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FOREWORD 

This documenl, prepared in compliance with NASA 

contract NAS7-200, is the first annual progress 

reporL on the Saturn S-11 Program at the Space and 

lnforh1ation Systems Division of North Arnerican 

Aviation, Inc. lt provides a summary and a technical 

analysis of results of contract work for the period 

1 July 1962 th rough 30 June 1963. 
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DESIGN AND STRUCTURES 

LH2 Tank

' . .  

-. -

SUMMARY 

ENGINEERING 

The structural weight of the LH2 tank was reduced by 650 pounds. This
reduction resulted from improvements in the structural configuration and a 
reduction in design loads because of the change in the Saturn V primary mis- · 
sion from earth orbital rendezvous (EOR) to lunar orbital rendezvous ( LOR). 

LOX Tank 

The trough seal between the common bulkhead af?.d the LHz tank was 
.. replaced with a J section. The J section will improve the tank's structural 

integrity and facilitate fabrication and assembly. Tests were completed 
which verified J-section welding techniques and a design within maximum 
strength limits. A riveted gore-panel splice was selected for the forward 
facing sheet of the alternate common bulkhead because tests indicated that 
this splice had higher strength and considerably greater reliability than other 
splices. 

The design of the LOX tank was simplified by replacing the structurally 
complex exclusion riser with a sump. 

Forward and Aft Skirts 

The weight of the forward skirt was reduced by 500 pounds because of 
the mission change from EOR to LOR. 

Thrust Structure 

The center-engine support beams were redesigned to eliminate inter­
ference between the J ..:2 engine and the thrust structure ca,ised by an increase 
in the J-2 engine's suction-duct stability-link envelope. This redesign also 
involved the removal of tne engine-furnished inlet ducts and the extension of 

· the stage feed lines to the engine fuel-pump inlet flange.

- 1 -
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Interstage 

A Saturn V payload increase was achieved by moving the sep.:ration 
plane forward from stage station 156 to station 196. This latte: static,, &ls0 
doubles as a manufacturing joint. Structural design was simplified. ;>v the 
elimination of the second manufacturing joint at station 121. 

Insulation ,

Tests of the low-modulus phenolic-nylon insulation '1erified its 
Two 

No 
structural integrity throughout the expected operating environment. 
sixteenth-scale test tanks and five 30- by 30-inch panels were tested. 
degradation of any of the insulation components (core, outer laminate, 
adhesive, and isocyanate filler material} occurred during these tests. 

The first quarter-scale insulation test tank was completed and installed 
in the cryogenic test facility at Beech Aircraft Company, Boulder, Colorado. 
Tests to verify insulation structural integrity and thermal characteristics 
will be conducted during the latter part of 1963 and the first part of 1964. 

· A second quarter-scale tank, incorporating design improvements and new
requirements made subsequent to the completion of the first quarter-scale
tank, is being fabricated. This tank will also be tested in the Beech
facility.

SYSTEMS 

Engine Systems 

The problem of side loads in the J-2 Engine thrust chamber (caused by 
jet -s_eparation during sea-level testing) has been under extensive study. It is 
believed that the problem will be re solved by incorporating a converging cone 
at the thrust chamber exit in conjunction with an external restraining mecha­
nism attached to the thrust chamber for use during engine start up. An 
analysis of the Engine Failure Sensing and Shutdown (EFSS) System was 
conducted during this.period and a recommended system design was submitted 
to NASA. 

Engine Servicing System design analyses were completed and component 
specifications were released. Based on system analyses, it was determined 
that disconnect standardization would be a practical concept and consequently, 
the same disconnect is used in more than one system. 

The engine compartment conditioning system was changed during the 
report period from one which emphasized engine chilling and compartment 
displacement type inerting with cold GN2 to one which emphasized the temper­
ature·tontrol of temperature sensitive components with warm GN2. This will

- 2 -
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require a more detailed experimental checkout than the_ cold GN2 scheme, 
hence a small scale model test program has been proposed. 

A pre-start conditioning system was designed to provide the J -2 engines 
with minimum NPSH requirements at engine start. This is done by chilling 
the fluid and engine components in the engine feed and gas generator circuit 
before launch and maintaining this conditioning during first stage boost. The 
fuel system is conditioned by means of a forward pumped recirculation flow, 
while the LOX system uses a natural convection forward recirculation flow 
with a helium injection subcooling overboard bleed backup. It is intended 
that a common pump development will be accomplished with the S-IVB stage 
contractor. 

The Rocketdyne Division has been authorized to design, develop, and 
qualify the solid propellant ullage -rocket motors. A procurement specification 
controlling the design and test requirements has been released. An optimi­
zation study of the motor configuration and installation was completed and the 
results were integrated into the m9tor design. Support fittings and aero­
dynamic fairing drawings have been designed and Phase I drawings are 
released. 

Propellant Systems 

The propellant feed system configuration, including valves, lines, and 
disconnE'cts to control all phases of propellant transfer, was finalized 
following trade -off studic s involving tank pressurization, trapped propellants, 
and fabrication problems of LOX tank exclusion risers vs a central sump. 

The slosh and Vortex 1/ 10 scale plastic propellant tank model test 
facility was completed and the test program was initiated. Partial drain 
tests and slosh tests of the LOX tank have been accomplished. 

The original selection by S&.ID of a point sensor type of propellant 
management system was changed by MSFC preference for a capacitance 
S-IVB type of system modified to S-II requirements. Procurement of such
a system is now proceeding, and will include propellant tank gauging elements
and associated electronic equipment to perform the functions of propellant
loading, propellant utilization control, and engine cutoff.

Pressurization System 

Major changes made to the Pressurization System during the past year 
were (1) increase of the tank pressure levels, (2) addition of step pressuri­
zation, (3) addition of modulating pressurant flow control valves, (4) addition 
of a pneumatic actuation system to operate components in the engine pre-start 
conditioning system, and (5) addition of a hydrogen pressurant line purge 

- 3 -
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system. System analyses have been completed as required to support the 
procurement of hardware and the installation design. The problem of liquid 
hydrogen stratification was intensively studied, and significant advances were 

• made in the analysis and control of stratification. Testing consisted of
exploratory tests to evaluate proposed solutions to the stratification problem
and ta.evaluate an expe rime:.ntal gas distributor incorporating a Hilsch tube.

Thermal Control System

The flow rates, gas temperature, insulation thi knesses, and line, 
orifice, and relief-hole sizes for the equipment containers and gas plumbing 
havt! b�en determined. Preliminary tests have been completed to ensure 
that the system's noise level will not annoy maintenance personnel. Experi­
rnental thermal tests of a sim.ulated plumbing network and a typical equipment 
container are planned. 

Electrical Systems 

The configuration of the electrical power system was finalized and 
received Phase I approval. Prelin1inary in-house design reviews were 
sati::dactorily completed at the.same ti1ne as Phase I data were submitted to 
!vlSFC. The design "and development of components is in the early stages; 
so1ne prototypt!s have been fabricated. 

Phase I approval of the electrical control system was received. Pre­
liminary design analyses were conducted on the use of an emitter follower 
for engine control, the control requirements of the propellant recirculation 
and management systems, and the effect of incorporating the Saturn V timing 
system switch selector. Procurement specifications were completed for 
relays, timers, and module connectors. Development programs to optimize 
the design of the component modules were implemented and design checks 
we re successfully performed in simulated environments. 

Destruct System 

. This £ystem electrical design has proceeded through Phase I into the 
Phase II approval stage ,.vith no electrical problems anticipated. The system 
ordnance has progressed from basic concepts to feasibility testing and 
detail procurement specification completion. Development testing has begun 
and is proceeding on schedule. By direction; S&ID is developing the Confined 
Detonating Fuze components such that they could be employed on all stages 
of the Saturn V vehicle. 

- 4 -
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Separation System 

This system electrical design has proceeded through Phase I into 
Phase II approval with no e'lectrical problems anticipated. The s1"stem 
ordnance has progressed from basic concepts to detail procurement speci­
fication ,completion. The installation design for the separation linear shaped 
charge has been submitted for Phase I approval. Significant development 
progress has been achieved in the optimization of the linear-shaped explo­
sive charges used to sever the interstage structure. For example, in-house 
feasibility tests conducted revealed that two linear shaped charges in "piggy­
back" arrangement provide redundancy with optimum installation design 
and maximum reliability. Feasibility of manifold detonation of multiple 
Confined Detonating Fuze leads and through-bulkhead, Non-Electric Initi­
ator for solid propellant motor ignition was established and confirmed 
by tests. 

Flight Control System 

Components for the eight preproduction engine actuation systems were 
delivered. The first preproduction system was delivered to Huntsville on 
15 June 1963. 

Procurement specifications incorporating necessary design changes 
were released for production engine actuation system components, and 
procurement action was initiated. 

Requirements for automatic c_heckout of the flight control system were
released 15 January 1963. The flight control test consoles for the laboratory 
tests of the engine actuation system were designed and fabricated. 

Mechanical feedback was adopted for the engine actuation system. rhis 
eliminated the need for the multipole flight control switch, but the Douglas 
S-IV switch will be used to maintain capability for conversion to electrical
feedback.

FLIGHT TECHNOLOGY 

Dual-plane separation of the S-II from the S-IC was adopted at the 
direction of MSFC. S-II station O was selected as the first plane of separa­
tion, and preliminary studies indicat�d that the sec.ond plane should be· at 
station 196. 

Separation studies were conducted, and S-IC retro-motor require­
ments were established. Ullage motor requirements and an S-IC/S-II 
separation s7quence were alsq established.

- 5 -
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It was :ecommended that aerodynamic fairings be used on certain 
protube·ranc_cs. Fairings are necessary because of the high aerodynamic 
heat-transfer rates on these protuberances and desirable because they 
could provide a gain in payload weight. Fairing and cap angles s.hould be 
15 degrees or less. 

The effects of varying single J-2 engine failure times on the LOR 
mission payload weight we re determined. 

GSE 

The GSE Branch of Engineering has documented the addition of 74 new 
end items of GSE while deleting 53 end items during the past year. A con­
tributing factor was the NASA redirection which resulted in the replacement 
of automatic checkout equipment for Battleship stage testing with eight pieces 
of manual checkout equipment. 

Auxiliary equipment to satisfy the requirements for access to the LHz 
and LOX tanks was under study and design work was initiated on those items 
required for the Battleship installation. 

A review of propellant fill and topping requirements disclosed major 
differences between those for the Propulsion Field Laboratory and Mississippi 
Test Facility and led to the cancellation of units for the MTF. 

Phase I review of mechanical checkout equipment produced major 
redefinition of requirements and caused redesign of so1ne GSE. The pneumatic 
checkout console set was significantly affected. 

The computer program development facility became operational and 
automatic checkout program de-bugging was initiated. Several programs 
were completed and others were accelerated. 

A static firing control station was added to the checkout and control 
category of GSE, for use at static firing sites. 

The telemeter checkout station was affected to the 'extent of an 85 percent 
redesign effort as a result of a NASA concept review. 

The ground equipment test set (GETS) concept was introduced by NASA, 
and replaced the auto1natic GSE systems verification equipment. The 
capability for checkout using PCM, telemetry, and RF simulators, was 
eliminated. 

- 6 -
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TEST AND OPERATiONS 

Cancellation of the Operations Simulator and reorientation of the 
Battleship test program reduced the test capability and program requirements 
for these early programs. In order to retain essential test capabilities and 
to minimize effects on the Confidence Development Plan, portions ;f the 
original test objectives were transferred to subsequent test programs. To 
accomplish these major changes, effort was concentrated in planning, 
evaluating, sclieduling, budgeting, manpower loading, and establishing 
support requirements for all subsequent test programs. The General Test 
Plan, master test schedule, and other supporting documentation, also were 
revised. 

Electromechanical Mock-Up 

Construction of the EMM facility was planned as a two-phase operation, 
Phase I, construction of the S-11 stage simulator area, was completed with 
no serious problems. Phase II, construction of the GSE checkout area, was 
started. Activation of major mock-up operations began at the completion of 
Phase I and is currently in progress. The mock-up is being used to resolve 
interface problems and to ensure proper fit of S-II stage components. 

Battleship 

The Battleship test plan, measurement lists, and support requirements 
were established. Additionally, requirements were published for manual 
checkout and manual control of static firings. Specifications were completed 
for additional instrumentation recording equipment, and bids for supplying 
this equipment are being evaluated. The detailed activation plan and 
electrical-checkout procedures for the GSE and SOD equipment are now 
being finalized. Work was started on preparation of functional block diagrams 
for the stage electrical-power and electrical-control system. 

All-Systems 

The All-Systems program schedule, measurement lists, and support 
requirements were established to support the static-firing measuring system 
concept and boat-tail cryogenic environment tests. The test plan and man­
power loading requirements were updated to reflect the increased scope of 
the All -:- Systems program. A plan for a propellant hazards program was 
completed. Data from this program will be used as support for a request 
for waiver of the All-Systems 25-second static-firing limitations at 
Santa Susana. 

- 7 -
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Mississippi Test Facility 

The MTF Activation Plan, MTF Operations Plan, MTF Flight Acceptance 
• Test Program Plan, and Preliminary MTF Static Firing Countdown were

prepared and published. The test site facility design criteria and design
details'were reviewed to ensure compatibility between the stage, th_e
associated GSE, and the facility. Firm budgetary and manpower loading
requirements we re established to reflect the addition 'of the static firing
instrumentation, the addition of a second control center computer complex,
and the deletion of the vehicle-service building.

Atlantic Missile Range

The Atlantic Missile Range (AMR) test program schedules and support 
requirements were established. An S-II test sequence and other operational 
documents were prepared and submitted for NASA approval. Other activities 
included publication of the AMR Test Plan, formulation of planning groups, 
and a concentrated study effort into the automatic checkout concept. 

The lack of facility checko�t capability prior lo receipt of the first flight 
stage and need of details of the operations at the high-bay and launch-pad 
areas are present AMR problems requiring NASA direction. 

Data Processing Center 

Requirements _for equipment, personnel, and facilities were established 
for the S-II data processing center. A contract was awarded for design and 
fabrication of the primary data reduction equipment with delivery scheduled 
for April 1964. Technical approval of the design concept for vibration and 
cycle count systems was obtained, and contracts will be awarded in the near 
future for fabrication of this equipment. 

Test Progra�ming 

Measurement. lists were published for the Elec mechanical Mock-Up, 
Battleship, S-II-2, S-II-IFD, and S-II-F stages. A 0aturn S-II master 
measurement list was also published, and a preliminary measurement list 
is being compiled for the S-II- 3 stage. Test site support documents 
delineating equipment and material requirements were published for each test 
site. The master test sch8dule was updated to reflect present program plans. 
A total of 35 amendments to the original General Test Plan were submitted 
for approval. Of this number, 12 amendments have been approved; the 

. _remaining 23 arc in various phases of negotiation. 
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During the report period, achievements in reliability primarily involved 
the detailed implementation of the Reliability plan. Also, major progress 
was made in the establishment of detailed criticality category criteria used 
to determine the extent of the optimum reliability effort required. Progress 
in design review included the.-creation of supplier design reviews held within 
S&ID. A statistically designed experiment was implemented to fulfill all of 
the integration req�irements of the Confidence Development Plan. The 
mechanical excellence program was developed for the prevention of reliabil�ty 
degradation during manufacturing, testing, and handling. To allow Saturn S-II 
management to examine the progress of the reliability pro grain and to expe -
<lite the resolution of problem areas, the Reliability Progress and Review 
Board was formed. 

FACILITIES 

S-II Facilitie_s is constructing and preparing facilities for the Saturn S-II
stage in three major locations in California: Downey, Seal Beach, and Santa 
Susana. The Downey site is located at Air Force Pla;nt No. 16; the Seal Beach 
facility is located at the U.S. Naval Weap�ns Station, Seal Beach; and the 
Santa Susana site, Air Force Plant No. 57, is located at the Propulsion .Field 
Laboratory (PFL) in the Santa Susana mountain range, near Chatsworth. 
Work at all sites is proceeding satisfactorily. 

QUALITY CONTROL 

.., Several organizational changes have occurred within S&.ID's Quality 
Control department during the Saturn S-11 program. Saturn S-Il assembly 
operations subsequent to detail fabrication are now product-line oriented, 
and responsible person_nel report directly to the Saturn S-II Quality Control 
manager. Direct-line reporting includes all effort at the Seal Beach facility, 
the Propulsion Field Laboratory, and the Mississippi Test Facility. This 
change will improve the control of inspection operations and the direct 
response and cor rec ti ve action given to problems. Fi r-;t-shift inspection 
operation at Seal Beach began on 11 June 1963. 

DOCUMENTATION 

The preliminary Saturn S-II Quality. Control Plan was issued 21 May 
1962. Revisions have been issued for Volume I (30 October 1962) and 
Volume II (31 December 1962); both volumes are now being revised. In order 
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to provide current information on the progress Saturn S-Il quality control, a 
Monthly Quality Status Report (SID 62-446), and a Quarterly Summary of 
Uuaiity Control Performance Audit,; (SID 62-555) are published periodically. 

The Seal Beach Facilities Inspection Plan was released on 28 June 
1963. The resubmitted quality control plan for tht! fabrication of 'bulkhead 
segments and the Battleship thrust structure have both been approved by 
S&. ID. 

Twenty-one quaiity control specifications were issued or revised 
during this reporting period and 345 Quality Control performance audits 
were conducted. The fabrication, assembly, and inspection record (.FAIR) 
systen1 was put into use on the Saturn S-II program. The project equipment 
installation records (PEIR) system has been established for the Seal Beach 
and Santa Susana facilities. In late October 1962, S&.ID initiated a new 
system of handling Material Review Board (MRB) actions. This system is 
identified as nonconformance reporting and conforms to the requirements 
of NASA publication NPC 200-2. 

QUALITY ENGINEERING LABORATORY 

The Quality Engineering department and the Quality Control Laboratory 
have merged to become the Quality Engineering Laboratory (QEL). This 
laboratory has made considerable progress in developing nondestructive 
testing techniques for the S-Il program, such as designed criteria for an 
ultrasonic inspection fixture. This fixture will be fully automatic, capable 
oi performing either pulse-echo or through-transmission ultrasonic 
inspection of the honeycomb insulation and of accepting eddy-current equip­
ment for surface inspection. A study of penetrant inspection problems 
connected with the S-II patent disclosures has been made for a LOX-safe 
penetrant. QEL is providing assistance to Manufacturing in such problem 
areas as cable assemblies, circuit boards, and tube flaring. Certification 
of S-II skate-welding equipment has started at the Seal Beach facility. 

MANUFACTURING 

Manufacturing's prime milestone was the production of 12 waff�e and 
12 thin gore segments for the first bulkhead. Explosive forming has proved 
to be the best means of producing these complex components to close 
tolerances. Manuf acturing' s efforts were stepped up to the point where 
"proof-of-method" and production schedule commitments could both be 
attained. 
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The following articles, .�11 in support of Engineering test requirements, 
were shop completed by Manufacturing during thi:; report period: 

l . Three forty-eighth scale models 

2. Two tenth-scale models

3. Twentieth-scale model

4. Structures for the development mock-up phase of the Electro­
mechanical Mock-Up

5. Preproduction hydraulic engine actuation system

6. Quarter-scale test tank

7. Nine 55-inch test-model bulkheads

8. Separation plane test hardware

PLAN V 

A program schedule change brought about by limited fiscal year funding 
and customer-requested engineering changes was accepted by S&ID manage­
ment. The schedule change is in accord with NASA letter Plan V, <lated 29 
October 1962. Manufacturing completion dates for the Static Test stage were 
moved out five months; c01npletion dates of subsequent stages were moved 
out as much a:; �2 months. Detailed manufacturing schedules, as well as 
requirements for tooling, factory checkout, GFAE, and facilities", were 
revised immediately to reflect full program support. 

SEAL BEACH 

During the last six months of this reporting period, Manufacturing 
personnel_ have been moving into the Seal Beach facility. Five major tools 
and welders have been installed at this facility. The aft common bulkhead 
segment welder is in production, and the other four welders are in various 
stages of certification or rework. The autoclave and supporting equipment 
and the hydrostat tool and test in,stallation are progressing toward scheduled 
completion. 
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TRANSPORTATION 

Routes to be traveled by .the Type I and Type II transporters have been
established, permit assurances have been secured from all affected munic-

. ipalities, and plans for route modificaJ_ion and obstruction removal have been 
approved. A transportation training program ha:; been developed to ensure 
proper handling of S-II mater;.::ils, tooling, and fixtures. The effectiveness 
of this program is evidenced .> the successful moving of the Electromechan-
ical Mock-Up segments fror .1.,ilding 1 to Building 2 in Downey. 

S&ID will probably a converted B377 Stratocruiser for air trans-
portation of S-II items, a ,ugh the use of helicopters is also being consid-
ered. A test run with tht.. A.c<.D "Point Barrow" was conducted to study the 
ocean-going phases of S-II transportation. 

LOGISTICS 

During the report period, the S-II Logistic::; department accomplished 
detailed planning, s.cheduling, and coordination in th·e functional areas of 
modification and repair, customer training, supply ;upport, support 
docum.cnts, and maintenance engineering in support of the master program 
::;chedule. Spares for the Electromechanical Mock- Up have been ordered 
and were delivered. Spares for the Battleship stage have been ordered. 

The Logistics Support Plan (SID 62-286) was published on 10 November 
1962 and revised on 1 April.1963 to ensure total Logistics support for the 
Saturn .S-II program. A second revi::;ion will be published on 1 October 1963. 
All contractoral support documents required during the report period were 
delivered on ::;chedule. 

MANAGEMENT CONTROL 

MILESTONES 

Milestones completed in the past year include the delivery to NASA of 
the following: 

1. Tenth-scale model

2. Forty-eighth ;;cale model

3. Twentieth-scale model

- 12 -

SID 63-1028-1 



NORTH AMERICAN AVIATION, INC. 

· 4. Tenth-scale diorama model 

PERT 

5. Engine actuation systems

6. Aft master mating gauge

SPACE and INFORMATION SYSTEMS DIVISION 

PERT is now being used extensively by all levels of S-II program 
management. Many management decisions have been made with the aid of 
PERT, as evidenced in a number of biweekly narrative reports. The biweekly 
Wednesday conference of the S&ID S-II program manager and the Saturn 
Systems Office is indicative of their mutual inter�st in and desire to use 
PERT as an executive tool. 
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I. ENGINEERING

DESIGN AND STRUCTURES 

The nomenclature for the S-II stage is presented in Figure 1. 

LH
2 

TANK 

In July 1962, studies to optimize the structural configuration of the LH2
tank were begun. The preliminary configuration consisted of five 33-foot­
diameter cylinders stacked and welded to form the tank skin. Integral 
stringers were machined in the skin to form a rectangular pattern. Longi­
tudinal stringers were spaced at 8. 6 inches, and circumferential stringers 
were spaced at approximately 33 inches. Ring frames approximately 6 inches 
deep were attached to the circumferential stringers. The studies indicated 
that structural efficiency could be increased if the stringer spacing was 
increased from 8. 6 inches to 11. 5 inches and the frame spacing from a 
constant 33 inches to a spacing that would be proportionally increased in the 

1 areas of decreasing loads. 

New Saturn V design loads tha_t reflected the change •·in mis'Sion from 
EOR to LOR were received from MSFC in October 1962. Studies based on the 
new loads were completed in .January 1963. The resulting de.tail design set 
the skin thickness at O. 145 inch, stringer spacing at 11. 519 inches, frame 
depth at 7 inches, and frame spacing at 34. 25 inches at the aft end and 
40. 25 inches at the forward end. 'rhe changes in mission design loads and
the structural configuration resulted in a net weight saving of 650 pounds.

Following completion of the detail design, the stringer column end­
fixity coefficient was decreased, at MSFC direction, from 1. 5 to 1 for stages 
S-II-IFD, S-II-2, and S-II-3. This change was made to ensur'e conservative
design in order to provide compression-panel stability under prelaunch load­
ing conditions for this block of vehicles, and resulted in a tank weight
increase of approximately 350 pounds.

A proposal for compression tests on large curved panels that will 

simulate the LH2 tank wall was submitted to MSFC. These tests, if s_uccess­
ful, will verify the structural integrity of the original tank-wall design and 
permit a weight reduction of approximately 350 pounds. in stages subseqµent 
to S-II-3. 
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SYSTEMS 

DESTRUCT SYSTEM 
ELECTRICAL CONTROL SYSTEM 
ELECTRICAL POWER SYSTEM 
EMERGENCY DETECTION SYSTEM 
ENGINE COMPARTMENT CONDITIONING SYSTEM 
ENGINE SYSTEMS 
FLIGHT CONTROL SYSTEM 
MEASUREMENTS SYSTEM 
PRESSURIZATION SYSTEM 
PROPELLANT FEED SYSTEM 
PROPELLANT lv\ANAGEMENT SYSTEM 
RETRO MOTOR SYSTEM 
RF SYSTEMS 
SEPARATION SYSTEM 
SLOSH & VORTEX SYSTEM 
THER/v\AL CONTROL SYSTEM 
ULLAGE MOTOR SYSTEM 

UPPER 
�-:-_:-_-'_�..:A INTERMEDIATE 

CYLINDER 
UPPER 
CENTER 
CYLINDER 
LOWER 

1'-::::::=-::::.-� CENTER 
CYLINDER 

"'"�-_
-

_ 
..... 
_�_:.:... LOWER

_____ _.._ - INTERMEDIATE 
CYLINDER 

STAGE 
ASSEMBLY STRUCTURE 

COMPLETE 

J-2 ROCKET
ENGINE ASSYS

Figure 1. S-11 Stage Nomenclature
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LOWER CYLINDER 

COMMON BULKHEAD 

AFT BULKHEAD 

BOLTING RING 
SEGMENTS 

AFT SKIRT 

THRUST 
STRUCTURE 

HEAT SHIELD 
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LOX TANK 

Common Bulkhead 

J -Section Design 

In October 1962, the J -section configuration was adopted in place of the 
original trough-seal arrangement. (See Figure 2.) The J section improves 
structural integrity and facilitates the fabrication and assembly of the common 
bulkhead. 

Internal Insulation 

The adoption of the J section neces·sitated a study of the insulation in 
the area just above the section. Arrangements with the insulation on the 
LHz tank side of the common bulkhead were studied, but tank cleaning 
problems were encountered. The final arrangement is shown in Figure 3. 
Stainless-steel honeycomb is fitted into the waffle grid panel pockets on the 
LOX tank side of the bulkhead, and an aluminum cover sheet is welded to 
the waffle grid panel. The test parts fabricated in order to verify the 
welding techniques for this installation are shown in Figure 4. 

J-Section Weld Test Program

A J -section weld test program was conducted in .order to verify welding 
techniques and design allowables. Sample parts and a report on the physical 
properties of welds were submitted to MSFC. 

Perforated Core 

A perforated core was incorporated into the common-bulkhead design. 
Small holes connecting the core cells permit increased gas flow through the 
core. This increased flow is needed for leak detection and also for the 
out-gassing which takes place during tt:,e bonding process. 

Extensive trade-off studies were conducted in order to evaluate the 
effect of the inlet temperature of the pressurant on the structural weight of 
the common bulkhead and on the total weight of pressurizing gas in the tank 
at the end of S-II boost. The objective of the study was to select a pressurant 
inlet temperature and a corresponding bulkhead design that would minimize 
the total weight. Results of the study indicated that the lower facing 
temperature should be limited to a maximum of 100 F. 
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o. "TROUGH" SEAL b. "J" - SECTION

CONFIG�A TION CONFIGURATION

GLASS FABRIC 
HONEYCOMB CORE 

LOX 

"WAFFLE" 

GRID 

STAINLESS STEEL 
HONEYCOMB 
INSULATION 

BOLTING 

RING 

_Figure 2. Early and Present Configuration of Common Bulkhead 
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Figure 4. Welding Test Parts 

A highly complex structural interaction exists at the junction of the LOX 

tank and the cylindrical skirt section. Therefore, in order to maintain com- · 
patible deflecti.ons, IBM 7090 computer programs were develo�d and refined. 

These consider the effects of ta_nk pressures, body axial loads, and tempera­

ture distributions on the discontinuity loadings applied to the tank and skirt 

structure in the joint region. 

The effect of using sheet metal that is heat-treated and stress-relieved 

at the mill (2014-T651) instead of sheet metal that is heat-treated by the user 

(2014-T6) was evaluated. The results showed that this change facilitates the 

forming of the thin gore sections in the annealed condition with subsequent 
aging to the T-62 temper. The difference in material temper i:esults in a 

small change in mechanical properties. No change in material thickness is 

required for common-bulkhead facings, but a slight increase in thickness is 
necessary for the aft bulkhead. 

Common Bulkhead Facing Fit- Up Tests 

A test program was initiated in order to determine the most effective 

means of fitting the completely assembled forward facing shell of the common 
bulkhead into firm contact with the honeycomb core· over all of the surface 
area. In this program, a controlled gap, or deviation from contour, was 
introduced into contoured aluminum panels, and vacuum pressure was applied 
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between the test panel and a surface plate of the correct contour. The objec­
tive of the program was to determine how much initial gap could be success­
fully drawn to contour without buckling or wrinkling and approximately how 
much pressure would be required to accomplish this. 

A total of 28 rectangular panels of 2014-T6 aluminum alloy were tested 
in this program. The basic contour of each panel was representative of the 
common bulkhead in the equatorial region; test panel gauges of 0. 032, 0. 050, 
an<l O. 071 inches were employed, and initial contour deviations ranging from 
O. 030 to 2. 00 inches were covered. Test results demonstrated that the
capability of drawing to contour without buckling increased with panel thick­
ness. It was determined that maximum initial deviatio�s of 0. 050 inches for
0. 030 inches of facing thickness and O. 15 inches for 0. 070 inches of facing
thickness could be drawn to contour by approximately 5 psi vacuum pressure.

