FUEL DENSITY MEASUREMENTS TO IPAC LIST AND P ROVIDE NECESSARY GSE
305 MODWFLL"D 'POWER DUCTING INSULATION AND THRUST Qsa_o;con—mm ENGINE INSULATION INTERFACES
306 ADD INSTALLATION P ROVISIONS FOR CABLING AND INSTRUMENTATION -
308 MODIFY PROVISION FOR HELIUM AND NITROGEN BOTTLE PRESSURE SWITCHES - ___
3 REVISE ELECTRICAL WIRING TO AGREE WITH MSFC INTERFACE DOCUMENTATION.
315 MODIFY SINGLE-SIDEBAND AND RF ASSEMBLY )
316 MODIFY EQUIPVENT SUPPORT BRACKETS TO MATCH F- ENGINE
325 MODIFY THRUST "STRUCTURE TO ACCOMMODATE SLOW RELEASE MECHANISN
328 REVISE TELEMETRY TRANSMITTER AND POWER AMPLIFIER
339 REVISE ELECTRICAL CABLE DISCONNECTORS AT THE UNIT 115.116 INTERFACE -
343 ADD OPTICAL TARGETS TO ENGINE FAIRING ) -
T346  REVISE COLD HELIUM MANIFOLD MATERIAL FROM STEEL TO ICONEL
349  PROVIDE SUPPORTS FOR RETROROCKET CABLING -
365 MODIFY THE GOX LEAKMETER ASSEMBLY : -
FIGURE 1-5§
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CAM 340—Requested by MSFC letter. This change

adds heaters to LOX fill-and—drain valves to ensure
valve operation at cryogenic temperatures.

CAM 3492—Requested by MSFC letter. This change
nfOdifies Lnsulation and cabling to accommodate a new
engine actuator configuration.

CAM 343—Requested by Modification 242 to Contract
NAS8-5608. This change adds painted targets on the
fairing for optical viewling of vehicle {irst motion at
liftoff.

CAM 344—Requested by The Boeing Company to re-
design the flexible heat shield curtain to withstand
aerodynamic loads.

CAM 345—Requested by The Boeing Company. ‘This
change deletes the 1.OX prevalve bypass system to
increase the reliability of the stage.

CAM 348—Requested by The Boeiny Company. This
change replaces the AM-3350 sleel cold helium mani-
fold with Iconel-718 to avoid the possibility of hrittle
failure at cryogenic temperatures.

CAM 347—Requested by MSFC letter. This change
modifies the heat shield curtain to accommodate
Rockeldyne engine pan redesign.

CAM 349—Requested by The Boeing Company o pro-
vide supports for retrorocket initiation cabling.

CAM 350—Requested by The BBoeing Company to de-
lete LOX and fuel prevalve flowmeters to improve re-
llabflity and to decrease cost and weight.

CAM 351—Requested by MSFC letter. This change
replaces Boeing-1elcased telemetry documentation
with MSFC Class | telemetry documentation for coin-
patibility with the overall Saturn V telemetry system.
This {8 a documentution change only.

CAM 352—Requested by The Bocing Compinty. This
change deletes ceramic inserts on heatshield bolts.
The ceramic breakage rate is high during installation
and stage handling,

CAM 354—Requested by MSFC letter. This change
replaces a GFE selector switch to provide redundant
circuitry.

CAM 3587—Requested by The Boeing Company. This
change adds cable support brackets to the thrust
structure,

CAM 359—Requested by The Boeing Company. This

=6

change ltmits re-use of retrorocket cases to develop-
mental firings only,

CAM 360—Requested by MSFC. Change Order No.
244 to Contract NASS8-5608. This change provides

for separatton ef R&D und operational instrumentation
systems on S-]JC-4 and -5 so that R&D Inatrumentation
systems may be dcleted without affecting the opera-
tional Instrumentaton system or the stage.

CAM 361—Requested by MSFC 1-V-SIC ECP F1-76.
This change modifles Boeing engine instrumentation
installation to avoid Interfcrence with revised engine
insulation.

CAM 362—Requested by MSIC [-V-SIC ECP F1-76.
This change replaces engine instrumentation supports
deleted hy Rocketdyne.

CAM 363—NRequested by MSFC 1-V-SIC. This change
deletes separite insulition for an engine-mounted
connector pancl now protecued by revised engine in-
sulation,

CAM 364—Requested by MSFC I-V-SIC. This change
modifies the eervo-actuator control harness on the
F-1 englne because of o change in the F-1 engine
configur:ation.

CAM 160—HKequested by The Bocing Company. This
change modifics the GOX leak meter assembly to
elhininate welded or brazed stainless steel parts to
minimizc¢ the possibility of corrosion and eracking.

CAM 367—Requested hy MSFC memo. This change
adds douhlérs to Boeing cutouts in engine insulation
and revises thrust chamber extension instrumentation
brackets; both modilications to meet stress require-
ments.

CAM 368—Requested by The Boeing Company. This
change replaces the present fuel slosh electronics
unit with wother design because of fnability of the
unit to meet S-IC qualification requirements.

CAM 369—Requested by The Boeing Company. This
change modifies the actuator hoot assembly that struc-
turally fuiled during testing.

CAM 370—Requested by The Boeing Cumpany to pro-
vide protectlve covers for instrumentation, measure-
ment identification markings (decals), and work plat-
form support markings.

CAM 371—Requested by The Boeing Company to add
measuwrement mounting provisions to electrical and
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pressurization tunnels.

CAM 372—Requested by MSFC. This change modi-
fles the S-IC~F to a minimum configuration that will
satisfy test objectives. Elimination of unnecessary
equipment will aid in meeting program schedules.

CAM 374—Requested by The Boeing Company. This
change provides a naw design for the servo-actuator
flufd return duct for increased reliability.

CAM 375—Requested by The Boeing Company. This
change deletes the engine fairing airscoops to elimi-
nate excessive air loads on engine components and to
minimize differential pressure on the base heat shield.

CAM 377—Requested by MSFC. This change replaces

the control pressure system regulator deemed unsatis-
factory by MSFC.

CAM 379—Requested by MSFC. This chunge revises
engine instrumentation cabling and calorimeter purge
line clamping as a result of an engine design change.

WEIGHT STATUS

The calculated dry weight for the S-1C-1 stage, includ-
ing engine, increased 2203 pounds during FY 1965. Vari-
ations in S-IC-1 dry operational weight during the year
are plotted ln Figure [-8, with the dry weight of other
flight vehicles at the year's end shown for comparison.
During this same period the weight of that portion of

the stage for which Boeing has respoasibility decreased

S-IC OPERATIONAL DRY WEIGHT

FISCAL YEAR 1965 RISTORY

ESTIMATED CURRENT DRY WEIGHT — S-IC STAGE

S-IC-1 299.083 LBS

$-1C-2 295,523 L8S @

/
(

$—1C-3 294,496 LBS @
$-IC-4 TO ~10 288,672 LBS @

CURRENT DRY WEIGHT (BOEING CONTROLLED PORTION) - S-IC STAGE

WEIGHT IN THOUSANDS OF POUNDS

176,020

118

175,915

FIGURE 1-6
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105 pounds as compared with a decrease of 532 pounds
in the specification weight. At year end, Boeing was

1267 pounds under the Boeing specified weight of 177,182

pounds. The actual weight values are tabulated below:
Jul 1, '64 Jull, '65 Changes

-
Dry Opn Wt#* 296, 880 299,083 +2203
Boueing (Current)

Dry Wt#* 176, 020 175,915 - 105
Boeing Spec Wt* 177,714 177,182 - 532

*Weight in Pounde

The effect of later vehicle weight reduction programs,
for both S-IC elements and the F-1 engines, is shown
in the tabulation of flight vehicle weights below. Por-
tions of the weight reduction shown for the S-[C-4 are
also effective on ~2 and -3.

Jul 1, '64 Jul 1, '65 Net Change
S-IC-1* 296, 880 299, 083 +2203
S-1C-4* 289,774 288,672 -1102
Reduction* 7.106 10,411

* Weight in Pounds

These weight figures do not include the weight of the
R&D instrumentation, which varies from vehicle to
vehicle and will be deleted entirely after S-IC-5. The
current additive R&D instrumentation weights are:

S-IC-1 5798 lbs
S-1C-2 7346 lbs
S-IC-3 7346 lbs
S-IC-4 o 10 5816 lbs

The increased weight for S-IC-2 and ~3 reflects the
addition of visual instrumentation (television and mo-
tion picture cameras). The S-IC-4 and -5 weights do
not yet reflect the effect of Contract Change Order
244, which requests a design change to separate R&D
and operational instrumentation and to provide NASA/
MSFC with the option of deleting R&D instrumentation
carlier.

DESIGN

As noted in the Documentation section, basic release
for all stages was completed early in the fourth fiscal
quarter. Almost all of the documentation released
during the year was electrical and instrumentation
drawings. To support production schedules, most

of the structural and propulsion documentation was
released during FY 1964 in advance of the firm
establishment of instrumentation requirements and

subsequent design. It was therefore necessary to
handle provisions for electrical and instrumentation
installation by change action against structural and
propulsion documentution. A substantial amount of
design effort was devoted to this during the past year.
Other activity, in general, consisted of additional
change activity, support of manufacturing and sup-
pliers, support of test programs, and other sustain-
ing work. The more important activities and events
of the year are listed in the paragraphs below.

Stage Design l.oads

The structural load criteria of the S-IC stages were
derived firom various NASA/MSFC directions and
other loads data developed by Boeing. These loads
criteria were officially documented by Technical
Directive 183 (March 23, 1964) and the Boeing re-
sponse to this directive. Subsequently, in February,
1965, Technical Directive 255 was issued. The load
requirements, submitted in TD 255, were sufficiently
higher and substantial siructural redesign would have
been required. Boeing was later advised by NASA/
MSFC that a complete updated set of structural loads
would be provided; however, these had not been re-
ceived at fiscal year's end. The impact of higher
structural loads cannot be evaluated until the actual
loads criteria are received. Any ippreciable change
from TD 183 criteria will necessitate substantial re-
design and affect structural components already fab-
ricated for several vehicles.

Intertank Design

As previously reported, the intertank was redesigned
after test failures were encountered during develop-
mental testing of scale models by Boeing. Based on
thesc lests, NASA/MSFC directed a substantially heavi-
er intertank design for S-IC-1, -2, and -3, with a light-
weight intertank design to be released for subsequent
sslages after further developmental testing. The changes
were to be accomplished by CAM 207. Destruction test-
ing of a full size intertank by NASA/MSFC to substan-
tiate correlation of scale model to full-size test results
were accomplished during the past year. A lightweight
intertank design was released based on these tests.
However, NASA/MSFC later directed cancellation of
the lightweight intertank. Accordingly, documentation
has heen revised to call for the S-IC-1 intertank on all
ten flight vehicles.

Responsibility for structural testing of the full-scale
S-IC-1 intertank was assigned to Boeing, and actual
testing is scheduled early in the third quarter of FY
1966. (See Figure XI-1 for further information.)
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8-1C-D and -F Counfiguration

The initial design criteria fur the S-1C-D and -F
defined configurations similar to the flight ve-
hicles. Tbe major differences on the §-IC-D were
the omission of certain Instrumentation and the
substitution of mitss s&lmulators for electrical
equipment. Fngines were omitted on both S-1C-D
and -F. During the third fiscal quarter, a mini-
mum configuration was defined for each vehicle

to expedite production and still satisfy the funda-
mental ground test missions. The S-1C-D will
now have only a limited number of electrical
cables and mass simulators. Propulsfon-mechani-
cal components not vilal to the test mission ;e
being deleted, and (luid system cleanliness re-
quirements have been relaxed on those systems
installed. Simple covers will be installed on tank
ports where equipment was deleted. Tho S-1C-F
will have only those systems that are essentinl

to LOX and luel loading, LOX and fuel tank pressu-
rization, environmental control, fin and fulring
instrumentation, an F-1 engine mockup, und instru-
mentition required for wind load testimg. Docu-
menlition to accomplish these changes will he
covered by Production Memo (an engineering stop-
work order) on S-IC-D; and on S-1C-F by Cluss |
release under CAM 372,

Changes Resultng from F-1 Engine Modifications

Propulsion and instrumentation systems desyms
have becen increusingly affected by F-! englne chuanges,
Thermal insulation, ducting, instrumentation and
Instrument:ilion supports, and c:abling were affected.
I'o reduce the flow time involved tn making stage
changes, Boelng is mainlaining close linison with
Rocketdyne thiough its resident representative
there. As @ result of severial MSFC-Rockotdyne-
Boeing meetings during the fourth fiscal quarter,
Boeing was authorized to proceed with chunges
immediulely upon receipt of w Rocketdyne Engineeyr-
ing Change Propousal (ECP). At present, engine in-
strumentition chuanges (because of their magnitude
and their timing with respect to production sched-
ules e being committed for S-1C-1 ind -2 by
sketeh releases. Class | documentation of these
changes will be released at a luter date. CAM's
for §-1C-3 und on are being committed for Cluss

1 documentation release ard in-sequence installa-
tion.

Deletion of Fngine Fairing Air Scoops
Techalcal Directive 268, received in Junuary, 1965,
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directed instxilation of deflectors at the fairing air
scoop exits to reduce excessive air loads on engine
components. Design studies indicated that incorpora-
tion of the batfles would cause a schedule slide in
fairing deliveries for S-IC~1 and would also impose

a high weight pen:tlty. In addition, it was determined
that the scoops, with or without haffles, were con-
tributing to a hMgh differential pressure across the
base heat shield. This could necessitale heat shield
redesign. Moreover, it was found that base thermal
prowecton design is not dependent on cooling provid-
ed by the fairing alr scoops, und that air from the
scoops does not diffuse around the engino actuators.
After these findings were presented to NASA/MSFC
at a meeting in late May, it was concluded that dele~
ton of the scoops would have no adverse effect on the
vehicle and would benefit vehicle performance and
delivery schedules. Boeing accordingly initiated CAM
375 to delete the fairing air scoops.

Separation of R& D Instrumentation

Physical separation of telemetry and flight measure-
meats inte separate operational and R&D packages
were discussed at u Boeing/ NASA/ MSFC/KSC meet-
ing in Januwry, 1965. Contract Change Order 244 was
subsequently issucd in March to authorize the change.
CAM 360 is being processed to separate the R & D and
operational instrumentation effective on S-IC-4 and
-3, in order to permit deletion of R&D systems with-
out affecting the operational instrumentation package
or stage. Stage cabling, instrumentation telemetry,
and power distributfon systems will be affected, to-
pether with associated GSE..

Developmental Test AcUvities

Ilow testing of the oxidizer tank GOX distributor

in Jume, 1964, resulted in a structural fzilure of the
mesh screen at flow rates below design requirements.
Investigation revealed that the Rigimesh screen fail-
ed because of the severe sonic vibrational loads. Flow
tcating was resunmed in September, 1964, with a re-
vised configuration incorporating a perforated shell
concept. Redesign of the GOX distributor was com-
pleted during October. Qualification testing of the re-
designed distributor was started in December and suc-
cessfully completed in February. In anticlpation of
similar fuilwe, docwnentation was prepared for ro-
vising the fuel tunk helium distributor from Rigimesh
to perforated shell, and two revised helium distribu-
tors fabricated fur test purposes. As expected, the
original desigm helium distributor strucmrally failed
during flow lesting. Structural verification and flow
testing of the reviscd helium distributor were suc-
cesifully completed during February, 1965.



The retrorocket motor development program was
completed on schedule with the static test firing of
the last development motor on March 26,1965, Ex-
pected development problems fadied to materialize, and
a total of 19 motors, one less than originally planned,
were fired. The success of the developmental phase
is also reflected in the corresponding reduction of
the number of motors to be subjected to qualification
tests. Boeing's proposal to ellminate the steel noz-
zle exit cone was accepted bv NASA/MSFC. This re-
sulted in a weight savings of about 23 pounds per motor,
for a total of 186 pounds per stage. The panel blow-
off test was conducted by the retrorocket motor sub-
contractor on April 8,1965. The test hardware in-
cluded a production-Type F-1 engine {orward [airing,
a simulated aft fairing, and a simulated stage struc-
ture. Two motors were utilized to simulate an actu-
al motor installation. All aspects of the test were
satisfactory, including the departure of the forward
fairing from the simulated stage and bullistic per-
formance of buth motors. The S-IC flange and seal
verification program was completed during the last
quarter of the year. A number of the separible seal
connections that were tested exhibited measurahle
leakage; however the rate of leakage was, in all cases,
such that the performance of the S-IC stage would
not be degraded or the mission jeopurdized. The
final report, concluding that all connections tested
are acceptahle, is presently being prepared. This
will be released duwring the first quarter of the next
iscal period.

During the past quarter, inspection of presswre~
volume=compensating (PVC) fuel duct support links
disclosed cracks on new parts issued from stock at
MSFC. Further inspection of F VC support links ut
Huntsville and at Michoud disclosed numecrous fail-
ures of the Unk support assemblies. Investig:ation
indicated that failure was caused by cxcessive ten-
sion stress in the thin walled lug because of beuring
interference fil, Stress corrosion wis also consider-
ed a probable factor; however, inspcction of severitl
failed links showed no evidence of stress corrosion.
Engineering has released documentation to correct
this situation by specifying i controlled clearence fil
for ull bushings in appliciible 7079 aluminum parts.

In addition, 100 percent shot pcuning of the bearing lug
surfaces was speclfied to prevent any stress corro-
sion cracking of the thin walled lug, Link assemblies
for S-IC-1 and -2 have Leen satisfactorily reworked,
and rework for other vehicles is In progress. Boeing
recommended to NASA/MSTC that the 8-1C-T vehicle
link assemblies be reworked whenever possible with-
out affecting the static firing schedule.

The engine flexible heat shield flame curtain was de-
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signed and fabricated in accordance with MSFC Tech-
nical Directive 1-V-SIC-144, During March, 1965,
Boeing conducted tests to simulate the dynamic pres-
sures predicted by MSFC memo R-P&VE-PTD-64-
M-78. The curtain specimens, when subjected to
predicted aerodynamic fh‘dght pressures and buffeting,
failed under test. A redesigned flame curtain is cur-
rently being evaluated. Documentation to revise
flight heat shield curtains will be released under
CAM 344, Present curtains are satisfactory for stat-
ic firing since they will not be subjected to aerody-
numic loading.

Qualification Test Support

With the initation of S-IC-T firings in early April,
1965, increased emphasis was placed on accelerating
the successful completion of qualification tests for
procured specialty hardware, Continual and intensive
technical swrveillance over vendor design and test
activities wuas maintained to expedite resolution of
problems resulting from test failures and to initiate
preper corrective action. At the close of this fiscal
period, qualification of all procured S-IC-T specialty
items was approximately 90 percent complete. Com-
pletion is anticipated by the end of September, 1965,
When qualificd hardware wius not available, it wuas nec~
essary to provide work-around components and sys-—
tems to support the S-IC-T firings. This was accom-
plished by sketches in lieu of Class I documentation
since il is planned to replace those items with qual-
ified hardware as it becomes availible,

Although developmental und qualification testing ex-
posed a1 number of the tunctional problems thutl are
associated with .« developmental program of this mag-
nitude, the major cause of qualification test failures
was the severe vibratlon levels imposed by the S-1C
environment. Vibration failures were encountered in
fluid and engine system ducts, supports, flexible joints
and other components: and in electrical equipment
ingtrumentation and fluid level measurement systems.
The difficulty expericnced with qualifying some vendor
items forced development of alternative sources to en-
sure timely delivery of qualified hardware. FEngineer-
ing representatives are stationed at vendor's plants,
qualifying critical stage components.

Manufacturing Support

Early in the fiscal year, a weld improvement com-
mittee was formed to monitor thc Michoud welding
operatiofis, to pinpoint problem areas, and to recom-
mend corrective action. The chairman of this group
was furnished by Engincering, and all affected M:an-
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ufacturing, Quality Control, and Engineering organi-
zations represented on the committee. This central
welding committee played a major role in achieving
weld processing improvement during this reporting
period. The defects that the committee investigated
included: (1) distortion in the form of ''tenting and
"oil canning,"(Z) weld mismatch, and (3) weld de-
fects, such as porosities, inclusions, and weld bead
cracking. An additional and related problem was re-
finement of inspection requirements and procedures
to be employed to detect such defects. The tenting
and weld mismatch problem of the gore-to-gore weld
was successfully reduced by a minor addition of exter=-
nal vacuum strongbacks to the tools used for manu-
facture of the tank heads. In parallel, Engineering
conducted a test program to determine the extent that
mismatch and tenting conditions can be accepted with-
out degrading the structural integrity of propellant
tanks, No further serious problems concerning mis-
match and tenting conditions were encountered.

"0Oil canning” is still a minor problem on the fuel
tank upper head assemblies because of the easily
deformed thin membranes. Careful weld control
and technique, however, have greatly reduced this
problem, Minor "canned" conditions can be accepted
without rework because they do not degrade the
tank assembly. Major ''canned’ conditions have been
successfully reworked by the magnetic hammer
process; however, in some cases cracks in the
welds were propagated and rework required.

Weld cracks were first reported during fabrication at
MSFC in September, 1964, Mulsiple cracks were de-
tected in the welds of both the fuel and oxidizer tanks
of the 3-IC~T and -S. Further investigation of the
cracks indicated that the main problem was associated
with the tail-out technique and coupled with the lack
of adequate surfaoe inspection processes to detect the
cracks when the weld is made initially. Changes in
the tail-out technique greatly reduced the problem,
Shaving of the weld beads and penetrant inspection of
the shaved beads was made a manufacturing and in-
spection procedure through implementation of CAM
281, Shaving of the beads results in a more uniform
ductility across the beads, removes the majority of
surface defects, and facilitates penetrant inspection.
Further improvement was made in the weld repair
procedure by development of new grind-out and re-
pair techniques that are now being used successfully,

Shrinkage incurred during welding of fuel and oxidizer
system connections to tank-head gores was a recur-
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rent problem, Distortion in the welded assemblies
cannot be completely removed during aging. A change
(CAM 277) was initiated in December, 1964, to sub-
stitute machined bosses and bolt-on fittings for the
former weldments.

Warpage of thrust structure skin panels during roll
forming became a problem early in the fiscal year.
This has been corrected by rolling skin panels with
fillers placed in the sculptured davities in the skins.
Localized shot-peening was recommended for correct-
ing local depressions that could not be removed by re-
rolling, and for preventing stress corrosion in warp-
ed panels pulled to contour on installation by the use
of bolts instead of rivets.

Another manufacturing support problem involved the
application of the MSFC-PROC-158A soldering pro-
cess creating inspection problems with vendors whose
product was not suited to this process. Coordination
between Boeing and NASA/MSFC involving engincer-
ing, manufacturing, and quality control, resulted in
an informal memo interpreting the requirements of
MSFC-PROC-158A. This memo has acted as a me-~
dium for reducing several vendor problem areas.

S-1C Stage Mockup

An S-IC mockup at Michoud was initially completed
in the S-IC-T configuration and inspected by repre-
sentatives from various Boeing and NASA/MSFC
organizations to provide an early checkout of the re-
leased S-1C-T engincering designs. Important
changes and refinements were made to enginecring
relcases and reflected in the S-IC-T at MSFC as a
result of review of the mockup. I[n addition, this re-
view resulted in some redesign of electrical/elec-
tronic equipment and cabling installations in the
thrust structure area, plus the redesign of electri-
cal cable installations in the forward skirt. These
changes were subsequently incorporated in the mock-
up when it was updated to the S-IC-1 configuration.
As a result, engineering releases for these units in
the S-IC-1 and later configurations had the bene-
fit of mockup refinement, especially in the areas
of plumbing and electrical wire routing. Electrical
cable lengths have also been established by the
mockup cables and are reflected in the Class I
documentation.

GSE/MSE DESIGN
DOCUMENTATION

Basic release for GSE/MBE was approximately two-
thirds complete at the heginning of this fiscal year.
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At the end of the year, all scheduled hasic releases
were completed for R-TEST, R-QUAL, Michoud, and
MTF, except for MTF installation documentation and
some system lest requirements. Installation docu-
mentation for the Michoud programming and evaluation
computer (GE-235) will be completed following officlal
notiffcation from NASA/MSFC to prooeed and release.
Although bhasic release was slightly behind schedule
(Figure [-7) during the tirst fiscal quarter, schedule
recovery wus effccted during the third fiscal quarter,
and release continued on schedule throughout the re-
mainder of the year. The bulk uf the remaining MTF
installation documentation will be relcased during the
next quarter; however, test requirements releise will
continue well into FY 1966.

Phased design submitluls and approvals for the vir-
lous test and checkout complexes durlng the ye:ar
are listed below (Phase I - System Design Concept,
Phase 0 - Prototype Design, Phase Il - Production
Design, Phase [V - System Schematics—essgentiilly
as huilt schematicg for use in system checkout and
maintenance).

R-QUAL - Preliminary Phuse 1V advanced electri-
cal,‘mechanlcal schematics were prepnred and dis-
tributed on February 22, 1965, and again on June 15,
1985, These preliminary Phase 1V submittals kept
pace with the cquipment configuration as design
changes were approved. The next scheduled release
of Phase IV schematics is concurrent with the start
of the 5-1C-1 stagc testing at R-QUAL.

R-TEST - The Phuse 111 esign submittal was trans-
mitted to NASA/MSFC on September 30, 1964. Ap-
proval was received on January 5, 1965. Preltmin-
ary Phase IV advanced electrical/ mechanical sche~
matics were transmitted to the NASA/MSFC Test
Laboratory on June 16, 1965. Finial Phase LV suli-
mittal is scheduled for the first quarter of FY 196G6.

Michoud - Preliminary Phase 1V advanced electrical/
mechanical schematics will be reoleased during the
first quarter of FY 1966.

MTF (Contract Modification 102) - The Phase Il de-
sign submilttal was transmitted to NASA/MSFC on
March 9, 1966, Phase I1 design approval is antici-
puted during the first quarter of FY 1968.