A complete description of the test program and results is given in S&ID 
laboratory report SDL 388. The general test setup is shown in Figure 5. A 
typical 0. 032-inch panel with an initial contour deviation of 0. 070 inches 
prior to tests is shown, with check template, in Figure 6; the same specimen 
under the pressure differential that drew it smoothly to contour is shown in 
Fir.:ure 7. 

Figure 5. Bulkhead Fitup Tests Depicting 

Material Distortion 
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Figure 6. Bulkhead Fitup Weld Test Showing Distortion 

0 
00 
<£) 
...... 

00 
' 

C 

:::, 

::, 
..-

Figure 7. Test Specimen Drawn to Contour 

- 22 -
SID 63-1028-1 



NORTH AMERl<:A·• AVIATION, INC. (ii SPACE=d INFORMAT•ON SYSTEMS D>V>S>ON 

Common Bulkhead Acceptance Standards Tests 

A .. ,, -::t program was initiated to evaluate the effect of bond void area on 
the strength of the common bulkheaQ. Voids of various controlled sizes will 
be introduced in the bond line of uniaxial and biaxial compression test speci­
mens. Static and fatigue loadings will be applied and regular ultrasonic 
inspection of the specimens will be performed during the fatigue program to 
detect any tendency toward voi<l propagation. Ultimate compression strength 
will be determined at the conclusion of the repeated-load program. The 
uniaxial specimens will be tested at room temperature and -320 F; biaxial 
specimens will be tested at room temperature only. Material procurement 
and test planning for this program is in progress. 

Alternate Common Bulkhead 

Two design studies were initiated during December 1962 parallel to the 
current design of the common bulkhead. A strip seal is used in one design, 
and a full membrane seal is used in the other. By the use of either seal 
method, the forward skin of the common bulkhead can be bonded to the core 
in 12 individual panels; the current design requires bonding of a single welded 
facing-sheet-assembly to the core. 

Two types of joints were considered for the strip seal: an adhesive­
bonded joint and a riveted joint. The riveted joint (Figur,e 8) was selected 
because of its higher strength and considerably greater reliabihty. Analysis 
showed that the addition of splice -strip area significantly affected the distri­
bution of pressure and thermal loading between the two facings of the 
common bulkhead. 

Production drawings for the membrane and strip-seal designs are being 
prepared. Detail parts will be fabricated for use if sever fit-up problems 
are encountered in fabrication according to the current design. 

Alternate Common Bulkhead Design Development Tests 

An alternate design ior the S-II common bulkhead is being investigated 
at the request of MSFC. The forward facing sheet would be bonded to the 
honeycomb core in individual gore segments, which would be subsequently 
spliced to obtain structural continuity. Two methods of sealing the upper 
facing are being considered: one method involves the use of strip seals 
applied over the structural splices and welded along the edges to the bulkhead 
gore segments; by the other method, a complete membrane shell would be 
built up as a welded assen,bly over the 9tructural bulkhead. 
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Slosh Baffles 

The original LOX tank configuration included one slosh baffle at lhe 
e_quator. Good structural support for the baffle· was provideci'by the comrn.on­
bulil:;:head grid panel. 

Flight dynamics studies indicated a need for two additional baffles to 
satisfy damping requirements for LOX sloshing during first-stage and S-II 
boost. The baffles are located approximately 68 inches above and 96 inches 
below the equator. Support of the baffles presented a problem. Attachment 
directly to the bulkhead facing sheets was not feasible; therefore, a supporting 
truss structure attached to the comrnon-bulkhead grid panel at the equator 
was selected. 

Trade-off studies were conducted on the relative merits 
versus closed-tube members for the truss support structure. 
tube members were found to have a slight weight ad:vantage. 

Sump 

of open-section 
The closed-

The LOX tan);< was redesigned to include a sump instead of an enclusion 
riser. There are two advantages to this change. First, it eliminates the 
major problems associated with the fabrication of complex brazed-honeycomb 
exclusion risers. Second, it eliminates a potentially serious safety hazard 
\.vhich_ could develop due to trapped LOX in the exclusion riser honeycomb 
structure. Cracks could develop in the close-out 'welds due to structural 
flexure <luring transportation, propellant loading, and static firing; this 
would permit LOX to permeate the honeycomb structure. The presence of 
trapped LOX would pose a potential explosive hazard during defueling. It 
would be difficult to take adequate safety precautions, ::.ince techniques for 
providing satisfactory ,,ionitoring of the leaks are not available. 

FOR WARD AND AFT SKIRTS 

Studies corducted to account for th<:' change in design loads from the 
EOR to the LOR mission resulted in a. reduction in stringer cross-sectional 
area, an incre&se in stringer spacing, and a net weight reduction of 
500 pounds. 

SYSTEMS TUNNEL 

Design studies and layouts were started in July 1962 in order to 
optimize the original configuration of the systems tunnel. Changes in tank 
and :5ystems designs and the addition of rate gyro packages causeq. several 
adjustments in 1-unnel ·size and location. 
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The systems tunnel is to be located at 29 degrees 10 minutes frorn 
position I toward position II, running from station 930 to station 197. Its 
half-circle configuration is designed to take hoop compression from aero­
dynamic loads, reduce frontal area, and minimize requii·ernents ior stiffener 
frames. The Fiberglas tunnel is bolted to the LHz tank skin by means of 
tap1Jed holes and to the forward and alt skirts by means of nut plates. Slotted 
holes in the tunnel at the attachment points allow for differential expansion 
and contraction between the tank and the tunnel. 

THRCST STRUCTURE 

Final de::;ign of the thrust structure began during this reporting period. 
The center-engine support beam was redesigned because of changes in the 
J-2 engine. Relocation of the main oxidizer-valve actuator and an increase 
in the size of the inlet-ducts/ stability-link envelope and main oxidizer-valve 
acturator caused interference with the center-engine support beams. To 
clirninate this interference, three basic coniigurations were investigated: 

1. Parallel support beam::,, engine not rotated, customized inlet ducts

2. Nonparallel support beams, engine rotated -15 degree::., ::;tandard
.r -2 inlet ducts

3. Converging support beams, engine not routed, standard J -2 inlet
duct::;

The first configuration proved to be the lightest, and approval was 
received from MSFC to proceed with this design. The use of customized 
ducts involves the removal of the center engine-furnished inlet ducts and the 
extension of the stage feed lines to the engine fuel-pump inlet flange. This 
change eliminates thrust-structure interference by eliminating the stability 
links, which are not required for the fixed center engine. 

A study was also performed to determine the effect of making the thrust 
structure strong enough to resist engine side loads during static-firing 
thrust-buildup or decay periods. A weig.ht pei;ialty of 470 pounds \vas indi­
cated; therefore, a decision was made to provide external supports directly 
to the outboard engines in order to arrest side loads during static firing. 
This solution was not considered feasible for the center engine because of 
difficult access for the external supports; the center-engine support beam 
structure was therefore strengthened to accommodate the engine side loads. 

An extensive analysis of deflectic,:1-influence coefficients at engine 
gimbal and actuator support points ·was undertaken in sup_FX)rt of flight-control 
studies performed by the Flight Technology branch. Linear deflections in 
three coordinate direction::. were determined at all attachment points, as well 
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as angular deflection in two coordinate directions at the engine gimbal point. 
Results are expressed in an l l-by-11 matrix of influence coefficients; 25 such 
matrices were developed, one for nominal values of stiffness of thrust­
structure elements, the others reflecting the changes resulting from arbi­
trary variations in the stiffness of the ·primary structural elements. 

INTERSTAGE 

A Saturn V payload increase was achieved by moving the separati'on 
plane from station 156 to station 196. A result of this change was the elimi­
nation of a second manufacturing joint at station 121. This joint is now 
combined with the station 196 separation-plane joint. At the termination of 
dual-plane separation studies, a second separation plane was established at 
station 0. The designs of the two separation-plane joints are similar. To 
maintain an optimum-weight structure, the interstage frame spacing was 
modified to agree with the relocation of the separation plane, the elimination 
of the manufacturing joint, and the addition of the second plane at station 0. 

Investigations were made of several types of joint details for flight 
separation joints and the interface joint to the S-IC forward skirt_. A detail 
design for the interface joint, similar to the flight separation joint (com­
pression fittings on the stringers), was proposed, but manufacturing 
schedules on the S-IC fonvard skirt did not permit incorporation of the change. 
The selected joint design consists of two bolting angles, back-to-back, with 
structural loads transferred at the skin line. This produces some load 
eccentricity on the skin-stringer panels, which results in radial loadings on 
the supporting frames. The magnitude of loading is dependent on structural 
characteristics on both sides of the interface joint, so close coordination 
was maintained with Boeing and MSFC to ensure compatible design of the 
interstage and the S-IC forward skirt. 

Load diffusion around the access door in the interstage was analyzed 
to ensure adequate strength and stiffness properties and to achieve a reason­
ably uniform loading distribution at the flight separation joints. 

Studies were made of various ullage-rocket mounting· configurations, 
including external, internal, and semiflush arrangements. The external 
configuration was adopted, and structural mounting provisions were incorpo­
rated in the interstage design. Aerodynamic fairings were incorporated into 
the support for the separation-joint linear-shaped charge. Aerodynamic 
fairings were also designed for the LHz feed lines; these fairings are being 
added to the aft skirt and interstage. 
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INSULATION 

Structural analysis of the LHz tank external in::.ulation was performed 
in order to evaluate critical stresses in the facing and core of the insulation 
P'.1nels and to c�mpare the stres::;es with ::;trcngth allowables. Thermal 
stresses are of primary importance. Environmental conditions as::.ociated 
with propellant loading, prelaunch hold, and boost were considered in this 
evaluation. The analysis results indicated that the original detiign, which 
employed Fiberglas-phenolic laminate for the external facing, is very 
marginal; results of environmental tests on tank-wall insulation panels con­
clusively demonstrated that it is not satisfactory. LO\v-modulus laminates 
for the external facing were under consideration, and investigation of nylon­
phenolic material for this application was expedited.· 

Tests were conducted by utilizing sixteenth-scale tanks and 30- by 
30-inch panels. The 30- by 30-inch panel size was necessary for environ­
mental testing of the insulation under combined conditions of applied
vibration, aerodynamic heat simulation, and cryogenic fluids. Two
sixteenth-scale tanks were constructed with low-modulus laminates. The
first tank had a nylon-phenolic laminate,. and the second tank had a nitrile­
modified phenolic-nylon laminate. Figure 9 shows a sixteenth-scale test
tank undergoing LN2 boil-off tests.

Figure 9. Sixteenth-Scale Tank During LNz 
Boil-Off Tests at S&ID 
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Nylon-phenolic laminates were used in the fabrication of five additional 
30- by 30-inch panels. These panels wer� used for more complete environ­
mental testing of the insulation on areas representing large panel sectors and
close-out areas of the tank. The results of this program were satisfactory.
No degradation of any of the insulation components was noted during any of
the tests, and ultrasonic bond-line inspection before and after testing indi­
cated that all bonding agents operated satisfactorily. Figure 10 is a
photograph of a 30- by 30-inch panel fabricated with a 0. 8 inch thick,
3/4-inch cell-size core and a low-modulus laminate. This figure shows the
panel after vibration and cold-soak tests with LNz .
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Figure 10. 30- by 30-Inch Panel After Vibration and 
Cold Soak With LNz 

During aerodynamic heating tests on one of the sixteenth-scale tanks, 
the 2-psi helium purge was inadvertently continued through the trajectory 
heat portion (peak temperature 425 F) of the test. Ordina_rily, the insula­
tion is vented to the atmosphere ·during this phase. As a result, the Tedlar 
film sealer bubbled away from the skin in many places. This was to be 
expected, because Tedlar will appreciably softe_n above 300 F. However, 
ther� was good distributioz:i. of the helium gas through the insulation; bubbling 
was more or less uniform over the surface . 
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Figure 11 shows the first quarter-scale test tank installed at the 
pretest tower at Beech Aircraft Corporation, Boulder, Colorado. The 
second quarter-scale tank incorporating the 3/4-inch cell size, 0. 8 inch­
thick honeycomb and the nylon phenolic laminate is representative of the 
current design. 

Figure 11. Quarter -Scale Test Tank Installed in 

Pretest Tower at Beech Aircraft Corp. 

In recent months, a thoroL1gh investigation of the insulation leak­
detection and pur.ge system was conducted. The system can be used to 
determine the hydrogen leakage rate across the structural welds on the 
hydrogen tank. Te sting has been done with the helium mass spectrometer 
in order to prove the feasibility of this technique; but final proof cannot be 
obtained until later phases of the test program, when complete evaluation of 
the insulation-purge and leak-detection system can be conducted. 

HEAT SHIELD 

The first portion uf the heat-shield testing program was aimed at 
verifying the structural aspects of the shield. The first tests with heat 
alone, used to calibrate the test equipment, indicated a significant amount 
of delamination of the high-silica cloth facing sheet on the hot-side face· 
at 1500 F. Close observation of subsequent tests indicated that in air the 
phenolic impregnant was breaking into flames. Early this year, additional 
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specimens were constructed, the first of which was tested in an environ­
ment simulating 200, 000 feet altitude with aerodynamic heating �tarting 
from a prechilled condition. 

These samples did not delaminate, and sl1owed surprising resistance to 
the heat._ Additional samples were then tested at atmospheric pressure on a 
shaker purged with carbon dioxide to prevent an oxidation reaction. Results 
of these tests closely approximated the results of the tests conducted in the 
altitude chamber. Samples as la.rge as 12 by 12 inches performed satisfac­
torily up to 1500 F, the predicted maximum operating temperature. Tr.e 
flexible curtain material was tested up to 1800 F. Further tests were c<..n­
ducted, and accurate properties were obtained; this permitted reduction c� 
the design temperature to 1500 F. All spe·cimens tested at this tempera tu. ·e 
met design requirements. 

STUDIES 

Extensive studies related to the S-II s·tage were completed in support 
of other technical activities. The body stiffness characteristics of the 
S-II stage, including axial, bending, and shear stiffness, were evaluated;
and similar data were compiled or estimated for the other stages of the
Saturn V vehicle. This information is required for determination of body
natural frequencies and mode shapes for use in stability and control studies
or dynamic loads analysis.

The allowable loadings that may be applied to the S-II stage during 
static firing operations were determined for several selected stations; the 
results are expressed in terms of maximum allowable bending moment, axial 
load and shear, or interaction equations defining permissible combinations of 
these loadings. 

Evaluation of allowable bending moments versus time during S-IC 
boost at several selected stations has been completed. 

STRUCTURAL TESTING 

Basic Material Properties Tests 

Extensive tests were completed at room and cryogenic temperatures 
(to -423 F) to establish design mechanical properties for 2014-T65 l parent 
metal and welded joints; adhesive, core, and composite sandwich construction 
of the common bulkhead; and high-strength fasteners and mechanical joints. 
Tests were also conducted at room and elevated temperatures on the adhesive, 
core, facing material, and composite sandwich assembly of the LH2 tank
external insulation. Statistical reduction of the test data was ·accomplished 
to establish strength allowables for use in the design of S-II stage structure. 
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Testing of parent metal specimens included determination of tensile 

ultimate and yield strength, elongation at failure, c,ampressive yield strength, 

shear ultimate strength, bearing ultimate and yield strength, and modulus of 

elasticity in tension and compression. Several plate and sheet thicknesses 

were investigated, and data were obtained at room temperature, -100 F, 
-300 F, and -42 3 F. Approximately 15 specimens were tested for each dat�

point: a total of approximately 1600 specimens for ithc parent metal program.

The cryostat used for testing at LH2 
temperature and the test fixturing with

cryostat removed are shown in Figures 12 and 13. 

Uniaxial testing of weld joints in 2014-T651 sheet and plate was con­

ducted to determine ultimate tension strength and elongation at failure. A 

range of sheet and plate thicknesses was covered, and the effects of weld 

psoition, joint offset, and weld repair were investigated. Tests were per­

formed at room temperature, -100 F, - 300 F, and -42 3 F. Normally 10 

speciments were tested for each data point: a total of approximately 1800 

specimens for the weld program. 

<N 
' 

(") 
(") 
00 
' 

0 

� 
U) .... _, .... 

Figure 12. Cryostat 
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Figure 13. Cryostat Test Fixturing 

Flatwise tension and compression and block-shear tests were per­
formed on the Fiberglas honeycomb core of the common bulkhead to deter­
mine the ultimate strength and modulus. Tests were conducted on a range 
of core thicknesses from 5/8 to 6 inches at room temperature, -300 F, and 
-423 F. Edgewise compression tests were also conducted to evaluate the
ultimate compressive strength of the 2014-T6 facings as supported by the
core. Approximately 600 specimens were tested in this program.

Modei Bulkhead Stability Tests 

A two-phase test program was initiated to investigate the stability 
under uniform collapsing pressure of bulkheads having hemispherical and 
ellipsoidal contours. The objectives of the program were to verify the design 
buckling coefficient used for the full-scale common bulkhead, to support 
theoretical investigations of buckling behaviors, and to evaluate effects of 
unequal facing thickness, core stiffness characteristics, and temperature 
gradients on buckling behavior. 

The initial phase of the test program involved collapsing-pressure 
tests on hemispherical and ellipsoidal monocoque shells of 8 inches. base 
diameter. The test specimens were hydropress formed from 707 5-T6 
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aluminum alloy and subjected to selective Chem-Milling to achieve a uniform 
thickness distribution. Various thicknesses were selected to cover a radius­
to-thickness ratio of approximately 30 to 200. The equivalent radius-to­
thicknl.!SS ratio for the full-scale common-bulkhead sandwich s.,r.ructure is 
approximately 50. Twenty-four hemispherical shells and 2 0 ellipsoidal shells 
were tested in this prograrn, and the test data were statistically reduced 
to obtain plots of buckling coefficient vf'rsus radius-to-thickness ratio for both 
90 and 99 percent probability. The 99 percent probability buckling coefficient 
is 0. 26 for the hemispherical shells and 0. 44 for the cdlipsoidal shells. 
These values can be compared to a design buckling coefficient oi 0. 156 used 
for the full-scale bulkhead. (Buckling coefficients for ellipsoidal shells are 
based on the maximum radius of cu1·vature, which occurs at the pole.) 

.A typfral hemispherical shell installed on the base plate of the test 
fixture that is used to apply hydraulic collapsing pressure to the specimens 1s 
shown in Figure 14. Typical ellipsoidal shells after buckling failure are 
shown in Figure 15. 
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Figure 14. Saturn Structural Test Setup 

Results of the 8-inch model bulkhead tests assure that the design . 
. buckling coefficient employment for the full-scale common bulkhead has a 
margin of safety for prediction of the buckling of a monocoque ellipsoidal 
shell under collapsing pressure. At the end of this reporting period, one 
hemispherical and four ellipsoidal specimens had been tested. Test data 
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have not been completely reduced, but preliminary results indicate that 
stability of the full-scale common bulkhead has been conservatively pre­
dicted. Views of a typical ellipsoidal model bulkhead are shown in 
Figures 16 and 17. Trie test fixture used to apply collapsing hydraulic 
pressure is shown in Figure 18. A view of a typical ellipsoidal specimen 
after buckling failure is shown in Figure 19. 
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Figure 15. Bulkhead Stability Scale Size Specimens 
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Figure 16. Ellipsoidal Model Bulkhead, Exterior View 
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Figure 17. Elipsoidal Model Bulkhead, 

Interior View 
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Figure 18. Hydraulic Pressure Test Fixture 
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F:i,gure 19. Ellipsoidal Specimen After Buckling Failure 

An extensive tc st program was initiated to support this parallel design 
developrnent. A large number of metal-to-n1etal lap-shear tests were con­

ducted in order to evaluate the feasibility of using adhesive-bonded joir:its to 
splice the forward-facing gore segments. Single- and double-lap specimens 
were tested at room temperature, -300 F, and -423 F. Effects of splice 
U1ickness, lap width, and taper oi the splice straps were investigated. A 
total of 214 spccinwnt were tested during this phase. 

Flatwisc tensile and block-shear sandwich specimens with simulated 
riveted joints were tested to evaluate the cficct of riveting on the strength of 
the bulkhead co re. 

Tests were performed on various welded strip-seal configurations to 
determine the strength and load-deflection characteristics of the seal and the 
effect of tl1c sealing weld on the strength of the basic bulkhead gore. Three 
different aluminum alloys (5052-H34, 5083-H32, 3003-Hl4) were investigated 
as potential strip-seal n1aterials. During this phase, 14 5 specimens were 
tc s ted. 

A model test program to evaluate the behavior of a complete mC'mbranc 
seal ·applied over the structural bulkhead \Vas planned. A total of 2 0 model 
membrane seal shells will be tested in this program. The test fixtur e and 
model bulkhead have been completed, and the test is being set up (Figure 20). 
It is anticipated that testing will begin approximately 10 August 1963 . 
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Figure 20. Membrane Seal Test Setup 

.i\coustic Panel Tesls 

Acoustic test specimens that simulate structural panels of the S-II for­
ward skirt, LHz tank, aft skirt and intcrstaf!e, and thrust �tructurc have been 
defined. These panels will he exposed to desig11 acoustics environment in 
order to verify the sonic i<1tiguc resistan..:e of the primary structure. Detail 
test planning is in pr ogress. According to current plans, tests ,vill be 
acco111plishcd at the N.'\A Los Angeles Division acoustic test facility. 

Full-Scale Common-Bulkhead Test 

The general test plan for the full-scale common--bulkhead test program 
was defined and reviewed with MSFC, an�I _general approval was obtained.

Basic facility requirements were negotiated with Rocketdyne, and 
design of test fixtures is in progrt!SS. 
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The hydrostatic proof-test program was completely defined and sub-
1nitted to MSFC for review and approval; general concurrence was obtained. 
Structural analysis support has also been given to the Industrial Engineering 
department to stress chcck the bulkhead hydrostatic test fixtures and to 
evaluate discontinuity stresses in the bulkhead that are induced by the test 
fixture. 

Structural Static Test Program 

Preliminary definition of the structural static test program was com­
pleted and submitted to �SFC for review and approval. This definition 
includes setting of the major test conditions, determination of the approxi­
mate test loadings associated with each condition, and establishment of the 
basic concept for test-fixture design. Detail definition of strain gauge and 
deflection instrumentation and design of test fixtures are in progress. 

WEIGHT CONTROL 

Weight and Balance Reporting 

Monthly weight and balance status reports were submitted - the first in 
July 1962. NASA initiated new reporting requirements during this period, 
which are defined in MSFC-PROC-252. Weight-reporting-computer programs 
were revised to meet the requirements and format pre scribed in this docu­
ment, and the first monthly status report in compliance with the ::;;e new re­
quirements was submitted in February 1963.

Specification Weights 

Several technical reviews were held with MSFC to establish agreement 
on a specification weight for the S-II dry stage that would be suitable for an 
ope rational stage. General concurrence Wq.S rcac!1cd on a value of 7 5, 000 
pounds, based on the S-11 stage as defined in the February 1963 weight-status 
report with suitable modifications for an operational stage. Several recent 
system-design changes, in response to MSFC technical reviews or require­
ments, have increased the current S-ll stage dry weight to 79,297 pounds. A 
list of potential changes was submitted to MSFC for consideration in order to 
achieve the desired weight reduction to 75, 000 pounds. 

S-II weight status is given in Table 1.
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Table 1. Saturn S-II Weight Status 

Weight 

. 

Spec Revised 
Item SID6l-361 Spec 

Usable propellant 930,000 916,000 

Structure and equipment 
Skirts 10,565 7,691 
Maintenance platform 420 
Propellant container 35, JOO 37, 057 
Thrust structure 6,225 6, 191 
Fairings and associated structure 265 265 
Ba�<" heat protection 1, 350 1, 350 
Pa int and sealer 190 180 
Equipment and instrumentation 5, 350 5,261 

Propulsion system and accessories 
1-2 engines (S) 15,400 16,491 
Propellant systems 3,230 4,435 
Thrust vector control 780 857 
�llage rocket provisions 150 
Purge system 80 80 

Stage dry weight 79, 105 79,858 

Unusable propellants and gas residuals 8,355 1 l, 255 

Usable propellant residuals 
Engine performance other 

than normal J, 390 I, 390 
Thermally unusable 

Stage weight at burnout 88,850 92,503 
-

Main stage propellant 930,000 916,00C 

Thrust decay propellant (cut-off to 10%) 50 50 

Stage weight at lift-off (90% thrust)':' 1,018,900 1,008,553 

Stage mass fraction'� 

LOR standard propellant consumption 
0. 908

Current stage weight at lift-off 
= 

(lb) 

May Status 
SID 62-875-11 

(S-II-2 and - 3 only) 

916,000 

7,389 

33, 104 
6,907 

265 
815 
180 

5,358 

16,491 
5,876 

857 

80 
77 ! 322 

13,487 

1, 390 

92, 199 

916,000 

450 

1,008,649 

,:,Does not include that portion of S- lC/S-11 interstage documented to S-11 stage 
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Weight Studies 

Considc rabi'e effort has been devoted to weight trade-off studic s of 
various design arrangments and potential design changes in ord<'.r to maintain 
minimum-weight design of the S-Il stage. General support to thl'• strudural­
arrange1nent optimization studies and detail evaluation of many ck sign 
concepts, such as dual-plane separation, stations and expulsion tL·chniqul'S, 
ullage rocket mounting arrangcrnent, and aerodynamic fairings over external 
protrusions, have been included in this effort, 

STRUCTURAL DYNAMICS 

J -2 F.ngine Acoustic Measurements 

An acoustic measurement program was � onducted at the Rocketdyne 
Propulsion Field Laboratory during initial firings of the J-2 engine. Acoustic 
kvels we're recorded during five engine firings of 10 seconds or long<:!r 
duration; Near-field and far-fioJ.d measurc'rnents were taken, and micro-
phones were located al various positions on the 
ponded to stations of interest on the S-11 stage. 
showc-d good agrce_ment with predicted values. 
were transmitted to MSFC. 

S-II Dynamic Environment

engine test stand that corrt:s­
Evaluation of the test results 

Copies of the recording tapes 

Acoustic and vibration design levels were predicted for all major areas 
of the S-11 stage, The vibration environment was defined in terms of 
sinusoidal sweep and dwell vibration amplitude versus frequency; vibration 
levels were derived from the acoustic environment by empirical methods. 
Both static-firing and launch conditions were considered. 

In gcnerai, the static-firing operation produces the critical dynamic 
environment except for the S-II/ S- IC interstage and for those components not 
present on the stage during static firing. Close technical coordination was 
maintained with MSFC dynamics group personnel concerning prediction of 
the dy narnic environment, and agreement on the results was reached. 

Detailed compilation of vibration and acoustic measurements to be 
taken during ground and flight test programs was completed, and the require­
ments were coordinated with MSFC; 

Body Modal Analysis 

.Natural body vibration modes were analyzed for the Saturn V vehicle 
during first- and second-stage boost phases. Longitudinal, lateral, and 
torsional modes were determined for several boost times during each boost 
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phasv. Tlw first eight lat{.;ra.l and longitudinal modes were ckt<.!rn1in,.>d. 
rl·sults oi the rnodal analysis are compl�tely summarized in SID 63-80, 
Vibration !vludc.:s for Saturn C-5 LOR Suborbital Con.figuration, dated 
3 l .J,Lmta ry 196 J. 

Boch· Lo:tds Analysis 

The 
Body 

·\ '-·omµrchc11sive an,tlysis w,1::; conducted to determine the body loads on
t!·C' S,tL11rn \' v:-hiclf' duJ·ing prclauncii, launch, and S-IC boost. Design 
;1L111u::;pli<·ric di,:;turbance:;, ,hanges in aerodynamic and inertial loads due to 
IJ�Jll ')' iJ<:ti<lin)-;, co11trol-:;y::;tc1T1 cliaractcristics, and tolerances on aerodynamic 
cocfficit'llb ;tn' consid<•recl during f.light loads t:val11ation. :\ digital-cnmputer 
prugram \\�ts dcvelup,,d "·itli which to periorm the flight-loads analysis by 
using basic body-modal ci;-ita. ;1s input to' allow evaluation of dynamic effects . 
.-\ complete surn111ary ,Jt lh<.' loads anaLysis ;u1d a comparison with design loads 
d,ltd est,tblished by MSFC arc given in SID 62-.l 18-1, Saturn S-II Structural 
Design Loacls Manual, rc,·i ,;c-d May 1961. 

Static-firing loads assol·iatt·d ,vith S-II-T at Santa Susana and the pro­
duction stages at Mississippi TL'St Facility ar<' being analy:c:ed. \V ind load and 
dynan1ic transients associated wit!1 t.·nginl' start or shut-down an<l engine 
gimbal programs arc· being consi<l,�rcd in tlH' analysis. 

Dyrnanic-loads analyst's oi J-2 engine• ingition at the beginning oi S-11 
boost and of ullagc-rockct ignition transient have also been performed. Pre­
liminary dynamic-loads analyst's for the Saturn V vehicle at launch, rebound, 
and during S-IC boost wt�re performed on a passive analog �omputt:r in order 
lo conduct param.cter studies aml identify problem areas.· 

Dynamic Response Studies 

A detailed investigation was ma<lt.' of the behavior of propellants in th(:' 
S-11 tanks as a result of S-lC engine shut-dow1i. The strain energy in the
lowvr and common bulkheads and in Lh<.· cylindrical shell of the sta,_!.C' due tu
ac.:celc-ration loads is suddenly releast.'d at this time. Study results indicate
that propellant ,vill rebound away from lhe bulkheads and that approximately
lhrce or four s <.:conds "·ill be required to damp out th<' transient. This could
make il difficult tu have propellant available at the righl time for proper J-2
engine starting. Studies oi possible corrective mcasurc.:s are in p1·ogrcss.

The structural charact<'ri:stics of the stage were accuratt.-ly rcpn:scintcd 
111 tlw dynamic analysis; howev<.'r, the propellai1t in each tank was visuali/.t.·d 
as a single, solid n1ass, conn<:ckd to th,: body by a spring r,:prt..:senting th,· 
stiffness of the supporting bulkhead. This is obviously a gross simplificatiun 
of the actual hydrodynamic characteristics, and a research program involving 
theoretical and t·xperin1ental investigations was proposed to MSFC as a means 
to acquire more fundamental knowledge in this general problem area. 