The following end-item test plans were submitted to
NASA/MSFC during the reporting period:

Submitted January, 1965. Revised
to reflect minimum S-1C-D config-
uration and resubmitted in June,
1965.

S-IC-D

S-1C-1 Approved by NASA/MSFC in April
1965, subject to incorporation of
comments.

R-TEST Test Approved by NASA/MSFC (n April,

Equipment 1965.

R-QUAL Test Approved by NASA/MSFC in April

and Checkout 1965, subject to incorporation of

Complex comments.

The test procedures required to accomplish the above
test plans will be completed during the first half of FY
1966. At present, the test and checkout procedures are
being verified at R-QUAL. S~IC-1 post-manufacturing
test procedures are approximately 70 percent com-
plete and are ready for evaluation at R-QUAL.

Formal change activity (CAM's) did not materially
affect GSE/MSE design until the beginning of FY
1965, as shown in Figure I-8. Before that time,
needed changes were, for the most part, incorpo-
rated in the basic documentation release. The
CAM documentation release rate increased about
mld-year and continued at about that same rate the
rest ol the year. During the fourth fiscal quarter,

" documentation release was completed for the 22

CAM's listed in Figure 1-10. Twenty-two new
CAM's were initiated (approved by Engineering
Management for presentation to the S-IC Change
Bouard) during the quarter.

All CAM's either Initiated or committed during the
last fiscal quarter, with their commitment dates,
documentation completion schedule. and vehicle
effectivity, are listed in Figure I-9.

DESCRIPTION OF GSE/MSE CAM's INITIATED AND/
OR COMMITTED THE TIIRD FISCAL QUARTER

CAM 825 — Requested by MSFC Technical Directive
231. This change allows a normal 28-VDC power to
be restored to the stage after emergency power opera-
tion without test interruption.

CAM 859 — Requested by The Boelng Company. This
change provides additional cooling for the PCM/PF
assembly during functional testing.

CAM 860 — Requested By The Boeing Company. This
change modifies the telemetry RF test bench and the
multiplexer test bench to add test capability and to ac-
commoadate present stage system configuration.

0£-12601-.2



ENGINEERING BASIC RELEASE SCHEDULE-GSE/MSE

woe — -
" opemATionsDEWAND |

3000

NUMBER OF RELEASES
(LINE ITEMS PER DE—11411-2)

e,
",ht,p

(120 guel avel ser | oot ! wov | pEC
1963 1984 ) 1965

FIGURE (-7

D5-12601-2 1-13



CAM 861 — Requested by The Boeing Company. This
change adds portable test equipment to detect faulty
flight-measurement strain gauges.

CAM 873 — Requested by MSFC (R-QUAL). This
change provides means for maintaining positive pro-
pellant tank pressure during periods of extended test
complex shutdown.

CAM 874 — Requested by The Boeing Company. This
change provides termination for telemetry inputs that
would be open circuits when flight heat shield, engine
skirt extensions and flight batteries are not installed
during testing.

CAM 875 — Requested by MSFC. This change adds

fin and fairing electrical simulators to properly ter-
minate telemetry channel inputs during testing with-
out fins and fairings installed.

CAM 881 — Requested by MSFC R-TEST~-IEW-38.
This change revises mechanical test control equip-
ment to meet Phase II technical review comments. <

CAM 882 — Requested by The Boeing Company. This
change modifies the propellant measuring system test
set to allow operation with the measuring system water
adaptor.,

CAM 883 — Requested by The Boeing Company. This
change adds a time data editor to the integrated tele-
metry ground equipment to allow high speed search
of tape recorded telemetry data by time code.

CAM ENGINEERING RELEASE SCHEDULE-GSE/MSE
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GSE/MSE CAM'S INITIATED OR COMMITTED
DURING 4TH QUARTER FY'65

DATE DOCUMENTATION EFFECTIVITY

CAN COMMITTED COMPLETION

NO.  PRIORITY  BY CHANGE BD.  SCHEDULE STAGE GSE MSE

B25° (o 2-23-45 6-15-45 R-QUAL, MICH, MTO

859 C 3-1-65 MICH

360 C 6-1-465 6-30-65 MICH

841 8 5-10-63 7-9-45 R-QUAL, R- TEST,
MICH, MTO

873 C 5-27-65 9-23-65 R-QUAL, D, F, 1-10
MICH

874 8 4-20-45 R-QUAL, MICH

875 8 5-10-45 9-17-45 R-QUAL, MICH

076 8 4-20-45 5-13-45 R—QUAL, R-TEST,
MTO, MICH, MILA

879 8 4-14—465 1-3-66 MTO

881 8 5445 74665 R-TEST, MTO

882 ] 45465 7-12-65 MICH

883 C 5-19-45 10-11-45 R-QUAL, R-TEST,
MICH, MTO

88s A 5-10-45 7-1-65 R—QUAL, R-TEST,
MICH, MTO

886 8 3-10-65 9-17-45 MTO

&7 8 6-2-45 1-3-45 MICH

888° 8 S~-4—45 R-QUAL, MICH, MTO

090 C 5-26-45% 7-16—-45 R-QUAL, MICH

691 8 5-24-45 MAB

892 8 6-9-65 R-QUAL, MICH

89 8 6-9-45 7-46-65 MILA

894 8 6-18-65 12-29-65 R-QUAL, MTO,
MICH, R-TEST

896 8 6-10-45 7-9—65 F,1-10 MILA

897 C MAB

(3] A 6-16—45 7-2V-45 MICH, R-QUAL

900 (1 6-30-45 7-6—465 R-QUAL, R-TEST,
MTO, MICH

901 B MTO, MILA

902 8 P, 1-10 MICH, MTO,
R-QUAL, R- TEST

903 A 6-18-45 6-30-45 7,0,F,1-t0 STAGE SIMULA TOR

* DESIGNATES COMPLETION

FIGURE 1.9
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CAM 8856 — Roquested by The Boeing Company. This
change provides a test fixture to leak test the fuel tank
emergency drain duct,

CAM 886 — Requested by The Boeing Company. This
change removes attenuators from the MTF radio fre-
quency terminal equipment to provide an aceeptable
signal level,

CAM 887 — Requested by MSFC (R-QUAL). This
change modifies the ground equipment test set 10 pro-
vide real-time checkout of GSE computer programs
before operation of the S-IC stage.

CAM 888 — Requested by The Boeing Company. This
change modifies the thrust structure horizontal acoess
equipment to eliminate interference.

GSE/MSE

CAM 890 — Requested by MSFC. This change {ncor-
porates a commercial elevator car safety in the aft
platform elevatar .

CAM 891 — Requested by The Boeing Company. This
change relocates the Mechanical Automation Bread-
board fuel tank vent control solenoid valve to reduce
system response time.

CAM 892— Requested by MSFC. This change pro-
vides portable flowmeters to measure engine purge
during Level I factory test,

CAM 893 — Requested hy MSFC (P& VE). This change
modifies the AFT No. 3 umbllical carrier assembly to
accommodate a new enviroamental ajr duct.

CAM'S COMPLETED DURING 4th QUARTER FY'65

CAM NO TITLE
812 REPLACE 115.VOLT, 400-CYCLE GAS GENERATOR SPARK IGNITION SYSTEM WITH 28.VOLT DC SYSTEM
813 REPLACE 115.VOLT, 400-CYCLE GAS GENERATOR AND 28.VOLT DC TURBINE EXHAUST IGNITION SYSTEM WITH
500.VOLT, 60.CYCLE SYSTEM
825 " ADD PROVISIONS FOR RES TORING NORMAL 28.VOLT DC POWER AFTER EMERGENCY POWER OPERATION
827 ADD NON.FLIGHT INSTRUMENT ASSEMBLY TO F-1 ENGINE HYDRALILIC CONTROL SYSTEM CHECKOUT
828 ADD REMOTE CONTROLLED VENTING CAPABILITY TO GSE PRESSURIZATION DUCTS
834 ADD LEVEL | CALIBRATION CAPABILITY FOR DDAS
840 MODIFY ENGINE TEST PROGRAMMER TO euumne OUTPUT SIGNAL DISTORTION -
841 ADD AMPLITUDE RESPONSE CALIBRATION SIGNALS AND STAGE COMMAND FUNCTIONS TO ICE
842 ADD SEMI-AUTOMATIC TELEMETRY EVALUATOR TO SUBSYSTEM TEST FACILITY AT MICHOUD
846 MODIFY CABLE INTERFACES FORAUDIO AND CLOSED CIRCUIT TV SYSTEMS
848 REDESIGN OF PNEUMATIC CHECKOUT RACKS
851 ADD HEAVY DUTY RELAYS TO UMBILICAL PATCH DISTRIBUTOR
852 REVISE 60.CYCLE REMOTE CONTROL PANEL IN COMPUTER 10DC POWER SUPPLY -
855 ADD REMOTE MONITORING TO PRIMARY REGULATION MODULE AT S-IC PNEUMATIC CONSOLE
856 PROVIDE FOR ACCEPTANCE TEST OF UMBILICAL CARRIERS
857 MODIFY PURGE MODULE IN PNEUMATIC SUPFLY UNIT
858 REVISE MAB FUEL AND LOX PREVALVE CONTROL
863 MODIFY LOX AND FUEL TANK LO¥ PRESSURE PURGE MODULES IN PNEUMATIC SUPPLY UNIT
867 MODIFY PRESSURE REGULATOR IN GOX FLOW CONTROL VALVE TESTER
869 REVISE CONTROL AND MONITOR CONSOLE DISPLAY CONTROL AND ASSOCIATED CIRCUITS
876 PROVIDE 760-MILLI SECOND TIMED OUTPUT FROM IGNITION SEQUENCER
888 MODIFICATION OF STAGE HORIZONTAL INTERNAL ACCESS EQUIPNENT, THRUST STRUCTURE
FIGURE 1-10
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CAM 894 — Requested by MSFC. This change pro-
vides a digital voltmecter for more accurate measure-
ment of engine deflection during testing.

CAM 896 — Requested by The Boeing Company. This
change provides a "Minus D'* ground cable to the Aft
No. 1 and 2 umbilical assemblies to meet MSFC re-
quirements,

CAM 897 — Requested by MSFC. This change pro-
vides a forward umbilical service unit and GOX purge
module for the Mechanical Automation Breadboard for
complete ppeumatic signal simulation.

CAM 899 — Requested by The Boeing Company. This
change modities the stage weighing equipment rocker
assemblies to improve safety and accuracy.

CAM 900 — Requested by The Boeing Company. This
change provides diodes of higher capacity In the com-
puter discrete output circuits of the input/output dis-
tribution equipment.

CAM 901 — Requested by The Boeing Company. This
change initiates the removal of interference between

the forward skirt vertical internal access equipment

and the stage.

CAM 903 — Requested by The Boeing Company. This
change redesigns the stage attach fittings that fractur~
ed during load testing. These fittings are used for
hoisting the S-IC stage.

R-QUAL ACCEPTANCE CHECKOUT

Installation of the R-QUAL Test and Checkout Com-
plex began in October, 1964, and was essentially com-
pleted during April, 1965. Calibration and checkout
was accomplished during April - June, 1965. This
activity consisted of performing calibration and ac-
ceptance test procedures and verifying proper opera-
tion of ground support equipment in the manual and
automatic mode. Operational demonstrations includ-
ed performance of approximately 10 of the 45 GSE
automatic checkout programs intended for end-item
acceptance. Extremely tight development schedules
and delays in the delivery of hardware necessitated
reducing the amount of automatic mode verification,
Discrepancies uncovered during this testing were
resolved, and the complex was deemed operable on
June 21, 1965. From this date until the start of
§-IC-1 checkout, NASA/MSFC will operate the equip-
ment against a stage simulator, and stage automatic
programs will be used to verify both GSE software
and hardware.

D5-12601-2

AUTOMATIC CHECKOUT PROCEDURE AND COM-
PUTER PROGRAM DEVELOPMENT

The RCA 110A computer (scheduled for use inthe test
and checkout complexes in late FY 1964) was unavail-

able and NASA/MSFC provided Boeing with an RCA
110 computer for use in the Huntsville Engineering
Evaluation Laboratories. The computer became
operational in July, 1964, and was used continually
during the past fiscal year. This effort was part of

a plan to evaluate critical hardware interfaces he-
tween the ground computer system and the ground sup-
port equipment before delivery of the RCA 110A sys-
toin te RQUAL and Michoud. The job of determining
computer code logic, producing the codes. and de-
bugging programs by actual computer runs would
normally require at least a one-year lead time after
avatlability of the computer. The activities in the
Huntsville Engineering Evaluation Laboratories were
intended to reduce this lead time through uee of the
substitute RCA 110 computer to the approximate 29-
week period between RCA 110A delivery and the oper-
ational date for the R-QUAL Test and Checkout Complex.

Beneficial occupuncy by NASA/MSFC of the R-QUAL
test complex in June, 1965, reported above, culminat-
ed the computer programming activity begun in July,
1964, During this perfod, computer program devel-
opment was accomplished on IBM 7094, GE-235 and
RCA 110 and 110A machines. The programming sup-
port systems routines on IBM 7094 and GE-235 com-
puters became operational and are satisfactorily per-
forming ATOLL translaticn, assembly, loading, and
data processing. Some refinements, additional editing
and update capability, and considerable documentation
remalin to be accomplished,

These support system programs were used to de-
velop operating sequences for the RCA 110 computer
from July, 1964, to about February, 1965. Checkout
programs and executive-routines were generated for
the RCA 110A computer since its delivery to R-QUAL
February 2, 1965. [n this latter period, the on-line
operating system for the checkout computer was
made operational with some limitations in the options
available at test time. All GSE and stage automatic
acceptance procedures have been processed by at
least one machine pass and considerable hardware
verificatlon war accomplighed. Although numerous
minor problems still exist, these will be resolved
during the period before S-IC-1 and 8-1C-T checkout
by joint team actions of NASA/MSFC and Boeing per-
sonnel. Both GSE complex and stage checkout pro-
grams will be run against varlous stage simulators.
Nearly 70 percent of the checkout procedures asso-
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ciated with GSE complex and S=IC post manufacturing,
pre-static, captive firing, and post-static tests may
be implemented in the automatic or semi-automatic
control modes by test statements expressed in the
ATOLL language. Other sections of the procecdures
are expressed and !mplemented as computer codifig
sequences written by programmers from specifica=
tions supplied by test engineers. No major obstacles
are presently anticipated in achieving automatic check-
out of either the S~IC~1 or S-IC-T stages. Although
the computer programming effort is still in an early
development phase and considerable work and addition-
al definitions remain to be accomplished, it i8 expec-
ted that the automation goals of both NASA/MSFC and
The Boeing Company will be on schedule.

TEST AND CHECKOUT EQUIPMENT

Control and Monitor Station

The feasibility mode! Cathode Ray Tube (CRT) dis-
play system was maintained in the Huntsville Engi-
neering Evaluation Laboratory in order to support
the development of programming for the RCA 110
computer and to develop display techniques for the
S-IC checkout. This effort was completed in March,
1965. Surveillance was maintained on the Raytheon
Company's design and production effort of the produc-
tion model display systems. The first system was
delivered to R-QUAL on April 12,1965, It was inter-
faced with the RCA 110A computer, and total system
compatibility was verified. The display system for
R-TEST and the first of the two far Michoud are
scheduled early in the next quarter.

Computer Station

Design releases for the computer station equipment
were completed early in this report period. The com-
puter station consists of the RCA 110A computer (GFE),
the count clock, input/output distribution equipment,
and the test step indicator equipment. All of the R~
QUAL equipment has been installed and integrated

into the test and checkout complex.

Breadboard models of the count clock, input/output
distribution equipment and the test step indicator
equipment were constructed to support the Humtsville
Engineering Evaluation Laboratory. All this equip~
ment was snocessfully integrated with the RCA 110
computer. In accordance with Contract Modification
140, the CRT input/cutput data channel was changed

from GFE to CFE. As directed by NABA/MBFC, RCA,
Van Nuys, California, was placed under coutract to
design and build this equipment to a Boeing deeign
procurement specification. The first unit was deltv=-
ered and integrated into the R-QUAL Test and Check-
out Complex. The second, third and fourth umits were
delivered installed in their companion RCA 110A com-
puter. The fiftb unit 1s expected to be delivered with
its companion computer by early August, 1965,

Redesign of the input/output distribution equipment
(CAM 818) was required to accommodate the firm
RCA 110A computer interface information that was
received from NASA/MSFC early in FY 65. The
original design released was based on the RCA 110
computer interface, since ll0A information was
not available.

Mechanical Test Station

In addition to sustaininz released design, including
CAM activities, coordination on vendor items, pre-
paration of Michoud and R-QUAL Phase IV schema-
tics, preparation of MTF Phase III drawings, and pre-
paration of handbooks, the following were accomplish=~
ed:

Critical Design Review for the hydraulic power sup-
ply unit was conducted with the vendor, Sprague. Both
units were manufactured, acceptance tested, and ship-
ped to Michoud.

Design support was provided for procurement, manu-
facturing, testing, installation, and checkout of the
first units, which were delivered to R-QUAL in April,
1965. The operating and servicing handhook was pre-
pared and released.

The GOX flow control valve tester for R-TEST and
MTF usage was redesigned (CAM 867) because of dif-
ficulties in obtaining a vendor-provided remote con-
trolled pressure regulator and also because of an in-
stability encountered with the vendor breadboard dur-
ing development tests. This redesign resulted in a
regulator with improved performance, a simplified
and more reliable design, and less expensive hard-
ware. The new design was proved on the GOX flow
control valve tester breadvoard and was accomplish-
ed in accordance with NASA/MSFC Test Laboratory
schedule requirements.

Data System Test Station

Four sets ot PCM/DDAS ground equipment were con-
structed, acceptance tested, and delivered to their
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respective locations. The Ufth iy, schedulea for
Michoud, is in final stages of completion and will be
delivered during July, 1965. The firsl unit was dicliv-
ered to the Huntsville Engincering Evaluation Ldora-
tory @here it was used in confunction with an RCA 119
compuler {o evalwite computer interfave compatilably
and programming techmqgoes.  The inltis) nstzileon
and evaliation of PCM/DIDAS groamd equipms

fications will be made on this ut. This vas neces-
sitated by the addition of the remote it} s wlu-
plexer w the S-1C stage.  Afterwards il wili de-
livered for fnrtallation in the MTF telemetry complox

Five sets of telemelry dhgilizing equipnic nt weee con-
structed. acceplance tested, and celivered to thelr ro—-
speckive locations. The first unit was delivered to the
Hluntsville Englneering Evalustion Laboratory o sup-
port the computer (RCA 110) Interface eviluation pro-
gram. This evaluation program was completed, wnd
the resulls uased to make modifications required to in-
terface the telemetry digitizing system with the PCM/
DNAS groanl squipment. These modifications were
incorporated in all units.

Four of five integrated units of telamelry ground equip-
meut were fabricated, acceptance tested, amxi delivered
to their respective locations, Thbe fifth unit, Inlended
for MTF, should be delivered in August, 1965. The
single-gideband demultiplexers and instrumentation
tape recorders, which are major subsystems of the
telemctry ground syslem but procured under ecparate
contracts, were all similarly processed and delivered.
One indegrated telemetry unit, manufactured for use

at Michoud Complex [, was diverted to the lluntsville
Engtocering Evaluation Laboratary for engineering
sviluation Wrough July 15, 1965.

RF terminal equipment for RQUAL and R-TEST were
manufactured, tested, and delivered. The RF ter -
minal equipment is being augmented by an additional
rack of equipment 18 a rcsult of the addition of the
ODOP transpoader and the visual instrumentation TV
camera system (CAM 224) to the S-IC atige. Protuc-
tion drawlagp for the fnbrication of this additional eqtip~
ment rack were releascd.

The DDAS tape recorder is uscd to rccord PCM/DDAS
signalg during stage checkout. This 1l8o serw:s as

4 backup recorder 1o the instrumentition recorder in
the intograted telemetry ground equpinent, All units
were fabricated, acceptance tested, and delivered.
Two tape recorders, one DDAS tape and one instru-
mentation tape recarder, were diverted tw the Hunts-
ville Evaluation Laboratory tv support, respectively,
tape recorder and telemetry ground equipment engi-
neering evaluations.

D5-12401-2

Remote sutomalic calibration systems coasisting of
vae remote automatic calibration unit, four mamal
cootro) drawers, and five portable coatrol units were
fabricated, acceptunce tested, aad installed ut all
usage locationy except MTF., The MTF unit has been
mdergoing engineering eviluation {n the Huntaville
Ewrineering Laboratory., [he engineering evalualion
will le comgpletedd during the first quarter of FY 1966.

Fhe electrical diesign of the visual instrumentation
[CAM'S 224 and 223) checkout eruipinent was complet-
cd. Production drawings for the [abrication of this
equinpment e under preparation und =cheduled for
completivn Rirtng the first qurtor of FY 1966.

Checkout Auxiliary Equipment

The initlal electrical dealgn of the antenna checkout
sel und the necessary redesipgn brought about by the
addition of the visual instrumentation TV camera sys-
tem (CAM 224) to the S-IC stage was completed. Pro-
duction drawings for the {abrication of this tcet sot
were released, and the initial unit has been fabricat-
cd, evaluated, and delivered to R-QUAL. Eloctrical
design of the SWR measuring set accessitated by the
addition of the TV camera system has been completed
and production drawiags have been relensed. Three
tools to aid in the installation of the film cameras
(CAM 225) for the stage visual lnstrumentation sys-
tem have beuen designed and released,

SUBSYSTEM TEST EQUIPMENT

Design of the lower-level test equipment praceeded
satisfuctorily on the schedule aseded to suppart miano-
facturing operations and is virtually complete, except
for conlinuing changes aecessltated by changes in de-
sign of stige systems.

Contract go-ahead for contract Modification 233, which
established requirements or equipmaent for perform-
ing F-1 engine roceiving {nspection checkout, was re-
ceived during the third quarter of FY 1965. Critica)
design reviews wero held in April for both the Boeing -
designed equipment and the vendor-dedigned hydraul-
ic pumping unit. The Jesign is approximntely 90 per-
cent complete {or both. Government furnished draw—
ings for the cloctrical test set have been releaeed for
procurcment action.

TRANSPORTA TION AND HANDLING EQUIPMENT
Basic design releases and all committed design change
releases for the wtage horizontal internal access equip-
ment have heen completed (Figure I-11). Ilnstallation
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FIGURE 1~)) STAGE INTERTANK WORK & ACCESS PLATFORMS

procedure handbooks for these stage internal work
platforms were prepared. Basic desiyn releases and
all committed design change releases for the intertank,
thrust structure, LOX tank, and fuel tank stage verti-
cal internal access equipment were completed (Fig-
ure I-12). Englneering design changes tu the basic
release of the vertical internalaccess equipmentare
in work for the 1.OXand fuel tank uppor bulkhead pro-
tection equipment, and forward skirt internal access
equipment. Changes to these items are necessary to
make them compatible with cabling releases of flight
vehicles made subsequent to GSE releases and with
other committed slage changes.

The stage weighing equipment was successfully

|1-20

used to weigh the stage weight stmulator at R-QUAL.,
Several components of the weighing equipment were
delivered on an interim basis for use with the weight
simulator. These components will be replaced with
improved design before the first scheduled use of

the weighing equipment with a flight stage at R-QUAL.

Design releases were completed for three {tems of
engine handling equipment used to support the in-
stallation of the S-IC/F-1 engine weight simulator.
This equipment consists of:

a) A counterbalance tool capable of aligning and
positioning the F-1 engine weight simulators
for imstallation on the horizontally oriented
§-1C-F stage;

05-12601..2
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FIGURE 1-12 S~IC STAGE FUEL & LOX TANK ENTERING EQUIPMENT

b) A shackle installation for lifting and installing

engine weight simulator weight plates;
c) A weight plate installation pallet for installing

weight plates onto the engine weight simulator
on a vertically-oriented stage.

All design releases for the propellant tank pressure
monitor and control equipment were completed, and
the operating and servicing handbook prepared and

DS-12601-2

released. ‘The first two pressure coantrol modules,

munufactured by Hayes Co., were delivered to MSFC
R-QUAL in June, 1965.

MECHANICAL AUTOMATION BREADBOARD (MAB)
(CONTRACT MODIFICATION 94)

Design was completed and fabrication documentation
released for the following elements of the MAB:

fuel system, LOX system, coatrol pressure/surge
system, F-1 engine gimbal stand, manual operations
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‘nter, and thrust chamber simulator. Design con-
nues on the following elerments: fuel and LOX de-
pletion, MAB interconnect, and hydraulic load simu-

lator.

The requirement for the hydraulic load simulator
was established by contract Modlfication 234. The
simulator will be capable of simulating the dynamic
hydraulic loads encountered during the S-IC five en-
gine starting sequence. A supplement to the modifi-
cadon, calling for a1 severable shelter over the MAB
hydraulic equipment at MSFC, has been received.

UMBILICAL EQUIPMENT (CONTRACT
MODIFICATION 123)

The designs were completed and all fabrication
documentation released for the substitutes, simula-
tors, vehicle plates, MILA carricr umblilicals nnd
Interconnecting piping. At present, activity consists
of sustaining, monitoring of quulification testing,
Implementing changes, and writing operating and
servicing Instructions. The operating and servicing
instructions are approximately 20 percent complete.

Stmulated lift-off tests were conducted by the
NASA test laboratory on the t:il service mast in
conjunction with the aft three umbilicals, In ad-
dition, development tests were conducted on the
Alt No. 1 umbilical assemblies and the intertank
assemblies. As a rosult of these tests, several
design changes wure required. These were made
and documentiation relensed.

All test requirements and procedures documents for
hoth vendor and in-house testing were completed and
releaged. Vendor qualification testing was success-
fully completed for the unbilical switch, all umbili-
cal couplings, the intertank pneumatic acwators, and
the intertank butterfly valve. Both vendor and Boelng
documentation packages are being processed for the
vendor-designed hardware. These puckages include
lest requirements, procedures, reports, mainlen-
ancc manuals, microfilm, reprmlucible drawings s,

The liquid oxygen fill-drain assembly is presently
undergoing vendor qualification testing. Qualifica-
tion lesting on Boelng-deslgned hardware assemblies
is proceeding, following satisfactory completion of
component testing of Roeing-designed hardware. The
forward umbilical vehicle plate and carrier assem-
blies were qualification tested satisfactorily. Inter-
tank assemblies underwent the {unctional portion of
quallfication testing and are in the final phase of hu-
midity and low-temperature testing. All functional
qualification testiug of the Aft No. 1 umbilical is
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complete and preparation is befng made for the final
phase of vibration and shock testing. Qualification
testing of the Aft Nos. 2 and 3 umbilical assemblies
is scheduled to begin early in FY 1966. '

LAUNCHER UMBILICAL TOWER (LUT) PNEUMATICS
(CONTRACT MODIFICATION 174)

The S-1C pneumatic console, pncumatic chockout
racks (PCR), and the pneumiitic console test set de-
signs were completed and released at the end of FY
1964. Subscquent revigions to the functlonal require-
ments of the LUT pneumatic equipment required re-
deslgns of the pneumntic checkout racks to change the
stage testing technique, to delete muinual testing func-
tlons, and to repackage from six to four racks. An
accompanying redesign of the PCR tester portion of
the pneumatic console test set was completed by mld-
FY 1965.

CAM's 225 and 278 provided for a new console,and the
forward umbilical service unit. This is to be located
on the 100-foot level of the LUT., The design was
completed in the third fiscal quarter. A qualifica-
tion program for the pneumatic components used in
the LUT pneumatic equipment was established, con-
ducted, und completed this year.

LOGISTICS

During the past year S-IC stage and GSE logistics
support efforts were confined to preparing the

S-I1C-1 portion of the Saturn V Technical Informa-
tion [{andbook, the Pneumatic Test and Checkout
Maintenance Manual, and recommended Maintenance
Spare Parts List for stuges S-IC-D and S-IC-F.

An important cf{fort during the past ycar was the
Boeing MSFC development of comprehensive inte-
grated logistics support program plan. These Boe-
fng and NASA/MSFC efforts culminated in the con-
tractor's receipt of Contract Change Order MICH-44%,
June 3, 1965. Since that time, the contractor has
prepared detadled plans and work statements and has
eslablished un orguniziation to implement the logistics
effart, The Bocing Company has the following obli-
gations under MICH-44:

a) Prepave an S§-IC Logistics Support Program plan
describing how the logistics support elements
wlll be daveloped to provide logistics support
for certain S-IC stages and contractor-fyrnished
S-IC stage-pecullar GSE. This plan was sub-
mitled to NASA/MSFC on June 3, 1985.

b) Conduct u maintenance analysis on the S-IC-1
through -10 stages from on-dock delivery at

D035-12601-2



c)

d

e)

KSC/MILA through launch of the Saturn V vehicle.
This effort will include an analysis of the contractor-
furnished S-IC stage-peculiar GSE at KSC. Main-
tenance analysis will be based on MSFC-furnished

Saturn V operations analysis and maintenance
concepts.

Establish, maintain, and control a spare parts
support program for the contractor-furnished
S-IC-F and S-IC-3 through -10 at KSC, the
contractor-furnished S-IC stage-peculiar GSE at
KSC, and the R-TEST S-IC umbilical carrier
hardware. This responsibility includes, but is
not limited to, such functions as spare parts
identification, acquisition, configuration control,
storage at Michoud, inventory management, and
transpoctation. This spares effort is in support
of the stage and GSE repair, replacement, refur-
bishment, and retest functions. The Boeing Com-
pany is responsible for repairing and overhauling
reparable parts replaced by mainlenance spare
parts provisioned in support of thie program.

Identify and prepare technical support data
(technical manuals) covering Operations and Level
I maintenance at KSC for the S~IC-1 through-10
stages and contractor-furnished S-1C stage-
peculiar GSE.

Provide logistics field support engineers at the
appropriate time at MSFC and KSC to analyze,
evaluate and resolve logistics problems, andre-
port and coordinate logistice matters with
NASA/MSFC, NASA/KSC, or Boeing.

D5-12601..2

The Pneumatic Test and Checkout Equipment Main-
tenance Manual for the Launch Umbilical Tower was
prepared under Contract Modification 174 and deliv-
ered in the last quarter of FY 1965. The delivery
schedule for the S-IC-1 portion of the Saturn V
Technical Information Handbook is included in D5-
12528, "Technical Manual Program Plan.," The S~IC-D
and -F recommended maintenance spare parts lists
mentioned above were submitted under Part II,
Paragraph D of Contract NAS8-5608.

Because of the late establishinent of the Logistics
Support Program, spares procurement problems may
cause program disruptions. To minimize program
impact, spares must be ordered and procured on an
expedited hasis. Certain technical manuals will be
provided Lo support Operations and Level I mainte-
nance at KSC; however, time will not permit their
preparation to support the S-IC-1 at MSFC. There-
fore, the first interface between the procedures pro-
vided in the technical manuals and the S-IC-1 stage
equipment will occur at KSC.

The late authorization for an integrated Logistics
Support Program notwithstanding, vigorous attention
to all problem areas and energetic objective action
by both the Contructor and NASA may reduce, but
not eliminate, delay and excess expense for logistics
support of early flight stages.
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PELIABILITY
INTRODUCTION

The Saturn $-1C ''Reliability Program Plan, * D5-
11013, initially released In January 1963, has been
updated by a revision. The revision was submitted

to I-MICH-QR and approved during the fourth fiscal
quarter (see Reliability Documentation and Reporting.)

A joint review of the S-IC stage reliability program
by Boeing and NASA/MSFC was conducted in prepara-
tion for a briefing of the Presidential Scientific Ad-
visory Committee. This commitice reviewed the
Saturn V Program at MSIFC on March 24 and 25, 1965.

Persvnnel assignments in the rellability program n.l
the end of FY 1965 are shown in Figure 1-13.

Auditing of ull organizations foc complinnce with the
"Reliability Program Plan,"” D5-11013, as revised,
was conducted quarterly. The results of these audits
were presented to Boeing manngement und 1o NASA
MSFC. The audit wns summarized in Documents
D5-12604-3 and -4, and D5-12955-1 and -2, *"S-IC
Reliability Program Status. "

ACTIVITIES
Reliability Analysis (Figure [-14)

The Jamuary, 1965, release of " Propulsion/ Mechanical
Systems Design Amalysis, " D5-12572-1, incorporated
two additional systems, fuel delivory and LOX pres-
surization. The last remaining system, control pres-
sure, was revised to reflect a major design change
(CAM 242) and will be included in the July, 1965, ve-
lease. This rclease will reflect resuits of the evaluu-
tion studies coaducled by Sulurn Booster Technology.

The April, 1865, updating of D5-12572-2, *‘Operation-
al Electrical Systems Design Analysis, ' was notcom-
pleted on schedule. The completed anrlysis was re-
viewed and was being prepared for a July, 1865, re-
lease. This issue will consist of fallure mode and «of-
fects analyses (FMEA) and probability xnalyses (PA)
based upon August, 1964, system configuration,

Parameter recommendations for the propulsion/me-
chanical single thread analysis and emergency detec-
tion system (EDS) were released Oclober 1, 1964, in
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D5-12789, "Design Analysis for 8-IC-1 Malfunction
Detection System.' The document was updated in
February, 19G5, to show propulsion/meghsnical de-
sign changes, and again in April, 1965, to integrate
the electrical/electronic systems into the single
thread diagram.

The latest revision to D5-12789 was released June 1,
1965, as scheduled, and was changed to reflect the
recent NASA,/ MSFC, R-P&VE-VO, analysis ground
rule which climfoated gimbal and flex hose major
leaks and ruptures as valid failure modes. This
ground rule change results in & somewhat limited
single thread analysis, In that major failure effects
such as "LOX tank rupture due to over -pressure*' do
not appear on the diagram. In order to present a
single thread diagram representing the complete de-
sign analysis results, 05-12572-3, “Integrated S-IC
Systems Design Analysis, ' was prepared and released
in June, 19G5.

A study was provided in support of contract Change
Order No. MICH-29, "Evaluation and Preliminmary
Design of an S-IC Guas Injection System.' An FMEA
and a PA were conducted for the various configura-
tions under study.

Heliability Assessment (Figure I-14)

Document D5-11954, ‘‘Saturn 5-IC Stage Assessment
and Prediction Program,' wns updaled and released
in May, 1965. The upxlating reflected the current
mudels and methods being used in the ussessment

and prediction program. The multiple fallurec mathe-
matical model was madifiled to provide for the incorp=
oration of data changes, and to minimize time re-
quired for computer simulations.

Document D5~11954-1, "Saturn S-IC Stage Reliability
Analysis Record,” was relecased in April, 1965, to
present the evaluation of the propulsion/mechanical
system using the slngle fallure effects simulation
model. Inputs of additional data were provided in
order to complete a preliminary prediction of the
S-IC-1 stage uslng the single failure effects Bimula-
tion model by August 1, 1965.

All inpuls of reliability data for the multiple failure

effects simulation model were completed and placed

in FORTRAN form. The fina]l S-IC-1 prediction us-
ing the multiple failure simulation model {8 schedul-
ed for completion January 15, 1966. J

D3-12601-2



RELIABILITY ORGANIZATION SATURN S-IC
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RELIABILITY PROGRAM MILESTONES
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Documentation and Reporting (FPigure I-15)

A revieion of D5-11013, '"Reliability Program Plan,”
was released in September, 1964, to incorporate the
changes requested in letter [I-MICH-C, July 2, 1964.
Bubsequent ¢oordination meetings were beld with
I-MICH-QR during March, 1965, to resolve all items
neceggary for plan approval. A May 1, 1965, re-
vision reflecting the requestad changes was submitted
for approval by letter 5-1118-M-71-699, dated

May 12, 1965. Approval was granted by I-MICH-QR
letter dated June 21, 1985,

All four quarterly releases of D5-11910, "Reliability
Statua Report, " reflected the current status of reli-
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* MOLLOW SYMBOL MEANS SCHEDULED,
SOLID SYMBOL MEANS SATISFACTORY

O RESCHEDULED*

ability task accomplishment and the critical items
list. Goal and assessment data originally contained
in D5-11910 were removed from the January, 1965,
issue and transferred to D3-11954-1, "Saturn $-IC
Stage Reliability Analysia Record,' A supplemental
revision to the D5-11810 critical ltems list was re-
leased in May, 1965. This revigion correlated re-
lability test identification numbers to specific criti-
cal items,

Document D5-11593, "Launch S8ystems Branch Record
Bystem, ' was under revision, The estimated release
date is July 15, 1965. Certaln related documentation
will be delayed due to the status of this document,

D3-12401-2



RELIABILITY PROGRAM MILESTONES

Action was initiated to countrol age or time/cycle
sensitive items and to upgrade D5-12713, "Time/Cycle
Recording Requirements, ' to Class I documentation.
Engineering drawings now must specify what items

are age or time/cycle sensitive. A new form, the
Age-Life Record card, was initiated to log the cure/
mamrfacturing dates, shelf-life and tngtalled-life of
age-life sensitive material.

"GSE and Electrical Systems Organization Reliability
Program Plan ~ 8-IC,'" Document D5~12982, which

D5-12601-2
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outlines the reliability responsibflities, policies, op-
erating procedures, and follow-up activity for the

GSE and Electrical Bystems Orgamization, was releas-
ed on April 14, 1965.

DESIGN REVIEWS

Critical design reviews were conducted on eight items
during the fourth fiscal quarter. These llems are
enumerated in the churt at the top of the noxt page,
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Beview Date Drawing No, Title

4-1-65 60B79609-1, -3 LOX Tank Optics
4-7-85 60B52101 Valve-Solenoid, 3-
way
4-7-65 60852106 Valve-Solenoid, 2-
way
4-28-65 60B47001 Retrorocket Motor
4-28-65 60820000 Base Heat Shield
5-4-65 60B41136 Valve-LOX Inter-
connect
5-4-65 60B74600 T. V. Transmitter
6-29-65 60B52000 Control Pressure

System

Total number of reviews conducted by the end of FY
1965 on critical systems, subsystems, and components
or items were as follows:

a) Eleven of twelve structure items were reviewed
with the remaining one, intertank, scheduled for
first quarter FY 1966.

b All eight reportable propulsion/mechanical sub-~
systems (per D5-11910) were reviewed,

c) Ouly eleven operational electrical subsystems of
the electrical/electronic portion of the S-IC stage
are classed as reliability critical. The intent of
formal critical design review per Launch Sys-
tems Branch O. P. 650.3 was considered to have
heen completed by a previous Boeing-NASA/
MSFC review,

d) Of the forty-eight critical propuision/mechanical
ftems at the component/piece level, thirty-three
scheduled reviews have been conducted. Three
Boeing controlled items, seals, were not sub-
ject to formal review. The remaining twelve
items are MSFC controlled.

€) Of the fifty-six operational electrical systems
critical items, there are sixteen Boeing com-
ponents, stx MSFC comporents, and thirty-four
MSFC or Boeing piece parts. Three scheduled
reviews on Boeing components were conducted.
Boeing piece parts are not considered subjectto
formal critical design review.
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S8ELECTION AND CONTROL OF PARTS

Document D5-11372, "Parts Selection and Control
Program Plan - 8aturn S-IC," was prepared as direc~
ted by Technical Directive No. [-V-S-IC-216 end re-~
leased July 23, 1964, for approval. Technical Direc-
tive No. I-V-8-IC-250 was received November 16,
1964, directing implementation of D5-11372 with minor
changes. The document, revised to incorporate the
NASA/MSFC requested changes, was submitted for
approval by letter 5-1118-M-71-579, dated February
26, 1965. Change Order I-9 to Contract NAS8-5608
was recefved April 2, 1965, cancelling Document D5~
11202, "Specifications and Deviations for the 8-IC
8ystem." NASA/MSFC letter I-MICH-QR, dated
June 3, 1965, stated that the provisions of D6-11372
satisfied the requirements of Paragraph H-14, Partl,
Exhibit "A", Technical Work Statement of Coatract
NAS8-5608, and that the document was approved.

FAILURE ANALYSIS

Drafts of the failure flash report for both branch pro-
cedures and engineering instrucians were released
during the fourth fiscal quarter. Eugineering standard
operating instructions (SO 650.9, '"Failure Analysis, "
was released in February, 19653. The first editioa of
the "Failure Analysis Monthly Status Report" was re-
leased in June, 1965.

The following was the status of Boeing and supplier
failure analyses at the end of FY 196S5.

In Work Completed Total

6 17 23

RELIABILITY EDUCATION

A training course was prepared and preseated to in-
struct personnel in the proper control of cantamina-
tion for propellant wetted components. Factory per-
sonne] are expected to complete this course by the
early part of FY 1066. :

A course entitled "Installation and Handling of Elec-
trical Connectors' was developed and is being conduc-
ted by Industrial Relations Training Depertment for
technicians, mechanics, and inspectors-who handle,
install, mod{fy, repair, or inspect electrical wiring
and connectors. This four hour course will provide
training necesgary to reduce damage to electrical
wiring and cunnectors.

05-12601-2



SUPPLIER CONTROL

In the monitoring of supplier procvesses and hardware
failure problems, special emphasis was directed to-
ward those suppliers who furnish mechanical com-
ponents. The principal problem encountered is in
cleaning and packaging LOX clean parts. 'I'o resolve
this problem, supplier cleaning processes were re-
examined to verify that cleanliness levels were ade-
quate and to assure that no potentially detrimental
cleaning operations were utilized, A team represent-
ing cognizant organizativns was formed to assure
complete compliance with cleaning requirements.

Six Boeing cleaning specialists are presently working
with suppliers in support of this program.

A system is being established to assure that all engi-
neering orders (EQ) or process specification devia-
tions (PSD) referenced in procurement drawings are
transmitted in a timely manner to all affected sup-
plicrs. The system is targeted o be in operation
during first quarter FY 1966.

A total of 30 munagement reviews vl gquatity svstem
surveys were concucted at supplier t:tcilttics during
the quarter. Documen! 6080001V, "CGeneral Require-
ments for Suppliers,' is being revised w asswre con-
figuration conti‘ol of supplier-furnished hardware
through improvements in the part-imavking system,

EQUIPMENT QUALITY ANALYSES

The thirteen parts listed below were subjectad to
Equipment Quality Analyses (FQA) during the last
fiscal quarter.

FQA No. Drawing Nu, Itern

EQA 016 60 B76478-1R  T/M Power Supply
EQA 019 RV78A Marotta Valve
EQA 020 60 B73061-1313 DC Amplifier

EQA G2] 60 B73078-3C Emitter Follower
EQA 022 60 B72099-11 Temp. Transducer
EQA 023 60 B75130-1 Multicoupler

EQA 024 60 B76371-1A Sub. Carr. Osc.
EQA 025 A0 B76101-1A Single S/} Assy.
EQA 026 60 N76373-1A DC-DC Converter
EQA 027 60 B72199-3 Press Transducer
EQA 030 60 B51407-1B Valve Assy.

EQA 03l 60 [341028-1A Valve Assy. Check
FQA 032 BRPL29KIA T6A -3 Relays

D5-12601-2

iteceipt of satisfaclory replies from suppliers enabled
three EQA's to be closed during tbe fourth fiscal
quirter.

Design changes and quulification testing continued to
delay the delivery of purts. Twenty-two EQA's are
acheduled for the first quarter of FY 1966.

Twenty-eight EQA's were conducted between July 3,
1964 and July 1, 1965, Seventeen have been closed,
four are awaiting supplier reply, and scven are in
documentation,

DATA COLLECTION AND ANALYSIS

All reliahitity Jata center computer programs were
devcloped except the "Actual versus Design Configura-
tion Comparison’ program. The testing of this pro-
gram was delaved because of NASA computer facility
programming language conversions. This program
was heing tested for e¢xpected implernentation hy
August, 1965. (Figure 1-15.)

The "Corrective Actiun Request (CAR) status Report!
was released in May, 1965. This is a monthly report
reflecting the status of outstanding CAR's.

A programatic flexowriter was ordercd {or prepa-
ration of " Actual Configuration’ and ' Unplanned
tvent' raw data for use in computer programs.

This method will cut costs by reducing the amount

of hand transcribing and by eliminating keypunch-
ing. The Friden Company has promised delivery

te lirst week in August, 1965,

The "Actual Configuration Indentured Parts List"
computer program wus lested with 8-1C-D thrust
structure data, This program is planned to support
delivery ol the S=IC-) boester with 2 mechunized
configurution listing.

Ten reports on qualification and reliahillty testing of
tluid couplings and one report un development testing
of linear shaped charges were submitted for the inter-
service data exchange program (IDEP),

Experience retention ssudies were completed on 'Hy-
drogen Embrittlement" (October 16, 1964) and '"NAS
1022A Nuts" (December 2, 1964). In addition, the
following investigations were completed and will be
released as experience relention studies:

a) Ducting and tubing contamination;

b) Anilysis of S-IC stage compenent fallures during
vibration testng:
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c¢) Welding problems;

d) Precipitation observed during dye leak tests of
tanks.

Research for historical data was provided for approxi-
mately 100 parts since January, 1965, in support of
the engineering standard parts selection program.

A total of 545 requests for corrective action were
processed by the Reliability Data Center. These re-
quests were generated by NASA/MSFC and various
Boeing organizationg. Of the total requests, 505
were resolved and 40 are outstanding.

A weekly welding analysis report was initiated in
January, 1965, to provide process history and
quality trends and to identify problem areas.

RELIABILITY AUDITS

Beginning with the third fiscal quarter, management
visibility of the reliability effort was improved by re-
porting audit findings against the major coutract ele-
ments. Previous audit findings were reported against
organizations.

Audits during the third fiscal quarter rated eight ele-
ments as satisfactory, six as having deficiencies, and
two as problems. The problem clements were:

a) Data Collection. Clarification of conflicting in-
structions and revision of training courses were

recommended. The updating and revision of
Document D5-11593, '"Launch Systems Branch
Records System' is scheduled for releaseJuly 16,
1965. Pending this release, revisions to organ-
izational procedures, instructions, and training
were held in abeyance.

b) Testing. Recommendations included updating of
documentation, improved planning of qualification
and reliability testing, and releasing of reliability
test requirements.

The fourth fiscal quarter audits indicated that im-~
provement was made in documenting the qualification
and reliability test schedule and the items to be test-
ed, and in releasing reliability test requirements. The
data collection area was awaiting release of the revis-
ed D5-11593 at the end of FY 1985.

During the week of April 26, 1965, a team of NASA/
MSFC personnel conducted an audit of the Launch Sys-
tems Branch reliability program, using the NASA
"Manual for Evaluating Apollo Contractor Reliability
Plans and Performance.' The audit findings were
described in NASA memorandum R-QUAL-RE-146-~65,
dated May 18, 1965. The audit disclosed no major
Boeing problems. However, twelve action items were
outlined for NASA/MSFC. Among these were require-
ments to provide a policy vn time/cycle limits; pro-
vide ¢nginecering and FMEA data on GFE parts; identi-
fy the first manned launch vehicle; release the ''Gen-
eral Test Plan for the S-IC Stage;' and develop pro-
cedures for forwarding flash and detail reports on
S-IC failures occurring during testing at MSFC.
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SUMMARY
MICHOUD FACILITIES

During FY 1965 significant progress ip facility acti-
vation was realized. Only two Michoud facilities re-
main to be completed—the engine test and buildup
areas and the highpressure test facility, All partial
and interim facilities were eliminated during the yearc.
Several modifications and additions were made to pre-
viously activated facilities. This requirement is in-
creasing in scope and is becoming a significant por-
tion of facility activation cfforts.

Thirty construction contracts were completed during
the year, with seven still In work. Oune construction
contract is awaiting NASA approval,

Activation of shop facilities included the two tink as-
sembly positions, the final-assembly position, and the
hydrostatic test and cleaning facility, all in the Verti-
cal Assembly Building. Upoun completion of the hydro-
static test and cleaning position, a coutainment wull
was added as a sufety measure {n the event of tank
rupture during test operations. Other shop tacilities
activated during the yewr included horizontaj instadla-
tion, and major painting and shipping preparuation.

Test facilities completed during Y 1965 included
niechanieal subsystems test (except engine lest and
buildup), tube and valve clesning and valve clinic, and
the stage test building. Construction was started in
completed Component Test areas to modify the facility
in support of the gualification test program (MOD 92).

The Initial activation of Michoud labs was completed
with activation of the quality assurance rotury tuble
inspection station in the third fiscul quirter. Excep-~
tion is the high presswure test facility. This [acility
had been partially activated since 1963; however, sev-
ceral changes in facility requirements by the user de-
layed the design und construction activities on the re-
mainder of the facility, Mutual agreement by ull par-
ties allowed construction to begin on the remuinder in
the fourth fiscal quarter with completion scheduled hy
the end of CY 1965.

Completion of the NASA Engineering Office Building
at Michoud during the second fiscal quarter allowed
Boeing to vacate all leused space in downtown New
Orleans.

A contract to paint the interior of the factory was u-
warded in the third fiscal quarter 1965. It is sched-

uled for comptetion in the first fiscal fquarter 1966.

D5-12601-2

Requirements for a Rocketdyne facility were establ-
lished in the third fiscal quarter. Design was com-
pleted the following quarter.

HUNTSVILLE FACILITIES

During FY 1965, additional office space was leased in
Huntsville to support increased manpower bufldups.
Work was started on a Boeing owned office building
located in the lluntsville Research Park. Its comple-
tion is scheduled for mid-CY 1966.

PLANT ACTIVATION STATUS—MICHOUD

At the end of the reporting period, 91 percent, in dol-
lar value, of the total S-IC construction of fucilities
(C uf F) program at Michoud had been completed. 1t
15 anticipated that 95.7 percent of the facilities will be
complete by the end of the next fiscal quarter.

In June 1965, MODS 15, 16 and 17 were added to the
SFC Equipment Contract NAS8-5606(F). Of the total
funding lor Michoud SFC equipment, 76 percent had
been commutted by the end of the reporting period. It
is anticiputed that 82 percent will be committed by the
end ol the next quarter.

The following table indicates the percentage of brick
and mortar activation (in terms of dollar value of

C of F tunds ¢xpended), and the percentage of cquip-
ment provisioned Ly major category S-IC facilities
(in terms ol {unds committed).

ACTUAL
As of 6/30/65

PROJECTED
As of 9/30/65

MAJOR BRICK SFC BRICK SFC
FACILI- & EQUIP- & EQUIP-
1IES MORTAR MENT MORTAR MENT
Shop Fa- 96.2%. 86% 96.8% 89%
cilities

Test Tu- 95, 8% 67% 99.7% 72%
cilities

Labova- TH. 3% T6% 92.9% 84%
toriecs

Support &  85.2% a7% 90.6% 61%
General

Plant Fa-

cilitiex

TOTAL

MICHOUD  91% 6% 95.7% 82%
PLANT

Follow-on modifications and additions to present facil-
itles ure currently in progress in the minor assembly
arca, Vertical Assembly Building, horizontal instal-
lation area, mujor painting and shipping preparation
facility, subsystehfs test (mechanical), stage test posi-
tion and support, tube and valve cleaning and valve
clinic, component test arca, support and services
areas and painting ol lactory. These are all scheduled
for completion during the first half of FY 1966.
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MICHOUD SHOP FACILITIES
MINOR ASSEMBLY

FUNCTION - This facility provides for [abrication and
assembly of bulkheads, skin sections, thrust structures,
intgrtank structures und forward skirt nssemblies (I'ig-
ure [I-1),

USING ORGANIZATION - Operations
AREA - 233,500 sq. ft.

MILESTONES - The minor assembly facility was ini-
tially activated in FY 1964.