- 42 -

S1D63-1028-1 



NORTH AMERICAN AVIATION, INC. � SPACE and INFORMATOON SYSTSMS DIVISION 

SYSTEMS ENGINEERING 

SYSTEMS INTEGRATION 
\ 

The S-II Stage Maintenance Concept 

Design guide lines for implementing the S-II stage maintenance concept 
have been developed and established in SID 62-1222, Maintenance Concept for 
Saturn Stage S-II, 26 October 1962. This document describes the accessibil­
ity requirements for the flight stages at each of the operational sites through 
launch-pad operations. A fault-isolation plan that minimizes stage system 
operating time in order to prevent the use of the stage as a test bed is also· 
outlined. 

Component Test Station 

At the systems checkout working group meeting of 12 February 196 3, 
Saturn V stage contractors were requested to submit a proposal describing 
the equipment, mode of operation, and degree of automation required for 
component test stations. S&ID recommended the semiautomatic mode of 
operation for electrical-electronic component checkout at Seal Beach, 
Electromechanical Mock-Up (EMM), Propulsion Field Laboratory (PFL), 
Mississippi Test Facility (MTF), and Atlantic Missile Range (AMR). The 
manual mode was selected for hydraulic cryogenic, and pneumatic test con­
soles for MTF and AMR. Technical descriptions of this equipment were 
prepared, and costing was initiated. 

Interstage Handling and .Checkout Plan 

As a result of an action ite1n frorn the 21 February 1963 systems 
checkout working group, the Aft Interstage Handling and Checkout Plan, 
SID 63-733, was prepared for submittal to MSFC. 

Following assembly and installation of the interstage system, the 
following major operations will be accomplished at Seal Beach: 

1. Inter-stage •subsystem checkout

2. Mechanical fit check

3. Jum.per cabie checkout with the flight stage during integrated­
systems tests .

4. Packaging for shipment
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The interstage will be shipped to AMR with all systems intact. At AMR, 
the interstage will be checked out with the stage by means of jurnpe'r cables 
during the low-bay, inlegrctted-systems test. It will then be mated with the 
stage and transferred to the high-bay area for mating ·with the S-IC. 

R.edefinilion of GS£ Requirements at Sc,1.l Beach

The Phase l GSE re,;iew and the systems measuring devices {SMD) 
briefing held al S&JD on 1--l May 1 �l(>J resulted in a redefinition o( the opera­
tions and checkout equipn1ent to he used at Seal Beach for Stations 3, 4, 
and 7. 

Station 3 

::itation 3 operations will be confined to installation of  all of the stage 
systen1s; no stage power \Vill be ;ippli:cd in this station. 

Station 4 

Al Station 4, all stage systems \vill he operated under local control, and 
truublc shooting of difficulties will IJC dun.._· as ni.1uir,�d. When tl1c st,Lge 
systcrn are debugged to a reasonable degree, antoinatic-systern level and 
integrated- system level testing ,vi 11 he initiated. Tlie final checkout opera­
tions will be conducted with the checkout equipment under computer co1�trol. 

.Station 7 

At Station 7, the sLt�e power system will he activated and checked out. 
The hydraulic and pneumatic systerns will be operated to full flight pressures. 
Thorough leak testing of the electrornechanic;_d systen1s as well as propor­
tional control activation of e,.tcli engine system will be conducted. 

No ::iMD \>,ill be utili ✓,ed in Stations .3, -l, ;u1d 7. All manufacturing 
cliec!<.(1\lt require1nents will be satisfied l,y GSL and special de\·elopment 
de\·ices {SOD). The basic changes are as follows. 

1. Event recorders and discrete displays will be pro,·ided to monitor
stage and GSE responses.

2.. Stagt: power !;uses will be continuously 111onitored, and voltagt:s
will be recorded.

3. Manual control and 1nonitoring of <ill st<1ge electro-mechanical
compon.cnts and system pressures will he included.

4. A proportional control will be provided for gimbaling each engine.
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Static Firing Concept 

The S-II stage static firing concept was established after a comprehen­
sive study. The concept is basically an adaptive one. Equipment designed 
for local control of the autoruated checkout complex will be used for all 
noncritical control functions. Special direct-wire rn.anual control equip1nent 
will be used lo control critical firing functions. The only exception will be 
the automation of engine gimbaling during firing because of special frequency 
and an1plitude requirern.ents. 

The basic stage checkout equipment and associated electrical and 
pneumatic interfaces will be used in their present configurations. During 
checkout operations, the 1nanual static-firing control equipment will be dis­
connected; during static-firing operations, those portions of the electrical 
checkout station local control that are not required will be disconnected. 

A ground equipment test set (GETS) will be used to verify both checkout 
and static-firing con.figurations prior lo checkout or static-firing countdown. 
The approach will provide a rnanual capability in the 111.anual static-firing 
control equiprn.enl for hard-wire,_ positive control of the propulsion syste1ns: 
pressurization, pro_pellant loading, propellant feed, and engine control.· 
The remaining stage s.yste1n control will _be provided by 1neans of local con­
trol of the electrical checkout station equipment. There will b� no redundant 
active control between the manual static-firing control equipment and the 
electrical checkout station equipment during the static-firing mode of 
operation. They will be isolated by n1eans of connection or disconnection 
with the output of the command distributor. 

During static-firing operations, the local.-control n1ode of operation for 
the electrical checkout station equipment will be used in order to maintain 
control of systems that are not directly associated with the hot-firing testing 
{such as separation, flight control, and power and control). A computer will 
be utilized as a passive monitor during static-firing operations. This concept 
provides for positi've control of all functions necessary to restoration of the 
stage to a safe condition upon stage or GSE malfunctions and the capability 
for avoiding difficult situations without jeopardizing the stage or the operation. 

Growth and flexibility are provided·for by the rnethod of positive 
enabling/ disabling manual static-firing control equipment and by local control 
at the output of the comn1and distributor. Positive means permit the reten­
tion of com.plete compatibility witJ:iin checkout and static-£ iring configurations. 

A phasing growth to any degree of static -firing automation without 
equipn1ent modification is provided. 
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Electro-Interference (EI) 

The Electro-Interference Control Plan, SID 62-543, was approved by 
MSFC after minor revisions. 

The Electro-Interference Te st Plan, SID 63-400, was published and 
submitted to MSFC for approval. This test plan describes m.ethods of testing 
components, subsystern.s, and the integrated systems of the stage in accord­
ance with the require1nents of specifications MIL:I-6181 D and MIL-E-6051 C. 

MSFC expressed concern for possible interference generated by the 
heliarc welders that are adjacent to Station 4 during checkout operations at 
Seal Beach. An S&ID ad hoc co1nmittee was organized to analyze the problem 
and make recom.mendations. A test program to determine the n1agnitude of 
the welder interference is under way. 

Propellant Tank Entry 

Tank entry equip1nent m.ust be desigi1ed to prevent tank contan.1.ination, 
since tank cleaning facilities are not provided at any field locations .. Also, 

'-cleanliness requiren1ents limit the scope of activities permitted within the 
tanks. 

The LH2 tank servicing mechanism will consist of a rigid column
suppqrted by an external structure that can be inserted through the 36-inch 
opening in the LH2 t_ank. A service platform will be attached to a sleeve and
driven up and down the rigid column, as required. The platforn1 will rotate 
about the column to afford access to any part of the LH2 tank,

A portable clean room will be erected about the LH2 tank access
opening when the tank access cover is rern.oved. The room, consisting of a 
si111ple frarn.ework with a polyethylene enclosure, will permit insertion of the 
tank-servicing mechanism. 

An air-conditioning unit will supply dry, filtered air to purge the tank 
of nitrogen gas prior to entry of personnel and to maintain a safe working 
atn1osphere for personnel during operations within the tank. The same air­
conditioning unit will be used to service both propellant tanks, since simulta­
neous entry is not anticipated. 

. . 

The recent change to a central sump for the S-II LOX engine feed. and 
loading syste1ns has elin1inated the. 36-inch personnel access opening in the 
LOX tank. Tank entry is now accomplished through a 20-inch diameter access 
opening located l 04. 75 inches from the apex of the aft bulkhead. Studies are 
being conducted to define the necessary equipment required for personnel 
entry and internal operations. 
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Integrated Systems ,Checkout Procedures 

A preliminary integl1'1.ted systems checkout procedure was prepared. 
This procedure will form the basis for the automatic tape program and for 
the detailed operating procedures that will be used at all S-II stage test shes.

The integrated systems testing, which includes the latest Launch Operations 
Center (LOC) planning for Overall System Tests (OST), provides the following 
types of tests: 

1. Systen1 readiness

2. Simulated launch

3. Simulated flight with umbilicals connected

4. Simulated flight with electrical umbilicals ejected

5. Injected system malfunctions

This test_ing will be included in the final manufacturing operations at Seal 
Beach, the prestatic firing and post-static firing tests at MTF, and the low 
bay checkout at AMR. 

HUMAN ENGINEERING 

Design Criteria 

Human Engineering Criteria for Saturn Systems Design (S ID 61-369) 
was revised and reissured to all S-II design groups on 11 January 1963. This 
document provides a basis for human engineering support to systerns design. 
In addition, four general procurement specifications were developed to ensure 
incorporation of human �ngineering principles in supplier designs. 

Stage and Systems Design Suppa rt 

A full-scale, 60-degree. soft mockup of the forward skirt az:�as was 
completed and used as a design tool in evaluating alternative packaging con­
figurations, accessibility and maintainability requirements, work platform 
configuration, equipment marking, and other design support items. A com­
ponent list which ��fines all S-Ii system components with respect to size, 
weight, and location was developed. This list, provided to MSFC and 
presented at the Fifth S-II Vehicle Mechanical_ Design Integration Working 
Group (VMDIWG), is being used a:s a basis for evaluating S-II accessibility 
requirements and provisions. Control drawing V7-000111, defining stage 
access and servicing provisions, was completed· and transmitted to MSFC. 
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Human Engineering personnel participated in a splinter group meeting 
of the VMDIWG concerned with man-equipment interfaces in the Satur'l'?- V 
interstage areas. This splinter group has provided an excellent line of 
cornmunication among Saturn V contractors for discussion of mutual interfa� 
proble1ns. 

Preli1ninary tank entry procedures, as well as special personnel protec­
tive clothing and equipment for use at all S-II facilities, have been defined. 

GSE De sign Support 

A full-scale soft mock-up of S-II checkout equipment stations and the 
test conductor I s console was completed and is being used as a design develop­
ment and evaluation tool. Released drawings of checkout station panels are 
being incorporated into this mock-up so that the test conductor's console and 
each checkout station will be shown in its latest configuration. 

Problem Report Analysis 

A system for coding and classifying human error and error-likely 
situation data by means of automated data processing techniques was devel­
oped for integration in to the NAA master failure code. This system will be 
used for handling of human engineering data obtained fron, S-·II malfunction 
data reports written during 1nanufacturing and test operations. The coding 
system was developed in compliance with NCP-200- 2 requirements. 

CONFIGURATION CONTROL 

Configuration Accounting 

In order to permit fast and accurate accounting of the configuration 
changes resulting from authorized changes, an automatic data process.ing 
system, the configuration control master record (CCMR), was developed. 
This system assists in evaluating interchangeability, replaceability, condi -
tions of incorporation, and .other detailed facets of change implernentation. 
The program is capable of providing the following current data for each end 
item (both GSE and stage) on the S-ll program: 

1. Correlation between model and drawing numbers

2. Reference system for identifying initial release and &1:1bsequent
configuration change of any given part number

3. Complete_ description of part number application including next
assemblies and end item effectivities
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4. Mechanized sequencial configuration tabulation by end item

5. Mechanized indented drawing breakdown

Change Statistics 

Since the formal implementatibn of Configuration Control on the S-II 
Program on 1 June 1962, approximately 270 changes have been identified and 
processed. Figure 21 is representative of this activity. 
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SYSTEMS 

, 

MEASUREMENT AND RF SYSTEMS 

Measurement Systems 

Measurement systems design concepts and hardware implemen_tation
were resolved for each type of measurement currently required. Instrumen­
tation lists were completed for the S-II-2, the Electromechanical Mock-Up, 
the Battleship stage, and the All-Systems test stage. A preliminary instrumen­
tation parts and equipment list for the S-II-2 was completed and submitted to 
MSFC for review and approval. 

· One single sideband telemeter system and one PAM/ FM/ FM telemeter
system were deleted from use on the S-II stage. Changes are presently being 
incorporated to allow use of a PCM/ FM telemeter system for inflight data 
acquisition. The number of RF links for the first S-II flight stage telemeter 
systems has been reduced to six. 

Telemetry Systems 

System Design. Phase I documentation of th� system designs was 
completed and presented to the Astrionics Division, and was approved. 
Component package designs and installation layouts implem.enting these 
designs and several subsequent MSFC directives were compieted. 

Breadboard tests were conducted to confirm the compatibility of 
several specific subsystems (transducers and signal conditioners) with the 
FMJ FM telemetry systems. Laboratory tests also were performed to 
determine the compatibility of airborne FM/ FM telemetry equipment with 
several types of ground subcarrier discriminators. 

Hardware Procurement. Specific control drawings and procurement 
specificatiens were released for 11 major telemetry-system component 
packages. Supplier proposals were obtained for six of these items, and bids 
are being obtained on the other five. Two additional specification contr.ol. 
drawings are being prepared. 

Evaluation Tests. Electrical and environmental tests (temperature 
and vibration) were conducted on voltage-controlled oscillators from six

suppliers, telemetry transmitters from three suppliers, audio amplifiers 
from two suppliers, and RF power amplifiers from two suppliers. 
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A breadboard of thl' MSFC-designed telemeter calibrator was built and· 
tested to determine its applicability .to the S-11 stage. A report on these tests 
is being prepared. Parts were orderl!d for sirnilar tests on the l70-charn1el 
time-division multiplexer, the remote time-division submultipl.�·xcrs, tlw 
::;inglc- sideband tdc1ndcr multiplexers. and the FM/ FM tclcmd ry systv1n. 
Fabrication of these brcadlJoards was begun.' 

_Com1nercially available test equipment, including discri1ninators and 
dl'm.ultipkxers, was ordcn�c! to support laboratory tests oi the S- ll telcrnetry 
systerns; and several of these items were dclivl'recl. Test panels and test 
boxes required for these tests wvrc designed and ar,· being fabricated. 

Convertt:r Development 

Initial laboratory test efiort was completed to firrnly establish the 
n,easurenwnt systems design concepts·. FvllO\,.,·ing MSFC approval of the 
de::;ign concept, intensive developn1enl effort was conducted in the laboratory. 
Dt:vclopn,c:nt effort, design. and breadboard c\·aluations w<�rc completed on 
seven signal. conditioners, four specialized airb orne calibration source 
modules, and two regulated [)OV.;('r supplies. 

Complete circuitry and parts lists \Vere submitted to the instrumentatio1 
design group for packaging. • Four checkout spcctiications were formally 
r,•leas ed. 

Con1ponent Procuren1ent 

Measurement requirements necessitated the preparation and release 
of 31 procurement specifications. Prototype hydraulic measurement instru­
ments were received to support the preproduction engine actuation systems. 
All currently active procurement specifications were transmitted to MSFC 
for review and comn1ent. Several changes were recomrnended and incor­
porated into the procurement document; and some areas, particularly 
qualification and acceptanc<:! testing, are still under investigation. 

Returned proposals on 23 specifications were evalua,ted, and acceptable 
suppliers to S-II Enginceri'ng were selected. Four bid packages are being 
evaluated; four proposal packages have not yet been received for evaluation. 

Instrumentation Design 

Packaging Design. The design concept for instrumentation packages 
was established. A total of 111 drawings of 24 packages \•.:as released, and 
prototype parts are being fabricated. For example, the chassis designs for 
flow and tachometer signal conditioners and for temperature bridges 
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use cases of aluminum 01; magnesium, �other boards of E;!tched circuitry, 
and modular plug-in -receptacles that are integral parts of the chassis. The 
signal conditioner modules will be of the welded-module type. 

Instrumentation Wiring Design. Approximately 200 schemati�s were 
prepared for the Electromechanical Mock-Up. These schematics are being 
prepared on D-size vellums, using a format established by MSFC drawing 
number 10443376. This information is to be transferred to w{re harnesses 
and given to Manufacturing in the form of automatic processed wire lists. 

Installation Design. End-instrument installation layouts were c·om­
pleted for the Electromechanical Mock-Up, the Battleship, and the All­
Systems test stages. These layouts are used to establish mounting bracket 
configuration and location re_quirements. The instrumentation container 
equipment layouts were completed, and instrumentation container sizes and 
locations were established. 

6 RF Systems

Command Destruct Receiver 

The command destruct receiver GFP equipment was received from 
MSFC in December 1962. · Engineering evaluation tests are being conducted 
on the GFP receivers and voltage regulators. The command ?estruct 
receiver functional bench checkout specification was released, and the post­
installation checkout specification is currently in work. 

MIS TRAM Tracking Aid 

The MISTRAM tracking aid system was incorporated into the S-II 
stage, and is not longer for installation provisions only. 

Engineering evaluation tests utilizing the MIS TRAM test set are being 
conducted on the transponder. Both transponder and test set -are preproduc­
tion models loaned to S&ID by the Air Force until production units become 
available. The test set checkout specification was released, and the trans­
ponder bench checkout and system post-installation checkout specifications 
are currently in work. 

Antenna Tests 

The antenna test range in bowney was completed in January 1963. 
Since January, antenna locations were established for all S-II antenna 
systems. In addition, model feed systems were developed to simulate actual 
S-II antenna systems during scale-model tests. Currently, final pattern
sets are being recorded on the radio command antenna system.
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ENGINE SYSTEMS 

J -2 Engine 

The main propulsion for the Saturn S-II stage is-provided by five J-2 
engines. The four outboard engines are gimbaled to provide lateral control. 
Shutdown of one engine during S-II boost will not preclude continuance of the 
S-II operation, since the stage is designed for single engine-out capability.
The engines are completely self-contained, requiring minimum inputs for
start, stable mainstage, and shutdown. Maximum performance is obtained
with optimum configuration, considering size and weight.

Description. 

The J -2 engine is a 20.0, 000-pound vacuum thrust, high-energy, upper­
stage propulsion system utilizing liquid hydrogen and liquid oxygen as pro­
pellants. The engine contains a single tubular-wall, bell-shaped thrust 
chamber and independently driven, direct-drive turbopumps for delivering 
the propellants under high pressure to the thrust chamber. The pumps are 
driven by a gas generator that utilizes the same propellants as the thrust 
chamber. The engine also contains a propellant utili7,ation (PU) valve that 
provides mixture ratio control and the capability of simultaneous depletion 
of both propellants by bypassing liquid oxygen from the discharge side of the 
pump to the inlet side through th� PU valve, which is controlled by a small 
servometer. An engine failure sensing and shutdown (EFSS) system con·­
tinuously monitors critical engine param�ters to detect malfunctions {or 
impending malfuncti.ons) and to initiate engine shutdown before a catastrophic 
failure can occur. 

Analysis and Design 

Static Firing Side Load Study. Excessive side loading occurring in the 
J -2 engine because of unsymmetrical jet separation during static testing has 
n ecessitated the use of a device either to absorb the loading or to reduce the 
effects of tht: unsymmetrical jet separation. 

The initial analysis was concerned with the design of a mechanism that 
would allow free gimbaling, absorb the side loads, and restrain the engine in 
any position <luring start and cutoff. Associated with this analysis was the 
study to determine the effects of uprating thE.: engine. to eliminate jet separa­
tion during stea<ly-state operation. 

Also, testing was begun on the use of a converging cone at the thrust 
chamber e�it to reduce the effect of jet separation. This testing has produced 
promising results, and it is anticipated that the engine· will require restraint 
only during the start sequence. 
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Effort to design a mechanis1n that restrain•s the engine only during start 

is presently 1n progress. 

Performance Analysis. An investigation is being conducted of the 

effects of combustion equilibrium on engine mixture ratio. Two different 

equilibrium models (concepts) are under study: "frozen" equilibrium, in 

which burning is contained within the combustion chamber, and ''shifting" 

equilibrium, wherein burning continues throughout the exhaust nozzle. The 

results of this study will influence engine mixture ratios as well as propellant 

tanking mixture ratios, thus producing an optimized programmed mixture 
ratio control. 

A study is presently in progress to establish a performance analysis 

program for static testing. From this program, test data and data on the 

present MSFC performance -prediction model, a performance-prediction 
model for the S-II stage will be established. 

Engine Failure Sensing Shutdown (EFSS) System. A failure mode 

analysis of the engine system was made to establish the requirements for the 

EFSS system, which will safely shut down a malfunctioning engine. Firm 

direction on this system has not been received; however, it is anticipated 
that the following parameters will be utilized for the EFSS system: 

Item Flight Testing Static Testing 

Gas generator over temp X X 

LOX injection pressure X X 

LOX pump speed X 

Fuel pump speed X 

Vibration safety cutoff X 

Procurement and Component Development 

Checkout. A study is being conducted to determine the most feasible 

1neans of checkout oi the engine system. As a result of this study, the 

following preli1ninary progress specifications have been written to establish 

GSE design: 

Engine receiving inspection 

Installed engine checkout 
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Battleship Engine system checkout (single engine) 

Battleship engine system checkout (3 and 5 engine) 

Unresolved problems with MSFC, Rocketdyne, and LOD must be 
resolved before the total checkout requirernents for the engine system can be 
defined. 

Development Test Plan. A develop1nent test plan has been written for 
the engine systen1. during phase II battleship testing. This is intended to be 
used in establishing the over-all development test plan for battleship ph�se II 
testing. 

Test objectives in the engine system plan are as follows: 

1. Checkout procedures

2. Engine compartment purge

3. Thrust chamber chill

4. Engine helium tank fill

5. Start tank fill

6. Free hydrogen ignition

7. Countdown procedure

8. Propellant preconditioning

9. Fuel purnp inlet conditions

l 0. Oxidiz_er pun1p inlet conditions

11. Engine start characteristics

12. Vibration characteristics

13. Propellant system pressure surges

14. Engine shutdown characteristics

Instrumentation Requirements. Engine - system instrumentation 
requirements for flight have been established, and the requirements for static 
firing are presently being studied. Conflicting direction has been rece"ived in 
this area, however, and until this problem is resolved, ft' will not be possible 
to firmly esta'blish these requirements. 
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Engine Compartment Conditioning System 

The engine compartment conditioning system provides a means of purg­
ing the engine and interstage areas of explosive mixtures during propellant 
loading operations and maintaining proper temperature control for critical 
stage components. Engine compartment purging, utilizing nitrogen, is 
accomplished entirely before lift-off. The-purge system consists of an 
orifice-perforated, circular, 10-inch-diameter manifold; a 13-inch-diameter 
purge feed line; a quick disconnect; and a series of 182 overboard vent holes 
surrounding the aft skirt, interstage, and S-IC forward skirt. The circular 
manifold is mounted above the engines near the bottom of the thrust chamber 
and remains with the stage during flight. 

Description 

Purging the engine compartment is accomplished by injecting warm 
gaseous nitrogen (between 300 to 500 lb/min flow from 80 F to 250 Funder a 
pressure not to exceed 1. 5 psig) through the large manifold. The 10-inch 
circular manifold wj.11 contain 90 equally spaced, circular orifices. Thirty of 
these, 1� 1 inches in diameter, are directed perpendicularly upward; 30, 
1. 2 inches in diameter, are directed perpendicularly downward; 20, 1.· 1 inches
in diameter, are directed horizon.tally outward; and 10, O. 9 inch in diameter,
are directed horizontally inward. The nitrogen is evenly distributed in the
interstage area: by these orifices to maintain a -50 F atm_osphere in critical
areas. It escapes through the series of vent holes surrounding the 
compartment. 

The S-Il vent holes have been placed under each of 182 supporting hot 
sections located on the exterior surface of the S-Il aft skirt. This configura­
tion will cover the vent holes and inhibit gusts of wind, rain, and dust from 
entering the interstage. Distribution of vent area is as follows: 

140 sq 111. above the thrust cone 

138 sq tn. just below the thrust cone 

155 sq 1n. on the S-IC forward ski.rt 

Analysi_s and Design 

The. system as originally designed had the main objectives of engine 
chilling and a positive displacement-type compartment inerting. This was 
accomplished with the use of cold GN2; temperature-sensitive electrical and 

• hydraulic components were warmed with electric heaters. The system has
now been changed at the request of MSFC to use warm GNz, primarily to
eliminate the need for electric heaters and to correspond more closely with
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test-stand conditions and facility planning at AMR. CMlling of the ·engine will 
be accomplished by separate means, and con1partn1ent inerting with the warm 
GNz will be accomplished by 1nixing and dilution. This system will require a 
more detailed experimental checkout than the cold GNz scheme; therefore, 
the only suitable facility is the All-Systems stage. The schedule for this 
facility will not permit early tests of the con1partment conditioning system. 
To help relieve this problem, a small scale model test program has been 
pr opus ed and systen1 design changes will be n1ade toward a more conserva­
tive configuration. 

There are now two basic objectives of the engine compartment purge 
system: 

l. To maintain ambient temperatures of critical areas within the
S-II/S-IC interstage al>ove -50F in'order to elirninate as many
electrical heaters as possible

2. To satisfactorily inert the engine co1npartment 111 order to reduce
the hazard of fire and explosion

To meet these objectives, the purge manifold 1s required to perform ·as 
follows: 

1. Direct p urge. gas so as to satisfactorily inert the engine compart­
ment (maintain Hz and o2 concentration at 2. 0 percent or less).

2. Direct purge gas so as to maintain temperature-sensitive areas
above -SOF. The boundaries of the area to be temp_erature­
controlled are: (a) the bottom of the thrust structure, including
the lower surface of the thrust cone, (b) ·the aft skirt and inter­
stage between stations 223 and 46, and (c) the top surface of the
heat shield.

To meet these· requirements, the purge system will require control of 
the purge temperature and flow rate between the limits previously called out. 

The vl'nts for the S-II engine compartment n1ust be sized and located to: 

1. Produce a compartment gas How pahern conducive to good thermal
control

2. Produc-e a compartment gas flow pattern most effective in expelling
hazardous gases
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3. Provide sufficient vent area to relieve an interstage pressure
differential build-up during S-IC boost

4. Minimize vent area in order to exclude air from the engine -com­
partment prior to launch

Procurement and Component Development 

As a result of the changes previously described, the following compo­
nents have been deleted: 

Component Number 

Purge system disconnect ME 144-0017 

Gas analyzer manifold 

Gas analyzer disconnect ME144-0010 

Mass spectrometer: 

Recorder 

The following is a list of the new components resulting from changes 
made within the last year: 

Component 

furge system disconnect 

Purge manifold 

Purge and thermal control 
nitrogen unit 

Number 

(Now to be �ade in house) 

MC 901-0208 

ME 901-0249 

To date, no contracts have been awarded for the manufacture of these 
items. Altho1.1gh development tests are planned for these components, no 
tests have been completed. 

Testing 

At the time of thi.s writing, no tests have been conducted to develop 
the engine-compartment purge system. Two tests are being planned, how­
ever, for the development and qualification of this system. The objectives 
of these tests have been determined. 
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A tenth-scale model of the S-II/S-IC interstage will be used to conduct 
model tests, beginning in December 1963. The objective of the tenth-scale 
model tests is to provide knowledge of Dow distributions, the extent of G�2
mixing, resultant temperatures, the extent of inerting, and the effect of the 
following purge parameters: 

1. Manifold configuration

2. Vent distribution

3. Flow rate

4. Purge temperature

The second test will be conducted with full-size simulation of the 
S-II/S-IC interstage and the S-IC LOX dome at the All-Systems test stand:
The objective of this test is to verify predictions of the following for specific
values of purge flow rate (300 to 500 lb/ min) and purge gas temperature
(80 F to 250 F):

l . Boattail ambient temperatures 

2. Structural temperatures

3. Degree of inerting

4. Performance of LOX recirculation system

5. J - 2 engine_ heat-up rates

6. Performance of thermal control system

7. Performance of hydraulic actuation system

Engine Servicing System 

The engine serv1c1ng system provides a means for preparing the J -2 
engine for operation by transferring the necessary fluids at the proper tem­
perature and pressure from the GSE facilities to the appropriate engine sys­
tem. It also provides a means of venting overboard various seals and drains 
on the J - 2 engine. Prior to static firing or launch, the engine is serviced 
with the required fluids so that an engine operation may be attained. 
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Description 

The system is composed of the follow,ing subsystems:

I. Turbopump purge-distributes to each engine oxidizer turbine seal
cavity, fuel turbine seal �avity, fuel pti'mp seal cavity, and the gas
generator hydrogen injector cavities gaseous helium to remove
air and moisture from the system.

2. Hydrogen pump seal drain-provides ·a common manifold for vent­
ing overboard each of the engine hydrogen pump seal cavities.

3. Oxygen pump seal drain-provides a common manifold for venting
overboard each of the oxygen pump seal cavities.

4. Helium tank fill-distributes to each engine helium bottle, gaseous
helium (at a pressure of 3000 psi and a temperature of -250 F)
necessary for J -2 engine start.

5. Hydrogen start tank fill-distributes to each engine hydrogen start
tank, gaseous hydrogen (at a pre·s sure of 800 psi and a temperature

... . 

of -250 F) necessary for engine start.

6. Hydrogen start tank vent control-distributes to each engine start
tank vent control valve, gaseous helium required to actuate the
valve.

7. Hydrogen start tank vent arid relief-provides a common overboard
vent for the engine hydrogen start tank.

8. Thrust-chamber fuel jacket purge and chill-distributes to each
engine thrust chamber gaseous helium for purge and chill of the
chamber.

Each subsystem consists of disconnects, 1nanifolds, and flex lines. In 
addition, the hydrogen start-tank vent control subsystem contains five sole­
noid valves. All purging is accomplished prior to propellant tanking. 

Analysis and Design 

Engine serv1cing system design analyses were completed, and compo­
nent specifications were released. From system analyses, it was deter­
mined that disconnect standardization would be a practical concept; 
consequently, the same disconnect is used in more than one system. Con­
tracts have been let on all procurement specifications, and design and 
development testing is proceeding on a schedule commensurate with S-II 
delivery requirements. Syst'em development testing is scheduled for the EMM. 
and EDL. 
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The system requirements necessitated the following subsystem 
anal ys <� s: 

1. Turbopump purge-The airborne half of the disconnect incorpo­
rates a self-sl.!aling check yalve to prevent contaminants from
entering the system when the disconnects are separated.

2. Hydrogen pump seal drain-This seal requires continuous vent
capability, but ground rules require that hydrogen must not be
clumped overboard during boost. Therefore, a self-seali.ng check
valve with integral relici valve was incorporated in the airborne
half oi the disconnect to restrict hydrogen dun'lping and prevent
conlan'linants from enttc:ri.ng the system when the disconnects are
separated.

3. Oxygen pump seal drain-Due to the maximum allowable seal back
pressure of 30 psig, it is necessary to route the servicing line
horizontally over to umbilical panel 3, instead oi up to umbilical
panel 3A. The airborne disconnect will be an open disconnect to.
allow draining of the pu1np cavity without building up the back
pressure on the seal.

4. Helium tank fill-The airborne half of the disconnect incorporates .
a self- sealing check valve to serve as a back-up to the helium tank
fill valve and to prevent contaminants from enteting the system
when the disconnects are separated.

5. Hydrogen start tank fill-The airborne half of the disconnect
incorporates a self-sealing check valve with an integral relief
valvt: lo prevent conta1ninants from entering the syste1n and to
relieve any pressure build-up in the system after launch.

6. Hydrogen start tank vent control-The airborne half of the dis•­
connect incorporates a seli-scaling check valve to prevent con­
ta1ninants iro1n entering the syst..:1n when the di::;connects are
separated, and to standardiz.e the disconi1ecls.

, . Hydrogen start tank vent and relief-The tank requires continuous
vent capability, but ground -rules require that hydrogen must not be
dumped overboard during boost. Therefore, a self-sealing check
valve was incorporated in the airborne half of the disconnect to
restrict hydrogen du1nping and prevent contan1inants fron1 entering
the system when the disconnects are separated.

8. Thrust-chamber fuel-jacket purge and chill-The airborne half of
the disconnect incorporates a self-scaling check valve to prevent
contaminants from entering the systen1 when the disconnects are
separated and to standardize the.-clisconnects.
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Procurement and Component Development 

Contracts for Specifications MC144-0011 (Disconnect Valve, Hydrogen) 
and MC144-0014 (Disconnect Coupling, Oxygen) were awarded to the B. H. 
1-ladley Company on 13 May 1963. Prototype and development hardware 
design was initiated immediately. To date, design layout and detail drawings 
are 90 percent complete. Development parts have been fabricated with test­
ing approximately 50 percent complete. Qualificati.on testing is scheduled to 
begin in October 1963 and finish in December 1963. Qualified components are 
scheduled to be delivered in December 1963. 

The contract for Specification MC144-0010 (Disconnect Valve, Helium} 
was awarded to the Snap-Tite Company on 14 March 1963. Detail design 
drawings were completed and submitted for a design review on 10 July 1963, 
and the design was subsequently approved. Development testing was not 
requested by this supplier; consequently, qualification testing scheduled to 
begin during September to November 1963 will be the initial testing performed 
on this disconnect. Qualified components are scheduled for delivery in 
December 1963. 

The purchase order for Specification MC144-0012 (Solenoid Valve) has 
be_en submitted for approval signatures. NASA approval was obtained on
30 August 1963. The selected supplier is the Futurecraft Company. Based 
on the contract go-ahead of l September 1963, developm.ent testtng should 
start I November 1963, and qualification testing 1 January 1964. Qualified 
components are scheduled for delivery approximately in March 1964. 

Testing 

To date, no tests have been conducted that cont.ribute to system definition. 
However, testing is being scheduled on EMM to determine the adequacy and 
effectiveness of the various engine-system purges, and to determine also if 
system manifolding results in workable systems. Tests are being scheduled 
in EDL using a J - 2 engine to determine thrust-chamber heat-up rates after a 
chill-down cycle is per formed, and to determine also heat-up rates for the 
helium and hydrogen start tanks while exposed to cryogenic environments. 

PRESTART CONDITIONING SYSTEM 

The prestart conditioning system 1s designed to provide the J-2 engines 
with minimum N?SH at engine start. This will be done by chilling the fluid 
and engine components in the engine-feed and gas-generator circuit before 
launch and maintaining this conditioning during first-stage boost. 

The fuel system is conditioned by means of a pumped recirculation flow, 
while a natural-convection recirculation flow with a helium-injection sub­
cooling overboard-bleed back-up is us·ed for the LOX system. 

- 63 -
sro 63-1ois-1 



/ /;--�

NORTH AMERICAN AVIATION, INC, � SPACE and INJ:-�RMATION SYSTEMS DIVISION 

Fuel System 

The fuel re.circulation flo,v is initiated by five LHz pumps submerged 
m the fuel tank. The_ fluid enters �e main fuel ducts through pump-discharge 
lines, passes through the main fuel valves and gas-generator bleed valves, 
and returns to the tank via a manifolded return. During operation, valves in 
the pump-discharge and return lines are open, and the prevalve in the main 
fuel duct is closed. 

Procurement of the valves and lines for the system and coordinatio.n of 
the procurement of the common pump and inverter with Douglas have begun. 

Analysis indicat_es that the system will provide a recirculation flow of 
1. 15 pounds per second per engine, _which is greater than the required S:-II
flow of l pound per second, by means of a pump designed to meet 'the common
S-II/ S-IVB requirements.

Oxygen System 

The natural-convection LOX-recirculatiop system consists of five 
uninsulated return lines from the gas -generator bleed valve to the LOX tank 
and five insul'ated standpipes from the bottom of the LOX tank to just below 
the liquid interface. 

The subcooling back-up consists of a helium-ga·s-injection system just 
above the main LOX pµqip and a manifolded overboard gas generator. bleed. 

During recirculation, the prevalves and return-line valves are open and 
the overboard- bleed valves are closed. During a bleed, the prevalves and 
overboa_rd valves are open and the return-line valves are closed. 

The natural-recirculation system provides a liquid flow of 0. 5 pounds 
per second per engine, which is marginal for satisfactory conditioning. This 
makes it necessary to provide the back-up subcooling method 

Analysis and Deoign 

Fuel System 

The fuel prestart conditioning system is designed to provide the mini­
mum engine starting NPSH requirement at the fuel-pump inlet. The require­
ment of a common pomp with S-IVB neces.sitates the use of an individual 
pump system rather than a simpler manifolded pump. 

Analysi� shows that it is necessary to insulate the 
return manifold and lines to insure proper conditioning. 
have been placed on these lines. 
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With the pump supplied, it was necessary to enlarge the engine boot­
strap lines and gas-generator bleed valve to,1-1/2 inches to decrease the 
engine pressure drop. The system components are sized as follows: 

Component Size (inches) 

Pump discharge line and valve 2 

Return - 1 Engine 1-1 /2

Return - 2 Engine 2 

Return - 3 Engine 2-1 /2

Return - 5 Engine 3 

Return - line valve 2 

With this configuration, a flow of 1. 15 pounds per second per engine results 
with liquid hydrogen, which gives a chill-down time of 96 seconds. 

Oxygen System 

The oxygen prestart conditioning system must provide; the minimum 
NPSH required at the LOX pump inlet at·engine start. S&ID has been 
directed to use a natural-convection system with _a helium-injection backup 
by MSFC. 

The natural-convection system works because of the heating of the LOX

in the return line, which creates a pressure head because. of the difference 
in density in the two lines. 

To achieve as large a flow rate as is necessary for proper conditioning, 
a standpipe has been installed in the LOX tank just below the liquid interface 
to provide additional differential head. The return line has been sized at 
3-inches. Individual return lines are necessary to provide adequate distribu­
tion at the very low head available.

The helium-injection system injects 5 pounds per minute per engine of 
helium into the main LOX duct just abov� .the main LOX pump through an 
annulus placed around the duct. The helium line is 1 inch in diameter for 
serving 2, 3, or 5 engines and 3/ 4 inch in diameter for l engine. A 3/ 4-inch 
check valve and a sonic orifice to control flow are mounted in the line 
upstream of the annulus. To give proper helium-bubble size, 24 holes· of 
0. 088-inch diameter are drilled in the annulus.
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With the natural-cunvection ·system, a chill-down time of several 
minutes results. Analysis sh�ows that satisfactory operation of the system 
is marginal due to the low head available, making the helium back-up 
necessary. 

P rocurcment and Component Development 

The major procurement and devclop1nent activity on the prestart con­
ditioning system will be associated with the LH

2 
recirculation pump-motor 

assembly. 

The direction by MSFC that the pump be usable for both S-IV B and S-II 
applications has necessitated coordination of S&ID and Douglas requirements,· 
procurement, and reliability test programs. Agreement has been reached on 
th<.! µerfurmance and design requirements for the assembly. Both Douglas 
and S&ID have prepared procun:ment specifications. 

Douglas has reviewed supplier designs and has selected a supplier. The 
supplier and the selcctccl design are acceptable to the S&ID, and the:r:cfore a 
request has been submitted by the Vehicle Systems branch to authorize 
mandatory-source procurement. 

The supplier and the des_ign of tht: inverter that will provide the 56 vac 
power for the pump assembly have also been agreed upon. 

The development of the pump assembly and the inverter will be closely 
monitored at the supplie_r's facility and by means of review of periodic 
reporting. S&ID will also purchase pump assemblies as soon as they become 
available and periorm pump-performance and simulated-systems tests. 

ULLAGE MOTOR SYSTEM 

The ullagc motor system maintains the position of the liquid p1·opellants 
111 the S-IJ stage during the critical period of staging. As the iirst-stagc 
engines are shutd0\\'11 and the acceleration oi llw vt:hicle rapidly approaches 
zero, eight solid-rocket motors are fired simultaneously. Th<.! combined 
thrust of thcs<' molors produces 0. 1 g accckration iur approximately 4 
seconds, or until the J-2 engines of the S-11 stage have ignited and reached 
orn'-third of their maximum thrust. Without this accdcration force during 
staging, the liquid fuel would leave the lower bulkheads and unport the engine 
supply lines, thereby preventing firing of the second-stage..· (S-lI) cngin�:s. 
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Description 

The eight solid-rocket motors are mounted equidistant around the out­
side of the S-IC/S-II interstage. Each motor has a rated thrust of 22, 900 
pounds (vacuum) and <} burning time of 3. 74 seconds for a stablized grain 
temperature of 70 F. The motors will have aerodynamic fairings designed 
to cope with the drag and temperature environment during the vehicle launch 
phase. Motor ignition is accomplished by means of a pyrogen-type igniter, 
fired by a pyrogen-type initiator connected to a confined detonating fuse. 
Each igniter has two initiators, providing the system with a redundance safety 
factor. The ignition system is triggered by an accelerometer, set to react at· 
3. 6 g. The motor exhaust nozzle has been designed to prevent the ·exhaust­
gas plume from impinging on the J-2 engines. The motors are supported at
three points. No ejection system is necessary, because the entire interstage
is separated from the S-II stage.

Analysis and Design 

The Rocketdyne Division has been authorized to design, develop and 
qualify the solid-rocket motor. A procurement specification controlling the 
design and test requirements has been released. An optimization study of the 
motor configuration and installation was completed, and the -results were 
integrated into the motor design. Support fittings and aerodynamic fairing 
drawings have been designed, and Phase I drawings have been released. 

A preliminary design review of the ullage motor system was conducted, 
and the design was approved with minor criticisms. The motor handling and 
servicing concept has been defined and presented to the various NASA 
agencies. The motor manufacturer has reached the point of lightweight motor 
drawing release. Following a special suppliers' design review the design 
was approved with recommendations for improvements. The igniter, bal­
listics design, and heavyweight development motors arc all proceeding on 
schedule. 

The most practical .installation of·the motor wa.s evolved fro� a system 
optimization. study in which prime consideration was given to weight versus
drag, plume impingement, and accessibility. The exhaust nozzle was con­
trolled by specifying the area ratio and cant and divergence angles, the loca­
tion of the motor support fittings, the maximum motor diameter, and the 
design of the aerodynamic fairings. The fairings will serve also to protect 
the motors from an excessive temperature environment during the vehicle 
launch phase. 

The thrust level of the moto.r has been so established that the vehicle 
acceleration requirement will be met by seven motors. This creates the one-­
motor-out capability required by MSFC-directed criteria. 
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The ground support equipment required in the handling and servicing 
tfunctions has bee'n devised and submitted to NASA for approval. In the motor 
shipp ing configuration the igniter will be packed separate from the motor. A· 
plug containing des sicant will fill the igniter port. 

Testing 

The development of a solid-rocket motor involves several concurrent 
activities, such as the igniter design, propellant design, ballistics design, 
heavyweight hardware design, tooling, test equipment, and lightweight motor 
design. 

Progress has been made in all of these areas. Eleven heavyweight 
igniters have been fired, and the igniter design has been defined. Heavy­
weight n:i,otur hardware is being assembled for the first motor firing, 
scheduled for October 196 3. The test stand and tooling design are near 
completion. A ten-inch test motor cast from a ma nufacturing propellant 
mixture has compl<=ted temperature cycling to test its stress (·haractcristics. 

PROPELLANT SY ST EMS 

Propellant-Feed System 

T·he propellant-feed system includes several valves, lines, and 
disconnects to control all phases of propellant transfer. The S-II iced sys­
tem supports operation of the five J-2 enginC"s during powered flight and pre­
launch loading of the S-11 propellant tanks. 

The propellant-feed system configuration was finalized following 
trade-oif stud\cS involving lank pressurization, trapped propellants, and 
fabrication problems of LOX-tank exclusion risers versus a c<.!nlral sump. 
The confi.guration consists of a LOX-tank central sump, five separate LHz 
tank contoured outlets, and 8-i.nch vacuum insulated LOX and LH2 ducts 
(each containing a prevalve at the tank outlet}. The LOX-tank discharge 
configuration originally consisted of five widely spaced iridividual outlets with 
lank-installed exclusion ri sc:rs to minimize trapped prop.ellant. Because thl! 
exclusion risers involve serious fabrication problems, a change was 1nade to 
a 36-inch central sump containing five LOX outlets. The prevalves are now 
pneumatically actuated to meet the requirements of the forward-flow engine­
prestart recirculation system. As originally designed, the prevalves 
functioned as squib-actuated emergency-shutoff valves. The 8-inch. 
propellant-disconnect couplings were changed from the original MSFC­
approved lock-unlock-retract design to a liftoff design. This change resulted 
from the establishment of an over-all C-5 vehicle umbilical concept. 
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The propellant-loading system consists of an 8-inch diameter line, a 
filling-shutoH valve, and an 8-inch dis�nnect for each of the propellant 
tanks. The design of these components fulfills requirements of both the LHz 
and LOX propellants. The engine supply system consists of individual 8-inch 
diameter LOX and LHz feed lines to each engine. Each line contains a 
pneumatically operated, normally closed prevalve to isolate the engine from 
the tanked propellants when not operating. 

Analysis and Design 

The propellant-feed system has been analyzed to determine optimum 
line and component sizes. As a result, the feed-system lines have been 
established at 8 inches for both LOX and LHz. This common sizing will 
provide interchangeable components for either LOX or LHz and will mini­
mize tooling, development, and spares cost. 

Procurement and Development 

The 8-inch propellant prevalves and filling shutoff valves are being 
designed and developed by Rocketdyne. Prototype components of the original 
design configurations have been made and tested. Rocketdyne is currently 
redesigning both val:ves to a "C" change specification necessitated by the 
recirculation system and the LOX tank sump. Prototype valves of the "C" 
configuration will be available early in 1964. Rocketd)me is currently 
designi:ng a 2-inch shutoff valve to be used in the engine recirculation system. 
First units will be available early in 1964. The B. H. Hadley Co. is design­
ing the 8-inch propellant disconnect coupling. 

Testing 

Rocketdyne has conducted tests on.prototype 8-inch filling shutoff �alves and 
prevalves (initial design). Flow testing in water, to determine pres sure­
drop characteristics, and operation in LNz have been the extent of testing. 
Results indicate specification compliance with requirements for operation in 
LHz and LOX. The redesigned "C" version of these valves, as well as the 
2-inch recirculation valve, will be tested in LOX and LHz early in 1964.

Slosh and Vortex 

During S-II operation, it is necessary. to suppress adverse liquid 
motion (vortex) in the propellant tanks that might cause premature gas to 
_break through into the engine feed lines. An additional requirement is to 
suppress liquid sloshing, which would have adverse effects on the flight­
control system. Slosh and antivortex baffles are provided in the LOX tanks 
to limit these effects and ensure satisfactory stage operation. 
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Description 

A tenth-s'cale plastic model for slosh and vortex testing was completed, 
and the test program \\·as initiated. Partial drain tests and slosh tests of the 
LOX tank have been accomplished. See Figure 22. 

Figure 22. Slosh and Vortex Test Setup 

f\'<J slosh o:::- antivortex baffles arc required in the present LHz tank 
configuratton. Th,: LOX tank contains threl:'-ring slosh baffles, one at the 
tank m(dpoint and one each in the upp<.!r and lower dome sections. A cruci­
form baiflt..: on the> bottom bulkhead is also provided to limi·� sloshing during 
end-boost draining. This will prevent prcm.atur.__· uncovering<;� the LOX tank 
sump. A vane-type antivortc:x bafile is mounted in the sump to keep vortices 
out of the engine supply ducts. 

Testing 

Drain tests with the LOX-sump coniiguration were compared with the 
exclusion-riser �noel cl tc sts. A vane-type anti vortex baffle eli1ninated vor­
tex_i;i

g in the sump. Slosh tests were begun with the unbaf11ed LOX tank to 
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determine first-mode natural frequeticies. Results were close to the pre­
dicted frequencies for the S-11 LOX tank. Slosh tests of the LOX tank are 
continuing with several baffle configurations. At the conclusion of these 
tests, the LH2 model tank will be installed, and drainage and slosh tests will 
be started. 

Propellant Management System 

The propellant management system for the S-II provides the following: 

Accurate loading of LOX and LHz propellants to produce optimum­
payload boost capability 

Propellant utilization during flight to achieve nearly simultaneous 
depletion of LOX and LHz to minimize end-boost residuals 

Engine cutoff at propellant depletion 
\ 

The propellant management system consists of propellant-tank gauging 
elements and associated electronic equipment to perform the functions of 
propellant loading, PU control, and engine cutoff. The tank-gauging system, 
which includes a full_-length capacitance probe in each tank, is the primary
system for propellant loading and PU control. In addition to these probes, 
each tank contains point-level sensors to provide the engine cutoff signal at 
p.ropellant depletion. A series of point-level sensors is also provided to 
accommodate tank-water calibration and subsequent calibration check. against 
the capacitance probe in propellants. The associated electronics required to 
support the gauging equipment and provide output signals and controls are in 
environmentally controlled boxes in the forward and aft interstages. 

S&ID's original selection of a point-sensor type of propellant manage­
ment system was changed by MSFC's preference for a capacitance S-IVB 
type of system. Procurement of such a system is now proceeding. 

The original procurement specification for the propellant-management 
system was submitted to prospective subcontractors for bid in July 1962. 
S&ID concluded that an Atlas-type point-sensor system should be chosen for 
the S-II because flight experience with this type of system promised to mini­
mize S-II schedule and cost problems. However, MSFC did not concur with 
S&ID's conclusion, with the result that no contract was awarded, and all 
procurement activity was cancelled in ·December 1962. ·since subsequent 
studies by S&ID indicated that only a small payload gain resulted from a 
closed-loop propellant-utilization system, recommendations for deletion of 
the system were made to MSFC. Instead of propellant-utilization control, 
S&ID proposed that a pro_g_rammed mixture-ratio control (PMR) be used
during S-II boost. This was to be open-loop controlled with a constant high 
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engine mixture ratio during the initial portion of the trajectory and a shift to 
a low-mixture ratio mid,vay through boost. The pa�rload gain from PMR 
proved significantly greater than closed-loop PU cointrol. MSFC reviewed 
the PU/PMR possibilities and advised S&ID to incorporate both a closed-loop 
PU system and the PMR control, which would achieve maximum payload 
advantages. Furthermore, MSFC required a capacitance system like the 
system Douglas Aircraft is developing for the S-IV and S-IVB, stating that a 
version of the S-IVB system on the S-Il ,vould be preferable. On this basis, 
S&ID is procuring an S-IVD system, modified to S-II requirements. 

Analysis and Design 

S&ID has been meeting with Douglas Aircraft to discuss the design of 
the S-II system. S&rD analysis indicates some impirovement could be made 
in weight and accuracy if the S-IVB system were modified for use on the S-II. 
However, because of schedule requirements, Douglas will proceed with a 
strict•S-IVB design for the S-II, to meet initial delivery requirements. 
Design improvements will be made at some change point in the program. 

Procun.:ment and Con1ponent D�velopment 

Under current ar rangernents, the S-II propdlant-u�ilization system is 
to be supplied by Douglas Aircrait. Contractual coverage has not been. co1n­
pletecl for this effort. The initial arrangement is to have Douglas assist S&ID 
in the preparation of a procuren1.ent specification, cornplete a preliminary 
c�csign and analysis oi the S-11 syst<.-m. and begin the production design_. The 
period for this initial effort was to be from 2 July 1963 through 30 September 
1963. Negotiation ior the production-contractual phast.' is planned on the 
bas is of Douglas sub1ni tting a proposal to rneet the· requirements of the 
procurement spec:ificati on. 

Testing 

A. D. Little conducted a iiquid-levd point-sensor test program for
S&ID. Point sensors from eight suppliers wc·r_e tested to detern1ine per­
formanct: and environmental suitability ior application to the S-11. Results of 
this test program justified selection of the "hot wire" point sensor for the 
S-II. A. D. Ltttle has subn1itt(!d a three-volurne H'J?Ort describing the tests
and results.

PRESSURIZATION SYSTEM 

The S-II pressurizatton systern is divided into several independent 
subsystems. The functions of these subsyst<:ms ar0 as follows: 

Hydrugen tank pr,.is_surization 
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Hydrogen ta,nk venting 

Oxygen tank pressurization 

Oxygen tank venting 

Pneumatic actuation of valves for the engine prestart conditioning 
system 

Preflight purging of the hydrogen pressurant lines 

In addition to support of the active systems, the pressurization systems 
group is responsible for the analysis and over-all coordination of the propel­
lant thermal-stratification problem. The pressurization subsystems provide 
require·d tank pressures for structural integrity and fulfill · engine-inlet 
requirements for all phases of flight fro� prelaunch to end of S-II boost. The 
venting subsystems limit tank pressure and vent the tanks during chill-down 
and filling. The pneumatic-actuation subsystem regulates pressure and pro­
vides some of the control-solenoid valves to actuate the valves in the engine­
pre-start conditioning system. This subsystem also provides actuation 
pressure tor prevalve operation during all of the flight phases. The hydrogen 
pressurant-line purging subsystem is used on the ground only and prevents 
the backfl.ow of hydrogen gas through the engine injectors and into the engine 
compartment. Successful operation of the engines is, to a-large extent, 
dependent on operation of the pressurization system. The over-all weight of 
the stage is greatly influenced by pressurizati.on-system design and perfor­
mance, inasmuch as the structural weight is very sensitive to internal pres -
sure and the pres surant weight is measured in thousands of pounds. Since 
the effects of thermal stratification are reflected in tank pressure level, 
pressurant weight, structural weight, insulation weight, and system com­
plexity, assessment of thermal stratification and measures to overcome its 
effects is quite critical. 

During the past year, a number of major changes were made to the 
pressurization system. These changes wer·e (1) increase of the tank pres­
sure levels, {2) addition of step pressurization, {3) addition of 
modulating-pressurant flow-control valves, (4) addition of a pneumatic­
actu��ion subsystem to operate components in the engine prestart conditioning 
system, and (5) addition of a hydrogen pressurant-line purge system, 
System analyses have been completed as required to support the procurement 
of hardware and the. installation design. Fourteen procurement specifi­
cations were prepared and issued, and the major part of the effort was 
accomplished on five additional procurement specifications for new 
components resulting from system changes. The problem of liquid-hydrogen 
stratification was intensively studied, and significant advances were made. 
Exploratory tests were conducted to evaluate proposed solutions to the 
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stratification problem and to evaluate an experimental gas distributor 
incorporating a Hilsch tube, 

Tank Pressurization Subsystems 

The tank pressurization subsystems for the hydrogen and the oxygen 
tanks are essentially identical in design, and identical components are used 
in both systems, except for the pressure-level settings. The tank 
pressurization subsystems actually consist of two separate subsystems, one 
for controlling helium and one for controlling evaporated propellant. The 
helium subsystem is used for prepressurizing the tanks on the ground, 
maintaining tank pressure during first-stage boost, and maintaining tank 
pressure during start-up of the S-II engines. The helium subsystem consists 
of pressure switches, solenoid valves, and high-pressure receivers and fill 
disconnects. _Prepressurization on the ground is accomplished by ground­
supplied helium admitted through the high-pressure fill disconnect and 
controlled by the pressure-switch solenoid valve combinations. After tank 
prepressurization, the high-pressure receivers are charged to 3000 ·psig. 
The stored helium, controlled by the same pressure switches and solenoid 
valves, is used for tank pressurization during first-stage boost and engine 
start-up. After engine start-up, pressurant gases are extracted from the 
engines. Hydrogen gas is extracted just upstream of the engine injector. 
The hydrogen pressurant flows from all five engines are manifolded together, 
and the total flow to the hydrogen tank is controlled by a flow-control valve 
that senses tank pressure. The pressurant is admitted into the tank through 
a distributor designed to minimize turbulence, thereby reducing the· heat loss 
to the structure and the propellant and consequently reducing the total pres­
surant requirement. To compensate for thermal stratification, the tank 
pres sure is increased toward the end of boost. At 250 seconds after S-11 
ignition, an electrical signal emanating from the mast.er timer will operate a 
solenoid valve built into the flow-control valve, causing the valve to go to a 
full open position (step pressurization). The tank pressure will rise until it 
is limited by the vent system. The oxygen pressurization-system operation 
is identical to the hydrogen system, except that oxygen gas is not available 
from the basic engine. Liquid oxygen is extracted downstream of the 
turbopump and is vaporized in a J1eat exchanger located in the turbine hot-gas 
discharge line. The flows of vaporized oxygen from the five engines are 
manifolded together and controlled by a single-flow control valve. A gas 
distributor is used in the oxygen tank to minimize turbulence of the incoming 
pressurant. Step pressurization is employed for the oxygen tank and is 
activated at the same time as step pressurization for the hydrogen t�1:1k· 

Tank Venting Subsystems 

The tank venting systems for the hydrogen and oxygen tanks are 
essentially identical in concept and design. Two parallel vent valves, are 
used for each tank. The vent valves for the hydrogen and the oxygen tanks 
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are identical, except for pressure settings. The vent valves are pilot 
operated and are actuated by tank pressure. No external electrical or 
pneumatic power is required for operation in flight. Pneumatic pistons in the 
valves permit opening or closing, as desire,d, in response to stimuli from the 
ground. The oxygen vent valves discharge directly to atmosphere at all 
times. During ground operation, the hydrogen vent valves discharge into a 
line which ducts the gas away to a safe disp,osal area, This requirement for 
the hydrogen has resulted in the need for hydrogen vent disconnects. 

Pneumatic Actuation Subsystem 

The pneumatic actuation subsystem consists essentially of a high­
pressure fill disconnect, a high-pres sure receiver, a pressure regulator, 
check valves, actuation solenoid valves, and surge tanks. The surge tanks 
are installed to minimize the transient flow requirements of the regulator 
and to increase the probability of success full pre-valve operation under 
potential failure modes. The subsystem is very straightforward 1n concept 
and design and presents no special problem areas. 

Hydrogen Pressurant Line Purging Subsystem 

_ This purging subsystem is used on the: ground only and consists of a
single pressure disconnett plus check valves and orifices to inject helium at 
the engine isolation check valves in the hydirogen pressurant supply lines. 
Incorporation of this subsystem permitted deletion of burst diaphragms in the 
pressurant supply line of each engine. 

Analysis and Design 

A large number of detail analyses were conducted to predict system 
performance and to define the requirements of the various components. The 
use of computer programs was greatly expanded, and specific computer· 
programs were prepared to solve the more difficult or lengthy analysis 
problems. Computer programs are prepared and used to analyze pressurant 
requirements, transient tank venting during fill, LOX heat exchanger 
performance, stratification, line pressure drop with heat transfer, 
thermodynamic functions, and subcooling of liquid hydrogen by helium 
injection. 

A reevaluation of stratification effects, plus concurrent increases in 
engine inlet pressure requirements and maximum propellant flow rates, 
resulted in an increase in tank pressure lev,els. Maximum tank pressures 
are 39. 0 and 42. 0 psia for the liquid hydrog,en and liquid oxygen tanks, 
respectively. The previous maximum pressure was 37. 0 psia for both tanks. 
Step pressurization toward the end of boost was incorporated a� a means of 
preventing greater increases in tank pressures. 
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Reevaluation of the stratification effects was made after tests were 
conduc�d by Douglas Aircraft Company and Martin-Marietta Corporation. 
In meetings with MSFC personnel, it was decided to take a very conservative 
approach in of'der to assure the survival of the first flights. Subsequent 
analyses by S&ID indicate that S-II stratification may not be nearly as 
pronounced as in the Douglas and Martin tests, especially with the internal 
stiffening rings. It is also felt that vehicle acceleration in flight will tend to 
diminish th e problem because acceleration greatly increases the internal 
boundary layer flow, thereby distributing an essentially constant quantity of 
heat throughout a much greater fluid mass. If these S&:ID analyses are 
verified by test, significant weight savings may be 9-Chieved in the later 
vehicles. 