The following additional facility projects were com-
pleted during FY 1965:

Phase | - The rearrangement and cxpansion of minor
assembly ureas.

FIGURE 11-1  MINOR ASSEMBLY AKEA IN THE ""GRAY BOX*!
THE PICTURE AT RIGHT SHOWS EQUIPMENT
FOR TRIMMING AND WELDING BULXHEAD GORE

SEGMENTS. IN THE PICTURE BELOW A Y-RING

IS BEING PREPARED FOR ATTACHMENT TO A
BULXHEAD

Phase {1 ~ Constructlon of foundations for the canti-
lever ring baffle assembly position, and utilities for
wiring tunnel covers and the base heat shield assembly.

Modification of the 15-ton crane in mechaaical fabri-
cation areas.

During the fourth {fscul quarter the following addi-
tional facility projects were completed:

The installation of a one-ton bridge crane over the
thrust structure skin panel assembly fixtures.

Instillation of the Y-ring pocket-milling facility.

EQUIPMENT - Of the total Michoud SFC equipment
funding for minor assembly, 86 percent in terms of
dollar value was committed by the end of the report-
ing period.

D5-12601-2



MICHOUD SHOP FACILJITIES

VERTICAL ASSEMBLY BUILDING

FUNCTION - This facility is required to assemble the
complete S-IC stage in a vertical position. In addition,
the area will be used o assemble tanks, install baffles.
assemble tank connection sections, perform hydro-
static testing, and clean flight vehicle LOX piping and
RP-1 fuel tanks (Figures 0-2 and O-3).

USING ORGANIZATION - Operations

AREA - VAB 44,400
Support 51,800
TOTAL 96,200 sq, ft.

MILESTONES - During FY 1965 activation of the VAB
included:

a) Tank assembly positions 1 and 2
b) Final assembly position
¢) Hydrostatic test facility

FIGURE 11-2 FINAL ASSEMBLY POSITION
IN THE VERTICAL ASSEMBLY BUILDING

D5-12601-2
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FIGURE (-3 HYDROSTATIC TEST
AND CLEANING POSITION IN THE VAB

A containment will in ¢(he hydrostatic test facility was
constructed following the initial facility activation.

During the fourth fiscal quarter construction of the
tunk repair position was completed.

During the fourth fiscal quarter the following addition-
al fucility projects were initiated and will be comple-~
ted during the next quarter:

a) The hydrostatic test personnel elevator
b) Construction of ladder and catwalks in hydrostatic

test

EQUIPMENT - Of the total Michoud SFC equipment

funding for the Vertical Assembly Building, 89 per-
cent in terms of dollar value was committed by the

end of the reporting period.
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MICHOUD SHOP FACILITIES

HORIZONTAL INSTALLATION FACILITY

FUNCTION - This faciliy is used to instull the F-1
enginc¢ and associated hardware on the S-JC stage in
the horizontal position and to refurhish the engines
subsequent 10 static testing (Figure 11-4).

ARE A - Horizontal installation 35, 700
Refurhbish 13,800
TOTAL 49, 500 sy. ft,

USING ORGANIZATION - Operations

P

#“.‘? VIR

FIGURE l1~4 S~IC-D IN THE HORIZONTAL INSTALLATION FACILITY

|=4

MILESTONES - The following milestones were accom-
plished during FY 1965:

Construction and activation of the horizontal installa-
tion fucility was completed January, 1965.

During the fourth fiscal quarter, additional activities
included design of utilities in gupport of purge units to
he installed. The installation of these utilities will be
completed during the next quarter.

EQUIPMENT -~ Of the total Michoud SFC equipment
funding {or the horizontal installation facility, 80 per-
cent in terms of dollur value was committed by the
end of the reporting period.

D3-12601-~2



MICHOUD TEST FACILITIES

MAJOR PAINTING AND SHIPPING
FREPARATION FACILITY

FUNCTION~ This fncility 1s required for {inal prepara-

tton of the booster for shipment. This preparation in-
cludes painting, decal application, protective coating,
dust sealing and systems draining (Figures !1-5 and
1-6).

AREA - 16,800 sqg. {t.
USING ORGANIZATION - Operatlons

MILESTONES - Activation of the major painting and
ahipping preparation facility was completed during the
third fiscal quarter.

During the fourth {iscal quarter the [ollowing addition-
al facllity projects were initiated:

a) Turntable for paint booth number 1
b) Raise height of paint booth number 2

EQUIPMENT -~ ®f the total Michoud SFC cquipment
funding for the major painting and shipping prepara-

FIGURE (16 CO2 FIRE EXTINGUISHERS BENG TESTED

D$5~128601=2

FIGURE =3 PAINT BOOTHS ROS | AND 2

tlon facility, 90 percent in terms of dollar value was
commilted by the end of the reporting period.

1.5



MICHOUD TEST FACILITIES

SUBSYSTEMS TEST [MECHANICAL)

FUNCTION - This area is used W test mechanical sub-
systems and components, vendor-furnished {tems and
subsystems which have failed in static-firing or upper-
level chockout. This includes testing and meusuring of
instruments, testing components and subassembiies
that must operate at extremely low temperatures, lest-
ing and proofing of pressure pneumatic system com-
poneuts, checking valve cracking pressures, and test-
ing LOX and fuel systems flight hydraulic components
and subassemblies of the F-1 engine Figure I1-7).

The engine hbuildup capability function is performed in
the engine test area of subsystems test (mechantcal).
It Inoludes the ability to instali components that had
been removed for shipping, to re-establish We inlernal
aliymment of the engine, to preset the actuator, and

to asgamble, inspect and verify the fit of the skirt to
the engine nozzle.

The Rockceulyne area is reyuired for logistic and
componenl repair support of the F-1 engines.

USING ORGANIZA TIONS -

Test

AREA - Subsystems test
Engine test
Rocketdyne
TOTAL

Operations and Systems

27,200
13,650

4, 800
45,650 sq. ft.

MILESTONES - Activatioa of the subhsystems test
mechanical facility was completed in December 1964.

Designs of the engine lest huildup facility and Rocket-
dyne facility were completed during the fourth fiscal
quarter, Construction will begin during the next

quarter,

EQUIPMENT - Of the total Michoud SFC equipment
funding, 79 percent for subsystems test (mechanical)
and 100 percent for engine buildup capability in terms
of dollar value was committed by the end of the re-

porting period.

FICURE N7 THE TEST STAGING aAREA IN SUBSYSTEMS TEST (MECHANICAL)
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MICHOUD TEST FACILITIES
STAGE TEST POSITION AND SUPPORT

FUNCTION - This facility is needed for final checkout
of the S-IC stage. Four test cells will be used for
performing various tests on the pneumatic, hydraulic,
mechanical, telemetry and electrical systems of the
8-IC stage to ensure system integrity (Figure {I-8).

AREA -~ 114,400 8q. ft.
USING ORGANIZATION - Systems Test

MILESTONES - Construction of the Stage Test Bulld-
ing was completed during TY 1965.

Additional construction projects initiated during the
fourth fiscal quarter included:

a) Support stairs and vents
b) A gaseous nitrogen system

EQUIPMENT - Of the total Michoud SFC equipment
funding for the stage test building, 53 percent, in

terms of daollar value, was committed by the end of
the reporting period.

MICHOUD TEST FACILITIES

TUBE AND VALVE CLEANING AND VALVE
CLINIC

FUNCTION
4) Tube and Valve Cleaning

This facility is required for cleaning the fuel,

i .- A ...' ;7»=..""7‘i~ J};..’“ il _-\:_;ﬁ_._.-;;‘_’ 1-'*"‘ AT S -.-1--. :
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FIGURE Ji.8 STAGE VEST BUILDING
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b)

LOX, and pneumaiutic components to the levels re-
quired for the system. Tubing will be flushed
with the cleaning agents, dried, and packaged at
this locution. Valves and compoenents will be
cleaned and rinsed in ultrasonically energized
{lulds, dried in vacuum ovens and f(lughed to
certify cleanlinesa (Figure 11-9).

Valve Cliale

'This facility is used to tiake apart and reassemhle
valves. All inoperable valves, orlfices, regula-
tors, and the Uke, will be dism:ntled and inspec-
ted 10 determine the cause and extent of damage
or mulfunction,

FIGURE 11-9 TUBE AND VALVE CLEANING

AREA - 6.700 eq. ft,

USING ORGANIZATION - Operations

MILESTONES - Construction of this facility was com-
pleted {n December, 1964,

A trichloroethylene recovery system in the exhaust
ducts was designed during the fourth fiscal quarter
and will be installed during the next quarcter.

EQUIPMENT - Of the total Michoud SFC equipment
funding for these facflities, 71 percent in terms of
dollar value was committed by the eud of the report-

ing period.
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MICHOUD LABORATORY FACILITIES

COMPONENT TEST. AREA

FURCTION - This area 18 used (o test mechanical,
electrical, and bydraulic componsnts of the S-IC
booster to vstablish and prove the design concepts
and manufacturing techniquee used. Test equip-

meant is able to produce, sense, and record simulated
flight and ground handling conditions (e.g. , accelera-
tion, force, vibration, pressure, and temperature
enviroaments) to establlsh the high degree of reliabil-
ity necessary for booeter flight (Figures B-10 and
o-11).

AREA - 73,600 sq. A1,
USING ORGANIZATION - Eogineering

MILESTONES - The compouent test area was activated
in June 1864. ModUications and additions to the facil-
ity were {nitiated {n support of the 8-IC qualification
test program (MOD 92) during FY 1985 and comple-
tion of this effort i8 acheduled in the fourth quarter of
CY 1965.

FIGURE 11 DATA AND INSTRUMENTATION ROOM

FIGURE |10 ELECTRICAL ELECTRONIC TEST AREA

EQUIPMENT - Of the total Michoud SFC cquipment
funding (or the component test area, 82 percent, In
terms of dollar value, was committed by the eml of
the reporting periad.

D3=12601<3
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FIGURE 11-12 CONSTRUCTION OF THE BASIC HIGH PRESSURE TEST FACILITY IS STILL IN PROGRESS

MICHOUD LA BORA TORY FACILITIES in terms of dollar value was committed by the end of
the reporting period,

HIGH PRESSURE TESI _

FUNCTION - This facility conducts all testing of a FIGURE H-13 A TEST CELL

IN THE HIGH PRESSURE TEST FACILITY
hazardous nature for both booster and ground support

equipment. Components, subassemblies, subscale
test hardware, tanks, and ground support equipment
will be subjected to various pressure flow and burst
tests to ensure compliance with design requirernents
under normal and emergency environment and operat-
ing conditions (Figures I-12 and H-13).

AREA - Control center & test

cell building 5,000
Test area 295,000
TOTAL 300.000 sq. ft.

MILESTONES - During FY 1965, the liquid level test
area of the high pressure test facility was completed.

During the fourth fiscal quarter construction began

on additional foundations, test pads piping and utilities
required in support of the S-IC qualification test pro-
gram (MOD 92). The gas and control systems of the
basic facility remained in construction.

EQUIPMENT - Of the total Michoud SFC equiprment
funding for the high pressure test facility, 74 percent

=10 05-12601-2



MICHOUD LABORATORY FACILITIES

QUALITY ASSURANCE
“ INSPECTION STATIONS

-
FUNCTION - Numerous inspection stations are located
throughout the plant to ensure that all work performed
by Boeing and Boeing coatractors conforms to NASA
and Boeing specifications.

AREA ~ Shops 4,600
Test 1, 400
Labs 2,300
Support 4,300
TOTAL 12,600 s8q, ft.

MILESTONES - During FY 1965, the last quality as-
surance inspection station was activated with the in-
stallation of the 33-foot rotary table and associated
work platforms (Figure II-14),

EQUIPMENT - Of the total Michout SFC equipment
funding for QA Inspection stations, 73 percent In terms
of dollar value was committed by the end of the report-
ing perfod,

MICHOUD SUPPORT FACILITIES

OFFICE AND ADMINISTRATION AREA
(NEW ORLEANS OFFICE SPACE)

FUNCTION - Provide office users with space to coa-
duct required functions at Michoud Assembly Facility.

AREA - 394, 500 sq. ft.
USING ORGANIZATIONS - All

MILESTONES - During FY 1865, activation of the NASA
Enginsering Office Building was accomplished when
Boeing vacated downtown office space. Qffice space at
Michoud assigned to Boeing by NASA was insufficicnt
based on NASA office dennity standards. Reducticms in
personnel have partially relieved the office space de-
ficiency; however, manpower forecasts during the
fourth fiecal quarter still indicale a requirement for
additional office space. Space densities have been in-
creased to accommodzte all office users.

Durling the fourth fiscal quarter, plans for modifica-
tion and upgrading of Boeing office areas were submit-
ted to NASA for consideration. There modifications
inciude new partitioning, private office sound suppres-
siun, and upgradiug of existing lighdug.

FIGURE Il-14 A BULKHEAD BEING INSPECTED ON THE ROTARY TABLE

05-12601-.2
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PIGURE =15 AN ARTIST'S RENDERING OF THE BOEING OFFICE BUILDING IN HUNTSVILLE

HUNTSVILLE FACILITIES
OFFICE SPACE EXPANSION

Manpower requirements for the Huntsville arca have
incveased during the past year due tothe addition of the
Saturn V Systems Missiun Supporteffort to Contract
NAS8-5608. As a result, requirements for affice
space in Hunteville have been satisfied by lensing ud-
ditional space at the Huntsville Industrial Center and at
several remote downtown locations. Boeing exercised
its options on previously leased space at the Huntsville
Industrial Center. Office space also Is heing provided
Boeing at MSFC to support various programs being
conducted there. The total gross Huntsville area oc-
cupied by Boeing is 347,008 square feet.

SHOP AND LABORATORY PLAN

A shop and lnhoratory plan for the Huntsville area was
heing developed at the eud of FY 1965. This plan is
intended to satisfy immediate requirements generated
sa a result of the transfer of responsibility for all shop
functions to the Huntsville Operations organization. It
also envisions a long range plan for consolidation and
oxpansion of existing shop and lab capabilities. On
June 21, 1965, the juitfal phase of the shop plan was
approved by Boeing's Huntsville manager.

=12

EQUIPMENT

Of the total Huntsville SFC equipment funding, 70 per-
cent {u terms of dollar value was committed by the end
of the reporiing periad.

FACILITY EXPANSION

Plans and studies of ways to satisfy the requirements
for Boeing facilities were made and coordinated with
NASA/MSFC during the first half of the fiscal year.

In February, 1965, it wias agreed that Boeing would
make a significant capital investment in the Huntsville
Saturn program. Further negotiations with NASA/MSFC
management led to a plan for Boeing to construct a

100, 000 square foot office building in the research park.

Approuval by the Boeing Board of Directors for this
capital investment was granted in Marah, 1965.

During the fourth fiscal quarter the research park site
was purchased under option. Preliminary'design was
completed. Final design was initiated, and the first
phase of site grading begun. Present schedules call
for construction to begin in August, 1965, with com-
pledon in July, 1966 (Figure I-15).

D3-12601-2
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SUMMARY

S-IC stage assembly and manufacturing was behind
schedule (Plan VII) in the first quarter of FY 1965
primarily because of problems with the weld equip-
ment and weld processing used in the fabrication of
fuel and LOX tank bulkheads. This, along with cer-
tain unavailable electronic and instrumentation parts,
threatened a significant slide in the delivery of the
S-1C-D. The late condition of the S-IC-D was im-
pacting the follow-on units because each was paced by
the completion of major assemblies and the vertical
assembly of the preceding stage.

The Operations activities were reorganized, during
the second fiscal quarter, to assign management re-
sponsibilities along product as opposed to functional
lines. These respoansibilities were grouped into four
areas: containers and welded assemblies, structures,
GSE and electrical systems, und final assembly.

In the third fiscal quarter the decision was made to
eliminate hardware not necessary for performance of
the S~-IC~-D mission. This reduction, along with the
resolution of the weld problems, the incorporation of
workaround methods, the employment of out-of-
sequence installations and NASA/MSFC schedule re-
lief resulted in schedule recovery to accomplish the
on-schedule delivery of the S-IC-D to Systems Test.
The S-IC-D is the first 8-IC stage assembled at
Michoud, -

Delivery of the S-IC-F to MILA will be on schedule.
This assessment i{s based on factors including the
S-IC-D schedule recovery, the adoption of an S-IC-F

minimum configuration and the use of such workaround

methods as out-of-sequence cable installation,

In the last quarter of FY 1965, the MSFC schedule
was revised from Plan VI to Plan VII. This affect-.
ed the delivery schedules of vehicles S-IC-3 through
S-IC-10. Delivery was stretched varyingfrom two
months on the S-IC-3to seven months on the S-IC-10.
This required a rephasing of manpower utilization
and program milestones.

S-1IC-D STAGE

The weld equipment and weld processing problems
encountered in the first half of the reporting period
were resolved in the third quarter; however, bulkhead
welding problems still paced tank completion.

D5~12601-2

During the first three quarters fuel tank fabrication
extended from welding of the cylindrical skins through
completioa of final assembly, LOX tank fabrication
extended from ring baffle assembly through comple-,
tion of the upper and lower subassemblies.

An S8-IC-D minimum configuration sufficient to satisfy
the dyaamic test vehicle (DTV) mission requirements
was agreed on by NASA/MSFC and Boeing in the third
quarter. It reduced cleanliness requirements for the
propulsion system, revised transportationand storage
pressurization requirements and eliminated unneces-
sary hardware.

In the fourth quarter, the LOX tank upper and lower
subassemblies were joint welded (Figure IlI-1) and
ring baffle installations were completed. 'The fuel
and LOX tanks were hydrostatic tested and delivered
to final agssembly on May 6, 1965 and May 26, 1965,
respectively.

FIGURE I} =) THE JOINING OF UPPER ANO LOWER HALF OF
S=IC~D LOX TANK IN PIT #2 VAB



The intertank aseembly was completed on April 17,
ad the forward skirt on May 26, 1865. The thrust
structure was loaded {nto the vertical assembly tow-
er March 24, 1965. Vertical assembly of the S-1IC-D

stage was regjrained because the fuel tank was not
available for loading until May 10, 1965. The inter-
tank was positioned May 11, 1965 (Figure MI-2). Both
the LOX tank and forward skirt were setl into poaition
May 28, 1965 (Figures M-3 through -5). Final join-
ing of the basic structures was accomplished June 16,
1965. The vehicle was unloaded from the vertical
assembly tower into the horizonal position June 27,
1965 (Figures IOI-6 through -8).

Unload of the vehicle from the vertical tower was

oy
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PIGURE 11t = 2 LOWERING S~IC~D IN| BRTANX ONTO FUEL TANK
AND THRUST STRUCTURE IN VERTICAL ASSEMBLY POSITION IN
vAD

-2

delayed because of faulty GSE fittings that secure
the thrust structure o the transporter.

The rework and lesting of these fittings delayed lay-
down of vehicle two weeks. However, there was no
impact on delivery of the vehicle to Systems Test
because i{tems scheduled for installation in horizontal

assembly were installcd while the stage waé (n the
vertical tower.

The elimination of certein flight electrical/electraic
ftams and 1.OX cleaning requirements from the S-IC-D
in accord with the DTV minimum configuration allowed
re-allocation of specialty hardware to the S-IC-F and

generally Improved the schedule position of both vehicles.

FIGURE Il = 3 LIFTING OF S~IC~D LOX TANK FOR INSTALLATION
INTO VERTICAL TOWER
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FIGURE Il ~ § 5-1C=P FORWARD SKIRT LOWEREO IRTO PLACE

TO COMPLETE MAJOR COMPONERT BUILD=-UP

PIGURE 11l - ¢ LOWERIHG OF $~I1C~D LOX TANK ORYO

INTERTANK
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FIGURE 11 ~ 8 LOWERING OF 5-IC=D VEHICLE TO HORIZONTAL FIGURE 1)t = 7 LOWERING OF S~IC~D VERICLE FROM YERTICAL
POSITION IN VERTICAL ASSEMBLY BUILDING TOWER TO HORIZONTAL POSITION

FIGURE i1l - 8 "TRANSPORTING $~IC~D VEHICLE FROM VERTICAL ASSEMBLY BUILDING TO MAIN FACTORY AREA FOR COMPOMNENT
INSTALLATIONS

=4 D5~12601 -2



No difficulty Is anticipated in meeting the Plan VIII
schedule for delivery of the S-IC-D stage on dock at
MSFC/Huntsville October 15, 1965.

S-IC.-F STAGE

[ 4 )
In the first three quarters, fabrication of the S-IC-F
was paced by the completion of the S-IC-D. Al fiscal
year's end, completion of vertical assembhly of the
8-IC-F was forecasted to be five weeks late. This
forecast was due primarily to the lats availability of
cables, procured hardware, and hydrostatic test po-
sition. S-IC-F cables will be installed out-of-sequence,
incorporating work-around methods, because of alate
S-IC-1 cable program authorization. The 5-IC-F
mission has been reviewed and those items not neces-
sary for mission performance were eliminated.

At the end of the third fiscal quarter, fabrication of
the S-IC-F fuel tank upper and lower bulkhead as-
semblies was complete and the LOX tank skin rings
were being welded. One NASA; MSFC-fabricated
LOX tank bulkhead was received.

During the fourth quarter, the fuel tank was completed
and positioned for hydrostatic test June 14, 1965.
1.0X tank assembly had progressed to the point where
the closcout weld was the next operation.

The forward skirt was finished June 30, 1865. Work
on the thrust structure to prepare it for installation
in the vertical assembly position was 97 percent
complete at the end of the reporting period.

MODIFICATION OF S-IC-F MISSION

In order to deliver the S~-IC-T stage a8 economlcally
as possible within schedule limits, a minimum con-
figuration was agreed upon by Boeing, NASA/MSFC
and NASA/KSC. The reduced configuration fulfils
the requirements for stage pressurization, propellant
loading and unleading at KSC, and instrumentation
for wind-loading tests at KSC. The stage will be kept
as close to flight configuration as possible within
achedule requirements.

$IC-3 STAGE

Assembly and manufacturing of the §-IC-3 was fre-
quently interrupted because of unavailable specialty
hardware. However, it appearsd at the close of the
reporting period thut the only thing likely to irapact
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final delivery of the S-1C-3 would be the availability
of the F-1 engines.

In the first three quarters of the report period, tank
fabrication extendad from completion of minor as-
semblies through completion of the gore-to-gore welds
for the lower bulkhead. Major operations included:
Apex-to-hase welds for the lower and upper bulk-
heads, and completion of the gore-to-gore welds for
the lower bulkhead,

In the fourth quarter the upper subassembly was
completed in the following operations: gore-to-gore,
Y-ring to bulkhead, polar cap to bulkhead, bracket
installation, skin ring assembly, baffle installation,
and skin ring assembly to bulkhead.

The following operations were performed to complete
lower subassembly: Y-ring to bulkhead, polar cap

to bulkhead, bracket Installation, skin ring assembly,
exclusion riser installation, baffle installation, and
skin ring to hulkhead.

The S-IC-3 is the first complete flight vehicle built
at Michoud and requires all systems. Late delivery
of two F-1 engines is forecasted. An attempt to
improve the servo actuator delivery dates was re-
quested in order to prevent a schedule slide caused
by this GFE. Completion of all GSE/EE require-
ments i8 expected during the first quarter of FY 1966.

S-IC-4 STAGE

There were no major problems on the S-IC-4 stage
at the close of the reporting period. Delivery is
expected ty meet Plan VIII schedules.

Completed operations include welding of the follow-
ing fuel and I1.OX tank components: fuel suction
fittings, Y-ring segments, fittings to apexes and
buses, ring baffles, crucitorm panels, and apexes
to bases. The lower fuel buikhead has been complet-
ed through gore-to-gore weld, with skin ring welds
expected to be finished in July, 1965.

The Boeing-developed pocket-milling technique for
producing T-stiffened Y-rings, to be used on the
S-IC-4 and suhsequent vehicles, will save approxi-
mately 5000 pounds of weight per vehicle (Figuwes
111-9 and 10).

S-IC TOOLING

At the end of FY 1965, all busic tool design and fab-
rication was complcte for fin and fairing assembly
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for manufacture of propellant duct supports, and for
fnter twk rework under CAM 207,

Tooling previously installed at MSFC for assembly of
the S-1C-S. -1. and -2 thrust structures was moved
to Michoud early in the fiscal year.

The paint aod fnverslon dolly for [.OX and fue} tanks
and the twoling for thw hydrostatic test position were
completed. The Y-ring mill fixture for CAM 139
was erecled. Newly designed equipment replaced
the roller rotating system and outside welding sys-
tem for the tank skin weld station,

All finn]l assembly Looling required [or jolning the

major subassewmblies wias on hand or fn labrication
1n the first fiscal quarter except the forward skirt
to LOX tank drill fixture.

The §-IC mockup was used in the development of
S-IC-T tuhes and cables in the second [iscal quarter,
and in the development of S-1C-D tubes and cables
unti} the S-1C-D mission configuration modiflcation
was implemented. S-1C-F tube and cable develop-
ment oo the mockup was interrupted when NASA/
MSFC requested its use for development of S-1C-1
cables,

MANUFACTURING DEVELOPMENT

Muanufacturing Development continued to support
production of the S-1C program and to promote im-
proventents in manufacturing performance through
the modification and refinement of existing processes
and manufanctuving technigques.

Although most of the development work Lo e¢stablish
haslc processes has been concluded, production im-
provement continued during the reporting period.
This actlvity included the develepment of Improved
weld settings for Y-ring Lo bulkhead welds, the re-
pair of isolated weld defects using TIG spot welding,
the modification of processes for the major component
cleaning facility, the development of improved pro-
cedures for removing blind bolts, and other refine-
ments to advance manufucturing lachnology and sup-
port design modificatlons.