The pressure-switch solenoid-valve flow control system for tank 
pressurization has been replaced by a modulating pressurant flow-control 
valve similar to valves on the S-1 and S-IC. An independent pressure-switch 
solenoid-valve system was retained to control helium for tank pre­
pressuriza�ion and pressurization during engine start. 

A pneumatic actuation system was added for in-flight operation of the 
valves in the engine prestart conditioning system. This actuation system 
was required because of the adoption of the forward-flow conditioning system. 
Additional changes included the incorporation of a hydrogen pressurant line 
purge system to prevent backflow of hydrogen gas into the engine compartment 
during ground ope rations. 

Checkout capabilities have been built into the system design, and 
checkout procedures have been prepared. In almost all cases, the checkout 
procedures are adaptable to either manual or automatic checkout. 

Procurement and Component Development 

Fourteen procurement specifications were prepared and issued, but 
five were deleted because of system changes. The major effort was accom­
plished on five additional procurement specifications for new components 
resulting from system additions and changes. Purchase orders have been 
placed for eleven components, and procurement action has been expedited 
on. the remaining components. No prototype components have been received 
by S&ID. 

Testing 

Testing during the past year has been limited to exploratory and 
feasibility tests. Much effort has been directed toward evaluation of pro­
posed methods for combatting stratification. In one test series, an insulating 
i.nner sleeve in the 1/ 10-scale plexiglas liquid hydrogen tank effectively
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isolated hot liquid (w ater} on the outside of the sleeve from the cold inner 
liquicl. It then caused continuous mixing of th,e two liquids as the fluid was 
drawn into the discharge lines. Other tests have investigated the practicability 
of mixing the liquid hydrogen by helium bubbling. Although it is generally 
agreed that bubbling -from a simple outlet req\JLires too much helium, the 
chimney effect produced by bubbling through vertical tu.bes is expected to 
greatly augment the effectiveness of a given quantity of helium. Analyses 
and tests indicate that even more effective res:ults may be ob tained by 
admitting the helium into the vertical tu.bes in short bursts. A small-scale 
test is being set up at the Santa Susana test facility to evaluate these effects 
in liquid hydrogen. The 1 / 4-scale test program at Beech Aircraft has been 
extensively revised to incorporate specific tes:ts relative to hydrogen 
stratification. 

Experimental Hilsch tubes were built to S&.ID requirements by 
AiResearch, and an experimental oxygen gas distributor incorporating the 
Hilsch tube was constructed and tested by S&.IJD. The intent was to permit 
higher pressurant inlet temperatures to be admitted into the-oxygen tank 
without causing the limiting temperature of th«� intertank bulkhead to be_ 
exceeded. The use of higher-temperature gas will result in a significant 
reduction in pres surant weight. The func tion of the Hilsch tube is to 
separa te the incoming gas into two streams, 0tne colder than the inlet gas and 
the other·hotter. The function of the distributor is to direct the two streams 
so that the intertank bulkhead senses only the colder stream. The tests at 
S&.ID were quite successful. The temperature difference between the inlet 
and the cold outlet flows amounted to as much as 300 F at inlet temperature 
on the order of 600 F. The unit was adapted for installation in the MSFC 
oxygen test facility and is currently at MSFC awaiting test. 

THERMAL CONTROL SYSTEM 

The thermal control system for the Saturn S-II stage is designed to 
provide temperature control of the electronic ;and instrumentation components 
located within the equipment containers. Gronnd equipment provides either 
conditioned air or nitrogen gas to the stage disconnects. Air is used during 
ground checkout for cooling, and nitrogen is used for heating after propellant 
loading. The conditioned gas is 'directed to th,e equipment containers through 
ins�lated plumbing and then is exhausted into the interstage area. The flow 
is continuous and fixed by the system orifices. "The gas-supply temperature 
is altered by ground electronic heaters, which are controlled by thermostats 
in the stage plumbing. During flight, container insulation and thermal 
inertia preclude out-of-tolerance equipment temperatures. 

In the analysis of t�e Thermal Control System, the flow rates, line 
sizes, orifice sizes, electrical rehef hole sizes, gas supply temperatures, 
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and insulation thicknesses for the containers and plumbing have been deter­
mined. Preli\ninary noise tests have been completed to ensure that the 
resultant noise level will not present a annoyance to maintenance personnel. 
Experimental tests of a simulated plumbing network and a representative 
equipment container are planned. 

Description 

The thermal control system consists of provisions for delivering a 
�onLinuous flow of air or nitrogen to the equipment containers. Two com­
pletely separate systems are provided: one for forward, S-II/S-IVB inter­
stage compartrn.ent containers and one for the aft containers in the S-II engine 
compart.Inent. 

Ther mal control system operation is initialed at the beginning of 
electrical equipment checkout. An electrical interlock prevents energizing 
any components until clean air is delivered to the vehicle disconnects. The 
air flows through the manifold and into the con!ainer supply lines, where the 
flow is restricted by an orifice at each container as shown in Figure 23. 
With constant disconnect pressure, these orifices provide a fixed flow suffi­
cient for both the cooling and heating requirements during grou-qd checkout 
and propellant loading. The air then flows into the container, re.moves the 
exces� heat from operating equipment, and exits through the container relief 
holes into the interstage area. 

At least three minutes before propellant loading, the cooling medium is 
changed from air to gaseous nitrogen to inert the containers. The nitrogen 
flow is the same as the air flow. 

After propellant loading, the plumbing and containers are subjected to 
much lower environmental temperatures; and thermal insulation is provided 
to maintain a minimum nitrog�n temperature of 60 F at all container inlets. 
In addition, provisions ar� made for heating the nitrogen in ground heaters 
controlled by two stage-mounted thermostats, one located in the foi-ward 
interstage plumbing and one in the aft interstage plumbing. F.or monitoring 
container temperatures, each container has a temperature transducer whose 
output is continuously telemetered to ground until lift-off. 

At lift-off, the nitrogen flow is terminated by disconnect separation. 
Throughout boost, the container pressure drops by expelling.nitrogen through 
the relief holes. Equipment temperature changes are minimized by container 
insulation and thermal inertia. The container insulation precludes excessive 
temperatures for containers exposed to base heating. 
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Analysis and Design 

Investigations of system concepts .indicated that a variable conductance, 
cold-plate system was well•suited for the S-II application. A prototype that 
was tested proved satisfactory. However, the concept was abandoned because 
its ground support requirements were not consistent wifo those of the other 
Saturn stages. 

The design objective for the prese1:t continuous -flow system is· to 
select an optimum flow rate ad�qua te for cooling during ground checkout and 
heating after propellant loading. During ground checkout, the air must_ be 
capable of removing excess heat dissipated by the equipment; also, the 
gaseous nitrogen delivered to the containers after propellant loading must 
of£set the heat loss through the container walls to the cold external environ­
me_nt. For rnost of the containers, a flow rate of 40 scfm is required to 
meet both heating and cooling requirements. The total flow required at the 
forward-stage disconnect is 250 sdm, while 385 scfm is required at the aft 
stage disconnect. 

The supply plumbing directs and controls the cooling or heating gases 
during ground operation, but serves no useful function during boost. In 
ord�r to provide the flow required for temperature control of tq.e containers 
at the design pressure (1. 5 psig), a 3-inch diameter manifold is required.· 
Although the lines from the manifold to the container could be smaller than 
one inch in diameter and still provide the required flow, the one-inch 
diameter supply lines were selected to limit the resultant noise level. The 
noise level is also minimized by locating the orifices, vyhich restric-t the 
flow, as far upstrea1n of the container inlet as possible. 

While propellant::, are on board, the gaseous nitrogen flowing through 
the plumbing will lose heat to the cold external environment. In order to 
deliver the nitrogen to the container inlets at a te1nperature above 60 F, 
approximately 0. 5 inches of light-weight, low-thermal conductivity insulation 
is required on all plumbing lines. 

The containers located in the S-II engine compartme,nt will be subjected 
to base heating during S-ll boost. The heating rates are sufficiently high so 
that the thermal protection afforded by the fiberglass structural walls of the 
containers will not limit the internal wall temperatures to th.at required for 
reliable equipment operation. Investigations have shown that the simplest 
and lightest method of providing a thermal barrier against base heating is 
to bond the required amount of lightweight, low-thermal conductivity fiber­
glass insulation to the internal wall of the container. 
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Testing 
, 

Extensive testing was conducted on the initial concept of the thermal 
control system. This concept made use of a variable -conductance mounting­
plate system. Testing confirmed the adequacy of this system; however, the 
concept was abandoned because it imposed ground support requirements not 
consistent with those of the other Saturn stages. 

Testing on the present continuous -flow system has been limited to 
preliminary noise tests to ensure that the resultant noise level did not 
present _an annoyance or hindrance to maintenance personnel. 

An experimental test of a simulated plumbing network is planned to 
obtain comprehensive performance data, including pressures, temperatures, 
and flow rates for nominal, limit, and transient conditions. Repeatability 
is also a requirement of this te-st, as the data will be correlated with limited 
data obtained by using the ground test stages. For the experimental test, 
a production-type thermostat will be used to obtain response rate and 
optimum location. 

A representative equ1pment container with simulated flight equipment 
will be exposed to design environmental conditions. The flow-rate and gas­
supply temperatures will be varied. Temperature measurements will be 
taken to ensure that all components receive the necessar)C gas flow, to 
determine heat transfer between the honeycomb mounting base and equip-
ment, and to confirm predicted boost temperatures. 

Confirmation of system design will be achieved by testing in the Elec­
tromechanical Mock-Up and All-Systems test vehicle. Instrumentation of 
these test vehicles will yield data on the cooling and heating performance of 
the thermal control system and confirm thermostat response. 

ELECTRICAL POWER SYSTEM 

The electrical power system contains prov1s1ons for generation and 
distribution of direct-current and alternating-current power to the stage 
systems during the launch countdown, S-IC boost, and S-II boost. A power 
system is being designed which utilizes batteries for in-flight power and 

.. converts a portion of the power to three-phase, alternating current to supply 
the LH2 recirculation-pump motors. Regulated ground power supplies will 
provide direct_-current and alternating-current power during checkout and 
countdown operations. 

The electrical power system includes three battery systems to provide 
power during flight. The 28-volt main battery powers the various stage 
control systems except for the recirculation-pump motors and J -2 engine 
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ignition system. The 28-volt instrumentation battery powers the measure­
ment, telemetry,and tracking systems. The 56-volt battery system powers 
the recirculation pump-motor inverters. A 28-volt tap on this battery 
syste�n is used to supply the J-2 engine ignition system. Primary silver­
oxide/zinc batteries of two different ampere-hour capacities supply the 
in-flight requirements. Five solid-state inverters convert the 56-volt 
recirculation battery power to 56-volt (peak), three-phase, 400 cps 
quasi-square wave power for the recirculation-pump motors. Motor­
operated power-transfer switches are used to transfer the bus power source 
frorn the ground-regulated supplies to the batteries just prior to launch. 
Other bus systems are used to supply those loads requiring operation only 
during the countdown or checkout. 

During this reporting period, tl;le system configuration has been 
finalized. Phase I approval was obtained prior to the addition of the 56-volt 
power system required for the 'LH2 recirculation syste�. Resubmi.ttal for 
Ph:ise I approval after incorporation of this change has been completed, 
Preliminary in-house design reviews prior to or parallel with submittal of 
Phase I data to MSFC have been satisfactorily completed on both designs. 

Components are in the early stages of design and development by the 
suppliers. Prototypes of the el�ctrical power distributor·s have been fabri­
cated and evaluated for applicatio·n, producibility, and adequacy for their 
intended use. 

The concept· and engineering evaluation portions of the test programs 
have been completed. Battery sizing has been determined, a power diode 
assembly has been proved satisfactory during development testing, and cable 
electrointerference tests have been evaluated. 

Analysis and Design 

. :-\nalysis of the system requirements from a simplicity and reliability 
stindpoint led to the following basic requirements for load division between 
the various buses. 

1. All in-flight loads critical to mission success and one destruct
system shall be suppliec

f 

by the main d-.c bus.

2. All instrumentation loads and the second destruct system shali be
supplied by the in�trumentation d-c bus.

3. All loads operational only on the ground shall be isolated from
flight loads and supplied from ground power.
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The addition of the LH2 recirculation system necessitated a reanalysis 
of the bus system in order to achieve the most reliable system consistent 
with weight considerations. The system selected includes a 56-volt battery 
to supply voltage to a three-phase, 56-volt (peak}, quasi-square wave output 
suitable to drive the a-c induction motors. The 56-volt battery supply is 
center tapped to supply the J -2 engine ignition load. This arrangement 
allows the high peak ignition current to be removed from the main battery 
requirements, thus permitting simplified battery cell design. The 56-volt 
battery supply is located on the aft interstage so that this excess weight can 
be jettisoned during second-plane sep�ration. 

Provisions have been made in the system design for installation of an 
alternate battery and associated equipment to S'-;lpply critical loads after S-II 
mainstage operation is achieved. The critical loads would then be supplied 
through isolation diodes by two independent sources, while other main a-c 
bus loads would be supplied only by the main battery� 

Since the major part of the instrumentation bus loads are now in the 
aft skirt area, the instrumentation d-c bus system has been moved from the 
forward skirt to the thrust structure. This permited a common negative with 
the main d-c bus. 

Load analyses for the three battery systems led to the selection of a 
25 ampere-hour battery and a 35 ampere-hour battery to supply the load 
requirements, including growth <;:apability. The main battery supplies 35 
ampere-hour, the instrumentation battery supplies 25 ampere-hour, and the 
recirculation battery supply uses two 25 ampere-hour batteries in series. 
The batteries were changed from secondary types to primary types as a 
result of requirements for maintenance and accessibility on the launch pad. 
This change permitted closer regulation control and more reliable activation 
procedures. Two motorized power-transfer switches, rated at 100 amperes 
and 300 amp�res, are being developed to transfer the fHght buses from 
ground power to battery power and for on-off control of heavy loads. 

S&ID has designed an encapsulated power distribution device (Figure 24) 
which utilizes standard connectors and a distribution bus system which 
provides maximum reliability, ease of maintenanee, and complete environ­
mental protection. Since this represents a significant technological advance, 
S&ID is presently investigating the possibility of obtaining patents on this 
device. Similar devices requiring only an input and output connector are 
also. used within the Electrical Systems. 
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Figure 24. Encapsulated Power-Distribution Device 

Procurement and Component Development 

The suppliers for-the batteries and power-transfer switches have been 
selected. The batteries will be developed by the Missile Battery Division, 
Electric Storage Battery Company and the power-transfer switches by the 
Planautics Corporation. The batteries and power-transfer switches are in 
the early stages of development. MSFC has dire_cted S&ID to incorporate
inverters for the recirculation-pump motors. that are being developed by 
Douglas. A coordination-type procurement specification for the inverter· 
is in the final stages of preparation. 

Prior to the completion of procurement specifications, developmental 
power distributors were fabricated and evaluated for application, produci­
bility, and adequacy for their intended use. The fabricated hardware is 
shown in Figure XX. Consideration was given to standardization of size and 
interchangeability. Procurement specifications have been completed for all 
of the hardware necessary to support the power distributors. 

Testing 

Sufficient battery tests were performed to permit sizing of the battery 
for procurement specif�cation purposes. These tests indicated that a 35

ampere-hour primary ceH is capable of supplying both the total energy 
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re.quirements and the voltage regulation required for the main d-c bus, 
including the J -2 engine ignition load. Since these tests were completed, 
the ignition load was moved to the recirculation battery; however, the 35 
ampere -hour requirement was retained to provide growth capability. 

A development test program was undertaken and completed at MSFC 
direction on a power-diode assembly to meet the requirements .of the 
alternate battery system. The specification requirements included a 
maximum voltage drop of one volt ·at the lowest operational temperature and 
the ability to dissipate the gene rated heat at the highest operational 
temperature. The ability to meet these requirements has been demonstrated. 

Several laboratory tests were performed to finalize the power cabling 
requirements for minimizing coupling to sensitive circuits. These tests 
included study of the effects of twisting, shielding, coupling length, and 
cable·separation on the voltage coupled into pickup cables. As a result of 
these tests, it was decided to twist and shield all a-c power cables. The 
shields will be grounded at a single point and will not be connected to the 
shields of sensitive circuits; shield loops will be avoided. ,The· d-c power 
cables carrying pulsating currents will be twisted whenever practical. 
Cable separation techniques will be utilized whenever the above procedures 
are not sufficient. 

ELECTRICAL CONTROL SYSTEM 

The electrical control system is a stage-installed system that is 
closely integrated with GSE. It provides electrical control for all of the 
electromechanical components of various mechanical systems. The system 
also in�ludes the electrical equipment that controls the mechanical systems. 
This close connection between mechanical and electrical systems provides 
for uniformity of electrical requirements, as well as a central control point 
for stage electrical interfaces . 

The components for the electrical control system are packaged in 
three controller units. The first unit is the propellant electronics controller 
(forward skirt). It contains the components for the LH2 fill system. The
second unit is the propellant electronics controller (aft skirt). It contains 
the components used as a part of the LOX fill system, as wefl as the 
propellant-depletion engine cut-off circuitry. The third package is the 
electrical sequence controller, which contains the relays, diodes, resistors, 
and timers that provide the electrical control for the pressurization system, 
hydraulic accumulators, J-2 engine start a11d cut-off, prevalve operation, 
and LH2 recirculation system�'
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The electrical control syste1n has been deiined in prelimi.na'ry 
schematic diagrarns and a system report during this reporting period. 
Phase I appro'{al was received for the system concept. Primary areas of 
design analysis included emitter iollo\\'er for engine control, propellant 
recirculation, propellant management, and the effect of incorporating the 
Saturn V ti.ming-system S\\'itch selector. Procurement specifications were 
cornplete<l for relays, tirners, and module connectors. Development pro­
grams were implemented in order to define the optimum design for the 
electrical control modules that contain these components. Tests were 
successfully performed to check the design in simulated environments. 

Analysis and Design 

Phase I approval has been received from '\:ASA for all of the schematic 
drawings of the electrical control system. According to the concept 
approved, all control switching v,;ill utilize electromagnetic relays, and all 
circuits will have a minimum of complexity and a maximum reliability. 
>.ASA direction eliminated redundant circuit components and stressed 
individual component reliability. 

An analysis was made of the various pos si.ble methods of packaging 
electrical components .. The method chosen provides a uniform packaging 
concept which combines standard connectors, relays, resistors, and diodes 
in an environment-resistant module. All connections are achieved by the use 
of capacitance-discharge welding techniques. The modules are packaged on 
a system basis which provides maximum maintainability ·and fault isolation 
capability with a minimum of test effort. A representative module is shown 
in Figure 25. 
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Figure 25. Typical Module 
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The initial J -2 engine design include� current-limiting resistors in its 
electrical sequencer. Since these resistors .vere not compatible with the 
operation of the S-II stage con"trol, it was necessary to design emitter 
followers to drive the relays. NASA directed Rocketdyne to eliminate the 
current limiters from the engine ready, mainstage OK, and internal engine 
cut-off circuits in the J-2 electrical sequence, and the emitter followers 
were subsequently removed. 

The various methods proposed for a propellant-recirculation system 
were analyzed to keep the electrical control requirements cu-r rent with the 
latest criteria. Even after the mechanical concept had been established, a 
major design change was caused by the MSFC decision to use a 56-vdc 
power system for the recirculation-motor pumps. 

Analysis effort on the propellant loading system occured in two general 
areas: circuit analysis and system analysis. Circuit analysis of several 
types of liquid-level point sensors contributed to the decision to use the 
hot-wire type on the S-II. System analysis showed that the assumed 
advantages of a multiplexed point-sensor system (i.e., one control unit 
tim�-shared by several transducers) are negated by the large amount of 
control circuitry necessary for automatic operation. Further system 
analysis showed that both weight savings and more reliable operation could 
be achieved by splitting the propellant electronics into two packages: one 
installed forward, and one installed in the aft skirt. 

Procurement and Component Development 

Procurement specifications were completed and implemented to assure 
procurement of highly reliable relays and timers. The relays which have 
2-ampere contact ratings will be procured from Filters, Inc., and the
IO-ampere-rated relays will be obtained from Babcock Relays. The supplier
for timers is Tempo Instrument, Inc.

Procurement specifications were completed for the module connectors; 
considerable attention was given to standardization and interchangeability. 

The procurement schedule for qualified parts did not support the 
manufacturing schedules for the EMM and Battleship test articles. Correc­
tive action was taken by obtaining off-the-shelf parts for these two articles. 
These nonqualified parts will be replaced by flight-weight qualified parts 
as soon as is feasible. 

An extensive development program for all control components included 
literature searches, supplier conferences, and evaluation testing. This 
program was followed in each of the following design areas: module 
packaging, solenoid surge suppression, and relay and timer specification 
preparation, 
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Testing 

Develo�ent tests were performed on simulated solenoid control 
circuits to establish the optimun, values and ratings for surge-suppressio� 
resistors and diodes. Tests were also performed to ensure that diodes 
would perform satisfactorily while mounted in encapsulated modules and 
subjected to environmental extremes of temperature ard vibration. Evalua­
tion tests were successfully conducted on electrical modules to demonstrat; 
that the materials, processes, and techniques userl are compatible with the 
anticipated S -II environments. 

DESTRUCT SYSTEM 

The destruct system for each stage of the Satu:·n V vehicle has been 
standardized where possible to permit the attainment of a high degree of 
reliability and also to simplify certification of component and system designs 
to the Atlantic Missile Range Safety Division. The system .. s to provide a 
zero thrust condition and propellant dispersion for flight termination. 
Propellant dispersion is to be effected by ordnance items initiated by means 
of exploding bridgewire ( EB W} techniques. The EB W firing unit, EB W

detonator, and the safety and arn.,ing device are being developed by Dou�)as 
Aircraft Company under a separate contract with r:-;.ASA. The confined 
detonating fuze ( CDF}, destruct-charge assemblies, and ordnance disconnect 
and tees are being developed by S&ID. The EBW destruct system controller, 
destruct del.ay timer and no-time-delay plug are being furnished by NASA. 

Description 

The electrical portion of the dl:struct system incorporates two inde­
pendent systems. The electrical portion of each system consists of an EBW

destruct system cont.roller, an EBW firing unit, and a dc:struct delay tiirn,ir 
or a no-time-delay plug. 

The EBW destruct system controller controls all signals from an F:BW 
firing unit and the power signal to a command destruct rect··iver (CDR). The 
cont.roller has the capability of switching the EBW firing unit and CDR power 
froin external to internal and vice versa as commanded; provision is rnade 
for instrumentation. When the CDR liftoff signal is applied to the controller, 
the control ler is rendered incapable of responding to the CDR destruct com­
mand and C DR destruct a rm and cutoff command. After liftoff ( removal of 
CDR liftoff signal) the controller is rendered operational. 

The destruct delay timer is used on manned missions. Upon rccPipt of 
the CDR dest ruct a-rm and cutoff cornmand signal by the controlkr, this unit 
v.:ill delay th e response of the CDR destruct command signal for a pr<:dvtcr­
mined interval of time. (app roxirna tcly 3 seconds), On unmanned missions, 
this unit is replaced with a no-time-delay plug. 
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The EBW firing unit contains the circuitry necessary to generate and 
store the high-voltage energy p,1,1lse required to detonate the EBW. This 
high-voltage energy is held off by a gap switch until release is commanded. 

The ordnance portion of the system consists of 2 EBW detonators, 1 
safety and arming device, 13 CDF assemblies, 4 ordnance disconnects, 4 
ordnance tees, 1 LOX tank destruct assembly, and 1 LH2 tank destruct
assembly. 

The EB W detonator is initiated _by the high-voltage energy pulse 
released from the EBW firing unit. The bridgewire in the detonator explodes 
with a rapid release of energy. This energy in turn initiates the explosive 
train. The CDF assembly consists of a low-energy detonating core that is 
used to transmit a detonation wave between ordnance components, with a 
multilayer protective sheath to confine the explosive effects. It has a 
propagation rate in ex-cess of 20,000 feet per second. The destruct charge 
assemblies are initiated by CDF assemblies and are cap.able of rupturing the 
tank structure. The ordnance disconnects pr'"ovide ordnance-train separation 
capability at the separation planes. The ordnance tees transfer the detona­
tion from one CDF assembly to two others. 

The sa_fety _and arming device has the capability of providing continuity 
and discontinuity in the ordnance train by means of an electrically controlled 
rotor. When the safety and arming device is in the arn;ed position, the 

.detonation wave can propagate through the explosive loads in the rotor. When 
the safety and arming device is in the safe position, the rotor blocks the 
detonation propagation. 

Analysis and Design 

The destruct system is defined as that portion of the flight-termination 
system which is downstream of the UHF radio-command receivers. The 
system is required in order to terminate the flight if the vehicle's flight path 
deviates from the assigned corridor. The system is designed to effect a 
zero thrust condition during S-II boost and to provide propellant dispersion. 
The ordnance portion of the system is required to transmit the propellant 
dispersion action capability to the adjacent stages. The over-all system 
must be designed to the requirements of AFMTC regulation 80-7, Airborne 
Flight Termination Systems (Range Safety) and be approved by the range 
safety office prior to the first flight. The objectives are to design a system 
of maximum safety to ground personnel and which would not interfere with 
the achievement of flight objectives.-

The inclusion of a manned payload on the Saturn V vehicle necessitates 
a means of assuring adequate time for safe ejection of the capsule concurrent 
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with engine shutdown and prior to propellant dispersion. This is accom­
plished by provisions for replacing the no-time-delay plugs with delay timers. 
The time delay presently anticipated for the S-II stage is 3 seconds. 

In the flight configuration, the destruct controllers, EBW firing units, 
no.'..time-<lelay plugs, EBW detonators, and safety and arming device are 
packaged in a single container. The container is mounted in the forward 
skirt area, and two GDF assemblies enter it from the ordnance train. Analy­
sis of the container revealed that the minimum internal ambient temperature 
subsequent to lift-off will be -48 F on a cold (20 F) day. The tnaximum 
internal ambient temperature will be 112 F prior to propellant loading on a 
hot (120 F) day. These will be maintained with the th ermal control system 
operating and supplying 10 scfm of l N2 at 80 ± 20 F to the container for all
operations prior to lift-off. The component's environn,ental te1nperature 
range is maintained \vith the container design. 

Procure1nent and Component Development 

GDF Assemblies 

The GDF assembly developn,ent program is progressing on schedule. 
Testing conducted at S&ID has established the following: 

1. Reliable functioning of the GDF and booster charges could be
expected at temperatures as low as -300 F.

2. The existing confining structure for the GDF is adequate at -300 F.

3. A quick-attach bayonent-end fitting could be developed which
would confine the booster charges.

A development program \Vas started by the supplier in May 1963, and 
qualificat'ion testing is scheduled to begin in September 1963. Qualified GDF 
assernblies \vill be required in December 1963 for developn1ent and qualifica­
tion of other ordnance con1ponents. 

As ·a result of the decision to use the C_l?F asse1nbly on other Sat'urn V 
stages, son,e environment-requiren1cnt changes are expected. These 
changes are not expected to affect the design. However, they will require 
soine repeat testing. 

Ordnance Tee and Ordnance Disconnect 

The procuren1ent specification covering the ordnance tee and ordnance 
9isconnect was released in Dece1nber 1962. A supplier has been tentatively 
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selected for each component. However, the contract will not be let until new 
requirements imposed by MSFC as a result of the decision to use the tee on 
the Saturn V stages are incorporated. 

LOX Tank Destruct Assembly 

The procurement specification covering the linear· explosive charge has 
been released. The supplier has been selected, and development is scheduled 
to start in September 1963. 

LHz Tank Destruct Assembly 

Th� procurement specification covering the linear shaped charge 
assembly is being released after being delayed for the addition of new instal­
lation and performance requirements. These new requirements are a result 
of increased LHz tank insulation. 

Testing 

Confined Detonating Fuze Assembly 

Tests were conducted using S&ID-designed and assembled CDF assem­
blies to verify the following: 

1. Ability of the quick-attach PT connector to remain intact after
firing

2. Ability of CDF assemblies to propagate from one to another over
large gaps.

Ten tests were successfully conducted to prove the ability of one GDF 
assembly to detonate another over various gap spacings. This is a require­
ment which is specified in specification MC901-0052. At ambient tempera­
tures, no failures were experienced in tests involving the propagation of 
X-349 of one CDF assembly to another through 0. 005-inch steel barriers and
gaps up to 0. 700 inches. At a temperature of -300 F, the same test set-up
propagated across a 0. 300-inch gap, ·but failed at 0. 350 inches. A 0. 200-
inch gap is required for a 0. 999 reliability at a 90percent confidence level for
successful propagation across a 0.100-inch gap. The 0. 100-inch gap appears
likely to occur through adverse tolerance build- up of mating parts in
production.

Final development and qualification testing are being conducted by the 
supplier in accordance with the requirements of NAA specification 
MC901-0052.. 
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LH2 Tank Destruct Assembly

Twe.nty tests were conducted which indicated that 400-grain, alu1ninum­
covered linear shaped charge (LSC) is adequate for the LHz tank destruct 
assembly. Two diffe'tent 400-grain LSC's successfully severed the systems 
tunnel intercostals, LHz tank insulation, LHz tank skin, and the tank-skin 
weld lands with and without liquid backing on the skin. The 400-grain LSC 
will not sever the tank frames. However, it is not considered a requirement 
at this time. 

LOX Tank Destruct Assembly 

Feasibility tests have been conducted for the LOX tank destruct portion 
of the S-II destruct systen1. Two round aluminu1n tubes were mounted side by 
side and attached to· the inside of the skin test panel with a stand-off of l / 4 
inch and a 1-1 / 4 inch stand-off from the LOX tank test panel. These two 
panels were mounted in a test fixture that simulated the angle between these 
two surfac';!s in the S-II stage. A round explosive charge of 1100 grains per 
foot was inserted into each of the round aluminum tubes. The panels and 
tubes duplicated the actual material and confi.guration used in the present 
concept of the S-II stage. The re;ults of these tests indicate that the explo­
sive charge, configuration, and location will be adequate to sever the S-II 
stage structure as presently designed. 

SEPARATION SYSTEM 

The function of the stage separation system is to detach the S-IC from 
the remainder of the Saturn V vehicle after co1npletion of first stage boost. 
This separation will occur at two separate planes: the detachment of the 
depleted S-IC tankage and the jettisoning of the S-II aft interstage. This 
sequential separation permits the removal of maximum interstage weight with­
out increasing the risk of <;iamage to the S-II propulsion units during the sepa­
ration process .. Physical stage separation is accomplished by means of an 
ordnance assem.bly that incorporates a linear-shaped charge (LSC), a 
detonating element capable of providing a continuous cut in a target. The 
system is electrically sequenced and controlled by ap. MSFC-designed switch 
selector. The LSC initiation is effected by exploding-bridgewire (EBW) 
techniques. 

Description 

The electrical portion of the system consists of an MSFC-designed 
switch selector, a controller, and· six EBW firing units. The first plane 
separation (depleted S-IC tankage) is electrically controlled fron, the S-IC 
stage. The system elec;::trically controls the second plane separation (aft 
interstage structure removal), ullage rocket ignition, S-II/S-IVB separatioi"l, 
and retro rocket ignition. 
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The switch selector is basically a series of low power switches, the 
input of which are individually selected and controlled by a coded signal from 
the Saturn V airborne computer. The svjj_tch selector decodes internally 
from the seven-bit word and furnishes an output from one of the three useful 
relay driver outputs at a time to sequence the system. 

The separation controller contains the components and circuitry neces­
sary for controlling the EBW firing units. It applies a return bus signal to all 
EB W firing-unit trigger circuits until the proper trigger signal is received. 
It prevents the occurrence of second separation in the event an outboard J -2 
engine fails to attain mainstage. 

The EBW firing units contain the circuitry necessary to generate and 
store the high voltage energy pulse required to initiate the EBW. This high 
voltage energy is held off by a gap switch until released by command from 
the controller. 

The ordnance portion of the system consists of 6,EBW deton'ators, 17 
CDF assemblies, 16 pyrogen initiators, 2 LSC assemblies, and 2 CDF mani­
fold assemblies. The LSC assemblies are initiated at each end by EBW 
firing units and EBW detonators. The ullage rockets are redundantly 
initiated as follows: 

1. One EB W firing unit is connected to an EB W detonator which is
screwed into a CDF ·manifold assembly.

2. Eight CDF assemblies are attached to a CDF manifold assembly
with one of the CDF aasemblies attached to a pyrogen initiator in
each ullage rocket.

The LSC assembly receives detonation from EB W detonators attached 
to each end of the assembly. The sharply defined cutting action of the 
assembly severs the separation-joint tension members to effect physical 
separation. The EB W detonator employs the exploding bridgewire technique, 
which involves the exploding of a fine wire by passing a large pulse of high­
voltage energy through it in a short period of time. 

The CDF manifold is a device which, by means of the output of a single 
EB W detonator, is capable of simultaneously detonating 8 CDF assemblies. 
Detonation is transferred from. the manifold to the pyrogen initiators. The 
pyrogen initiators transform this deto.nation in to a defl.agration to ignite the 
ullage rockets. 
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Analysis and Design 

Linear-Shaped Charge (LSC) 

Two basic LSC installations were con side red: segmented and continuous 
loop. The segmented installation appr oach v.rould necessarily be much more 
c01nplicated because of the requirement for additional detonation transfer 
components. The continuous loop concept is attractive from tpe system 
reliability standpoint and does not complicate fabrication, handling, and 
installation problems .. 

The adoption of the continuous loop approach was n1ade feasible by the 
following factors: 

1. Capability of at least two suppliers to produce flexible LSC in 110
foot lengths

2. Availability of an extruded, flexible plastic backing for LSC

3. Capability of a supplier to provide the LSC, flexible backing, and
detonation transfer blocks as a single prefabricated con1ponent.
This con1ponent can be shipped on a 3-foot dian1eter reel.

4. Structural de sign of the separation plane that permits external
installation of the LSC assembly and incorporates an outer tension
splice plate

Continuous loop installations incorporating single, dual side-by-side, and 
dual piggy-back LSC runs were considered. 

A continuous loop incorporating dual piggy-back LSC runs was selected 
for the following reasons: 

1. It permits the use of only two EBW detonacor and firing unit sets.

2. Multiple redundancy is provided by the cross propagating feature
of the piggy-back.

3. It avoids the problem of the remaining 'ring left by two side-by-s:i'.de
LSC runs.

The LSC assembly will be an integral unit developed and qualified by an 
ordnance supplier to meet the requirements of NAA specification MC901-
0019, which include qualification and acceptance testing to demonstrate the 
reliability of the LSC assembly for severing target plates that simulate the 
S-II separation plane tension plates.

- 94 -

SID 63- 1028- 1 



NORTH AMERICAN AVIATION, INC, � SPACE->NFORMATOON SYSTEMS D>V>S>ON 

Since the maximu1n tension which must be transmitted across the S-II 
separation planes is low compared to compressiv_e loads, the full tensile 
strength can be provided by relatively thin splice plates which span the 
separation joint. The splice plates for1n attachments completely around the 
S-II at the two separation planes and at the appropriate time, are severed by
the LSC assembly. The compression loads are carried by butted fittings
which do not need to be mechanically or explosively uncoupled. In order to
permit the use of the same type of LSC assembly for each application , the
structural features of each separation plane are ?imilar.

The splice plate design allows tl{e use of a much smaller sized LSC 
than would be required if it were necessary to sever a combined compression 
and tension structure. The external location of the splice plate makes heavy 
shielding of internal components from the LSC blast effects unnecessary. 
The relative freedon1 of access that external installation allows permits the 
use of a reliable, one-piece assembly. 

An external cover is required for the LSC assembly in order to position 
the LSC on the splice plates, to shield the LSC from aerodynamic effects, 
and tu shield external vehicle components from fragment damage. 

Ullage Motor Ignition System 

The ullage motors are ignited by special nonelectric pyroge·n initiators. 
Redundant ignition of the eight motors with EB W squib systems would require 
the weight and complexity of sixteen EBW firing units. In order to reduce 
the EBW component requirements, pyrogen initiators in conjunction with an 
ordnance distribution system are employed to provide eight ignition sources 
with the output of only one EB W detonator. A second detonator with 
associated pyrogen initiators and distribution system will provide redundant 
ignition for each of the eight ullage motors. 

The confined detonating fuse (CDF) manifold used in the ullage rocket 
motor ignition system transmits a detonation from an EB W detonator to 
multiple CDF assembly outputs. A CDF is a very low energy detonating cord 
used to transmit a detonation pulse between the CDF manifold and pyrogen 
initiator; it consists of an MDF (mild detonating fuze) and a multilayer 
protective sheath designed to confine all explosive effects within the casing. 
The CDF assemblies consist of an appropriate length of CDF with quick­
attach bayonet end fittings. 

The pyrogen initiator is a non-electric ordnance device designed to 
ignite the pyrogen of a solid-propellant motor by means of the detonating 
output of a CDF lead assembly. The initiator utilizes a detonation pulse, 
which is transmitted through a leak-proof barrier, to produce an igniting 
flame within the motor pyrogen. The t hru-bulkhead type is intended to use 
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as its sole input energy the output of a confined detonating fuze assembly 
(MC901-0052 ). This energy will be used to detonate an explosive charge 
(donor) on the input side of the initiator bulkhead. This charge will transfer 
a shock-through the bulkhead to an explosive receiver charge (receptor) on 
the output side. This receptor charge is then attenuated in order to ignite a 
deflagrating charge, the output energy of the initiator. This charge, in turn, 
initiates the pellets of the pyrogen igniter. In performing this energy trans­
fer, the bulkhead of the initiator is not to be damaged in a manner which will 
allow motor combustion products to escape. 

EBW System 

Design and development of the EB W firing unit and detonator is being 
accomplished by the Douglas Aircraft Company under scparatt:: contract with 

NASA. 

Switch Selector 

The switch selector provides interface compatibility between the stage 
systems and the Saturn V airborne computer. In addition, it provides timing 
and staging sequencing. It is furnished as GFE by MSFC. 

Procurement and Component Development 

Linear-Shaped Charge 

After several proposals and supplier iacilities had been evaluated, the 
subcontract for the LSC assembly was awarded. The basic design approach 
was approved at the preliminary design review held in April. 

Some delay in the program has been caused by the difficulty that a 
supplier is having in successfully extruding FEP teflon. The supplier will 
substitute TFE teflon, if FEP cannot be extruded satisfactorily. Problems 
encountered in incorporating elongatioh tests into the program have caused 
additional delays. These tests will qualify the LSC assembly for thi; surface 
expansion which will occur during first-stage boost. 

Development tests, using prototype transfer blocks and other metal 

parts and short lengths of teflon machined to the approxi�ate· configuration 
of the teflon extrusion, are under way. Prelin1inary design of a test chamber 
to accomplish the low-temperature elongation tests is under way. Prototype 
units are expected to be available for full-scale tests in November 1963. 

CDF Manifold 

The manifold procurement program was delayed in order to incorporate 
MCR 197 {common Saturn V ordnance) requirements into the procureme·nt 
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specification. These changes have now been incorporated and the revised 
specification is scheduled for release in September 1963.

Pyrogen Initiator 

The contract for the pyrogen 1mt1ator was awarded 1n July 1963. The 
development effort is proc.eeding on schedule. 

Subject to• statistical verification by more extensive testing, the 
primary design problems of preventing body rupture and establishing 
approximate bulkhead tolerances have been solved. 

Testing 

Manifold 

The preliminary test work to prove the feasibility of the manifold has 
been completed. These preliminary tests involved the detonation of multiple 
outputs of breadboard-type CDF assemblies by a central core of explosive, 
consisting of commercially available material, such as MDF or LSC. 

Fifty-three tests were completed during this preliminary investigation. 
The results show that a design approach with 15 to 25 gr/ft LSC as the core 
of the manifold will function satisfactorily through a range of adverse 
tolerances and environmental conditions. These results show that the LSC 
has a more concentrated output due to the Monroe (i.e., focusingLeffect, 
whereas the MDF used has a uniform output about its axis. They also show 
that not only can LSC be used to cut material, but also to detonate explosive 
boosters by this explosive force concentration. 

Most of the tests were conducted with a breadboard type test plate. 
Five and 10 gr/ft MDF and 10, 15, and 25 gr/ft LSC were tested as the 
initiating linear core. Final tests were conducted with a metal block 
(Figure 26) that more closely simulated the confinement conditions of the 
actual manifold. 

Figure 26. Metal Block Used in• Final Manifold Tests 
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The CDF assembly receptor charges were simulated by test leads with 
sensitivity and charge size cq�valent to the proposed CDF assemblies. The 
effect of air gaps a11d closures in c�ccss of expected installation tolerances 
was evaluated, and the installation tolerances currently specified were 
found to be suitable. Metal barriers were interposed between the linear 
clement and receptor charge of the CDF lead assembly to duplicate the end 
closure of the CDF assembly. Since explosives generally become less 
sensitive with decreasing temperature, all tests were conducted at -125 F, 
the lowest environmental extreme expected. 

Pyrogen Initiator 

A study was completed to determine the feasibility of transmitting a 
nonelectric stimulus generated by contained explosive energy through a 
bulkhead without jeopardizing the integrity of the bulkhead seal. Two design 
approaches were investigated: 

l . A detonation shock-wave transfer system incorporating a solid 
steel bulkhead as an integral part of the igniter assembly 

2. A self-sealing system incorporating a comµre ssed or compressible
resilient material to automatically seal the path .of a detonating
length of MDF automatically. The thru-bulkhead approach was
selected as b�ing most promising.

To aid in the evaluation of the thru-bulkhead design, the shock from the 
pickup charge was attenuated in order to ignite a boron-potassium nitrate 
ignition pellet. Twenty-three tests, investigating the transfer mechanism 
and the confined CDF quick-disconnect a$semblies, were conducted as part 
of the feasibility study of the shock-wave transfer system. 

Final evaluated design eliminated all but an absolute m1n1mum 
explosive-to-metal and metal-to-metal interfaces; the test results indicated 
that the assembly was functionally feasible. Due to the limited scope of the 
program, only three assemblies with the final functional configuration were 
tested. The final test assembly was further designed to attenuate the 
detonation of the PETN receptor charge and to ignite a pressed pellet of 
boron-potassium nitrate ignition composition. For these specific tests, the 
quick-disconnect assembly was not evaluated; instead, a DuPont X-349 
primer crimped to unconfined 2 gn/ft PETN core MDF was used to initiate 
the PETN donor charge. Each unit was fired into a 25-cc closed chamber. 
In all units the shock wave from the detonating donor charge propagated 
througl1 the bulkhead and initiated the receptor charge; its detonation, in 
turn, initiated the dcflagration of the boron-potassium nitrate pellet. 
Attenuation of the detonation is evidenced by the slow pressure rise charac­
teristic of a deflagrating pellet of propellant. Without proper attenuation the 
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wave, would have pulverized the ignition pellet and created a very sharp 
pressure rise. The fired units later·were tested for bulkhead int•grity by 
applying 3, 000 psi to the ou.tput side of each unit. No evidence of leakage 
was detected. 

Further development of the thru-bulk head pyrogen 1n1t1ator will be 
conducted by a qualified ordnance contractor. The final design must meet 
the environmental and performance requirements of NAA specification 
MC453-0004. 

Linear-Shaped Charge 

A test program wa-s conducted to establish the s1z1ng and arrangement 
of the linear charge and to develop a suitable installation and cover design. 
The first test series for charge sizing was conducted to determine the 
failure limits for the selected charge size, under various conditions of ten­
sion plate thickness, temperature, and stand-off. The second series 
demonstrated the adequacy of 2 5 grain/ft LSC for severing 0. 12 5-inch 
707 5-T6 aluminum. sheet. The third series demonstrated the adequacy of 
15 gr/ft LSC to sever the revised S-II separation plane tension plate thick­
ness of 0. 080 inch 7075-T6 aluminum. 

Tests were conducted to demonstrate the cross-propagating ability of 
the lower and upper elements of the piggy-back LSC arrangement. All tests 
to date.indicate that the 10 to 25 and the 10 to 15 gr/ft combination will 
successfully cross-propagate in either direction, even with multiple breaks 
1n each element. 

Numerous tests were conducted to evaluate the strength and suitability 
of LSC cover designs. Two configurations were analyzed from the aero­
dynamic heat transfer standpoint and will be tested in a fixture that simulates 
the actual structural design. Additional tests are intended to verify the 
capability of the final cover design to protect the LSC assembly during 
first-stage boost. 

In order to confirm the satisfactory performance of the complete 
structural and ordnance system, 10 full-scale tests, beginning in November 
1963, will be conducted. These tests will utilize a structure representative 
of the S-II separation planes at stat�ons O to 196. Only th� ordnance devices, 
splice plates, and-LSC covers will be expended for each test. 
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FLIGHT CONTROL SYSTEM 

Preproduction Engine Actuation System 

Summary 

The year was marked by delivery of hydraulic system components for 
the eight preproduction systems. Delivery status is shown in the following 
listing. 

Component 

Servoactuator 

Accumulator reservoir 
manifold assembly 

(ARMA) 

Main pump 

Auxiliary rnotor pump 

Delivery Status 

Seven have been received at S&ID. Last 
unit is scheduled for delivery by 9 Aug-ust. 

Four have been received at S&ID. Balance 

will not be delivered until a necessary fix 
h.as been made. Four delivered units will 
be retrofitted. 

All eight have been delivered to S&ID. 

All eight have been delivered to S&ID. 

Figures 27, 28·, 29, and 30 show the preproduction servoactuator, 
accu1nulator reservoir manifold assembly, main hydraulic pump, and 

auxiliary moto·r pump. 

Figure 27. Servoactuator 
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Figure 28. ARMA 

Figure 29. Main Pump 
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Figure 30. Auxiliary Pump 

On 15 June, the _first preproduction system was delivered at Huntsville. 
The system was shipped unassembled with all major components but short of 
some n1iscellaneous hardware;. 

By the end of the year, component testing at S&ID had begun on the 
hydraulic pump. Servoactuator testing was scheduled to begin in early 
August. System tests were also scheduled to begin in August. 

History 

main 

In the first quarter, t}i.e servoactuator piston area was increased from 
11. 5 in. 2 to 14 in. 2 and flow rate at design load was increased to 29 in. 3 / sec.
As part of this change, a decision was made to adopt a dynamic load damping
(DLD) valve in the actuator. The increased actuator size also caused major 
design changes in all other actuation system components. 

Another important directive was received in the second quarter. This 
directive effectively eliminated the original concept of a prototype system 
and a production system. Instead; the design co·nfiguration of the production 
hydraulic components was to be identical to that. of the first unit�. These 
first units were subsequently designated as preproduction units. A reduction 
in the quantity of preproduction systems to be procured was also directed, 
and, as a result, five actuation systems were to be delivered to MSFC and 
three were to be delivered to S-II Engineering. Procurement specifications 
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for all hydraulic components were arnended to update requirements and, as 
intended, to provide a single specification for preproduction and production 
units. 

Early in 1963, it became apparent that since the preproduction 
actuation systems were to be used only for ground engineering tests, it would 
be feasible and desirable to make certain amendments in the procurement 
specifications for the preproduction components. The amendments were 
deletion of requirements for qualification and reliability tests and revision of 
Quality Control requirements to reflect the requirements that were applicable 
in the 4 April 1962 version of the General Quality Control Specification, 
MQ 0802-001. The amendments were to be applicable to the procurement 
specifications· for preproduction components onl.y; it was intended to prepare 
new specifications for production components. 

In March, information concerning the preproduction engine actuation 
system was transmitted to the NASA S-II resident manager in Letter 
63MA3743. The letter incl.uded a list of drawings and specifications 
describing the preproduction system and components, a list .of government 
documents with variances applicable to the preproduction components, and 
a history of events in preproduction system development. Subsequently, 
in April, the model specification for S-II Preproduction Engine Actuation 
Systems (SID 63-281) was submitted for NASA approval. S&ID also· -
requ�sted MSFC to change the quantity of deliverable preproduction systems. 
Specifically, it was proposed that one preproduction system be delivered to 
MSFC and that the other seven units be retained by S&ID for component 
testing, breadboard testing, flight control simulator, J -2 engine gimbaling 
tests, and im,tallation in the Electromechanical. Mockup. This change in 
deliverable quantities was subsequently approved by MSFC. 

Possibility of a schedule slip arose when it became necessary to adopt 
a fix on the manifold for the ARMA. The manifolds were made from 
castings, and failures that occurred indicated that burst pressure require­
ments were not satisfied. As a result, a decision was made to make new 
manifolds from forgings and retrofit the existing ARMA's. However, a plan 
has been adopted by v.zhich engineering test schedules can be met despite the 
manifold fix. It is now planned that the second and third engine actuation 
systems will be delivered to the S&ID Engineering Development Labo.r.atory 
with defective ARMA's on 9 August and 16 August. These systems will later 
be retrofitted with ARMA's with new manifolds, but early delivery with 
defective ARMA' s will facilitate meeting test schedules� The remaining 
preproduction systems will be initially shipped short of the ARMA, and the 
ARMA 1 s with fixed manifolds will be delivered later.
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Production Engine Actuation System 

Following MSFC's evaluation of the Study of Impact of Converting the 
S-II Hydraulic Servoactuator from Electrical Feedback to Mechanical
Feedback (SID 63-146, Februa:ry 11, 1963), S&ID was directed to change to
a mechanical feedback servoactuator and resize the ARMA.

The system has been resized for production release with the require­
ments for a mechanical feedback actuator with a positive, minimum drift 
lock capable of driving a load of 30, 000 pounds at a rate of 8 deg/ sec and 
for an accumulator capability to effect full toe-in o{ an inoperative engine and 
engine-out to meet separation engine deflection history requirements. 

Procurement specifications for production servoactuator, ARMA,

main pump, and auxiliary motor pump incorporating necessary design 
changes· were released in the period 14 to 18 June 1963; procurement action 
was initiated for these components at the end of the report period. Schedule 
analysis indicates that the production engine actuation sys.tern will meet test 
objectives and stage phases of procurement, development, manufacture, 
qualification, system assembly, and system checkout. 

Fl-ight Control Electronics 

Requirements for automatic checkout of the flight control system were 
released 15 January 1963 in Process Specification MAOZl-1147, Saturn S-II 
Flight Control System Checkout Requirements. This specification outlines 
the test procedures, stimuli, and measurement requirements for checkout of 
the flight control switch and engine gimbaling tests under cold and static 
firing conditions. 

The flight control test consoles for the laboratory tests of the engine 
actuation s >'Stem were designed and fabricated. The hydraulic breadboard 
console ,vas delivered to the laboratory to support the start of the engine 
actuation system servoactuator testing. The J -2 engine test console is in 
the final stages of modification to requirements for the static firing test at 
Rocketdyne. 

Subsequent to completing design requirements for the 1nultipole flight 
control switch, mechanical feedback was adopted for the engine actuation 
syste1n and does not require the switch. In compliance with NASA technical 
directive TD 85-63 , S&ID will use the Douglas S-IV control switch to satisfy 
the requirement for maintaining capability for conversion to electrical feed­
back. 

The preliminary release of the mounting prov1s1ons for the rate gy_ro 
package, including the basic environmental requirements for this design 

I 
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installation location, was forwarded to MSFC via Letter 62MA138 77, dated 
21 November 1962. The stage requirement and power provisions were 
discussed at th� 13 December M-SAT� WDC meeting. The agreements 
reached in the meeting resolved the interface problems associated with the 
rate gyro package. Mechanical definition of the rate gyro package, consist­
ing of a single external configuration drawing (50M35020), was received from 
MSFC on 17 June 1963. Location and mounting possibilities for the acceler­
ometers and the forward gyro package are being investigated. 

The S-II flight control subsystem report was re.vised and published in 
December 1962. This second issue contains a description of the Saturn V 
vehicle guidance and control concept, control component mechanization 
characteristics, and S-II flight control system development and test plans. 

Gimbaled Engine Testing 

One of the important test requirem.ents from a flight control system 
standpoint is engine gimbaling,under hot-tiring conditions. The major tests· 
in this area will be conducted at the Battleship and All-Systems test stands 
at Santa Susana. Preliminary coordination with the test area on test require­
ments and their effect on the Battleship and All-Systems stand design was 
conducted during the reporting period . 

..... 

One of the principal test objectives in the Battlesl;iip and All-Systems 
gimbali�g test program is to analyze thrust structure actuator and engine 
compliance characteristics. To evaluate the compliance during the hot 
gimbaling tests, a J -2 engine gimbal-bearing position indicator is required. 
Design of the gimbal bearing position indicator was by Rocketdyne using the 
concept previously developed on the F-1 engine. 

The preproduction S-II engine actuation system will be tested at 
Rocketdyne ori a single J -2 engine gimbaling test to obtain early gimbaling 
test data on a flight-type hydraulic system. S&ID will provide a laboratory 
flight control system console that will enable the entire electrical and 
hydraulic loop of the S-II flight control system to be tested. The modifica­
tions to the flight control console required by the interface requirement with 
the test stand instrumentation and wiring have been determined, and provi­
sions for these changes have been implemented. The engine actuation system 
and the flight control console for this test are in the final phases of assembly 
and will be available for checkout ·at S&ID early in August, 1963, prior to 
shipment ·to Rocketdyne ·in the middle of September 1963. Figure 31 shows 
the test system and the control console in the laboratory during checkout. 
Installation and system·checkout will be performed during the facility and test 
deQugging period of approximately one month. Gimbaled testing should start 
in late October or early November 1963. 
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Figure 31. Test System and Control Console 

Flight Control Simulator 

All the basic elements of the S-II flight control simulator will be 
completed early in NASA FY 1964. The American. Machine and Foundry

(AMF) simulator shown in Figure 32 is scheduled for delivery in 
August 19'63, which is also the completion date for facility construction 
and for the control and instrumentation consoles. The S-II engine actua­
tion system and console sinrnlator installation is required before initial 
simulation testing begins in October 1963. 
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FLIGHT TECHNOLOGY 

AERODYNAMICS 

S-IC/S-II Separation Analysis

A directive to change to dual-plane separation was issued by NASA­
MSFC before the S&ID briefing at MSFC on 19 September 1962 when the 
design approach was clarified. For the dual-plane mode, the S-IC /S-II 
interstage is severed at two distinct separation planes. Dual-plane scheme 
C as defined in S-II Dual-Plane Separation Study, Addendum I SID 62-895-1, 
dated 29 August 196?) will be implemented. The means to retain engine_�out 
mission capability with scheme C and the critical need for impingement force 
wind tunnel tests will be investigated. 

First-Plane Separation 

For �he selected dual-plane mode of coast separation, the S-IC/S-II 
interstage is severed at two distinct separation planes. Preliminary dual­
plane studies {SID 62-845 and SID 62-845-1) established the second separa­
tion plane location at S-ll station 196. Analyses were conducted to determine 
the most desirable first separation plane from the standpoint of first- and 
second-plane clearance distances, ullage rocket and J ..:2 engine exhaust 
'impingement considerations, and mission payload weight. 

Based on the results ,of the dynamics of separation analysis and the 
J -2 impingement data, a station O first separation plane was selected with a 
separation clearance distance of 20. 5 inches {no actuator locks}. A separa­
tion plane located forward (at station 10) would not significantly reduce the 
problems of second plane ( station 196) separation dynamics in the case of no 
J - 2 engines out nor significantly increase the mission payload weight. 
However, the collision potential at first-plane separation would be greater 
since the separation clearance distance at a forward sta,tion, such as station 
10, is 12 inches. 

Second-Plane Separation 

A preliminary analysis of the dynamics of second-plane separation was 
made for the case of dual actuator failure (all five engines burning). Ana­
lytical J -2 rocket engine impingement data were used because experimental 
data were not available. For this case, the ,actuator-out engine, or free 
engine, was assumed to be in the hard-outboard position (7 degrees in pitch 
and yaw or 9. 9 degrees across corners); the three other control engines 
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were assumed to be gimbaled at O. 4 degrees in pitch and yaw (or about 0. 6 
degrees diagonally) toward the a�tuator-out engine. A critical collision 
dimension exists between the interstage and the controlled engine opposite 
the free engine. 

For the nominal conditions assumed, the resulting interstage clearance 
distance between the J -2 nozzle and the forward point on the interstage at 
S-U station 196 is 33. 7 inches, a decrease of 20. 3 inches from the initial
clearance distance ( 54 inches). The lateral translation of the interstage
during this time is 21. 1 inches, while the rotation of the interstage (0. 5
degrees) adds 0. 8 inches of clearance distance because of its rotation away
from the J -2 engine. The clearance distance between the J -2 nozzle and the
10-inch interstage frame at station 159. 5 is 27. 3 inches. Therefore, the
critical J?Oint on the interstage for second-plane separation is the 10-inch

, frame at S-ll i:,tation 159.5. 

Preliminary second-plane separation dynamics for separation at S-II 
station 196 with one controlling J-2 engine out were completed. The results, 
summarized in Table 2, are based on analytical J -2 engine impingement 
force and moment data. 

Based on these preliminary results, the interstage will collide with 
the dead engine nozzle if the nozzle is in the outboard position. The results 
show that clearance distance can be achieved if provisions are made in the 
system to move and lock the J-2 nozzle inboard when engine failure occurs 
before second-plane separation. For example, when the dead engine nozzle 
is moved to the inboard position (both 'actuators full inboard) the resulting 
clearance distance is 23 inches. 

Table 2. Results of Preliminary Second-Plane Separation Dynamics Analysis 

J -2 Nozzle Position 

Outboard 

Neutral 

One actuator inboard 
One actuator neutral 

Inboard 

�'Inches from dead J-2 

Relative Nozzle Clearance Distance':< 
To Outer Mold Line To 10-Inch Frame 

at Station 196 

Collision 

7 

16 

' 27 

Engine 

- l 09 -

at Station 1 59. 5 

Collision 

3. 5

1 Z 

23 
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Another method of obtaining second-plane clearance distance for'the 
engine-out case is to use interstage-mounted retro rockets to avert the 
possible collision in the engine-out case when the J -2 nozzle is in the hard 
outboard position. Retro systems consisting of four, eight, and twelve 
motc:frs (one motor assumed out in each case) were studied with individual 
thrust levels varying from 1000 to 6000 pounds. 

The results of the study indicate that for the J -2 •engine-out case the 
twelve-motor retro system is the only one capable of achieving satisfactory 
clearance, and each of the motors must be in the 4000- to 6000-pound range. 
The resulting clearance distance between the dead J-2 engine nozzle and the 
forward point on the first interstage frame ( station 159. 5) is about 9 inches. 
However, when the same retro motor system is used on the dual J -2 actuator 
failure separation case, the minimum interstage clearance distance is 
reduced from 27 inches to about 19 inches. There is also a payload penalty 
of about thirty pounds for the lunar orbital rendezvous (LOR) mission when 
the retro motor system is used. It is therefore recommended that no inter­
stage retro rocket system be used for second-plane separation. Further­
more, it is recommended that the dead J -2 engine toe-in ·scheme be 
incorporated to ac..,hieve secoFid-plane separation with one J-2 engine out. 