WELD DEVELOPMENT

Y-Ring to Bulkhead

All thieknesses of Y-riug-to-bulkhend welds have
been certifiod with the exception of the upper fuel
» 22 bulkhead. Development work has heeu started
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to improve MIG weld settings for . 224 material.
Impravements include an increased flller wire diam-
eter, an altered edge preparation, and a mixed gas
shielding. These alterations will improve the joint
geometry and production quality.

TIG Spot Welding

Development work on the repair of isolated weld de-
fects using TIG spot welding was in progress. Initial
effort was directed toward .224 gage materfal. The
approach involves drilling through an isolated defect
and spot welding to fill the hole. Inital results are
very encouraging. This technique may result In a
slmificant saving of manhours and {low time spent
on grinding out defective welds and making manual
repairs.

The feasibillty of using the TIG spot weld technique
10 join the destruct cowling to the membrane sections
of the tanks is under investigation. This process,
{f adaptable, should reduce production flow time and
provide u joint that ia more readily inspectable than
those on Londed ussemblies. Quality spot welding
was obtained in «ll those gauges used for bracketry
with the graph settings developed by Manufacturing
Development. Figure 11I-11 shows bracketry that
has been TIG spot welded to the bulkhead.

Taok Assembly

All tank weld settings were developed, certified, and
put into production during this cveporting period. The
fual and LOX tanks for the S-1C-D and the fuel tank
for the S-IC-F are complete, Some welding equip-
ment developed prublems but these were resolved and
no other major difficulties are anticipated. Tapered
skin tank welds for the S-IC-4 will be certified in the
vertical skin-to-skin weld station. Girth welds will
be certified in the VAD,

Transition segment welds were transferred from the
VAB to tlw minor assembly area. The weld process
has been certified and two production welds were
accomplished successfully.

[.OX Tunnul

Using restraining tooling to prevent mismatch, LOX
tunnel welds were recertified In the VAB folluwing
previously established weld processes. The five
tunnels for the S-IC-F were welded in {ive working
days with @ minimum number of defects. No re-
Jectuble mismatch was evident. Figure 111-12 shows
the welder controlling the weld penetration by using

1 remote amperage potentiometer inside the fuel tank.
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FIGURE Ill=11 BRACKETRY TIG SPOT WELDED TO BULKHEAD
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FIGURE 111=12 THE WELDER I S SHOWN CONTROLLING WELD PENETRATION BY USE OF A REMOTE AMPERAGE POTENTIOMETER FROM
INSIDE THE FUEL TANK
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CHEMICAL PROCESSES
Process Madification

Process controls, applicable to the major component

scleaning facility, were reviewed, and in some in-
stanoes revised, to introduce cost reduction features.
Adequate application and control procedures are
mainteined.

Previously, it was necessary to manually strip the
conversion coating from the weld zone of cylindrical
skin sections prior to welding. However, it was
demonstrated that the cleaning facility can accora-
modate a welded skin section assembly so that it

can be cleaned, etched, and conversion coated after
welding. This permitted the edges of the skin section
to remain bare or to be chemically stripped in the
aluminum tank line. The costly manual operation was
thereby eliminated. Also, it was determined that
manusl solvent wiping to remove adhesive residue
provides an adequate alternate to trichioroethylene
flush'as a degreasing operation in major component
cleaning. There can be further cost savinge by
eliminating the deoxidizing step prior to etching.

Exclusion Riser Installation

The procedure for installing fuel tank exclusion
risers, using vendor supplied prefoamed poty-
urethane blocks, was fully developed in the second
fiscal quarter. Three successful factory installations
were accomplished.

Cable Clip and Destruct Cowl Bonding

Techniques of surface preparation and adhesivé ap-
plication for metal-to-meta] bonding were developed.
An extensive faototy personnel training program .
was conduoted to epsure that operators.qualified on

the requirements of structsral bonding will be certi-

fied. Emphasis was placed upon the use of BMS 5-10

and 608 cryogenic adhegives for bracket, destruct

cowl, and cable clip bonding applications., Produe-,.

tion itaplementation of the bracket and.destruct cowl
adhegive boonding processes was accompuahqd on the
8-IC-D fuel and LOX tanks.

Evalustion of Spray Paint Equipment ¢ b -

AiLr;leas electrogiatic paint spraying equipment was
selected for final painting of the S-IC because of its
fast paint buildup, minimum over-spray and simpli-
fied operation. A training program will be conducted
and all painters will be certified. Other personnel
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associated with the operation will receive training
but it will not be necessary that they be certified.

Final Cleaning in Hydrostatic Test Tower

Final cleaning of the S-IC-D fuel and LOX tanks was
accomnplished in the hydrostatic test facility with
moderate difficulty. Problems included the clogging
of line filters and solid particles of Iridite 14-2,
numerous fitting and manifold leaks, and malfunc-
tioning of several automatic air-aetuated pumps and
valvee. The spray processes include solvent-
alkaline cleaning, reconversion coating prior to
hydrostatic testing, non-ionic detergent cleaning
prior to calibration, and final trichloroethylene
flushing of the L.OX tank.

Brush Cadmium Plating

Brush cadmium plating has long been accepted as a
repair procedure (BAC 6701), but persoanel had
difficulty applying this process. Charts for estimat-
ing stylus area, current density, and plating time .
were prepared and certified. Tralning and cartifica~
tion of operators resulted in more reliable brush
cadmywn plating in production areas.

Non- Foaming Aerowash

Regular Wyandotte Aerowash clearing ealution pro-
duced excessive foam in the majot companent and
hydrostatic test tower cleaning facilities. Non-foam-
ing additive (tri-butyl-phosphate) reduced the foam to
an acceptable level. The vendor-reformulated Aero-
wash with a noh-foaming detergent and it has proven
very satisfactory.

.MACHINING AND FASTENING

© T-Stiffereed Y-Rings

Development tests were conducted on 1/4-scale T-
stiffened Y-rings to determine the amount of growth,
or movcment of the outside diameter of the ring,
after pocket milling. Test results showed an in-
crease in diameter at the bottom end of the Y-ring.
Complete analysis of the tests indicate that the full-
size Y-ring should be machined on a taper to allow
for an incrcase of . 125~-inch to the battom diameter,

Further teats on milling pockets on full size T-
stiffened Y-rings indicated a need for cutters that
could be interchanged without changing machine set-
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tinga or sequonce of cuts. It s also desireable to
use a cutter with replaceable inserts to eliminate
cutter regrinding and a large fnventory of tools.

Blind Fastener Installation and Removal

A band operated too! for installing blind fasteners
was designed and fabricated by Manufacturing De-
velopment. A small tool, using s screw-jack prin-
ciple, was fabricated and used successfully to in-
atall the antenna brackets mounted on the hat gectiva
stiffeners of the forward skirt. The tool can be
adapted to other hlind fastener installations with
slight modifications.

Huck blind bolts are used at the uttach point of the
thrust structure to the fuel tank because of limited
access in the crotch area of the fuel tank Y-ring.
Only a small percentage of these bolls require re-
moval after installation because of improper form-
ing of the upsel sloove or premature ptn breakage.
Manufactucing Development designed and tabricated
an undercutting tool to cut the sleeve into two pieces.
One piece of the sleeve is removed by pulling it out
of the hole and the remaining portion is pushed back

FIGURE 11113 HEBAY SHRINKABLE POLYOLEFIN BOOTS

m-10

out of the crotch area. Undercutting tests on sample
sleeves were successful; however, a slight modific¢a-
tion to the cutting tool is required to compensate for
cutter point regrinding. The cutting action takes
place inside the fastener hgle of the Y-ring, with the
cutting tool designed to preclude Jamage to the hole
or cratch area.

ELECTRICAL/ELECTRONICS

Heat shrinkable polyolefin hoots are under considera-
tion as 8 substitute for conventional clamshell mold
dies (Figwe [i-13). Manufacturing Development has
developed tooling for hot adr shrinking of these boots,
and 18 warking on the reiilnement of a vendor develop-
ed infrared heater (Figures IIT-14 and 15).

Thermoceuple Cable Assembly

A holding device was developed for the assembly of
connectors to metal shedathed thermocouple cables.
Adoptiou of this fixture by production shops has re-
sulted in a decrease in rejections and less expendi-
ture of manhours per assembhly,
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FIGURE 1ll-14 HOT AIR SHRINKING OF POLYOLEFIN BOOTS

OUTPLANT DEVELOPMENT

Correction of Weld Distourtion

Distortion of bulkhead parts due to weld shrinkage
and mismatch was corrected Ly the usc of an elec-
tromagnetic forming tool developed by NASA/ MSFC.
Approximately 30 production apex and base gores
have been forimed to the correct contour using the
ele¢tromupgmetic method,

Boeing and NASA/ MSE(C have jointly conducted de-
velopment work on weld ptanishiayg techniques to
eliminate distortion in the fitting-to-gore weld
areas. Roll planishing resulted in removing dis-
tortion in weld arcas, but an increase in tensile,
bhurst, and tatigue properties was noted, However,
the nolch sensitivity increasced as the thickness of
the hase metal increased. Therefore, roll planish-
ing is recommeuded only for material of less than

. 375-inch thickness.

LOX Fill and Drain Elbows

Seattle Manufacturing Development perfected a pro-

cess for fabricating 1.OX till and drain elbews by the
use of hot ferming on a tube bending machine. Saturn
production parts are being fabricated by this method.

D5-12601-2

FIGURE 111~15 INFRARED HEATER FOR SHRINKING POLYOLEFIN
B8OOTS

GSE/MSE PROCUREMENT AND
MANUFACTURING

STAGE TEST AND CHECKOUT COMPLEXES

At the beginning of FY 1965 a high priority schedule
recovery cffort was begun in GSE/MSE procurement
and manufacturing. Workaround methods were de-
veloped te overcome equipment shortages, & vendor
oxpediting service was developed, and some assembly
work was reassigned to vutside sources.

During tbe [irst fiscal quarter, five of nine scheduled
R-TEST itemns were delivered, Testing of com-~
poneants and subassemblies was accomplished in
Subsystems Test in support of manufiacturing of major
elements for R-QUAL, MSE 1and MSE II.

In the second fiscal quurter, 30 major elements of
GSE were delivered, essentially on scheduled re-
covery dates. Ircluded was telemetry equipment for
R-QUAIL which was shipped short of some items.
Manufacturing and testing of components, subassem-
blies and major ¢lements continued for MSE I and
MSE I.

At the ¢nd of the third fiscal quartec, approximately
98 percent vl all engineering had been released for
R-QUAIL, R-TEST, MSE Iand MSE 1ll. Supplier
surveillance continued on critical items. Delivery
ol the integcrated telemetry ground equipment consti-
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tuted the first R-QUAL delivery. Approximately 50
percent of the major end items for the R-QUAL con-
trol room were delivered, and R-QUAL platform
delivery was completed during the quarter.

At the year's end, approximately 99 percent of all
known materiel requirements were released for
R-QUAL, R-TEST, and MSE 1 and II, and are on
order. Approximately 95 percent of MTF 1 require-
ments were released and are on order, except for

a few short-lead-time items. No requirements were
received for MSE TIl or MTF 2.

During the fourth fiscal quarter, 38 R-TEST eond
items were delivered to the customer. Total cumu-
lattve end item shipments to date are 113 compared
to the Plan VIO total cumulative requirement of 13¢.
R-QUAL end item shipments totaled 112 in the fourth
fiscal quarter.

Additional status information on R-QUAL, MSE I and
MSE 11 i8 indicated in Figures III-16 through I11-26.

HANDLING AND TRANSPORTATION EQUIPMENT

Twenty-8ix end items were shipped in the fourth
fiscal quarter for a cumulative total of 50.

Design problems with stage attach fittings resulted
in bearing failures during proof load testing. The
design was revised and parts that were completed
for S-IC-S, -T, and -1 will be returned to Michoud
from MSFC for rework and retest. This problem
caused the S-IC-D to be held in the vertical assembly
positian awaiting fittings.

Structural proof load tests were conducted on four
forward handling rings. Additional tests were con-
ducted on manual engine actuator support assemblies,
stage weighing stands, fin and fairing cradles, and
stage attuch [ittings.

Mockup F-1 engioe, FM-105, was received and is
being utilized to establish and verify handling and
transportation equipment procedures, and to famil-
iarize personnel with the engine. The mockup will
be insatalled on the S-IC-F vehicle,
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LAUNCH SUPPORT EQUIPMENT

Launcher Umbilical Tower Pneumatics (Modification
122/174) d

A task force was established during the fourth fiscal
quarter and was effective in delivering the items to
satisfy most program requirements. The pneumatic
console and pneumatic test racks for MAB were
completed in June, 1965. The console was re-
allocated to R-TEST to satisfy a requirement of

higher priority. A total of 20 end items have been
shipped—all during the last quarter—eompared to a
scheduled cumulative demand of 18 at the year's end.
All supplier qualification test programs were complete.

Modification 123/185

All umbilical fluid couplings were delivered; however,
numerous couplings were rejected at Michoud for
cleaning reasons and returned to the supplier. All
returned hardware will be returned to Michoud by
August, 1965. Qualification testing was complete on
all couplings.

Modification 124/224

The LOX and fuel tank protective devices for R-TEST
were delivered complete to MSFC in late March, 1965.
Shipment of the fuel segments to MILA 18 contimiing

at a rate that will suppart the required deltvery sched-
ule. The LOX segments were cancelled pending re-
ceipt of design changes which are scheduled for re-
lease in .July, 1965.

Modification 227

All components to be delivered from BATC arrived
on-dock Michoud July 1, 1965. The first unit was
aseembled on schedule. However, a new delfvery
schedule has been committed to allow the madtfica-
tion of 50 control valves with LOX compatible seals.
No further delivery problems are anticipated.

Modification 233

Coatract Modification 233, offective Fcbruary 186,
1965, authorized the design; fabrication or prooure-
ment, and test of equipment which will be used to
receive, transport, buildup, test and install the

F-1 engines. Test and handling equipment authorized
by the above modification was being procured or fab-
ricated and is scheduled for completion in August,
1965. This will suppprt the present engine tegt
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schedule. Of 40 categories of equipment required,
21 are on-dock.

GSE/MSE MANUFACTURING SUPPORT ACTIVITIES

During thg past year the subsystems lest arex em-
phasized testing of GSE/MSE components. Testing
is approximately 80 percent complete. Approxi-
mately 3250 instruments, 836 drawers and 180 end
items were tested.

In the pneumatic-cryogenic area, an ultraclean test
area was activated in the second fiscal quartev for
running high pressure tests up to 6000 psi and low
temperature tests as low as -320°F,

Telemetry test stations were activated to test the
S-IC-T telemetry systems. They are being modi-
fied to the S-IC-1 telemetry configuration. Modifi-
cation is 90 percent complete and some S-IC-1 parts
were tested. Approxdmately 700 items were tested
utilizing these test stations. A semiautomatic evalu-
ation bench that will save some 460 manhours per
stage is cxpected late in the first quirter of FY 1966.

Level 5 and G test stations were conmplete with the
exception of six minor test fixtures added because of
new ftest requirements. Modifications are belng
made to improve the pressure transducer test station,
the calorimeter test station, and the signal condi-
tioner test station.

The antenna test bench was available for interim use.
The RF test bench was complete less CAM 312, The
electronic and instrumentation test benches are still
in work, but are expected to be nvailable during
July, 1965.

Mockup and fabrication of GSE tubing started in
January, 1965. Approximately 2400 tubes were
mocked up and 5800 production tubes were fabricated
and hydrostatic tested in the first six months of
operation. Initial certification for the manufacture
of stage tubing to NASA/MSFC Specification 146 was
completed.

The implementation of assembly line production
methods in the cable f[ahrication and mold areas
allowed high-rate cable production to exceed 600 per
week during the last half of FY 1965.

Improved wiring assembly methods implemented in
the electrical/electronic assembly area resulted in
production rates exceeding 50 console drawers per
week during the third and fourth fiscal quarters.
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GSE/MSE INSTALLATION AND CHECKOUT

Fiscal year end status of GSE/MSE delivery, installa-
tion and checkout at MSFC R-QUAL, Michoud MSE [
and Michoud MSE U stage test and checkout complexes
is indicuted graphically in Figures OI-16 through ITI-26.

MSFC R-TEST

Boeing Systems Test personnel are responsible [or
receiving GSF at R-TEST bhut Installation, calfbration
and checkout is a joint activity with NASA/MSFC. For
this reason R-TEST installation and checkout is not
included in the graphical status presentation.

In December, 1964, Boeing Systems Test established a
staging arca at Building 4481 at MSFC Huntsville to re-
ceive GSE tor R-TEST,

Preparatory work on telemetry room (GSE installation,
calibration and checkout started January 4, 1965.
Mounting bases and cable trays were positioned so
that equipment could be installed as it arrived. Tele-
metry room equipment started arriving in February
and the majority of the reguired GSE was installed.
Level III checkout was stacted on March 1, 1965, and
1s 60 percent complete. Most of the remaining check-
out Is on the integrated telemetry ground equipment.

The air conditioning system and the false floor were
installed in the computetr room by facility contractors.
Equipment was received, ingpected, and stored in the
room. Installation will start when scheduled by NASA/
MSI'C., Boeing Svslems Test personnel began writing
checkout procedures for the computer room equipment.
The RCA 110A Computer was installed and is under-
going checkout by RCA personnel,

Control room equipment received during FY 1965 was
installed on mounting bases awaiting interconnection
and checkout.

Some test stand GSE was received, but installation
has not started.

MSFC R-QUAL

The GSE installation, calibration and checkout eftort
at R-QUAIL was completed. The R-QUAL S-IC test
and checkout complex successfully underwent its ac-
ceplince demonstration on June 21, 1965, as sche-
duled, with the exceptions discussed later in this
section.
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R-QUAL facilities were made available to Boeing in
September, 1964. Work on GSE lnstallation, calibra-
tion and checkuut started immediately, but was hamper-
ed by late delivery of equipment,

In October, 1964, an fnstallation, calibration and
checkout command center was estlibiished to resolve
problems with manufacturing, delivery, installation
and checkout of GSF.. Other committee ohjectlves
weve W shorten lines of communications, shorten
dccision time, use Design Supportengineering expedit-
ing services, and share technical problem resolution.

Considerable schedule recovery during the fourth
fiscal quarter enabled the completion of R-QUAL
GSE installation, calibration and checkout except for
some shortages and the use of some workarounds and
prototype equipment for the acceptance demonstration.

The tollowing GSE shortages, rework items, and
installation and checkout effort, none of which affect
the operational capability of the test and checkout
station, are tobe provided by Boeing by ,July 30, 1965.

Shortages:

4d) FElectrical Checkout Unit;

b)y 52W7 Cabhle;

¢) \Vent Duct Extension Equipment (1.0X):

d) LOX Vent Duct Fixture:

¢)  GOX Duct Assembly Fixture;

)  Fuel Tank Supplemental No Duct;

g) Fixture Assembly:

hy Manual Engine Actuator Support Assembly:
1) Tie Rod End;

j)  Load Valve Assembly.

Rework:

a) FElevator Assembly:
by Ground Cooling Equipment.

Installition and Checkout:

a) Power Supply, 60 CPS Ground;
b) TV Closed Circuit Equipment.

All R-QUAL calibration and acceptance test proce-
dures were written and distributed for review. The
majority of Systems Test effort was completed ex-

cept for revisions after the reviews were complete.

Twenty-two CAM's were incorporated at R-QUAL.
Seven CAM's that were partially incorporated prior

D5-1260% -2

to June 21, 1965, will be completed on a noninterfer-
ence basis. Forty-six CAM's have been scheduled for
Incorporatlon in the future.

Two shutdown periods were scheduled at R-QUAL for
CAM incorporation. The first period (window one)
was from July 1 to July 7, 1965 i{nclusive; the second
window is from August 7 to August 13, 1965. Seven
CAM's were scheduled for incorporation during win-
dow one and eighteen during window two. Eight CAM's
will be incorporated prior to the arrival of S-IC-1
stage at R-QUAL, and are scheduled for September
27, 1965, Nine CAM's are scheduled for incorpora-
tion after the arrival of S-IC-1 stage and four are
pending.

MICHOUD MSE I AND II

The Michoud Stage Test Building was occupied by
Boueing Systeims Test personpel during the third
fiscal quarter. Office areas werec established for
Test Engincering, and Test Operations. Blueprint
files in the Stage Test Building contain a complete
set of MSE and stage prints, A material staging
area was activated to provide storage space for small
hand tools and second order test equipment.,

Installation and checkout of equipment of MSE I and

1T is progressing satisfactorily to meet the first need
dates. Deilivery of the equipment started during the
third fiscal quarter, Ninety racks of equipment, in-
c¢luding the RCA 110A computer consisting of 18 racks,
have been installed in MSE I and II.

Major emphasis is being pluced on MSE II in support
ol the lirst major stage checkoutoperation, the S-IC-F
stage checkout starting in October, 1965. The first
stage tests will be conducted on the minimum config-
uration S-{C-1) stage in MSE I in August, 1965.

Approximately 74 percent of the interconnecting
cables was installed. Pneumatic tubing from the
tourth floor supply equipment to the extremities of
the catwalks in Test Cells 1 and 2 was installed and
will be pressure-tested and LOX-cleaned in place.
All stage work platforms were assembled in the
test cells.

POST MANUFACTURING STAGE CHECKOUT

The S-IC stage checkout and acceptance test proced-
ures and calibration procedures for the Michoud test

Hi-ts



complex are being redrafted from those previously
~ritten for R-QUAL. The stage checkout procedures
for the S-IC-D are 90 percent complete and for the
S-IC-F are 25 percent complete. Manual acceptance
test procedures and all calibration procedures for
MSE I are approximately 50 percent complete and
will be finished on schedule.

The computer programs developed for automatic test-
ing at R-QUAL will be modified for use at Michoud.

Hi-16

Initial draft of the procedures for those operations

that must be performed manually when testing in

either the automatic or manual mode will be finished
ahead of schedule. Drafts of the manual mode stage
test procedures (to be used if the computer or computer
programs are not availahle) will be finished on schedule.

The procedures (Equipment Activation Guides) re-

quired to manually check out the test equipmentwere
completed during the fourth fiscal quarter.

05-12601-2



CONTROL ROOM GSE-MSFC R-QUAL

MECHANIC AL TESY

GHAL MONITORING EQUIP
CONTROL QP
C ENGINE GIMBALING EQUP
J —— ELECTRICAL METWORKS RACK ASSY
g I — RANGE 37 ETY & ORD TEST RaCK
\ /
N

4 ELECY FWR CONTROL EQUIP

/— SIGRAL HONITORING BQUIP

CLOYED Ci1fCUIT Yv EQUIP

DICITAL EVENTS EVALUATOR
# FUSE RACK A3SY

TERUINAL CD & Ion $EQ

&

CONTROL ROOM DI3TR

\\, UMBILICAL PATCH DISTH
" 3
‘l b \ CSE PR DISTR RACK
PHEUMATIC WUPPLY UMIT ‘l 0
CONTROL & MONITOR CONSOLE \ b

VISUAL IHITRUMENTATION C 0 EQUIP \\ ’

‘
AUDIG TV RACK ASST

CRTMTERPFACE b CONTROL LOGIC EQUIP

GDOF TEST 4E7

EMERCENCY DC.PWR SUPPLY

NOT SHIPPED
COMPUTER PR SURBLY

LEVEL 1Y OHCRETE INFUT BUTPUT RACK A13Y
ACCEPTANCE TESTED

FIGURE 111-16

05~12601-2

=17



COMPUTER ROOM GSE-MSFC R-QUAL

COUMT CLOCK SYSTEM

GROUND COMPUTER SYSTER

.
£ MmO chmmUTse SYSTEM

- LEVEL 1

ACCEPTANCE TESTED

FIGURE N1-1?

=18 05-12601-2



TELEMETRY ROOM & SPECIAL POWER ROOM GSE-MSFC R-QUAL

21 /\\\ﬂ e

l

DOAS CROUND EOUIF

/

REMOTE AUTO CALIS ST CROUMOD EQUIP

INITRUMENTATION CALID EQUIP

COMPUTER POVER &0 CP3
THEW MOTOR-CEMERATOR SET

S
AF TERMINAL ™
ouPnenT

IMTEGHATED TELEMETAY
GROUMD EQUIPRENT

TELEMETRY DiCATIZ iU EQUIFREN T
TELEMETRY ROOM DISTRIBUTOR.

DOAS TAPE AECOROER AACK ASSY

by p
fecien ' NOT SHIPPED 0 VOC ADMATABLE
[ imstatreo 0O APS Ve P PLY

m LEVEL I t-u.cn«:v I COMPUTER STANDRY
Y

MWPPLY MACK ASS NUPUYES JTAND Y.

ACCEPTANCE TESTED

FIGURE Itt-18

TEST CELL GSE-MSFC R-QUAL

1. nor smepeD OVERALL YRS BATTENY. L APT ACCHLS PLATPORM
D CENERCENCY OC PER SUPPLY,

INSTALLED 0 CPL MI-YOLTAGE Pull SUPPLY
- LEVEL 1 STAGE DC CAD PWE JUPPLT

ACCEP TANCE TESTED GIE STAGE FWR DI
LOVER TRRMIMAL DISTR
GAOUMD EQUIF TEST SET
ruse

J-A0X ASEY LOWER NOWPLIGNT INSTR

N

=801 ASSY LERLI.AC

& DISTA RACK -
,_/
//

|

e / . | |
; . . _ |

v
XA

\

\

L ')

TIC PRESS TEST RaCKS
w0, 1.4

IMTERTARE UMBILICAL PLATFORN

R TERMINAL DUTR
WEURATIC FRESS TEST RACE MO, |
BA CONTAM DETECT SVSTEN

PO USBILICAL PLATFORN

LAROUND COOLING ROUIP.