Preliminary studies have been made to determine the effect of second­
plane separation initiation time on mission payload weight and the dynamics 
of stage separation on second-plane clearance distance. Results of these 
studies were reported i� SID 63-266-5, Saturn S-II Stage Monthly Progress 
Report (June 1963). In summary, it is recommended that jettison time 
remain at t :: 30 seconds. Reducing the second-plane separation time will 
require an extensive wind tunnel program and will increase actuator _loads. 
Further, the small gain in LOR mission payload weight does not justify the 
additional complications of the internal aerodynamics ( J -2 impingement) 
caused by external aerodynamic forces that are difficult to determine. 

Separation Criteria 

The F-1 engine thrust decay used in early studies was superseded by 
the F-1 engine decay data obtained from MSFC in Memo M-P&VE-PP-96-63. 
A maximum estimated thrust-decay curve is shown in the revised MSFC 
data; it ranges from the cut-off signal to zero thrust. Nominal and minimum 
thrust decay curves from 10 to O percent are also shown forming a possible 
engine-to-engine deviation band. S&ID has extended the nominal and mini­
mum curves from the 10-percent level to the cut .. off signal by using an MSFC 
method. These data, which were used to reevaluate the S-IC stage retro 
rocket requirements, will be used for all future studies. 
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Retro Rocket Requirements 

In response to a request from MSFC and Boeing, S&ID completed a 
study to determine the feasibility of :s,�ducing the thrust level of the retro 
motors based on the most current F-1 engine-thrust decay data. 

For this study, retro-rocket thrust levels varying from a minimum 
value of 63, 000 pounds per motor to a maximum value of 100, 000 pounds per 
motor were investigated. A minimum acceptable thrust level was det_er­
mined based on the condition that the retro rockets should not be at rated 
thrust prior to physical separation. On the basis of this, plus the current 
F-1 thr�st decay data and the retro motor thrust buildup time of 150 ms,
the required minimum total axial retro rocket thrust level is 440, 000'-pounds,
or approximately 63,000 pounds per motor (seven out of eight firing).
However, preliminary flight control analyses indicated that i_t is highly
desirable to limit coast time to 1 second from the IO-percent F-1 thrust
level { separation signal) to 6-foot clearance. Based on this, the required
retro thrust level per motor is appro,cimately 80,000 pounds and the
corresponding burning time is 1 second.

MSFC directed S&I_D to base all future S-IC/S-II separation studies on
statistical analysis. Time limitations did not allow a statistical combination 
of all the transients to determine retro motor requirements. However, 
preliminary studies showed that a statistical combination of separation 
transients will present essentialty the same retro motor requirements. 

As a result of separation studies, the following S-IC retro motor 
requirements were established: 

1. Eight identical solid-propellant motors will be mounted in pairs
within the F-1 engine fairings.

2. The retro motor thrust and nominal burning time will be sized -
with one retro motor out to satisfy the minimum net axial fore�
profile requirements presented in Figure 5.1-4 of SID 63-476.

3. Based on the minimum net axial force profile and th� current F-1
engine thrust decay data, the nominal vacuum retro rocket thrust
(parallel to Saturn V centerline) ·per motor will be 80, 000 pounds.
(Nominal thrust is defined as rated thrust at 70 F with a nominal
burning time at this thrust level of 1 second.)

4. The maximum thrust rise time will be O. 15 seconds (from O to 90
percent thrust).

- 111 -

SID 6 3 -1 0 2 8 - 1 



NORTH AMERICAN AVIATION, INC. (I) SPACE and INFORMATION SYSTEMS D<V>S>0N 

5. Retro motor (motor and/or nozzle) cant angle will not exceed 20
degrees.

6. The thrust vector misalignment tolerance will not exceed ±2
degrees. This tolerance includes the combined total misalignment
caused by dynamic thrust vector deviation from the nozzle geo­
metric centerline, the motor installation on the vehicle, and
structural deformation resulting from dynamic loads.

7. The ignition altitude shall be a minimum of 53 .. 3 kilometers
(175,000 feet). Ambient pressure and temperature will be based
upon the Patrick Air Force Base atmosphere.

U llage Rocket Requirements 

Previous separation studies have shown that the ullage rocket nozzle 
cant angle value has very little effect on first-plane separation clearance 
di stance. However, the ullage motor nozzle must be designed so that the 
exhaust plume will not impinge on the linear-shaped charge ( LSC) assembly 
(at S-II station O) nor on the J -2 engines after first-plane separation. As a 
result, the optimum ullage motor cant angle and associated noz�le expansion 
ratio were determined from a standpoint of. minimizing payload loss caused 
by aerodynamic qrag, motor and mounting weight, and aerodynamic fairing 
weight. Aero<iynamic fairings were assumed for the ullage motor drag 
analysis. The results indicate that a nozzle cant angle of 10 degrees results 
in the minimum incremental payload loss due to the ullage motors. Using 
the 10-degree cant angle and the 12-degree divergence angle, an expansion 
ratio of 8 is required to prevent ullage exhaust plume impingement on the 
S-II stage.

The ullage rocket nozzle centerline thrust requirement is determined 
by the O. 1 axial load factor criterion and the nozzle cant angle .. ·Using the 
established IO-degree cant angle, the nozzle centerline thrust per motor is 
22,000 pounds (assuming one inoperative motor, grain temperature of 20 F, 
and 7-percent deviation in thrust at a given ambient temperature). The 
ullage motor system is conservative in design, on the basis of this combina­
tion of adverse events taking place within each motor. Consequently, a 
statistical analysis was conducted to determine the probability of attaining 
0.1 G if the system is designed to provide O. 09 G at 20 F, one motor out, 
and performance ?-percent low .. The probability of encountering these 
design conditions is 3. 8279 x 10-26 With the ullage moto.rs sized to provide
0. 09 G under the most adverse conditions, the probability of attaining less
than O. l G is 2. '7 27 x l o-9. Therefore, the ullage rocket minimum thrust
per motor of 20, 00-0 pounds has been determined on the basis of a O. 09-G
minimum axial load factor.
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The following ullage rocket requirements were established based on 
the preceding impingement and statistical considerations and the separation 
criteria: 

1. Eight identical solid-propellant motors will be used in the system.
The motors will be equally spaced on the interstage periphery with
the inboard corner of the nozzle exit 3. 25 inches above the outer
mold line at S-II station -0. 25.

2. The ullage motor nozzle centerline will be canted 10 degrees
outboard from the motor ca:se centerline. The nozzle half angle
will be 12 degrees, and the expansion ratio will be 8. These three
nozzle parameters are required to yield an optimum externally
mounted motor configuration with no exhaust plume impingement
on either the first plane LSC or the J -2 nozzles.

3. The minimum nozzle centerline thrust per motor will be 20,000
pounds (at ?O F ).

4. The minimum burning time will be 3. 25 seconds.

5. The maximum thrust rise time (from ignition to 7 5 percent
chamber pressure) will be 0. 125 seconds.

6. The thrust vector misalignment tolerance will not exceed ±2 
degrees. This tolerance includes the combined total misalignment
due to dynamic thrust vector deviation from the nozzle geometric
centerline, motor installation on the vehicle, and structural
deformation resulting from dynamic loads.

7. The ignition altitude shall be a minimum of 53. 3 kilometers
( 17 5, 000 feet). Ambient pressure and temperature will be based
upon the Patrick Air Force Base atmosphere.

Separation Sequence 

The current S-IC/S-II stage separation system sequence is presented 
in Figure 33. These sequence times are based on the estimated F-1 engine 
thrust decay shown in M-P&VE-PP-96-63, 80,000 pounds minimum axial 
thrust per retro motor, 20,000 pounds minimum nozzle centerline thrust 
per ul.lage motor, and a I-second J -2 thrust chamber chilldown allowance. 

Separation Manual 

During this reporting period, an ,interim issue of the Saturn S-II 
Separation Data Manual was published (SID 63-476, May 6, 1963}. 
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Figure 33. Separation System Sequence 
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Dual-Plane S�paration Test Program 

The dual-plane separation mode requires experimental vet-ification 
of the J -2 jet impingement forces and moments imposed on the interstage 
after it is jettisoned. Analytical estimates of these impingement forces and 
moments indicate clearance of the interstage during separation. However, 
an experimental evaluation of impingement forces is required inasmuch as 
the complex nature of the plume impingement makes analytical predictions 
only approximate. Langley Research Center (LRC) was selected as the 
best facility for the investigation. Single nozzle impingement tests of 
limited scope were also carried out in the North American Aviation high­
altitude rocket nozzle facility to provide test data for early analytical 
estimates of the forces. Design of the structure will proceed on the basis 
of analytical estimates. The status of the program is presented in the 
following paragraphs. 

Cold Flow Tests. It was established that a twenty-fifth to fiftieth-scale 
model simulating the S-II base area, the J-2 cluster, and the interstage 
would be tested with cold gas as a propeUant. The interstage was located on 
a force balance, and an operational altitude of 250,000 to 300,000 feet was 
required. Investigations of the 60-foot vacuum sphere at �RC revealed that 
LRC had adequate performance capabilities if a fiftieth-scale model was 
used,. and the runs were limited to 100 milliseconds. Model requirements 
were e·stablished, and the Los Angeles Division of NAA designed and 
constructed the model (shown in Figure 34), which was shipped to LRC 
10 June 1963. An investigation of various gas mixtures revealed that a 
mixture of argon and sulfur hexafluoride would provide excellent simulation 
of the J -2 engine exhaust properties and would be easy to handle. The 
mixture selected was 32-percent argon and 68-percent sulfur hexafluoride 
by weight. Model installation was begun on 24 June 1963. 

Single Nozzle Tests. Tests of a single conical nozzle with a 2: l area 
ratio were completed at the Los Angeles Division in February 1963. The 
objectives of the test were to determine the pressure distributions on a 
surface submerged within the exhaust plume at various locations, to corre -
late these results with the results of an analytical technique developed at 
S&ID, to determine the effect of pressure ratio on the pressure distributions, 
and to determine the effect of the working fluid properties on the pressure 
distributions. The results of the tests are as follows: 

1. The experim•ental results can be predicted analytically by first
computing the exhaust jet flow properties by an IBM 7090 method­
of-characte ristic s program.· The local flow properties incident
on the submerged surface are noted or interpolated, a,nd the
Newtonian impact theory (Cp = 2 sin2 8) is used to derive local
pressure coefficients and, finally, a pressure distribution.
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2. The effect of pres su_re ratio {or altitude) on impingement
pressures of highly expanded jets is small and may also be
predicted analytically.

3. The only important gas property in determining impingement
pressures is the ratio of specific heats, assuming that geometry,
pressure ratio, and supply pressure are simulated.

With these conclusions, it was analytically and experimentally 
demonstrated that a cold gas mixture can be used to simulate hot gas flows 
where force is the parameter of interest and that the design of the cold 
flow dual-plane separation tests was valid. It was also demonstrated that 
the method of characteristics and Newtonian impact theory can be used to 
predict impingement pressure distributions. This result was the basis 
upon which the forces on the interstage resulting from the impingement of 
the J -2 plumes were computed for use in current clearance analysis. 

Control Requirements 

Control requirements are defined primarily by conditions at 
separation because they are more severe. than those at any other flight time. 
During the past year, S-II Flight Dynamics has made comprehensive studies 
of various separa.tion schemes to determine the best method implementing 
engine-out separation capability. These studies, which-included extensive 
analog computer simulations, are described in SID 63-239. 

The requirements to implement the dual plane scheme of separation 
are as follows: 

l. Engine initially in the null position

2. Minimum engine rate capability of ±8 deg/ sec

3. Minimum engine acceleration capability of ±30 deg/ sec
2 

4. Minimum physical limits on engine deflection of ±7 deg in pitch
and yaw planes.

5. Accumulator unlock at engine mainstage

6. Minimum simufa'tor capacity of 325 cubic inches

Separation studies were continued,. and a two-phase dual plane separa­
tion study on the analog computer was completed. The first portion of the 
study investigated flexible body dynamics, fuel sloshing, and nonlinear 
engine actuation. The second portion of the study incorporated a different 
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mechanization of the engine actuation system to provide a means· for investi­
gating the engine - to -engine thrust buildup tole ranees. A mechanical feedback 
actuator and revised actuator loads were also incorporated into the second 
phase of the study. The former adpition is consistent with the MSFC 
redirection to employ a mechanical feedback type actuator. The data 
acquired in both phases of the study will J>e included in a future report. 
Control gains of 2. 2 deg/deg for position gain and O. 7 scc-1 for the ratio 
a0 / al appear to be optimum for separation if the separation transients are 
to be �ontrolled in a minimum time. When these gains are used, the 
se pa.ration transients are controlled so that the attitude rate is reduced to 
less than 0. 3 deg/ sec within approximately l 5. 0 seronds after separation. 

Aeroclynamic Loads 

Aerodynamic Loads Design Data 

Aerodynamic loads data have been received from MSFC for the Saturn. 
V three-stage LOR mission via a 185. 2-kilometer (100 nautical mile) 
parking orbit. The effect of the wind criteria at 95 percent probability level 
wind speed with a superimposec gust of 9 m/ sec is included in the aero­
dynamic loads data. A comparison of MSFC data with those calculated by 
S&ID indicates that angles of attack compare within O. 'l degrees-a 
divergence probably attributable to the slight difference in input data. 

S-II Aerod)rnamic Loads Data Manual

During this report period, two issues of the S-11 Aerodynamic Loads 
Data Manual were published .. The first revision (SID 62-589, revised 
17 December 196 2\. includes aerodynamic loads de sign data which were 
established by MSFC. It should be pointed out that the aerodynamic data are 
not compatible with the shear and bending moment data that S-II Design and 
Structures has ·been directed by MSFC to use for design of the S-II stage. 
The final issue of the S-II Aerodynamic Loads Data Manual (SID 63-498) was 
also completed and published on 10 June 1963. This issue contains S-II 
design data in the areas of aerodynamic characteristics, static stability 
derivatives, pressure distributions, aerodynamic heat transfer rates, and 
acoustic environment. Data are presented for the basic S-II stage and for 
all known S-II protuberances including areas dircc�ly adjacent to protuber­
ances. 

Aerodynamic Heating 

Smooth-Skin Heat Transfer Rates 

Basic smooth-skin aerodynamic heat transfer rates for the Saturn V 
design mission and configuration were reana.lyzed by S-II Aerodynamics. 
These data (published in SID 63-498) supersede those given in the S-II 
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Performance Data Manual (SID 62-591, revised 9 November 196 2). The

revised aerodynamic heat transfer rates, which are based on more refined 
analyses, include the effect of angle of attack. The results show that the 
peak aerodynamic heat transfer rates on the S-II sidewall are approximately 
ten percent less than those presented in the S-II Performance Data Manual. 

Combination IBM Program 

The aerodynamic heat transfer flow property program was modified to 
compute simultaneously the flow properties and turbulent flat plate convective 
heat transfer rates at any point (smooth skin) on the Saturn V vehicle. This 
change in the program will reduce IBM machine time by approximately one 
third. The program was checked out and is not operational. Local flow 
properties calculated with this program are in agreement with the data 
received from MSFC. Since the heat transfer rates are dependent on the 
local flow properties, the aerodynamic heat transfer rates may be assumed 
to be compatible with those being calculated by MSFC. However, since S-II 
Aerodynamics has not received any aerodynamic convective heat transfer 
rates· from MSFC, a direct comparison between S&ID and MSFC data cannot 
be made at this time. 

On 24 June 1963, MSFC indicated that S&ID's basic smooth skin 
aerodynamic heat transfer rates were approximately 50 to 60 percent greater 
(at a particular wall temperature and trajectory time) than those estimated 
by MSFC. However, there were some basic differences in the assumptions 
used by S&ID and MSFC as shown in the following tabulation. 

Item 

Trajectory 

Angle of attack 

Characteristic 

MSFC 

Nominal - LOR 

0 

From Apollo command 
module apex 

S&ID 

Design includes trajectory 
per tu r ba tio n s 

Varied as function of time, 
included effect of 95% winds 

Beginning of S-IVB/ S-II 
frustum 

S&ID subsequently conducted a study to determine whether the 
differences were due to basic methodologies or to the foregoing assumptions. 
The study indicated that a change of 26 percent was due to difference in 
trajectory, 25 percent was due to difference in angle of attack, and 4 percent 
was due to difference in characteristic length. 

On 26 June 196 3, MSFC was informed of the results of the study, 
and it was decided that S&ID should continue to use their own heating rates 
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since angle of attack and trajecA!ory perturbations sho uld be taken into 
account. 

Protuberances 

S&ID analyzed each protrusi on on the exterior of the vehicles from a 
standpoint of aerodynamic heating and loads, drag, weight, structural 
design, and accessibility. Where protrusions are required due to acces­
sibility, structural design and other requirements, studi es  were made to 
determine whether aerodynamic fairings are necessary from an aerodynamic 
loads or heating standpoint. The results of a preliminary study made to 
determine heat transfer rates for all known S-II protuberances are 
summarized in Table 3. The following conclusions were reached. 

1. The high a erodynamic heat transfer rates on some o.f the S-II
protuberances indicate that aerody�amic fairings or insulatior.
will be required.

2. Since payload trade-off studies indicate that a gain in payload
weight can be realized if fairings are used, a recommendation
ha� been made to include aerodynamic fairings on the following
pro tube ranees:

Liquid hydrogen feed line
Liquid oxygen vent valves
Liquid hydrogen vent valves
Liquid oxygen fill and drain valve
Liquid hydrogen fill and drai_n valve
Ullag e rockets

3. Fairing and cap angles should be 15 degrees or less. Furthermore,
in the cases indicated, the aft portion of the pro tube ranee should
also be faired to reduce base drag and sound pressure levels. Low
fairing angles and aft fairings will result in higher fairing weights; 
however, since the trade -off between structural to LOR mis•sion
payload weight is 3 to 1 on the S-II stage ( 15 to 1 on items Located
below S-II station 196), the reduct ion in drag more than makes up
for an increase in fairing weight.

Performance 

Engine-Out Per£ormance 

A study was made to determin e the effect of varying s inglc J - 2 engin e 
failure times on the LOR J:X?.ission payload weight. For this study, all three 
stages of the Saturn V vehicle were assumed to have a fixed propellant 
loading; therefore, as th.e payload w eight was reduced, the launch thrust-
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to-weight ratio varied horn the nominal value of 1. 25 to a maximum value 
of l. 255. The S-II stage was loaded to a no-engine-out LOR p1'opellant

loading of 916,000 pounds. For each case, the optimum boost trajectory 
was used so that the payload weight corresponding to a given J-2 engine­
out time was maximized. 

The results of this study show that one J - 2 engine failure at S-II stage 
ignition results in a maximum LOR mission payload loss of 11,700 pounds. 
Payload losses of 6850 and 910 pounds resulted from engine failure after 
S-II ignition at l 00 and 300 seconds. The S-Il stage nominal burning time
for the no-engine-out LOR propellant loading.of 916,000 pounds is approxi­
mately 390 seconds. It should be noted that the payload loss corresponding
to a J - 2 engine failure at ignition is not comparable to the value presented
in the S-U Performance Data Manual. The difference results because the
vehicle configuration used in this study does not have the optimum propel­
lant loading for engine -out ope ration.

S-IC/S-II Separation Coast Time Study

A preliminary study was n:iade to determine the effect of S-IC/S-II 
separation (first plane) coast lime on LOR mission paytoad weight. Investi­
gations were made for two cases: ullage motors triggered when the Saturn V 
vehicle accelerates to 3. 6 G after four F-1 engines shutdown and ullage 
motors triggered at J - 2 start signal. Thes·e cases 'represent the earliest 
and latest times for ullage rocket ignition. For both cases the total ullage 
thrust and flow rate(w 0 )were held constant at 140,000 pounds (seven out of 
eight motors burning) and 605 lb/ sec respectively. The ullage mo tor burning 
time after J-2 start signal was also held constant. To determine the weight 
of the ullage motors, a rocket mass fraction of 0. 7 38 was assumed .. The 
coast time was varied from 0. 7 to 5 seconds. 

Results of the study indicate that the first case has a greater mission 
payload loss than the second becau_se the increase in payload weight realized 
from ullage thrust is not as great as the loss in payload weight due to the 
added weight of the ullage motors. For example, the mission payload 
change for the first case varied linearly from O at 0. 7 seconds (taken as the 
base point) to -796 pounds at 5 seconds while the payload change for the 
second case varied linearly from 16 pounds at 0. 7 seconds to -680 pounds 
at 5 seconds. 

Trajectory Optimization 

An optimal flight ·program (method of steepest ascent) was developed 
that makes it possible to determine the optimum path of a vehicle within the 
atmosphere. Previously, all optimum trajectory programs available at 
S&ID pad to assume a ballistic path during the atmospheric portion of flight. 
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The results indicate that reduction in third-stage burning time (launch 

gross weight, first- and second-stage burnin/j times and third-stage liftoff 
gross weight are the same for both cases) by using the optimum path within 

the atmosphere and starting from an altitude of 19,576 feet is 3. 77 seconds for 

a 100-nautical-mile orbit. The corresponding increase in LOR mission pay­

load weight is approximately 830 pounds. Details of this program were 

published in SID 63-475. 

Propellant Management/ Performance Study 

The primary purpose of the propellant management/performance study 

was to evaluate the effect of different S-II propellant loading error levels, 

propellant utilization (PU) error levels, and fuel biasing levels on the mission 

payload capability of the Saturn V vehicle for the LOR mission. The effect of 

having no PU system on the S-II was also evaluated for the purposes of pay­
load comparison. A secondary purpose of this study was to evaluate the S-II 

propellant residuals occurring with and without fuel biasing. 

The proper definition of the Saturn V payload capability demanded a 

statistical investigation of the tolerances and deviations on all three stages. 
The study included the development and use of an IBM 7090 computer pro­

gram to assist in the statistical performance evaluation of the propellant 
management (PM) system. This analysis pertains only to the performance 

capability of the PM system; hardware effects and system reliability were 

beyond the scope of the study. 

The most important results of the propellant management/ performance 

study are presented in the following summary at the 99. 9-percent probability 

level. These results were presented at the Dynamics and Control Working 

Group Meeting held at Huntsville, Alabama, December 1962. 

1. The mission payload weight is relatively insensitive to the S-II

tanking errors considered in this study. For example, reducing

the tanking error ( X) from O. 5 to O. 25 percent results in an in­
crease in payload of approximately twenty-two pounds.

2. The payload weight is relatively insensitive to a reduction in the

PU system errors ( E) below 0. 25 percent. Reducing E from this

value to 0. 1 percent results in an increase in mission payload of

only 15 pounds.

3. If no PU system is used on the S-II stage (and no fuel bias), the

payload weights could be 1657 pounds less than the case of a O. 25

percent PU system (0. 25 percent propellant loading system with
optimum bias).
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4. If no PU system with optimum fuel bias is used in the foregoing,
the difference in payload weight could be reduced to 446 pounds.

The system weight of the PU system is not included in these
performance comparisons. 

On the basis of this performance study, an effort to reduce the PU 
system error below 0. 25 percent does not seem necessary unless cost is 
no problem. Similarly, an effort to reduce the tanking error below O. 5 per­
cent does not seem necessary. In the latter case, however, it is understood 
that a propellant loading inaccuracy goal of 0. 25 percent i� specifi.ed by MSFC 
from flight evaluation considerations. Finally, the fact that this analysis was 
only concerned with performance probabilities should be emphasized. The 
decrease in over-all vehicle reliability due to the PU system being incorpor­
ated in the Saturn V must be evaluated and considered before the system can 
be evaluated. 

Programmed Mixture Ra!io (PMR) Ferformance Study 

A preliminary analysis was made to evaluate the LOR mission payload 
gain resulting from a programmed variable mixture ratio (MR) on the S-II 
stage. For this study, a two-st�p system was assumed where 496,165 pounds 
(54. 2 percent) of propellant are consumed during the first step and 419,835 
pounds (45. 8 percent) are consumed during the second step. Only the per­
f<?rmance aspects of this proposed MR change were considered in this study. 
No.S-II weight changes were made to reflect any hardware modifications 
required for this particular MR history. 

Other pertinent assumptions are summarized as follows: 

Item 

Engine mixture ratio 

Thrust change 

Specific impulse change 

Fuel flow rate change 

Oxygen flow rate change 

First Step Second Step 

5. 5 4. 5

tl l percent -11. 5 percent

-1. 34 percent 1. 20 percent

+4 percent -4 percent

+14 percent -14 percent

The increased thrust in the first flight step coupled with the increased speci­
fic impul'se (Isp) in the second step results in an approximate 2075 pound gain 
in LOR mission payload. The optimum flight path associated with this 
increased payload is a more level trajectory with correspondingly smaller 
gravity losses. 
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The results of this study were presented to MSFC �n 7 February 1963.
MSFC was very it:1.terested in the performance gains due to PMR and requested 
S&ID to continue studies in this area 

At the request of MSFC, the performance capability of the following two 
PU/ step MR systems were evaluated for the PU meeting held at S&ID on 7 and 
8 May 1963: 

Tanked First Second AW pl 
System MR MR MR 

Test (sea level) 5.35 5.4 5. 3 1768 

Flight (altitude) 5.-05 5.4 4.7 1748 

The higher test mixture ratio values are used to avoid the J-2 flow separation 
and side load problem during sea-level testing. It is interesting to note \hat 
case l payload capability is 20 pounds greater than for case 2. Also, LOR 
payload gains associated with both systems are larger than heretofore calcu­
lated and are due primarily to the change in J -2 influence coefficients. These 
new coefficients (dated 14 January, 1963) produce a larger thrust and a 
larger Isp than the previous coefficients· for the same MR change. 

A further investigation of the "flight" case ·in which only the tanked MR 
was varied (which varies the relative step burning times, At} and 6t2) showed 
that additional gains could be made: 

Tanked 
MR 

5.05 

5. 10

5.20 

5. 30

5.40 

First 
MR 

(forA t1 sec.)

5.4 

5.4 

5.4 

5.4 

5.4 

Second 
MR 

(forAtz sec.) 

4.7 

4. 7 

4.7 

4. 7

4. 7

Atl 
6t1 + Atz

% 

48 

55 

70 

85 

100 

1748 

2011 

2197 

2081 

1681 

Although the third case in the foregoing �isting shows the greatest pay­
load g9-in, it probably fa:11s short of the optimum gain. This gain is largely 
dependent on how much in excess of 5. 4 the first MR can be. As a result, 
MSFC requested that further studies be made to determine the optimum 
programmed mixture ratio step. 
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On 12 June 1963, , S&ID presented the results of the most current pro­
gram1ned mixture ratio performance analyses at the Fifth S-II Vehicle 
Mechanical Design Integration Working Group Meeting. Some of the more 
important results of the study are presented in the following tabulation. 

. Tanked 
Programmed EMR MR 

. 

Constant 5.5 

Equal step 5.0 

Otpimum step 5. 24

,:< t - burning time at EMR n n 

(,,,] 
D. t 1 

"'2)*(%)

LOR 
EMR1/EMR2 + W pl Gain

5.5 100 1920 

5. 5/4. 5 47 2040 

5. 5/4. 5 72 2700 

It can be seen that a significant gain (780 pounds) may be achieved with 
an optimum step EMR over a constant programmed EMR. If the choice of the 
step EMR is limited to one that can be tested at sea level (i.e. , limiting the 
second EMR to 5. 18 to alleviate J -2 _flow separation), a loss of 420 pounds 
from the optimum step occurs. 

Several basic conclusions have been reached as a result of this study. 

1. The first EMR should be a ma�imum.-

2. The second EMR should be a mini.mum.

3. The burning time ratio
A 

( 
D.t1

) 
....t + D.t 

65 to 75 percent. l 2
should be approximately 

However, the limiting performance criteria assumed in this study (rated 
engine conditions, no weight penalties associated with varying NPSH 
requirements) suggest that the optimum payload gain of 2700 pounds may 
not be attainable. Furthermore, the fluctuating values of the J -2 engine 
influence coefficients indicate that these optimum values may change 
considerably when engine test data become available. Therefore, the 
programmed mixture ratio design should be flexible enough to accept 
variations in magnitude and length of time of the EMR step. 

THERMODYNAMICS 

Base Heating Tests 

The S-II stage base heating series A tests were completed at Cornell 
Aeronautical Laboratories ( CAL) 2 October 1962. This test series consisted 
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of parameter variation tests that were intended to furnish preliminary design 
base area envirorunental data to be used in the determination of the design 
configuration of the S-II base heat shield. Design criteria that were 
detlrmined from the test data have been released and present estimates of 
the envirorunent that is expected to exist in the S-II bas,e area during flight. 
SID 62-127 8, Saturn S-II Stage Base Heating Series A Test Data and 
Summary Report, was published June 24, 1963. Publication of this ·report 
was delayed because of many revisions of the basic data by CAL. 

Following are some important conclusions resulting from the tests. 

1. The heat rates on the heat shield decrease slowly with altitude.
The maximum values, which occur at a location midway between
outboard nozzles, are 0. 035 psia and 4 Btu/ ft2-sec with no nozzle
deflection and no skirt.

2 . The presence of a skirt increases the environmental levels on the 
heat shield approxim,ately 20 percent. 

3. A star flame deflector offers substantial protection to the base
area. Typic_al values are O. 002 psia and O. 2 Btu/ft 2 -sec with a
star shield compared to 0. 0344 psia and 4 Btu/ft2 -sec without a
star shield.

The heating environment on the thrust cone has been evaluated on the 
basis of test results. It was determined for skirt-off operation that 0. 1

Btu/ft2-sec is a reasonable value. However, an analysis of the data meas­
urements for low heating rates revealed a O. 2 Btu/ft2-sec spread, and a 
maximum value of O. 3 Btu/ft2 -sec could thereby be derived. Heat rates 
incident on the thrust cone during the skirt-on operation were also estimated, 
and a distribution of heat rates on the thrust cone varying from 1. 97 Btu/ft2 -
sec at station 11 2 to O. 7 5 Btu/ ft2 - sec at station 22 3 was de rived, The data 
and derivation of these values were discussed with representatives of MSFC 
on 14 February 1963. It was agreed that these values should be used as 
interim criteria for design study purposes until data from the design evalu­
ation base heating tests are available, at which time final design criteria will 
be established. 