FIGURE 119

D5-12601-2 Hi-1®



CONTROL ROOM MSE-MICHOUD COMPLEX |

CLOVED CIRCUNT TV FQUIF

AUDIO COMMUMICATIONS EQUIFMENT AUDIO COMMUNICATIONS EQUIPMENT

MECHAMICAL TEST

4 EQUIFEEN
ey y COMTROL ROOM DISTRIBUTOR RACK)

MGHAL MOMITORMC IQUIrENT

UNBILICAL DISTRISJTOR RACK)Y
HCHAL #OMITORIMG EQUIPMENT

CTIRCUAT BREAKER

\.' GIE POWER DIS TRIBUTOR

Y

(f
PNCIN

/L
A

'/
‘T?\f"..,..-.._._,'

CONTEOL 4 MONITOR CONSOLE

15 sUSE macH
EMGINE GIMBALING EQUIPMENT N

' T
ELECTRICAL WETWORKS CD 810w 52O

RAMGE SAFETY A ORDINANCE CRY INTERPACE BQUIPNENT
coceesy

teeeaed MOT SHIPPED BLECTRICAL POWER DIGITAL EVEMTE EVALUATOR

:] INSTALLED COWENOL RACKS VISUAL TR CHECKDUT EQUIPMENT

PIGURE 11120

11-20 D5-12601-2



TELEMETRY ROOM MSE-MICHOUD COMPLEX |

INTECRATED YELEMETRY
GROUND EQUIPMENT

AR . -
il Sy

7

e —————

-
w
-
-
w
-
-
g
C
=
-
a
3
o
- w
3 z =
= -
2 -
» - a " o
i g 2 o
m 2 - “ Pm
) s - / o =] a
35 = J - o ml_
§ S 5 52
£ 5 1 H M
» 2 32,92 \/ = o v
[ -~ O Sw Jx NN
S LAV &+ . =
- Y 3% MC! "
5 5 §ata gt i
= o wﬂﬂw LU
] %
= mmunmmz i
Tees

=21

FIGURE 111-21
D5-12601-2



CONTROL ROOM MSE-MICHOUD COMPLEX Ii

AUDID COMMUNICATION EQUIFRENT

LOYED CINCUNT TV EQuip

MECHAWICAL TEST CONTROL FQUIPMENT

COMTROL ROOW DISTRIBUTOA BACKS

MOHAL MO TORIME EQUIPMEST
— Sl B LICAL oufmwpo RACK)Y
INCMAL uOEITORING RQUIPUENT

QRCUIT BRLAX LR

GSE FOVES DISTRIBUTOR

CONTROL & wOMITON CONSOLE

FULE RACK
ENGINE CIMBAL NG EQUIPMENT

TCO & Ion
NOT SHIPPED ELECTRICAL WE TwORKY s

CRY INTERFACE EQUIPRENT

SHIPPED RAMGE SAFETY & ONDINANCE

D INSTALLED ELECTRICAL POWER DUCITAL EVEMTS EVALIIATOR

COMTROL RACKS
LEVEL M VISUAL IMLTH CHECKOUT EQUAPSENT

ACCEPTANCE TESTED

FIGURE 11122

.22 . 05-12601-2



TELEMETRY ROOM MSE-MICHOUD COMPLEX Il

T/w DiCimiImG

TULEMET &7 RO0M DT RIBUTOR

EQUIPKENT
PCI./DCAS
Gnouno INTEGRATED TRLENETRY
EQUIFMENT GROUND ZQUIPMENTY
80 7e AUTO

CALIB RACKS

IM3TA CALIB
SQUIPUENT

FIGURE 11123

DS-12601-2 11123



COMPUTER ROOM MSE-MICHOUD COMPLEX 11

INPUT/OUTPUT DSTRISUTOR

COUNT CLOCK SYSTEM '

COMPUTER
MAIN FRAME

e
[} |
B
il R
i
ol 3
|
1
(emmeen MAGHETIC TAPE UNIT LINE PRINTER
Leeeees NOT SHIPPED
(o =g CARD PUNMCH
L—.—a SHIPPED
o CARD READER

LEVEL I
ACCEPTANCE TESTED

FIGURE 1l1~24&

~24 D5-12601-2



TEST CELL MSE-MICHOUD COMPLEX II

;?s"l'll.llvl't%:.'“ STAGE POVER DISTRISUTOR

AFT ELEVATOR
PLATFORM

FUSE RACK

INTERTANK ACCESS

OC POVER SUPPLY PLATFORM

AFT STAIRS

PLATPONM ROUND EQUIPMENT 1500 COnPLETD
3 E5T SET
[
P S CABLE & PNEUMATIC
LLbnad G TUBmG TRATS
st N (TRAYS & TUBING COMPLETE
=5 TN CABLING 40% COMPLETE)
:

UPPFER TERMMAL
OISTRIBUTOR

APT ACCESS e \

PLATFORN P

(FAB & TUBING MOCRUP COXPLETE, 7/ <

CABLES ?5% IMSTALLED. LIGHTING i

1 CONDUIT 60% (NS TALLED F¥D UNBILICAL

ACCESS PLATFORM
e (50% COMPLETE
{ieeeos NOT SHIPPED )
=
Lot SHIPPED
FWO ACCESS

s e e

(TO% COMPLETES
LEVEL 1l
ACCEPTANCE TESTEO

FIGURE 111225

HYDRAULIC PUMP HOUSE MSE-MICHOUD (GENERAL)

HYDRAULIC SUPPLY UNITS

(\ | N
=
‘\‘
N

_____ HYORAULIC MANIFOLD & VAL VE ASSY
7771 NOT SHIPPED (PABRICATION COMPLETED,

""" MOCKUP COMPLETED,
[ instaLceo DISASSEMBLED FOR CLEANING)

FIGURE 11l - 26

D5-12601-2 mn-25



QUALITY ASSURANCE MILESTONES

(PLAN VHI)

1
BROADER SCOPE OF SPECIAL ——= ! .

INSPECTION PROCEDURES
D5~11982

COMPLETION OF RELIABILITY
ASSURANCE DATA CODES

ALL SYSTEMS COMPLETE FOR/-—— ——
RADIOGRAPHIC TECHNIQUES * = ' & | A

THE QUALITY PROGRAM PLAN
DS~11005 REVISED

IMPLEMENTATION OF - —
PRELIMINARY BULKHEAD LR
INSPECTION PROCEDURE i

ACTIVATION OF CONTAMINA oy
TION CONTROL LABORATORY !

't

ACTIVATION OF ROTARY TOOL ===y .
FOR DIMENSIONAL ANALYSIS b N =y

COMPLETE CERTIFICATION
AND DOCUMENTATION FOR
RADIOGRAPHIC TECHNIQUES

INITIATION OF HAND SCANNER == °
PROTOTYPE DEVELOPMENT —~ " g
ULTRASONIC INSPECTION P 5

QUALITY S SN U S

ASSURANCE




QUALITY

wJ
O
Z
q
4
D
()]
7))
q



INTRODUCTION

Significant progress was made during the last half
of FY 1964 in all basic functions of Quality and Relia-
bility Assurance. Permanent laboratory facilities
were activated; refinements were made to systecms,
procedures, and techniques as initi.:l deliveries
were made on S-IC-T vehicle components. FY 1965
was characterized by further refinement and in-
creased application of systems, procedures, and
techniques during fabrication and assembly of the
S-IC-D stage. Capabilities were increased by the
development and application of new techniques and
the acquisition of idditional equipment. An impor-
tunt milestone was the hydrostatic testing of the
S-IC-D [uel tank during the last tfiscal quarter. The
contamination control laboratory, located in the
subsystems test area, was completely activated
during the year,

During the last quarter of FY 1965, milestones in-
cluded the Revision ol Document D3-11005, "The
Quality Program Plan,'" April 19, 1965; and the
implementation of the bulkhead inspection technigue.

Milestones which are to be achieved during the first
quarter of FY 1966 are the completion of reliability
agsurance data codes, scheduled for August 15, 1965;
and the release ol the revised speciul inspection pro-

cedures, D3-11982, scheduled for December 31, 1965.

PROGRAM DEVELOPMENT
SYSTEMS

A new system of reviewing purchasc orders to de-
termine receiving inspection requirements before
release to the supplier wias implemented during
the year. A new system of routing and process-
ing documentation in the receiving inspection area
was also implemented. These systems huave sub-
stantially reduced redundant paper work and im- °
proved the material flow time.

Emphasis was placed on development of the weld
certification and eyaluation program during FY 1965.
The purpose of this program is to control welding
operations by establishing the quality performance
of both welding machines and welding operators
through actual performance certification. This
certification then serves as a baseline for machines
and operators. Future quality performince will be
built up trom this baseline. Continuing measure-
ments aré made of the operators' periormance and
their standing relative to their certified level of
performance.
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This is accomplished by using the radiographic in-
spection data generated by equipment and weldor,
evaluating the data against process standards, and
assigning a quality performance level to each fac-
tor. Corrective action is taken when this level in-
dicates degradation of quality performances as
measured against process sumdardis, base-line
certification, and cumulative part performance.
This action may require a mandatory recertification
of a machine or operator.

Implementation of the weld certification and evalu-
ation program required the assignment of compe-
tent personnel not only to handle the basic task but
also to develop good working procedures and moti-
vational display media.

PROCEDURES

Two new standard operating instructions covering
destructive testing of small lot-size receipts were
implemented during the year. These procedures
have combined virtually all of the destructive samp-
ling tables which were conducted on individual pro-
curement specifications into two tahles, thus re-
ducing the time inspection planners need to deter-
mine sample size and acceptance criteria.

A new procedure for reviewing engineering draw-
ings was implemented. The drawings are now re-
viewed as check prints and comments are resolved
before release. The new procedure resulted in
considerable cost savings by eifminating the need to
revise released drawings to incorporate Q&RA
comments.

During the year, the basic inspection document,
D5-11982, "Special Inspection Procedures, " was
expanded and updated consistent with program pro-
gress. This document identifies 30 stage oriented
systems emcompassing 100 different inspection
procedures, and provides workable inspection pro-
cedures for use during all first article inspection
activities. FExamples of such procedures made
available during the year were the hydrostatic tape
leak detection, rotary table dimensional analysis,
and stage alignment procedures. When completed,
this document will contain all inspection techniques
used on the S-IC program.

By mid-FY 1966 this revised document D5-11982 will
be released. Document D5-11982 incorporates the
major portions of D5-11962 ""Non Destructive Test
Development Plan,* and D5-11961 "Functional Test
Inspection Development Plan.'' Therefore by July,
1965, these documents will be retired.



TECHNIQUES

A technique that simultaneously meagures the dew
point and percent of argon and helium in weld gas

was implemented during the year. The gas density
balance and the dew point apparatus have been coupled
to permit determination of both characteristice at the
same time. Seven gas bottles now can be analyzed

in the same amount of time formerly required to ana-
lyze five bottles.

A study was conducted on Y-ring cracking by metal-
lurgists in the quality evaluation laboratories. The
most impressive obgervation made during this study
was the eage of detecting defects in a sample by us-
ing fluorescent penstrant inspection and black light
compared to detecting defects visually. This method
permits detection of cracks as amall as .0008
inchee, and now is being used by Factory Inspection
on Y-ring components,

FACILITIES

The contamination control laboratory, located in the
subsystems test area, was completely activated
January 15, 1985. This laboratory provides the
capability for performing analyses of enviroamental
control testing media, cleaning solutions, and
contam{nation-sensgitive partas.

PRODUCTION INSPECTION - TOOLS AND
EQUIPMENT

Development of special inapection equipment dur-
ing FY 1965 contlnued to meet additional require-
ments imposéd by increasing production activity.
Significant developments are described below.

The topographical recorder shown in Pigure V-1

is basically a mismatch gauge designed for use in
measuring relative mismatch between parts of the
$-IC contatner agsemblies that have been welded
togetber. Measurement is made at numeroue points
along a weld seam. The instrument produces a
direct ratio tracing an pressure sensitive paper

that is in integral centact with a surface traverse
stylua. By poaitioning the recorder (which {8 com-
pact enough to be hand held) over a welded joint and
moving the stylus across this welded interface sur-
face, a tracing {8 produced on pressure sensitive
paper., A measurement of the mismatch, if present,
ia made from the tracing and the actual mating char-
acteristice are establighed,

Procurement of a prototype hand scanner was ap-
proved during the year and is being fabricated by

Iv=2

FIGURE V=1 A TOPOGRAPHICAL RECORDER
SMALL ENOUGH TO BE HAND HELD

the vendor. This equipment will be uged in con-
junction with X-ray and penetrant inspection for
identifying and pinpointing surface cracks in welds.
It also will confirm the existence of ether noncon-
formances previously identified by other nonde-
structive test methods,

FIGURE IV-2 A CtRCUIT MONITORING PANEI.
FOR THE ELECTROLYTIC TAPE LEAK DETECTOR
DEVELOPED BY QUALITY ASSURANCE PERSONNEL

D5-12601-2



Quality Assurance personnel developed an ''Electro~
lytic Tape Leak Detector" for detecting leakage dur-
ing hydrostatic testing. This methoed utillzes an
electric current that i{s applied to a narrow strip of
aluraimum foil to set up an electrie circuit. The
foll, In turn, is laminated to a special water sol-
uble paper and to a weld seam. The electric cur-
rent {8 not disturbed ualess a short circutt is
developed. This can happen when 3 water droplet,
pcnetrales the soluble papoyr, ¢reating a short
circuit hetween the tape and the weld. Occurren-
ces are indicuted at a contro! cansoie illustrated
in Figuro IV-2. Figure [V-3 illustrates the system
fn use vn the S5-1C-F fuel tank, upper fuel bulkhead,
and lower fuel bulkhead.

This technigue offers several advantages over other
loak detection systems because there is no need to
add a dye to the water. Consequently, the expen-
sive cleaning cycle for the Saturn application is
eliminated. In addition, it allows the detection of
minute leaks which would not be detoctable by any
of the visual syetems. The satety factor is algo
fmportant since the technique does not require an
inspector to eater the test cell during the hydro-
static loading.

LABURATORY - TOOLS AND EQUIPMENT

Capabllitics of the quality evaluation laboratorios
and the measurement control luboritory were ex-

FIGURE 1V-3 ELECTROLYTIC TAPE IN PLACE ON THE MERIDIAN WELD OF THE UPPER FUEL TANK BULKMEAD
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panded during FY 1965 by the receipt of additional
tools and equipment. The following paragraphs
list some of the more significant items received.

The Mansfield-Green distilled water deadweight
tester was received in the measurement control
laboratory. It was used to calibrate pressure
gauges in the subsystems area clean room.

A high vacuum system shown in Figure IV~-4 was
received in the measurement control Iaboratory.
This system provides a source for absolute pres-
sure and is used primarily for the calibration of
vacuum gauges or fransducers.

A Seederer-Kohlbusch specific gravity balance was
received in the quality evaluation laboratory and is
used to determine the specific gravity of liquids.

The quality evaluation laboratory received an Auto-
met polisher which produces superior metallurgical
specimens at reduced cost.

The Leco vacuum fusion analyzer shown in Figure
IV=-5 was received in the quality evaluation labora-
tory. This instrument makes quantitative meas-
urements of the amounts of hydrogen, oxygen, and
nitrogen dissolved in metals. It is used primarily
in gas determinations in titanjum alloy, sheet metal,
and standard parts. Approximately 13 minutes are

PIGURE IV~4 THE HIGH VACUUM SYSTEM

IVe—d

FIGURE 1V_-S LECO YACUUM FUSION ANALYZER

required per sample for analysis of these three
gases.

PROGRAM IMPLEMENTATION
QUALITY ENGINEERING REVIEW

A toial of 8000 stage und GSE drawings were re-
viewed during the year to assure compliince with
the quality requirements of NPC 200~2. The Boe-
ing Quality :aind Reliability Assurance organization
also participated in 23 critical design reviews. The
overall quality of engineering documentation showed
steady improvement during the year.

The Boeing Quality Engineering organization was
assigned responsibility during the year for main-
taining surveillance over new developments in
quality assurance concepts and techniques. Partic -
ular attention will be given to assessing refine-
ments in nondestructive testing,

QUALITY AUDITS

During the last half of IFY 1964, 31 quality program
audits were conducted resulting in a total of 10l in-

D5-12601-2



stances of non-compliance with quality program re-
quirements. Appropriate action was taken to re-
solve each item.

The audit summary chart contgined in Figure IV-6
shows that quality audits accomplished 24 inplant
audits, 9 outplant audits, 43 supplier audits, and 9
special audits during FY 1965. The total of 84
audits reported 51 discrepancies. This represents
a significant improvement over the previous re-
porting period. A total of 36 nudits are planned
during the first half of FY 1966.

Greater emphasis was placed un audits at supplier
facilities during FY 1965, resulting in the decision
to place greater management emphasis in our
source control offices. Greater effort was also
expended on system and special audits, and this
emphasis will continue in FY 1966. These audits
have proven to be very effective because they are
directed towards a known or suspected problem
area.

SOURCE EVALUATION AND SURVEILLANCE

Surveillance of processing facilities in 18 states
continued during FY 1965. Supplier performance
surveys increased over FY 1964, and a similar
increase is anticipated in FY 1966, Thls 18 being
accomplished by an arrangement with Aero-Space
Division superintendents in the midwestern and
eastern sections of the United States to give a
portion of their time to source control on the
Saturn program.

At year's end, Source Control had e¢leven supplier
problem areas. These problems encompassed such
items as fuel filter discrepancies and inoperative
pressure switches. One major task is assuring that
a supplier's cleaning procedure is revised according
to recommendations resulting from I.OX cleaning
surveys. Another current notable problem is
concerned with the 601349013-1 valve.

It has been difficult to get this valve Lo pass
qualification and acceptunce tests. Tests are
scheduled for completion by August 1, 1965. All
problem areas are monftored constantly, and all
items will be required to mect prescribed stan-
dards before final acceptance by Source Control
representatives,

RECEIVING INSPECTION

Hardware receipts continued to accelerate during
FY 1965. Approximately 73, 100 receipts were pro-
cessed compared to 41,460 during FY 1964.

D5-~12601-2

QUALITY EVALUATION LABORATORIES

The increase in capabilities of the quality evalua-
tion laboratories as a result of the acquisition of
additional equipment was paralleled by a reduction
of flow time. A specific example was the activation
of the automatic penetrant inspection spray system
and technique developments, which have decreased
penetrant inspection time of tank skins, gore apex-
es, and gore hases by as much as 50 percent.

Approximately 18,000 tests were performed in the
quality evaluation laboratories compared with
12,635 during FY 1964.

MEASUREMENT CONTROL L.ABORATORY

Approximately 30,280 items of equipment were
processed and released during the year by the
measurement control laboratory compared to
21,380 items during FY 1964.

PRODUCTION INSPECTION

Tooling inspection during FY 1965 changed from
tool erection inspection to an effort more concern-
ed with tool sustaining inspection. By year's end
all Michoud assembly tooling was installed und
activated, including vertical assembly tooling in
the VAR.

Significant progress was made during FY 1965 in
the welding of container assemblies. The S-1C-S
upper LOX bulkhead was the first welded sub-
agsembly at Mlchoud, and difficulties were en-
countered in establishing proper machine settings
and techniques. Boving Quality Assurance per-
sonnel assisted in defining the weld discrepancies
through nondestructive testing methods, and also
assisted Manufacturing in determining causes for
discrepancies. Although this bulkhead was found
unacceptable and eventually scrapped, the effort
expended by Quality Assurance resulted in the
development of new techniques and procedures
that have been used on subsequent bulkhead as-
semblies.

The highlight of Quality Assurance activities in non-
welded structural assembly areas during the year
was the activation of the 34-foot rotary tool in
October, 1964. This tool, illustrated in Figure
IV-7 accomplishes dimensional analysis of major
stage components with greater speed and accuracy
than was ever experienced on airframes of this
size. The rotary tool and the associated optical
tooling system are directly responsible for this

v-$
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FIGURE V-6 QUALITY AUDIT SUMMARY CHART
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FIGURE IV=7-DIMENSIONAL ANALYSIS QN THE ROTARY TABLE

major breakthrough in precision dimensional in-
spection of large components,

Linear dimengions, ranging from zero to 540. 000
inches in the horizontal, and zero to 360.000 inches
in the vertical can be measured to an accuracy of

2 .010 laches. Angular dimensions, ranging from
zero to 360 degrees can be measured to ao accuracy
of 2 seconds of arc. These precise diinensions

can be made at elevations ranging from 3 feet to 38
feet without sacrificing accuracy or speed.

The linear readout (vernac) is a direct readout
system as is the angular (inductosyn) readout

system. This virtually eliminates the possibility
of error.

TEST INSPECTION

Extensive functional testing of components was
accomplished during I'Y 1965, and included such
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iterns as ground support equipment, manufacturing
support equipment, and several stage functional
ftems. The hydrostatic testing of both the S-IC-D
LOX and fucl tanks was also completed. The tape
leak detection system was used on both tanks. Both
tests were successfully completed.

CONFIGURATION ACCOUNTABILITY AND
PRODUCT DELIVERY

Configuration Accountability

Configuration accountability functions continued

to expand during FY 1965 to meet increasing pro-
gram demands. Principal activities included
analyzing all released planning to assure that items
were bullt to engineering and contractual specifica-
tions and that adequate inspections were conducted.
This also included reviewing all changes to released
planning that affected components. During FY 1965,
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approximately 81, 000 initial released planned event
packets and 900, 000 liaison changes were reviewed.

Product Delivery
Delivery data packages were prepared for 7000 end-
items that wer® delivered to the customer.

These packages define the as-bullt and as-de-
signed configuration of end-items and assure that
engineering or contractual authority exists for all

Iv-8

exceptions. On completion of the data packages,
the Boeing Quality and Reliability Assurance
organization has the responsibility of obtaining
customer acceptance of end items.

This function also includes maintaining completed
records that provide proof of The Boeing Company's
compliance with contractural and engineering re-
quirements. Approximately 150,000 completed
records are now on file.
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SYSTEMS AND SUBSYSTEMS TEST MILESTONES
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DEVELOPMENT TESTING

Development test progress during the year was satis-
factory, generally providing needed design data or
confirmation of design assumptions. Where difficul-
tics were encountered, necessary design changes

were made. Significant development testing activity

is discussed in context with design activity in Scction 1,

S-IC QUALIFICATION PROGRAM

The qualification test program progrussed substan-
tially during the past year. Approxtmately 60 per-
cent of the parts requiring qualification were suicess-
fully tested. Complction of all physical testing for
S8-1C-1 Is presently targeted for mid-FY 1966, and
progress toward that target is presently satisfactory.
Status of testing against target dates is shown in Fig-

ure V-1. Approximately 80 percent of the test work
is being performed at vendor plants and the remainder
at Boelng factlities,

Qualification test program completion is, by contract,
keyed to the S-IC-1 flight; however, a number of fac-
tors dictated that a large part of the test program
should be planned for completion much earlier. These
factors are; (1) the need to have cridcal S-IC-T and
S~I1C-1 hardware qualified before its use during static
firing, (2) the need to qualify inaccessible flight hard-
ware before its production installation in S-IC-1, (3)
the need 10 consider production installation schedules
Lo minimize removals necessitated by qualification
test failures, and (4) the necessity to atlow for modi-
fication and re-test flow time after qualilication test
failures,

Thesc considerations resulled in & prionty categor:-
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S-IC STAGE QUALIFICATION TEST
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zation of cualification tests based upon the program
phasing relationships shown in Figure V-2, Category
I includes those hardware items necessary to support
the S-1C-T manual static firlngs; Category II includes
those necessary to support S-IC-T and S-1C-1 auto-
matic static firings; and Category Il includes S-1C-1
non-critical tests.

The initial list of S-IC-T mandatory (Category I)
items was established in November, 1964, by joint
agreement between NASA/MSFC and Boeing. All
Category I items were not completed by the March 31,
1965, target date necessary to support the acceler-
ated 5-1C-'1 static firing date; however, workaround
measures were provided so that static firing could be
started. The current status of qualification testing
of Category I parts is shown in Figure V-3,

V-2

Subsequent to establishment of the Category 1 list,
remaining qualification parts were grouped into
Categories 1l and [11. Detailed test completion tar-
get dates that considered S-1C-1 part installation
sequence and post-installation accessibility were
agreed to by NASA/MSFC and Boeing in April, 1965.
The status of qualification testing of Category @I and
1l parts is shown in Figures V-4 and V-5§. The var-
ious status charts include parts that will be qualified
by similarity to other parts actually tested. The high
qualification rate at the end of FY 1965 in the Cate-
gory I target schedule reflects a large number of
such similarities,

To emphasize the qualification program, a manage-~
ment task force was established during the third fis-
cal quarter. This task force, headed by a qualifica-
tion project manager reporting to the director of

D5-12601--2
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Engineering, is composed of senior management
representatives from the various functional orguni-
zations involved in the testing program. It has

the responsibility of planning, scheduling, and ensur-
ing timely execution of the test program, together
with sufficient authority to remove bottlenecks and
restraints impeding the progiram. To expedite the
flow of decisions and information hetween Boeing and
NASA/MSFC, a NASA/MSFC counterpart to the Boeing
project manager was appointed early in the fourth
fiscal quarter.

A large part of the task force effert, after categori-
zation and detail scheduling of the program, was de-
voted to surveillance and management of the vendor
test programs. A field office staffed with a complete
complement of Engineering, Materiel, and Quality
Control representatives was estahlished in L.os Angel-

es to provide on-site support to supplier activity in
the California area. Boeing senior supervisors, sup-
ported by additional technical personnel when needed,
were assigned as resident managers at the facilities
of suppliers who had experienced difficulty in their
qualification test program or subsequent hardware
deliveries. Personnel from the management task
force made systematic and repeated visits to plants
of all suppliers involved in the qualification program.

As a result of this intensive effort, most of the prob-
lems delaying the supplier program were eliminated,
and the delivery of qualified hardware, both for pro-
duction and for the subsystem qualification tests being
performed at Boeing facilities, was substantially
expedited.

Formal documentation of the S-IC qualification pro-

D5-12601-2
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gram i8 provided by Document D5-12741, "S~-IC Qual-
ification Status List," which is formally submitted to
NASA/MSFC on a quarterly basis and informally as’
a working document on a biweekly basis,

RELIABILITY TEST PROGRAM

The reliability test program {8 covered by Contract
Modification 92, which was received late in FY 1964
and is presently in negotiation. Under Modification
92, completion of reliability testing was keyed to pro-
gram Plan VI delivery of S-IC-7 to MILA in late 1967.
However, recent NASA/MSFC correspondence indi-
cates that test program completion should be based
upon the S-IC-3, rather than S-IC-7, schedule. This
will require substantial compression of test program
schedules. Therefore, the entire program is pre-
sently being re-examined to determine what steps
should be taken to match the 3-IC-3 schedule. This
includes examination of test requirements for possible
reduction or consolidation, acceleration of test hard-
ware availability, and compression of test schedules,

To ensure proper attention and efficiency in the pro-
gram, a reliability test program manager was ap-
pointed during the last fiscal quarter. His function
will be similar to that of the manager of the qualifica-
tion test program.

As described in the reliability sections of previous
Quarterly Technical Progress Reports, the hardware
to be subjected to reliability testing was determined
by conducting "failure mode and effect' analyses,
which identify all critical items and their relative
criticality ranking. All critical items will be subjec~
ted to reliability test except where similar families
of hardware exist. In such cases, only the represen-
tative "worst case' will be subjected to testing. In a
few cases exceptions will be made for hardware items
that have demonstrated a satisfactory margin of safe-
ty during other testing, The number of test specimens
required to provide an adequate reliability sample is
still a subject of discussion between NASA/MSFC and
Boeing.

Hardware for all identified tests is presently being
procured, and preparations are being made for the
start of physical testing, expected to begin during the
next fiscal quarter. With the exception of two minor
tests, all reliability testing is to be performed in-
house by Boeing.

GROUND TEST PARTICIPATION

Boeing Systems Test personnel assisted in static and-
dynamic testing of the S~IC static test stand structure

Vb

at MSFC, technical systems tests, installation of the
S-IC-T stage in the test stand, and S-IC~T stage
thrust structure testing in preparation for static fir-
ing tests. Test Engineering and Test Operations
personnel participated in installation of test fixtures
and instrumentation and in preparation of the test
stand. They assisted in testing of test stand systems
such as the flame deflector water cooling system, the
hydraulic system and the fire extinguishing (Firex)
system. Test control center testing consisted of
ground equipment test set checkout of manual GSE
and testing of the telemetry digitizing system.

Boeing also participated in writinginstallation and
checkout procedures, operating procedures, and
test procedures for the R-TEST static testing, and
participated in reviews of test requirements, draw-
ings, and oth:r documentation.

MSFC STATIC FIRING PARTICIPATION

At the beginning of FY 1965 Boeing Systems Test per-
sonnel participation in F-1 engine and S-IC-T stage
static firings was limited to test observation and data
reviews, In the first fiscal quarter, Systems Test
Operations personnel began active participation in
engine preparation and in test and checkout of data
acquisition and control and monitor equipment. They
participated in preparations for F~1 engine firings
and post-tcst refurbishment; and observed and parti-
cipated in handling and transportation tests of engine
components. Test Engineering peraonnel assisted

in equipment installation reviews, instrumentation
calibration, and facility design reviews,

Boeing personnel participated in 37 F-1 engine fir-
ings (Figure V-6) during this report period to gain
knowledge of engine characteristics and experience
in testing procedures.

The &IC-T stage was received at R<TEST in Febru-
ary, 1965. Systems Test personnel participated in
stage transportation and handling, in F-1 engine in-
stallation on the S-IC-T stage (Figure V-7), amd in
preparation of the stage and test stand for static test,

Eight S-IC-T stage tests have been performed to

date (Figure V-8), beginning with a 2, 51-second,
single-engine firing on April 9, 1965, Testing has
progressed in complexity and duration to a 90—-second,
five-engine firing. The four outbbard engines have
been gimbaled up to five degrees during test.

Systems Test personnel are taking a more active
part in F-1 engine and S-IC~T stage tests as condole
operators and chart observers during the tests, in

D5-12601-2



FIGURE V-6 DEVELOPMENTAL STATIC FIRING OF THE F_1 ENCINE AT MSFC

preparing instrumentation und control equipment be-
fore the tests, and in post-test refurbishment and
data reviews.

MSFC REFURBISHMENT AND POST STATIC
CHECKOUT PARTICIPATION

Boeing Systems Test persoanel participated in post
test refurbishment and checkout of the F-1 enginevs
and the single-engine test atand following the F-1
engine developmental fivinyg tests. They also ussist-
ed in refurbishment and checkout of the 5-IC-T stage
and the S-IC test stand following the S-1C-T engine
firings during the fourth fiscul quarter. ‘This elfort
consisted of participation in engine removal, inspyec-
tion, and refurbishment of engines on the S-1C-T;
{napection of the stage and test suind; and vopulr of
the flame deflector.

.

Boeing Systems Test persoanel conducted a study of

03-12601 -2

base heat shieid reqirements for the Mississippi
Test Fac{litly. [t was concluded that the base heat
shield for use at MTF should be of the S-1C-3 rather
thun the S-IC-T configuration,

CONTRACIOR STATIC FIRING AND REFURBISH
MENT

Preparation for contractor static firing and refurb-
ishment consisted of document preparation, PERT
network preparation, and clagsroom training.

DOCUMENT PREPARATIUN

Systoms Test documemts required for the Huntsville
operations and for Mississippl Tesl Facility are
being prepared on schedule. The document releuse
schedule (Figure V-9) shows the Plan V01 demnnd
date, the precaent completion status —as a percentage
—and the estimated final rclease Jdate.

\ )



FIGURE V-7 THE FIRST F=1 ENGINEBEIRG INSTALLED
IN THE $-I1C TEST STANO

PERT ACTIVITIES

In July, 1964, NASA/MS¥C concluded that the Boeing
PERT system was compatible with other Saturn PERT
systems. ‘The networks were completed and submnmit-
ted to NASA/MSFC on Septeinber 15, 1964, In No-
vember, Boeing Systems Test - Huntsville began
submitting weekly inputs to NASA/MSYFC to keep the
system current.

R-QUAL PERT networks were revised in December,
1964 to implement the recovery program for R-QUAL
installation, calibration and checkout, R-TEST uand
MTF networks are being revised to reflect Plan VI
schedule changes,

CLASSROOM TR AINING
Systems Test personncl attended 28 different courses

of instruction during this report period In prepara-
tion for contructor static firing and refurbishment.

ACTIVATION OF S-IC COMPLEX AT THE
MISSISSIPPI TEST FACILITY

ORGANIZATION

In February, 1965, Boeing began orgunizing und man-
ning support of the NASA activation task force in

V-8

management control, activation preparation, instal-
lation, modification and checkout, subsystem testing,
system testing, demonstration, and turnover in order
to activate the S-IC facilities at Mississippi Test ' 4
Facility as defined in Contract Modification MICH 17.

The organization and staffing consists of the MTF
Complex Organization Group (COG) under the direc-
tion of the Boeing activation task force manager, and
the staffing of the activation base camp under the
direction of the Boeing site manager.

PLANNING AND SCHEDULING

On April 17, 1965, Boeing established PERT networks
for activation of all 8-1C facilities and systems. The
basis for this exercise was Plan VIII, which indicated
September 15, 1966, as the on-dock date for the S-IC-T.
From this, Boeing developed an integrated PERT net-
work showing last-ditch dates for completion of facili-
ties and technical systems and start dates for instal-
lation of GSE.

PERT data from Boeing and General Electric combined
with construction status information from the Corps

of Engineers was heing used at the year's end in plan-
ning activity to ensure meeting the Plan VIII schedule
for testing the S-IC-4 at MTF.

ACTIVATION OF FACILITIES
$-1C BOOSTER STORAGE BUILDING

This bullding is being activated in Incremental stages.
Since the beneficlal occupancy date (BOD) on April 7,
1965, Bocing has shared the building with the Space and
Infor mation Division (S&ID) and the Rocketdyne Division
of North American Aviation. During the next fiscal
year, after S&ID and Rocketdyne vacate the building,
the final test in activating the building's facilities will
be performed using the S-IC stage weight simulator to
load test the floors.

OTHER S-IC COMPLEX FACILITIES

Preparation of interface and surveillance logs and a
library of engineering information was started in the
fourth fiscal quarter and will continue through the
next two quarters. At the end of FY 1965 the major-
ity of the activation personnel were moving from
Huntsville into trailers at the S-IC complex.

The next two quarters' activities will consist of sur-
veillance of construction and preparation of test pro-
cedures, acceptance logs, and scheduling. Activation
personnel algso will observe S&ID activation testing of
the S-II test stands.

D5-12601-2



FIGURE V-8 FIVE-ENGINE FIRING OF THE S—IC-T STAGE AT MSFC

Photographs (Figures V-10, V-11, V-12) show general
construction progress as of June, 1965.

MISSISSIPPI TEST FACILITY WORKING GROUP
(MTF/WG)

Support to the NASA MTF/WG continued throughout

the year. Boeing Systems Test personnel reviewed
shop druawings and change orders, coordinated require-
ments between Ground Systems Design (GSD) and the
MTF/WQ, released incremental Phase 1l technical
system design review, and participated in the 90 per-
cent design review on June 28, 1965, at Lear Siegler
in California.

In the future, the support to the MTF/WG will be
phased out as their activities become absorbed by the
activation task force. The full support to NASA Phase
II technical system engineering group will continue
until all drawings are released and approved.

D5-12601-2

MISCELLANEOUS TEST SUPPORT ACTIVITIES

RADIO FREQUENCY INTERFERENCE STUDY

Boeing Systems Test personnel participated with the
MTF activation office in the study of radio frequency
interference at Mississippi Test Facility. This study
was requested by the activation office to document a
NASA request to the Federal Aviation Agency to pre-
vent aircraft flights over MTT'.

A list was prepared of those S-IC test sequences and
related stage, test and checkout equipment that might
be susceptible to interference caused by aircraft. The
list was submitted to the activation office on November
13, 1964. The preliminary conclusion was that air-
craft flying above 3, 500 feet will not cause radio fre-
quency Interference with operations.



SYSTEMS TEST MTF & SYSTEMS TEST HUNTSVILLE

DOCUMENT RELEASE SCHEDULE

DOCUMENT ESTIMATED PLAN VIII
NUMBER TITLE APPL FINAL REL % DEMAND DATE

OPERATIONS AND ADMINISTRATIVE {MANUALS FOR MTF  CONTINUOUS 8-1-65
SYSTEMS TEST - MTO EFFORT

D5-11054 SYSTEMS TEST - MTO EQUIPMENT REQUIREMENTS MTF 7-1-65 80% 7-1-65
(CONTRACTOR FURNISHED)

D5-11061 GOVERNMENT FURNISHED FACILITIES, EQUIPMENT MTF 7-1-65 75%  (REVISION C)
AND SERVICE REQUIREMENTS, S-IC — MTO RELEASED

D5-11062 PARTICIPATION AND TRAINING PLAN, SYSTEMS TEST — MTO  MTF 9-15-65  50% 7-15-65

D5-11064 SYSTEMS TEST - MISSISSIPPI TEST OPERATIONS MTF RELEASED
PROCEDURES FOR SATURN RECORD SYSTEM

D5-11071-3 PLAN FOR ACTIVATION AND OPERATION OF THE MTF RELEASED
S-IC COMPLEX AT MTF

D5-11397 NASA-BOEING-SUPPORT CONTRACTOR INTERFACE MTF RELEASED
RESPONSIBILITIES AT MTF(SUSTAINED OPERAYIONAL PHASE)

D5-11408 R—-QUAL DELIVERY PLAN HTVL RELEASED

D5-11765 INDEX OF S—IC ACTIVATION AND TESTING PROCEDURES MTF 10-1-65 © 8-1-65
AT THE MTF

D5-11769 INDEX OF S—IC TEST REQUIREMENTS AT THE MTF MTF 8-15-65  60% 8-15-65

D5-11775 EQUIP INSTALLATION AND FACILITY INTERCONNECT PLAN MTF 10-1-65  10% MN-1-65

D5-11776-000 PLAN FOR INTERCONNECTING THE S-IC STAGE TO THE MTF 6-1-66 50% 8-15-46
TEST STAND AND GROUND SUPPORT EQUIPMENT

D5-11789-000 STATIC TEST ACCEPTANCE OPERATIONS SEQUENCE PLAN MTF 6-15-66  50% 8-15-66

D5-11791 EQUIPMENT AND FACILITIES SUBSYSTEM AND SYSTEM MTF 10-1-65 10% 11-1-65
CHECKOUT PLAN

D5-11792-000 STAGE PRE.STATIC AND POST-STATIC FIRING MTF 7-1-66 50% 8-15-66
CHECKOUT PLAN

D5-11793 RECEIVAL, RECEIVAL INSPECTION AND SHIPPING MTF RELEASED
PLAN FOR $S-IC ACTIVATION AND OPERATIONS

D5-11794-000 COUNTDOWN & STATIC FIRING PLAN MTF 7-15-66 50% 8-15-66

D5-11797 HANDLING AND TRANSPORTATION PLAN MTF 7-15-65  98% 8-1-65

D5-11805 COMPUTER PROGRAM REQUIREMENTS FOR STATIC TEST MTF 4-1-66 30% 4-1-46

D5-11809 PLAN FOR ACTIVA TION AND CONDUCT OF S~IC DATA MTF 9-1-65 10% 9-1-65
HANDLING EVALUATION AND REPORTING OPERATIONS
AT MISSISSIPPI TEST FACILITY

D5-118122000 SYSTEM TEST-MTO STATIC FIRING EVALUATION REPORTS  MTF 8-15-66 0 8-15-66

D5-11814 SYSTEMS TEST - MISSISSIPPI TEST OPERATIONS MTF 10-1-65 0 10-1-45
BASE ACTIVATION REPORTS

D5-11817-000 SYSTEMS TEST - MISSISSIPPI TEST OPERATIONS MTF 8-15-66 0 8-15-66

FIGURE V.9

v-10

STATIC FIRING QUICK-LOOK REPORT
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SYSTEMS TEST MTF & SYSTEMS TEST HUNTSVILLE

DOCUMENT RELEASE SCHEDULE (CONT)

DOCUMENT
NUMBER

D5-11818-000
D5-11820

D5-11822
D5-11826
D5-.12300-8

D5-12300-9

D5-13033-.000
D5-13034
DS5-13034-1

D5-13034-2
D5-13035
D5-13036

D5-13037

D5-13039
D5-13040-000
D5-13041
D5-13043

D-XXXXX
D5-XX XXX

DS-XXXXX

D5- XX XXX
D5-XXXXX
66B-XXXXX

D5-13127

TITLE

SYSTEMS TEST — MISSISSIPPI TEST OPERATIONS
STAGE PROCESSING REPORTS

MISSISSIPPI TEST FACILITY OCCUPANCY AND
CONFIGURATION CONTROL PLAN

SYSTEMS TEST ~ MISSISSIPP{ TEST OP LOGISTIC PLAN
SYSTEMS TEST MISSISSIPPI TEST OPERATIONS SAFETY PLAN

SST MANAGEMENT PLAN MTO TEST OPERA TIONS
MANAGEMENT SUPPLEMENT

SST MANAGEMENT PLAN, HUNTSVILLE TEST
OPERATIONS MANAGEMENT SUPPLEMENT

TEST MEASUREMENT REQUIREMENTS

SYSTEMS TEST MISSISSIPPI TEST OPERATIONS SPECIAL TEST

PLAN FOR HOLDDOWN ARM PROGF LOAD TESTS FOR
S—IC TEST STAND AT MISSISSIPPI TEST FACILITY

PLAN FOR DYNAMIC RESPONSE TEST OF S-IC TEST
STAND AT MISSISSIPPI TEST FACILITY

CONFIGURA TION CONTROL MODIFICATION STATUS
AND REPORTING PLAN

STAGE AND GROUND SUPPORT EQUIPMENT TO
FACILITY INTERFACE CONTROL PLAN

DIRECTIVE 'CONTROL PLAN FOR S-IC OPERATIONS
AT THE MISSISSIPPI TEST FACILITY

SYSTEMS TEST - MISSISSIPPt TEST OPERATIONS
STATIC TEST DA TA REQUIREMENTS

SYSTEMS TEST ~ MISSISSIPPI TEST OPERATIONS
BOOSTER SUMMARY ADDIT!ONS

SYSTEMS TEST — MISSISSIPPI TEST OPERATIONS
MASTER SCHEDULE 'PERT

PLAN FOR ACTIVATION OF THE SECOND POSITION
OF THE S-IC COMPLEX AT MTF

MTO TEST OPERATIONS CONCEPTS DOCUMENT
SATURN SYSTEMS TEST — HUNTSYILLE SAFETY PLAN

SATURN SYSTEMS TEST -~ HUNTSVILLE MASTER
SCHEDULE/STATUS

R-QUAL TEST OPERATIONS CONCEPTS DOCUMENT
R-QUAL REPORT
R-QUAL IC&C PROCEDURES

S~IC FACILITIES ACTIVATION PROGRAM PLAN

FIGURE V-9 (CONT)
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20%

25%

80%

PLAN VIII
DEMAND DATE

8-15-66

8-15-65

8-15-65
8-2-65

8-1-65

NOT DETERMINED

7-1-66
7-15-65
6-15-66

6-1-66

8-1-65

8-1-65

12-1-65

12-1-65

8-15-66

9-1-65

RELEASED

NOT DETERMINED
NOT DETERMINED

NOT DETERMINED

NOT DETERMINED

NOT DETERMINED

NOT DETERMINED
7-1-65



FIGURE V<10 MTF S~IC TEST CONTROL CENTER SHOWING
CONSTRUCTION N JUNE 1985

APOLLO TEST REQUIREMENTS

In response to a request from NASA/MSFC, a Boeing
task force was formed to determine the probable im-
pact of NPC 500-10, "Apollo Test Requirements,' on
that portion of the S-IC test program for which Boeing
is responsible. A preliminary technical evaluation of
the impact of subjecting one stage component and one
launch GSE end item to a test program in 100 percent
compliance with the Apollo test requirements was
submitted to NABA/MSFC. A request for proposal
(RFP) was received in November, 1964, and the Boeing
response was submitted in January, 1965. No further
direction was provided by NASA.

DATA REDUCTION WORKING GROUP
The Michoud data reduction working group was formed

by NASA. Boeing supported this group by assisting in
planning operations of the data reduction facility at the

FIGURE V-11 STATUS OF THE S~IC STATIC TEST STAND AT MTF IN JUNE, 1965
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Slidell Computer Center. Continued support was

given to the Saturn data reduction subgroup, particu-
larly in the development of a tape format for telemetry
calibration data. A presentation was given to the

flight evaluation working group on the need for contract
clarification regarding S-IC stage flight evaluation.

AUTOMATED BOEING CALIBRATION DATA SYSTEM
(ABCD)

During this report period work began on the develop-
ment of an automated Boeing calibration data system.
This system will provide 8§-IC stage calibration data,
and test and checkout information In a complete and
correlated manner to the using organizations. The
type and order of curve fits for the S-IC transducer
calibration data was determined for most classes of
instruments.

TEST DATA MANAGEMENT PLAN

A preliminary Test Duta Management Plan, Document
D5~12987, covering all types of test data, was pre-
pared. This plan provides a unified approach to man-
agement control of these duta. 1t is scheduled for re~
lease in early FY 1966.

TEST DATA STORAGE AND RETRIEVAL PLAN

During this report period an investigation into exist-
ing or planned data storage systems and their indexes
was started, including a review of system adequacy
and response times. The use of machine aids to im-
prove these systems is being considered.

Detailed altention was given to the requirements for
an automated indexing system that would be compatible
with the stage checkout system and the RCA-110A
computer output data tape. Various microfilm tech-
niques were considered for incorporating the best

05-12601-2

FIGURE V.-12 MTF HIGH PRESSURE GAS FACILITY

features of severil systems into this program. SC-
4020 digital plotter formats for listings and plots of
compuler-processed data were developed.

Stage checkout indexing will be oriented primarily by
test procedure number and/or chronology. The static
firing orientation will he by data channel and/or meas-
urement parameter.

GENERAL TEST PLAN

The second coordination copy of the *'Saturn S-IC
General Test Plun" (In-1-V-8-1C-64-1) was distributed
for review in August, 1964. Informal comments were
received from the various NASA/MSFC organizations
during November and December, 1964. Several com-
ments require resolution within NASA/MSFC before
this plan can be completed.

Boeing is waiting for further direction from NASA/
MSFC in this matter.
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INTRODUCTION

This section {ndicates the: sgristance providerd tn
NASA unger Technical Assistance Orders (TAO) ac-
tive dur Fiscal Year 1965, All TAQ's, if not pre-
viously terminated, were terminated December 31,
1964.

Continuad effort on these TAO's 13 now vovered by
Statements of Work provided for by contract modifi-
cations except for TAO's 10, 19, 22, 23, 25, 28, 30,
31, 32, 36, 41, and 42.

The Contracting Officer's representative indicated
sutisfactory completion of all TAO's except TAO No,
42, in Letter 1-CO-CHM dated March 24, 1965. Sat-
isfactory completion of TAO No. 42 is expected
shortly.

TAO NO. 1 - ASSSTANCE TO THE AERO-ASTRO-
DYNAMICS LABORATORY (VEHICLE TECHNICAL
STUDIES)

Assistance under this TAO included engineering stud-
fes, analysis and reporting. Signilicant studies con-
cerned flight test data anualysis, test systems analysis,
Saturn V flight control system analysis, Saturn V
flight performance study and aerothermodynamics
analysis. This TAO terminated September 18, 1964.
Contract Supplemental Agreement 160 provides for
continuation of effort.

TAO NQ. 2 - DEVELOPMENT OF QUALITY ASSLR-
ANCE DOCUMENTS AND PROCEDURES FOR MSFC

MANUFACTURED S-IC GROUND TEST AND FLIGHT
STAGES

Direct support was provided to the MSFC Quality and
Assurance Laboratory, R<@UAL, {n their develop-~
ment of documentation, inspection procedurcs, and
other operations incidental to a comprehensive Quality
Assurance Programs for the S-IC ground and test
stages manufactured at MSFC. This TAO terminated
December 31, 1964. Continuation of this effort is pro-
vided under Contract Change Ovder 200.

TAO No, 4 - THRUST VECTOR CONTROL SYSTEM
ANALYSIS, DEVELOPMENT STUDIES, AND REPORT
WRITING

MSFC Astrionics Laboratory was assisted in facility
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design, tnstallation, and modification, test require-
ment and planning preparation, test procedure prepar-
ation, and testing incidental to the Thrust Vector Con-
trol System. This TAO terminated December 31, 1964.
Follow-on effort is provided under Contract Change
Order 199.

TAO NO. 5 - ELECTRICAL AND INSTRUMENT
EQUIPMENT SYSTEM

This TAO provided engineering technical assistance
to the Astrionics Laboratory. Work included rasge
mstrumentation and data requlrements, antenna pat-
tern synthesis technijue development, emergency de-
tection system, network design of the Seturn V Instru-
ment Unil, evaluation and coordination of electrical
system design for the S-II and S-IVB stages, electri-
cal deslyn und coordination of the emergency detec-
tion system for the Saturn V vehicle, system integra-
tioa of the Saturn V switch selector, qualiffcation and
evaluation of electrical corupouents, preparation of
RFI test procedures, and development and snalysis of
guidance system and control problem studies. This
TAO terminated December 31, 1964. The effort is
being continuecd under Contract Supplemental Agree-
ment MSFC-2,

TAO NO. 6 - SATURN V VEHICLE GSE MANAGE-
MENT SYSTEM

Assistance was provided to tho Saturn V GSE Project
Oifice, 1-V-G. Under this TAO a technique for identi-
fication of GSE requirements for the Saturn V Program
and a logistics support plan have been developed. A
review of NPC 500-1 configuraion manugement re-
quirements for MSFC Saturn V ground support equlp-
ment resulted tn a proposed documented program to
bring GSE into compliance with applicable parts of
NPC 500-1.

Preliminary maintenance analyses were conducted on
the §-IC hydraulic unit, the S-IC pneumatic console,
the inert prefill unit and the U pneumatic console.
Their purpuse was to develop and refine the analytical
technique for the Saturn V Program. This mainte-
nance analysis effort was transferred to TAO No. 39
December 1, 1964.

TAO No. 6 terminated December 11, 1964. Continu-
ation of effort begun under this TAO continues under
Contraoct Supplemental Agreement 207V.
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TAO NO. 7 - SATURN V LAUNCH OPERATIONS
CENTER SUPPORT

Engineering assistance was provided to the Launch
Support Equipment Engineering Division (KSC) in
canducting studies, design, analysis, and reporting
oa Complex 39 systems, propellant and gases, crawl-
er (ransporter, service arms, launch umbilicai tower,
and launch support handling and access hardware.
Wark included studies to identify equipment for the
Saturn V MILA operations, a plan for the launch sup-
port equipment area, and an analysis of the low-bay
hundllng and access opcrations in the VAR at MILA.
An analyses of S-1VB and S-I1I stage handling and ac-
cess for the low-bay uren was completed. Also com-
pleted was an analyses of the instrument unit handling
and access for the low-bay area. This TAO termin-
ated December 31, 1964, Task @rder 1008-~65 pro-
vides for comtinuation of c¢ffort.

TAO NO. 8 - SATURN V SYSTEM SUPPORT

Assistance was provided to the Saturn V Test Office

at NASA/MSFC under this TAO for development ami
prepacatian of the Test Program Muanagement Plan,
Saturn V Master Test Plan, Saturn T Test und Check-
out Requirements Documentation, and a Test Report-
ing Plan. This TAQ terminated on September 18,
1964, Continuation is provided under Contract Supple-
mental Agreement 160,

TAO NO. 10 - PERFORMANCE OF A FAILURE EF-
FECTS ANALYSIS AND CRITICALITY DETERMINA-
TION OF AMR, S-IC GROUND HYDRAULIC SUPPLY
CHECKOUT UNIT

Assistance was provided to the NABA/MSFC Pro-
pulsion and Vehicle Engineering Laborabory, P& VE,
Ly performing a fnilurc effects and criticality deter-
mination of the S~}C ground hydraulic supply check-
out unit to be used at the Atlantic Missile Range. A
determination of critical components for the S-IC
pnsumatie console was completed and an S-IC inert
pre-fill unit fajlure mode and effect analysis and the
determinatian of critical components wus accom-
plished. A failure mode and effect analysis was per-
formed also for the S~IC pneumatic checkout rack.
Tasks associated with the S-IC Flush and Purge Unit
and the RJ-1/NyNO, Service Truck were deleted by *
TAO No. 10, Amendment No. 6. This TAO was
terminated December 31, 1964 following completion
of effort.
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TAO No. 11 - SATURN V REQUIREMENTS AND
PROCEDURES DOCUMENTATION

Assistancg was provided to the MSFC Propulsion and
Vehicle Engiseering Laboratory, P&VE, for Initiation
of Suabuirn V System Engincering documentation taska.
These tasks Included Saturn V requirements and
procedures documentation, component engineering
documentation, documentation cootrol, and prepara-
tion of technical communicatioas documentation., Up-
on termination of the TAO, September 18, 1964, this
effort was continued under Contract Supplemental
Agreement 160.

TAO NO. 12 - SATURN V SYSTEM FUNCTIONAL
DESCRIPTION DOC UMENTA TION

Assistance was jprovided to the MSFC Propulsioa and
Vehicle Engincering Luboratory, P&VE, for the
initiation of Saturn V System functional description
documentation. Preparation of functional descrip-
tions for the LUT and Saturn V Vehicle RP-1 System,
LUT and Saturn V Vehicle LOX System, and the
Sawirn V Vehicle Environmental Control System were
started. Following termination of this TAO on Sep-
tember 18, 1964, this effort was coatinued under
Contract Supplemental Agreement 160.

TAO NO. 13 - LAUNCH VEHICLE PERT SUPPORT
FOR SATURN V

Assistance was provided to tbe MSFC Saturn V Pro-
ject Office under this TAO by the development of a
Saturn V PERT Network. A biweekly status report
system was [nitiated. Since termination of this TAO
on September 18, 1964, PERT Syslem development
and maintenance effort has been provided under Con-
tract Supplemental Agreement 160.

TAO NO. 14 - LOGISTICS SUPPORT PLANNING AND
DOCUMENTATION REVIEW

Assistance was provided to the Saturn V Project
Office by initiating logistics plaaning, controlling,
and reviewing functions. Basic Saturn V logistics
requirements were documented in the '"Saturn V
l.ogistics Support Plan,'" Preparativn of logistics
exhibits (covering maintenance engineering, spares
and supply, technical reporting data and training)
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initdated under this TAO, which terminated Septem-
ber 18, 1964, has continued under Contract Supple-
mental Agreement 160.

TAO NO. 15 - INTERFACE CONTROL

L 4

Under this TAO, assigtance wagr provided ta the MSFC
Propulsion and Vehicle Engineering Laboratory. This
assistance included the preparation of B-level mech~-
anical interface control drawings for stage-to-stage
interfaces, stage-to-cvngine inlerfaces, and stuge-to-
GSE interfaces. These were primarily physical inter-
face drawings and eavironmantal interface docomenta-
tion. Upon cancellation of TAO No. 15, September 13,
1964, interface engineering tasks were continued under
Contract Supplemental Agreement 160.

TAO NO. 16 ~- PERFORMANCE OF EXNAUST FLAME
PROPAGATION EFFECTS STUDY

The Astrionics Laboratory was provided with a study
of the exhaust flame propagation expected on the
Saturn V Vehicle in Qlght. The wiitial phase of this
work was completed with the release of a Program
Plan which identified the potential prolilem area In
loss of communications due to {lame effects. Sub-
sequent work consisted of computer program changes
to incarporate electron generation from afterburning
and subroutines for electron nonequilibrium condi-
tions in the plume, development of an advaiced elec-
tramagnetic propagation computer program, and In-
vestigation of afterburning or exhaust plumes. The
Thiokol Test Plan to investigate the efiects on radio
transmission through Genie, Recruit, and TX 280
rocket engine exhaust plumes were analyzed, Ex-
haust plumes were calculated and electromagnetic
analysis was performed to provide theoretical data
for comparison with test results. This TAO was
terminated on December 31, 1964. Follow-on effort
is being provided under Contract Change Order 213V.

TAO NO. 17 - SATURN V TELEMETRY DOCUMEN-
TATION

Under this TAO assistance was provided to the Astri-
onics Laboratary by preparation of procurement docu-
mentation for the Saturn V Telemetry System. This
documentation consisted of performance speciflcation,
engineering drawings, qualification test procedures,
qualification test reports, and maintenance instruc-
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tion manuals. Technical suppart was also provided
for the design uf equipment, sustaining of documenta-
tion, and directing and monitaring of qualification
tests. Upon completion of TAO No. 17, September 18,
1864, this effort was continued under Contract Sup-
plemental Agreement 160.

TAO NO. 19 - STIDY - COORDINATION AND CON-
TROL CONCEPTS - SATURN V

Assislince was provided to the Sutura V Project
Office in swidies of configuration management re-
quirements and concepts. Effort under TAO No. 19
was completed October 31, 1964, following submittal
of a Program Development Plan to NASA,

TAO NO, 22 - FEASIBILITY OF FLOX FOR PER-
FORMANCE IMPROVEMENT ON S-IC

Assitance was provided te the Propuision and Vehicle
Engineering Laboratory, P&VE, wita a preliminary
study and evaluation concerning the possibility of us-
ing FLOX as a propellant tor the S-IC Stage.

The feasibility study showed a Saturn V performance
improvement of 10 percent is possible by direct sub-
stiution of FLOX [or 1LOX. A 40 percent increase in
payload results from the use of the full capability of
the existing F-1 engine and the existing stage, if the
stage is modified to accommodate bigher structural
loads. Further paylued increases upto approximately
6J percent are possible by modifying the thrust cham-
ber cooling system on the F-1 engine.

The design and material compatibilicy modificasion on
the stage anxi GSE were determined as nominal, In
general it is considered that basic sructural materi-
als are suitable for FLOX application without chaage
from existing design.

Qualitative analysis shows the taxic cloud problem
will prevent unrestricted use of FLOX; therefore,
definilive studics and tests are recommended to de-
termine toxic cloud behavior and safe launch possi-
bilities.

This TAQ was terminated September 30, 1964.
TAO NO. 23 - FEASIBILITY DEVELOPMENT PRO-
GRAM ON THE SUBMERSION OF TITANIUM HIGH

PRESSURE HELIUM STORAGE BOTTLES IN
CRYOGENS
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Assistance was provided under this TAO to the Pro-
pulsion and Vehicle Engineering Laboratary, P& VE.
During the year, work was directed to evaluating an
annealed 6AL4YV titanium bottle. The weight problems
and critical flow sizes for the annealed bottle were
compared with those of the heat treated 6AL4V bottle
and with several Ardeform bottles under ssudy. The
study revealed that use of the 6AL4V titaniuin bottc
would result in a payload increase of 174 pounds. The
study was completed and the TAO terminated Decem -
ver 31, 1964.

TAO NO. 25 ~- ELECTRO-INTERFERENCE PRE-
DICTION STUDY

Assistance was provided under this TAO to the Quality
and Assurance Laboratory, R-QUAL, by an engineer-
ing investigation to deter mine the feasibility of broad-
band near-field electromagnetic prediction by use of a
computer program. The study, completed during the
reporting period, demonstrated the feasilibility of us-
ing computer methods for predicting electromagnetic
radiation coupling. Following completion of the swudy,
the TAO was terminated on December 31, 1964.

TAO NO, 26 - SATURN V SYSTEM DEVELOPMENT
BREADBOARD FACILITY

Assistance was provided to the MSFC Astrionics l.ab-
oratory pertinent to the activation of the Saturn V Sys-
tem Development Breadboard Facility. Work initiated
under this TAO, which terminated September 18, 1964,
has been continued under Contract Supplemental Agree-
ment 160.

TAO NO. 27 - DYNAMIC TEST VEHICLE PROGRAM

This TAO provided assistance to MSFC in developing
test requirements, preparing a test plan, preparing an
evaluation plan for test results, scheduling total work,
and {nitiating long-lead-time activities for the Saturn V
Dynamic Test Program. Significant accomplishments
during the year included, defining technical require-
ments, completion of design criteria for the cable
spring suspension system, and completion of an out-
line of basic methods for pretest analysis., TAO 27
was terminated December 31, 1964. Dynamic Test
Vehicle Program effort was continued under Contract
Supplemental Agreement 217 V.
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TAO NO. 28 - S-IC FLIGHT CONTROL FAILURE
MODES AND EFFECTS ANALYSIS

Under this TAO assistance was provided to the Astri-
onics Laboratory from July 1, 1964 to August 31, 1964.
The work coasisted of an analysis of telemetry system
configuration contract requirements and preparation of
draft procedures for telemetry components and sys-
tems configuration control. On August 31, 1964, this
effort was transferred to TAO 17 which was subse-
quently replaced by Contract Sipplemental Agreement
160.

TAO NO. 30 - RELIABILITY AND QUALITY
ASSURANCE

Under this TAO a study program was initiated for the
MSFC Saturn V Reliability and Quality Office, I-V-Q.
This study compared NPC 250-1, 200-2, 500-5, and
the Saturn V Reliability and Quality Program Plan with
program plans of stage and GSE contractors. A pre-
liminary outline of a reliability improvement program
was prepared and reliability and quality scheduling
and reporting analyses were initiated. The documen-
tation effort authorized by this TAO was completed and
the TAO terminated December 31, 1964,

TAQ NO. 31 - PROPELLANT OVERLOAD - PERFORM
ENGINEERING RELATED TO OVERLOADING OF
SATURN S-IC PROPELLANT TANK

Assistance was provided under this TAO to the S-IC
Stage Manager's Office, I-V-SIC. The study indicated
an increase in LOX loading is possible without change
of the 1,0X tank structure, as a result of a reduction of
11.5 psi in LOX tank ullage pressure caused by engine
development problems. This study is complete and
propellant overload resulting in a payload increase of
3167 pounds has been recommended. This TAO was
terminated December 31, 1964.

TAO NO. 32 - INVESTIGATE THE FEASIBILITY OF
EMPLOYING AND S-IC PROPELLANT UTILIZA TION
SYSTEM

This study, conducted for the S-IC Stage Manager's
Office, dealt with improved propellant use through
closer control of fuel-oxygen ratios in the engine, and
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considered various meaus of controlling propellant

flow to engloe for closer ratio control. This TAO was

terminated November 6, 1964. R was discovered that

the increased weight of equipment, reduced reclinbility

and engine performance penalties defeated the advan-
)age of a propellant utilization system,

TAO NO. 33 - GENERATE AN ANALYTICAL ROU-
TINE TO SIMULATE THE SATURN V PROPULSION
SYSTEM

Effort was initiated under this TAO in support of the
Propulsion and Vehicle Engincering fLaboratory, P&VE,
to provide a means to analyze transient and mainstage
propulsion performance. Propulsion optimization
studies for the Saturn V Vehicle were also performed.
This TAO was terminated Scptember 18, 1964. Con-
tinuation of effort has been authorized under Contract
Supplemental Agreement 160.

TAO NO, 34 - DETERMINE SATURN V GUIDANCE
AND CONTROL SYSTEM FILTER NETWORK CHAR-
ACTERISTICS

Under this TAO assistance to the Astrionics Labor:n-
tory was initiated to determine [iller network charac-
teristics and to analyze and simulate Saturn V futer
control system performance. Upon cancellation of this
TAO September 18, 1964, this effort was continued
under Contract Supplement Agreement 160.

TAO NO. 35 - CONDUCT ANALYSIS TO DETERMINE
BREAKUP ANGLE OF ATTACK VS FLIGHT TIMEL
FOR THE SATURN V VEHICLE

Under this TAO the subject analysis vwas started for
the Propulsion and Vehicle Engineering Laboratory,
P&VE. This study is to provide data pertaining to the
gimbal angles of +5.9° and -5.9°. This cftort was
limited to 12 stations along the 1.OR vehicle, use of
rigid body analysis technique to determine loads, and
the determination of loads at 5 second inlervals duving
nominal first stage flight, starting at 20 seconds after
launch. Upon termination of this TAO September 18,
1964, this effort was autharized and contlnued under
Contract Supplemental Agreement 160.

TAO NO. 36 - INVESTIGATE THE FEASIBILITY OF
USING STRAP-ON MINUTEMAN SOLID PROPELLANT
ROCKET MOTORS ON THE S-IC LAUNCH VEHICLE
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This study was to determine a feasible kit for installa-
tion en the S-IC launch vehicle atl the launch site for
maximnuta payload increase with minimum Ilmpact on
resources and schedules, The study was expanded to
include necessary launch complex changes and full-
scale Minuteman le:sts. The configuration selected as
a resull of this study permitted a payload increase of
5234 pounds., Study results establlshed the feasibility
of using a Minuteman strap-on kit for installation on
the S~IC a1t KSC with no production line modification to
the S-IC stages. The use of a Minuteman strap-on lcit
is predicated on Saturn V thrust augmentation to de-
liver the required LOR payload. Current weight state-
ments show margin that the strap-on kit will not be re-
quired. This TAO was wrminated on December 31,
1964.

TAO NO. 37 - SUPPORT OF KENNEDY SPACE FLIGHT
CENTER FUNCTIONS RELATED TO SATURN V
OPERATIONS

Under this TAO, support was provided to the Kennedy
Space Flight Center. This support included, faeilities/
equipment layout, design reviews, implementing and
maintaining a Saturn V technical data file, aiding in the
development of a hardware records plan, and develop-
ing training requirements, Following the termination
of this TAO on December 31, 1864, this effort was con-
tinued under Contract Part VIII Task Order 1008-65.

TAO NO. 348 - DEVELOP A MODETL FLIGHT TEST
DIRECTIVE

Assistance was provided to Systems Enginecring Office,
1-V-E, for development of Saturn V Flight Test Direc-
tives. Various documents have been studied to deter-
mine the relationshlp ot the test directive Lo other test
planning documentation. An outline of a Model Flight
Test Directive was submitted to MSFC. Effort under
this TAO, which tecminated September 18, 1964, has
been continued as authorized under Contract Supple-
ment Agreement 160.

TAO NO. 39 - MECHANICAL GSE PROGRAM

Support provided to MSFC during the year included the
development of vibration and acoustic criteria for LUT
tlecks and rooms, development of structural loads for

the lightweight eugine actuator, development of umbil-
ical assembly-to-stage intcrfuce loads for the S-IVB
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and the S-1l stages, computer programminyg for loads
at the S-IC intertank umbilical, and weight analysis
for the three-stage internal vertical-position work
pladforms. MGSE requirements/operation analysis,
criteria development, load, stress and weight studies
initiated under this TAO, ‘which was terminated De-
cember 31, 1964, are being contnued as authorized
under Contruct Supplement Agreement 227V,

TAO NO. 40 - INVESTIGATE ENVIRONMENTAL CON-
TROL OF SATURN V INTERSTAGE VOLUMES AND
COMPONENTS

Support was provided under this TAO to the Propulsion
and Vohicle Engineering Labaratory, P& VE, to com-
mence studies to evaluate interstage inert purge and
environmental systems performancc for all Saturn V
interstage compartment areas. Upon cancellation of
this TAO on September 18, 1964, continuation of these
studies was authorized under Contract Supplement
Agreemaont 160.

TAO NO, 42 - EVALUATE PROPELLANT TANK
PRESSURIZA TION SYSTEMS OF THE S-IC

it

Support was provided to MSFC under this TAO to eval-
uate alternate system designs for the propellant tank
pressurization system offering potential weight reduc-
tion and increased reliability. The objective of this
study was (o optimize a new pressurization system for
the S-IC stage by removing the telium bottle from the
L.OX Tank. The surfy resulted {n a system that would
reduceo cost and weight, and improve reliability. A
helium-hydrazine pressurization gsystem was recom-
mended which would allow a payload increase of 1000
pourxis. The study also defined an all-belium system
that would be eomewhat heavier and result in a payload
increase of 900 pounds. This TAO was terminated
December 31, 1965.

Satisfactory corupletion of effort under this TAO. how-
ever, required the submittal of a Firm Cost Proposal
for an alternate Propellant Tank Pressurization Sys-
tem. A firm cost proposal was submitted for the de-
velopmental testing of the critical components required
for the revised syslem. A delta budgot proposal also
was submitted for the incorporation of the system into
potential flight stages SA511 through SA515. Both pro-
posuls were submitted by Letter 5-1133-M-69, dated
June 29, 1965,
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CONTRACTED WORK AUTHORIZATION
SUMMARY

During FY 1965, Boeing pronvided Launck Operations
support under Task Orders (TO) I-V-SIC-1003-65,
1004-65, 1006-65, and 1008-65. Support also was pro-
vided under Technical Assistance Oiders (TAO 6. 7, 8,
36, and 47.

At the beginning of FY 19635, S-IC operations support-
ed NASA 'KSC in the following areas:

a) Prelaunch operations plans;

b) Stage checkout and inaintenance;

¢) Facilily/equipment layouts;

dy Design reviews;

e) Assembly and test prucedures;

f) Hardware records system;

g) Configuration control;

h) Test data system requirements:

)y Safety, reliabillity and quality assurance,

TO 10US -65 realigned Boeing ¢{fort to three areas:
launch operations, systems engincering, and launch
support equipment design.

Supporting bhoth NASA/MSFC and NASA/KSC. the TAO's
involved relatlvely small levels of effort; primarlly

fn documentation, TAQ 7 covered luunch support equip-
ment and engineering design at Huntsville during CY
1964. It provided direct support through engineering
studies, design analysis, and report writing applicable
to Launch Complex 39 propellants, the launch syatem
and winbilical tower, and launch support equipment
relfability

TAO 36 called tor a facilitles and operations study of a
Minuteman thrust-augmented Samrn V vehicle. TAO
37 covered various Saturn V operations support func-
tions,

TO 1008-66 wus oxtendud th cover the flrst guarter ot
FY 1966 and provides—{fur the {1rst time—for direct
support from the Resources and Contract Administra-
tlon organizations

LAUNCH OPERATIONS PARTICIPATION

FY 1965 was marked by intengive coordinstion and
planning to continue improving Boeing Atlantic Test
Center (BATC) working rclationships with NASA
Kennedy Space Center (NASA/KSC) counterparts.

On-the-jub training was strongly emphasized through-
out the year und much of it was provided hy the
NASA/KSC personncl who technically supervised the
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Boeing direct support efforts.

Electrical and Control Systems (E&CS) personnel re-
celved classroom training in 20 scheduled courses
These ranged from F-1 engine system familiarization
to RCA 110A computer programming

Quality and Rellability Assurance (Q&RA) personnel
have been on loan in the fourth fi8cal quarter to the
Launch Systems Branch at Michoud to familiarize
them with the S-IC stage and ground support equip-
ment (GSE). These people have already had extensive
lield-test operation experience. Upon completion of
their tralning, they will form the nucleus of the BATC
Saturn iaspectlion work force.

During the last quarter of FY 1965, emphasis was
pluaced on hiring personnel with specific skills for the
mechanical and technical work force that will support
LC 39 recelving, ussambly, installation, modlfication,
refurbishment and repatr activities. Thirteen mechan-
tes and Wehniclans are currently assigned in Boeing-
Huntsville operations for on-the-job training, hardware
familiarization, and NASA skill certification. Their
return to KSC will coincide with the start of hardware
processing at MI1LA .

Instrumentation and R F (I&RF) systems personnel
developed preliminacy checkout requirements and
launch preparations for Complcex 34 and Complex 37.
These eftorts provided experience in working with the
elements of basic tests, work flow, and problems

that may he encountered during these operations, At
the same titme, NASA's request for Boeing assistunce
with the basic design and systems development gave
Saturn V personnel considerable experience in the
areas of the hazardous gas detection system, the
digital data acquisition system, the digital range safety
command system, nnd associnted instrumentation sys-
tems,

LAUNCH OPFERATIONS SUPPORT
Planning and Scheduling

Beting personnel gerved on the countdown operations
committee, provided tnputs to the Jaunch prepara-
tions subgroup for making a (Jow sequence tor SA-
500~ F, and assisted in the preparation of flow charts
and countdown sequences for SA-501 and SA-3505.

Plans were submitted to Launch Vehicle Operations
(LVO for lights und indicators fm' the S-IC test con-
ductor's console in the lLaunch Control Center (L.CC) -~
firing rooms.
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The documentation effort encompassed the followinyg:

Status Doc. No. Title

Published D5-12922 S-IC and Common GSE
Systlems Description
.Manual - MILA

Published D5-10064 S$-IC-1 Stage Components

1st draft Replacement Study

Published D5-16201 S5-IC/Saturn V Checkout

draft and Procedure Require-

ments - MIT.A

Contributed DS-11330 MILA S-IC, Saturn V
to Launch Opcrations Re-
cords System

Published (Internal S-IC-F/SA-500F Catalog
18t dratt working of Procedures

document)
Published (Internal S-IC-1/5A-501 Catalog
1st draft working of Procedures

document)

Level C PERT charts were developed showing GSE
assembly and checkout activity during site uctivation
at Complex 39.

Reliability and Quality Assutance

Assistance Lo NASA /KSC in defining theiv direct sup-
port requirements during pre-site activation was
emphasized in the expanding Bocing dicect-support
efforts. During the year formal Interface was estab-
lished with the KSC Apollo Reliability and Quality
Assurance stafts of the program manage ment otfice
(PA6)Y and of Launch Vehicle Operations (VTH).

The BATC S-IC/Saturn V quality program plan has

beendrafted and subjected to severial in-house revicws.

A special configuration of the Quality Control Manual
(D2-4800) will be prepared and will be identified as
the BATC S-IC Saturn V Quality and Reliability As-
surance Manual, (D2-4800-5). It will contain quality
control directive supplements applicable only to BATC
Saturn operations. Preliminary procedures have Leen
drafted; major subsections are scheduled for comple-
tion during the secoixi quarter, FY 1966.

Vil-2

Considerable effort was expended in assisting the NASA/
KSC Reliability and Quality Assurance steff to com-
pile a matrix showing the NASA/KSC - contractor
working relationships relative to quality functions
during the Saturn V operational phasc.

Logistics Support

NDuring the past year direct logistics support was

expanded to include the Base Operations Division,
Material Support Branch (GB?), in addition to the
Launch Vehicle Operations, Component I.ogistics

Branch (VL.3).

Two significant documentation efforts were identified,
and are being maintained on a sustaining basis: Docu-
mentation of on-order spare parts lists in support of
Component Logistics Branch; and documentation of
BATC portahle ¢apilal and perishable hand tools and
portable commerceial test equipment bulk-item re-
quirements in support of the Material Support Branch,

The first hardware for which BATC was assigned lo-
gistics respoasibility arrived on-dock KSC December
31. 1964. Since that time. 183 line items have been
received, recorded. and stored. The volume of
hardware receipts hus increased rapidly in the last
ltscal quarter and is expected to remain high during
the next two years. The significant achievement in
this area is the understanding and tentative agree-
ment with NASA/KSC on the scope of Beeing Logistics
hardware responsibilities.

The initial allocation of permanent logistics office
and stores inside-space in the MILA Industrial and
1.C 39 areas was negotiated. Approximalely 14,000
squave feet (of which 10, 600 square feet is air-
conditioned) was assigned to Boeing l.ogistics.

Mechanical & Propulsion Systems (M&PS)

The first quarter of FY 1965 was a period of buildup
of personnel to support KSC Mechanical & Propulsion
Systems (VM). Boeing support was concerned with
definition of the equipment and of general group re-
sponsibilities within VM,

Second quarter activities included a study of ithe LOX,
LNy and GN, total requirements at LC 39, and a study
to reduce the LOX und LH2 loading time during the
countdown. In addition, an in-house description, sche-
matic and functional analyses of all LC 39 mechanical
systems were completed.

D5-12601.2



Studies covering the Mechunical GSE activities at LC
389 resulted in two proposed operational chianges: Re-
ducton of the Mobile launcher (ML) refurbishment
time from 45 to 21 days; and use of VAB Bay 4 for ML
refurbishment to reduce time lost because of inclement
weather.

A mujor effort during the fourth fiscal quarter sup-
ported VM in preparing level C PERT charts of
mechanical activity at LC 39 from the installation-
contractor completion date through the processing of
vehicle SA-500F.

Cataloging of al] test procedures required lor the 1.C
39 mechanical areas was another major effort. Final
drafis prepared on the NASA/KSC tormat were com-

pleted on schedule.

Boeing participation {ncreased in design reviews for
such items as the VAR-E&CS, service arm work plat-
forms, pnuematic valve instailation, propellant dis-
persinn system, aceess platforms, LCC control panel
layouts, instrumentation requirements, F-1 engine
handling, and mobile launcher platform transporter
movement.

Initinl support of VM for inslallation contructor sur-
veillance at LC 39 took place as the holddown arm in-
stallation on mobile launcher No. 3 got underway.
Support was provided durirg testing of major items of
GSE, propellants system, and vehicle GSE at vendor
plants. This lesting involved the 10,000 gpm main
LOX pump and the S-1C pneumatic consoles.

Preparation of space layouts and equipment require-
ments for LC 39 was handled on a continuing basis.
The mechanical lab layout in the VAB was completed,
and listings of requirements to support the testing
wore prepared,

Electrical & Control Systems (E&CS)

Durfng the past yeuar, the E&CS group supported KSC
Electrical Engineering Guidance and Control Systcms
(VG) in evaluating hardware design for Saturn V