Construction of the _S-II final design base heating model has been 
completed. · This model is intended to simulate the final S-II design configura­
tion. The main objective of this test series, which is scheduled to begin on 

· ·1 August 1963, is to document the effects of base recirculation on the
heating rates and pressure distributions on the boattail area of the prototype
design. Effeds of slight modifications to the heat shield edge design on the
thrust cone heating rates will also be evaluated, and the heating rates to some
critical discrete components located in the boattail area will be measured.
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An optimum data interpretation technique for reduction of the CAL data 
from the final design S-II base heating tests has been derived. Definite 

procedures based on small-sample statistics and probability theory have been 
established for interpreting the oscilloscope traces of the data, for weighing 
the data obtained, and for determining the size of the standard deviation 
necessary to discard data. 

The final design base heating tests were originally scheduled for 
December 1962. A directive resulting from a base heat shield splinter 
meeting held on 18 February 1963 instructed S&ID to drop the present 

guarded drape design and proceed with a flexible curtain design; consequently, 
test schedules were slipped to August 1963. 

The latter design has advantages that can not be ignored irrespective of 
the influence of the change on the model test program. Briefly, deletion of 
the bellows provides a very significant weight reduction, reduces the actuator 
loads, deletes a costly materials and structural bellows problem, provides a 
shorter curtain, and significantly simplifies the heat shield design. Reloca­
tion of the rigid portion of the heat shield to Station 44 may also provide some 
reduction in thrust cone heat. 

A test plan describing a proposed hot-flow jet impingement test was 
transmitted to MSFC and Cornell Aeronautical Laboratories on 7 January, 
1963. In this test, pressures and heating rates are measured on a flat plate 
located within the exhaust plume of a single rocket engine. Both liquid and 
solid propellant model rocket engines will be employed during this test. · The 
data from this test will be used in studies to predict the convective and 
radiant heat rates due to the exhaust plumes from such solid propellant 
rockets as ullage and retro rockets and the force exerted on a surface due to 
an impinging exhaust plume (required to support analytical estimates· of the 
force exerted by the J -2 engine exhaust plumes on the S-II after interstage 
structure). 

Gas Dynamics Analysis 

Rocket Exhaust Analysis 

A method-of- characteristics program for the calculation of flow 
properties within a supersonic nozzle is in the development stage and has 
been partially completed to the extent that a full-flow field for a conical 
nozzle can be obtained. The program is designed to calculate the character­
istic network within a nozzle (contoured or conical) from the kernel line input 

to the right running characteristic in the nozzle lip. A variable input to 
control characteristic net geometry and size is incorporated as a subroutine 

that will decrease numerical error and the associated convergence failure in 
computation common to other nozzle flow programs. The equations and 
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programming techniques to allow for the construction of internal shocks and 
downstrea� calculations have be.en investigated and ar; being incorporated 
into the basic program. The final program will be capable of handling 
internal shocks and will define streamlines and flow properties within a 
noz.zle far frozen or shifting equilibrium flow.

An analytical investigation of the flow properties within rocket exhaust 
plumes has resulted in verification of the theory that the inner portion of a 
plume does not change significantly with altitude. The implication, which has 
been verified experimentally, is that forces resulting from plume impinge­
ment on nearby surfaces will remain constant after a sufficiently high altitude 
is reached. 

Partial exhaust plumes for the J -2 engine have been derived and are 
available for altitudes from 7 5, 000 to 2 34, 000 feet. 

Exhaust Radiation 

To determine the thermal environment of the S-II base region during 
sea-level static firing, a study was made of the thermal radiation from the 
J -2 exhaust gases. The main volumes of radiating gas are the five undis­
turbed exhaust jets and the deflected gases flowing over the test stand flame 
bucket. 

The temperature and pressure variations witl�in these Volumes make a 
determination of the emitted radiation extremely complicated. Therefore, 
conservative simplifying assumptions regarding these distributions were 
made, and the emission of radiant energy from the gas surface was estimated 
after N. C. Hottel. 

Geometrical configuration factors to elemental areas in the S-Il base 
region we re computed by machine program, and the incident radiation heat 
flux was determined. The final study is being completed, but preliminary 
estimates are given as the maximum incident radiation to any point in the 
base region within the cluster of nozzles will be 2. 0 Btu/ft 2-sec while that 
incident on the thrust cone will be O. 7 Btu/ft2 -sec. 

It should be noted that the results of the study are to be used as interim 
design values. When thermal radiation measurements from single J -2 or 
other similar engine firings are available, final values will be released. 

Calculations of in-flight exhaust radiation heating are in progress. The 
methodology has been reviewed with specialists in the Space Scien<::eS 
Laboratory and at Rocketdyne, and general concurrence has been obtained. It 
is worth noting that this �rea has been so little· investigated that MSFC has 
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·�
funded a study of rocket exhaust radiation at Rocketdyne beginning 1 June 
1963. S-II Flight Technology will follow the course of this study at the 
working level_ through contacts already established.

FLlGHT DYNAM1'CS 

Digital Programming 

Numerous programs for use on the IBM 7090/7094 have been written to 
support the Flight Technology analysis effort on stage S-II development. 
These programs provide analytical and response data used for analysis and 
determination of theo re ti cal and ope rational modes in v·arious flight regimes. 
The more commonly used prugram decks are presented in the following 
listing. 

Title 

Pitch-Plane Perturbation 
Equations 

S-Plane Frequency
Response Evaluation

Propellant Sloshing 
Mode Evaluation 

Dynamics of 
Separation 

Rocket Exhaust Plume 
Boundary Shape 

Gas Radiation 

Method of Characteristics 

Abstract 

Evaluates the perturbation equations, expands 
the res11lti!1g determinant, and extracts the 

'roots of the expansion polynomial. 

Evaluates an S-Plane transfer function as the 
ratio of two polynomials and one or more 
frequency sets. Root locus option for this 
program is 60 percent complete. 

Evaluates the slosh modes of a liquid-filled 
container that is axially symmetrical and 
moving in a longitudinal direction. 

Simulates the separation dynamics of two 
bodies including interference forces, such as 
two booster stages. 

Describes the geometry of expanding rocket 
exhaust plume boundaries into a quiescent 
atmosphere using method of E. K. Latvala. 

Computes radiant heat flux from a nonuniform 
hemispherical volume of gas with only one 
radiating component to an elemental area at 
the base center by using derivatives of the 
hemispherical emissivity. 

Computes the flow properties between the 
exit plane, axis of symmetry, and right­
running characteristic emanating from the 
lip of a nozzle. 
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Propellant Utilization 

Flight Path Optimization 
of a Multistage Vehicle 

Flow Properties 

Pre separation Statistical 

Study 

Determines mission payload probability 
distribution due to engine and vehicle varia­
tions on any one stage by means of a Monte 
Carlo random sampling technique. 

Optimizes two-dimensional vacuum trajector­
ies using the 11 steepest descent'' method of 
calculus of variations. 

Computes all pertinent local aerothermo­
dynamic flow properties at any point on a 
general ·cone, cylinder, frustrum, cylinder­
missile configuration. 

Computes the normal distributio� for the 
Saturn V vehicle inertial angular rates and 
attitudes at the initiation of S-IC/S-II first­
pla11-e separation. 

J -2 Engine Transient Side Loads Studies 

At the direction of the Vehicle Dynamics and Control Working Group, a 
high priority effort was initiated· to determine the effect of short-duration, 
high-frequency, large-magnitude transient side loads that Rocketdyne had 
indicated existed in the J -2 engine during start-up and shut-down. Both 
ahalytical and analog computer studies were employed for the following 
objectives: (1) to determine the operational limits of the EAS in response to 
the anticipated transient loads, ( 2) to investigate parametrically the response 
of the engine actuation system (EAS) model to five representative simple 
transient load wave forms, and (3) to investigate load alleviation techniques, 
such. as load limited by-pass. 

Two analog computer studies were conducted to determine the effect of 
J -2 sea-level firing ''side loads 11 on the S-II EAS. Simple single-plane 
models were used. Amplitude and frequency of rectangular pulse, h_alf 
sinusoid, full sinusoid, and four-cycle sinusoid side-load waveforms were 
varied paramet·rically. Valve compensation (DLD)· and load limiter bypass 
flow schemes were employed to test the feasibility of reducing attach point 
loads, actuator chamber pressures, thrust chamber excursions, etc. Only 
for shock loads of high frequency (greater than 7 to 9 cps) or low amplitude 
(75_�o 100 K with minor system changes) can the EAS operate unassisted by 
secondary load paths, c. g., clutch or shock absorber-type restraining 
devices. 

The inherent three-dimensional character of J -2 ''side loads" and their 
effect on the S-II EAS strongly suggested that the scope of the side loads 
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analysis be expanded to cover the complete S-II EAS - two actuators operat­
ing from a common ARMA and driving the three-degree-of-freedom J -2 
engine mounted on the three-deg re� -of-freedom S-Il thrust structure. Such a 
study has been completed and analysis of the data has begun. 

Recent J -2 test data from Rocketdyne has indicated that side load 
frequencies (1 /2 to 2 cps) are much lower than originally anticipated. Unfor­
tunately, the data from the first two analog studies did not adequately cover 
this low frequency range. Primary emphasis in the recent study was directed 
towards obtaining data in this area. 

Since these low frequencies are an order of magnitude below the EAS 
system resonance, it is not expected that the EAS can perform adequately by 
itself even with load limiter bypass devices. Secondary load paths will be 
required unless significant reduction of side load amplitude or increases of 
side load frequency can be effected by some means more closely related to 
the source of the problem. 
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GROUND SUPPORT EQUIPMENT 

Saturn S-II G3E end items fall into four catagories, according to 
function. These catagories are defined as follows: 

1. Auxiliary - Equipment of a miscellaneous or general nature.
Twenty-four deliverable and seven SDD end items in this category
have been identi.fied.

2. Checkout - That equipment required for stage systems checkout.
Included in the category are items of associated or supplemental
equipment neces..sary to equip a complete checkout station, as well
as manual and automatic control equipment. Fifty-seven deliver­
able models and twenty-five nondeliverable SDD's have been
identified.

3. Handling - That equipment required for handling or transporting
the stage, stage components, and support equipment. Fifty-one
deliverable models and one SDD have been iden'tified.

4. Servicing - That equipment required for pr.oviding pneumatic or
hydraulic fluids to the stage internal systems during test operations
and for fulfilling the requirements necessary for static operations.
Thirteen deliverable models and nine special developme.nt devices
(SDD) have been identified.

GSE requirements are continuously being reviewed by the GSE branch 
of Engineering and adjusted to those requirements absolutely essential to the 
program. During the past year, 74 new GSE end items were identified, and 
53 end items were deleted. It must be noted that many of the items identified 
as new are presently in proposal status. 

In addition to design and development of support equipment per se, the 
GSE branch also has responsibility for the design of the Battleship stage 
systems and some Battleship structure, as reported in more detail later in 
this report. 
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AUXILIARY EQUIPMENT 

LH2 Tank Servicing Requirements

Design work was initiated to provide the equipment necessary for inter­
nal servicing of the LHz tank. The equipment, which is presently being 
designed, is prototype and is scheduled for delivery to the Battleship test 
stand at Santa Susana. This equipment, as illustrated in Figure 35, consists 
of the following: 

1. LHz tank entry mechanism, supported at the top of the tank and
protruding inward to support a platform capable of moving to any
location within the tank

2. A clean room located at the top of the tank

3. An air conditioning unit, which will provide air to the tank while
servicing personnel are conducting; maintenance operations

This mechanism, controlled by means of a dual set of controls, is designed in 
such a way that contaminq.tes will be prevented from entering the tank. Phase 
I control drawings were submitted informally for review and comment. 

LOX Tank Access Equipment 

A study was initiated to determine the GSE required for internal servic­
ing of the LOX tank. The initial phases of this study were centered around 
establishing realistic criteria for the location of servicing required, for the 
selection of installations to be serviced, and for the amount internal equip­
ment that can be practically removed prior to entry. 

CHECKOUT EQUIPMENT 

Major progress was made in the area of automatic checkout equipment 
development. Figure 36· is a block diagram of the present concept. A com­
plement of such equipment as it will be applied to the Electromechanical 
Mock-up is conceptually illustrated in Figure 37. 

Programming 

The executive control program, consisting of fourteen subroutines, is 
well defined. For the GSE simulator program, twelve subroutines were 
developed. Certain of these subroutines, specifically revised and updated 
for GS_E simulation, accommodated the following functions: command decode, 
monitor, general table search, delay, initialization, and exit procedure. 
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DEPLOYED POSITION 

AIR CONDITIONING 
ADAPTED TO LH2 
Fill & DRAIN 
CONNECTION (REF) 

Figure 35. LHz Tank Servicing Mechanism (Model No. A7-35) 
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Rigorous debugging of programs will be accelerated since the computer 
prog!am development facility (CPDF), located at S&ID, has become opera­
tional. 

A command generation program for the CDC 924A computer is presently 
under development. Stage and GSE systems were analyzed to determine the 
organization of test information and its reduction to a format suitable for 
computer processing. The purpose of the command ge:1eration program is to 
build tables of subaddress/ control instructions (commands to GSE) from test 
statement cards for use by the executive routine in controlling a test 
sequence, Utility programs are being prepared for use in general program 
development. Of these, card loader, printout, and trace monitor programs 
have been completed, The utility programs provide input and output infor­
mation to the computer during test set-up and program development. 

For a display/interrogate program, efforts were concentrated on the 
formulation of a basic mnemonic language for test conductor communication 
with the computer and for the development of flow charts for messa�e inter­
pretation. 

For GSE self-check programs, tentative coding was c,ompleted for the 
greater portion of the computer self-check, Over 3,000 cards were key 
punched. Debugging of these programs is being accomplished.· 

Computer 

The CDC 924A computer (Figure 38) did not meet the NASA requirement 
for isolation of signal ground from chassis ground, and drive capability was 
limited to 50 feet. To meet NASA requirements for isolation and to increase 
drive capability, as well as to provide switching capability between the com­
puter main frame and the computer co_ntrol console, the computer configura­
tion was changed to include a new end item, the isolation and drive rack, 
shown in Figure 39. 

Te st Conductor Console 

Design of the test conductor's console is approximately 85 percent 
complete. Purchase orders were released for the alpha-numeric units and 
console mechanical assemblies for the first three consoles. Breadboard 
testing of the logic modules is in. process and is 75 percent complete. Design 
review, conducted by S&ID on the computer complex equipment, resulted only 
in minor changes to the test conductor's console (Figure 40). 
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1. POWER CONTROL

2. FUNCTION INDICATOR

3. CONSOLE SWITCHING 

DRAWER 

4. CHANNEL PAIR 

LINE DRIVER

5. INPUT ISOLATION

DRAWER Tt T l 

6. OUTPUT ISOLATION

DRAWER

7. BLANK

8. BLANK

0 0 00000 

8888§88 
0 2 
� .<)·-

3 

4 

5 

6 

7 

Figure 39. Computer Isolation Rack (Model No. C7 - 109) 
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Buffer Equipment 

Breadboard testing is proceeding on schedule, with equipment function­

ing satisfactorily in total system simulation testing. The major effort of 

buffer equipment logic design was completed. The related documentation, 

while not completed, is progressing as scheduled. Mechanical design .effort 

is nearing completion. Procurement action is in process. 

Electrical Checkout Station 

A program of standardization for the electrical checkout station was 

initiated. Efforts, directed largely to the manual control and display panels 

and the signal distribution racks, involved standardization of display panels, 

manual control panel, and mo st of the control logic. 

In the manual control and display rack (F igure 41), display panels were 

standardized to accomodate 36 functions per panel, with manual control of 

functions standardized through four 9-position rotary switches, identical in 

construction. Function controls established all circuit conditions for applica­

tion of stimuli to the S-Il stage and, by indicator lamps, provided visual 
confirmation of stimuli transfer. 

F or the signal distribution rack (Figure 42) standardization of control 

logic extended to two drawer categories, a standardized flip-flop drawer and 

a standardized one-shot drawer. As a consequence of this drawer standardi­

zation, simplification of manufacturing and of procurement of spares is 

anticipated. 

Static Firing Station 

A new series of end items was created for use at static firing sites. 

This equipment will provide a long-distance data link between the two portions 

of the electrical checkout station (service center and control center). It will 

also provide manual controls and displays for use during the static firing 

countdown, after the stage has been completely checked out by the electrical 

checkout station. 

Telemeter Checkout Station 

Fairly late in the reporting period, NASA disapproved the S&ID design 
concept for· the telemeter checkout station and redirected Phase I design 

effort. This effort, requiring approximately 85 percent redesign, is now 

underway. The approved station concept involved the replacement of six end 
items. Station functions were regrouped, and certain functions of the earlier 

system configuration were assimilated by this station. 
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Manual �ommand Destruct Receiver Checkout Rack 

S&ID was directed by NASA to stop all effort ori the RF checkout station 
and to proceed with procurement of standard equipment for manual checkout 
of the command destruct receivers. The RF checkout station, formerly a 
configuration of five racks, was supplanted by_ a single rack, the manual 
command destruct receiver rack (Figure 43). 

Three specification control drawings (SCD) for major buy items, origi-
• nally intended for the RF checkout station, are being utilized for the new

rack. Purchase requests for standard equipment were prepared for all other
major-buy rack items supporting the EMM schedule.

Ground Equipment Test Set (GETS)

In compliance with TD M-SAT-S-Il No. 24-63, the systems verification 
console was redesigned and designated the ground equipment test set (GETS). 
The GETS provides minimal verification of automatic checkout GSE by 
providing proper electrical termination of hardware interfaces from the 
checkout stations. GE TS ope ration is completely manual and independent of 
computer control. Differing in other respects from the previous console 
design, GETS has no provisions for PCM, telemetry, and RF simulators. 

Although signals from stations are terminated in GETS and then 
routed back to the stations for measurement, GETS has a capability for 
monitoring voltages by means of test point selector and,digital voltmeter. 
Manually controlled switches, potentiometers and adjustable-level de power 
supplies provide GETS with a capability for simulating malfunction conditions 
in the system or' systems checked. 

During the report period, evaluation of the GETS concept was com­
pleted, and the preliminary rack layout was determined. By the end of the 
period, the schedule and list of basic drawings, process specifications, and 
specification control drawings were completed. Preliminary electrical 
design effort proceeded as scheduled, 

Engineering Development Equipment 

During the report period, development equipment in the form of bread­
board elements and drawers were fabricated to provide research engineering 
information. The drawer assemblies are common to the several checkout 
stations and provide the electronic logic for controlling input/output require­
ments of the station equipment. Unit dimensions conformed to production 
print specifications, and commercial equivalents of SCD parts were released 
to manufacture. Noncommercial elements and circuitry conformed to 
released prints. Problems of design and manufacture experienced during 
fabrication were successfully resolved, and their_ solutions were incorporated 
in changes to released and nonreleased drawings. 
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Already this equipment has demonstrated a significant reduction in 
engineering time for end-item equipment design. The benefits from this 
research will be reflected in the final deliverable equipment. Figures 44 
through 47 depict of the fabrication process and testing of this equipment. 

HAM'DLING EQUIPMENT 

Stage Handling Equipment 

During the report period, 100 percent design release of the major items 
of stage handling equipment was accomplished. These items of equipment 
received Phase I technical approval from responsible MSFC groups. Phase IJ 
approvals are now in process. The items of equipment encompass the follow­
ing model numbers: 

Model No. 

H7-2 

H7-3 

H7-21 

H7-23 

H7-24 

H7-25 

SERVICING EQUIPMENT 

Nomenclature 

Ring, stage support forward 

Ring, stage support aft 

Skirt, static firing 

Sling, stage erecting 

Frame, forward hoisting 

Frame, aft hoisting 

Propellant Loading Equipment 

The requirements for the propellant fill and topping units (Models 57-1 
and S7-2) for use at the Mississippi Test Facility {MTF) were cancelled. 
These units, shown in Figures 48 and 49, are now required only at the 
Propulsion Field Laboratory (PFL) in the Battleship and All-Systems test 
areas. The equipment has thus been given nondeliverable status. Accord­
ingly, the model numbers were changed to SDD-157 and SDD-158, 
respectively. 

The propellant loading at PFL is significantly different from what will 
be needed at MTF and the Atlantic Missile Range (AMR). Some of the main 
differences are the following: 
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Figure 47. Evaluation Testing of a Completed Breadboard 

Assembly of the Breadboard Test Set 
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1. There is no complete integrated testing of the ultimate propellant
loading systems at PFL. M-TF and AMR will have propellant fill
and topping units, designed by the launch operation center (LOG)
which are integrated 'into the launch pad systems.

2. There is no LOX topping <:Jiintrol at PFL.

3. Point sensors are utilized at PFL. Douglas Aircraft Company
capacitive system will be utilized at MTF and AMR.

It is considered that these differences are significant enough to prevent 
the accumulation of sufficient test data to verify system capability prior to 
MFR operations. 

Umbilical Arms 

On 6 November 1962, the umbilical arm study was completed and 
presented to the Launch Operations Directorate (LOD). A fourth scale model 
of umbilical arm No. 3A extension reflected an S&ID concept for access 
platforms, propellant load.ing disconnects, and multidisconnect carrier plate 
retraction. Since this presentation, a redefinition of interface by NASA 
definitized contractor participation to propellant 'disconnects and umbilical 
carrier plates only. Present plans call for development testing of this 
equipment at the Propulsion Field Laboratory. It is intended that NASA­
furnished umbilical arm extensions will be utilized in support of these tests 
to ensure complete system compatibility. Design concepts are shown in 
Figures 50 and 51. 

Ser.vicing Requirements 

In support of the propellant and gas panel (LOG workling group), detail 
propellant and gas requirements for the S-II stage at the ARM launch pad 
we re furnished. These requirements are considered significant inputs to an 
over-all facility capability at AMR Launch Complex 39. In addition, a special 
study, requested by NASA, regarding design concept of cryogenic heat 
exchangers utilized for cooling gaseous helium in support of Saturn S-II 
servicing at the launch pad, was presented. This material will aid in stand­
ardization of AMR Launch Complex 39 servicing facilities. 

The hydraulic fluid filter evaluation program was completed during this 
period. The purpose of this evaluation was to determine, through laboratory 
tests, the performance capabilities of filters proposed by prospective 
suppliers. As a result of this laboratory evaluation, three types of micronic 
filters were selected fo�· utilization in S-II ground hydraulic servicing equip­
ment. A typical test setup is shown in Figure 52. 
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Figure 52. Filter Evaluation Tests 

Cable Installations 

Cable installations at the Propulsion Field Laboratory (PFL) have been 
considered critical hardware in support of the early activation dates. To 
expedite NASA approval for critical cable procurement, a PFL cable report 
was prepared. The purpose of this report is to document all new cable 
requirements for Santa Susana and show maximum utilization of existing 
facilitiy cables. 

Pneumatic Servicing Requirements 

A Phase I review of mechanical checkout equipment was held on 9 April 
1963. As a result, extensive conceptual improvements we re made in regard 
to mechanical-leak and functional testing required in preparation of combined 
systems testing. Redefinition of deta_il stage mechanical systems checkout 
requirements is in work; it is intended that Phase I conceptual approval of 
these procedures and the. required GSE will be completed by September 1963. 
To satisfy early requirement in these areas, it will be necessary to utilize 
substitute equipment or to retrofit equipment as detail design and associated 
hardware become available. The pneumatic checkout console set, illustrated 
in Figure S3, is primarily affected. 
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Figure 53. Pneumatic Checkout Console Set (Model No. C?-603) 
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Another associated item, the pneumatic servicing console set, is shown 
in concept in Figure 54. 

An important equipment item, the hydraulic power console, which. 
supplies high pressure hydraulic fluid to the engine actuators during gimbal­
ing tests and static firings, has been completely designed and fabricated at 
t�e Tulsa facilit� and is currently undergoing acceptance testing. This unit 

is illustrated in Figure 55. 

BATTLESHIP STAGE 

Stage 

Detail design of the Battleship stage is approximately 95 percent 
complete. Fabrication is in process and is 15 percent complete. Production 
drawings for the forward skirt, tunnel, and the forward skirt platform are 
100 percent released; these items are in the process of being fabricated. 

The status is presented below: 

Model No. 

H7-27 

H7-28 

H7-29 

H7-30 

Nomenclature 

Sling, interstage and static firing skirt segment 

Sling, support ring segment 

Adapter set, tag lines 

Sling, interstage and static firing skirt 

Some of these items are illustrated in Figures 56 through 60. 

Road Gauge 

During the early part of the report period, a road gauge was fabricated 
to simulate the exte.rnal dimensions of a transporter-mounted S-II stage. 
Mobile trial runs were conducted over the route that the All Systems stage 

and the test comm·on bulkhead will take during delivery of these articles to 
PFL in Santa Susana, California. F rorn the manufacturing plant at Seal 
Beach, the trial run included a roll-on loading operation on an AKD, ocean 
transport to Port Hueneme, and road transport to PFL. All desired infor­
mation was achieved as a result of the trial run. 

Figures 61 and 62 are photos of the road gauge in use. 
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Figure 54. Pneumatic Servicing Console Set (Model No. C7- 605) 
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Figure 55. Hydraulic Power Console (Model No. C?-60 J) 
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Figure 56. Static Firing Skirt (Model No. ·m - 21}
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Figure 5 7. Stage Erecting Sling (Model No. H7 - 2 3) 
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Figure 58, Forward Hoisting Frame (Model No. H7 - 24) 
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Figure 59. Aft Hoisting Frame (Model No. H7-25) 
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Figure 60. Interstage and Static Firing Skirt Sling (Model No. H7-27) 
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Figure 61. Unloading- the Road Gauge 

Figure 62. The Road Gauge Coming Around a Bend 
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Stage Transporters 

Studies we re completed to determine the mo st e_fficient type of trans­
porter configuration to support the Saturn S-II program and the ramifications 
of utilizing the S-IC NASA modular wheel unit on the S-li"'transporter, 

These studies indicated that two types of transporters are desirable: 
(1) an intrastate transporter (Figure 63), which meets all the California
wheel-axle load-spacing requirements (6 axles-40 wheels), to be utilized to
transport the bulkhead test specimen, the fit-up fixture (Figure 64), and the
All Systems test stage from Port Hueneme to Santa Susana, and (2) an
interstate transporter (Figure 65). a simplified configuration (3 axles-12
wheels), which will be utilized to transport the S-II stage from Seal Beach to
MTF and AMR. The studies of the_ application of the NASA modular wheel to
the interstate transporter configuration showed that the design was feasible
but that it would result in unfavorable costs and schedule problems. S&ID
therefore recommended that the NASA modular wheel not be utilized. This
recommendation was concurred with by MSFC, and approval was granted to
procure the two types of transporters. The pro'curement specification was
released, and bids were received from five companies. Their proposals were
evaluated, and American Machine and Foundry Company (AMF), Hartford,
Connecticut, was selected to produce the transporters. A letter contract to
proceed with design was subsequently accepted by AMF.

GSE 

1. Heavy duty engine thrust structure - Drawing release is 100
percent, and fabrication of the unit is 50 percent.

2. LH2 and LOX vacuum-jacketed propellant feet lines - Design is
100 percent completed on these assemblies. Procurement action
has been initiated. Solar Aircrait was selected as supplier for
these items.

3. LH2 and LOX vent system Design is 100 percent complete, and
procurement action for the necessary hardware has been initiated.

4. Stage pressurization system - System design is approximately 90
percent complete.

As a result of NASA redirection, control equipment for the Battleship 
stage will not be automated. This redirection nE:':=essitated the development of 
approximately eight pieces of manual checkout equipment. Four of the 
required items are being designed by the Rocketdyne Division, and fabrication 
is being accomplished by S&ID. The total task definition was completed in 
early April; and to date, all schematic drawings for all of the systems 
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required to sup po rt initial static firing of the No. 5 engine have been com -
pleted. De sign for the equipment and system needed to suppc rt the 8 June 
1964 firing is scheduled for completion in late October, 1963. 

Figure 66 is a block diagram of the manual equipment, and Figure 67 
is a representative exarnple oi its configu_ration. 

More extensive picto ri�l representation oi dclive.rable GSE and 
nondelivcrable SOD equipment may be found in SID 61-421 and SID 63-115. 
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Figure 67. Pneumatic Control and Monitor Rack (Model No. SDD- 135) 
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TEST AND OPERATIONS 

During the report period, S-II Test and Operations effort was directed 
primarily toward test planning. Test plans and procedures, compatible with 
the program confidence-development plan, were formulated to ensure that 
program schedules and objectives will be met after·the test sites have been 
activated. This required definition of support requirements, such as man­
power, facilities, and instrumentation, for all test sites. Numerous 
supporting documents, prepared and published during this report period, 
include the following: 

Preliminary test plans 

Detailed activation schedules 

Test development plans 

lnstallation and checkout procedures 

Detailed operating procedures 

Measurement lists 

Countdown time versus· events charts 

Documents related to over-all and specific phases of the program 

Major changes to the program, particularly from Amendment 5 
increased the work load required to accomplish the planning program. As 
a result of one of these changes, the Operations Simulator was cancelled, 
and the Electomechanical Mock-Up (EMM) test program was established. 

ELECTROMECHANICAL MOCK- UP 

The EMM, designed as an S&ID system test facility, is to be essen­
tially a full scale mock-up of the S-ll stage. Electrical and mechanical 
ope rations will be functionally identical to flight conditions, except for 
aspects associated with cryogenics and combustion. This will enable 
development and evaluation testing on vehicle systems under simulated flight 
conditions in a non-hazardous test environment. To further simulate flight 
conditions, development testing will be conducted with S-II GSE. The mock­
up will then be integrated with production automatic-checkout equipment for 
functional evaluation and testing. 
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Construction of the EMM was divided into two phases: Phase I 
consisted of the S-II-stage simulator area and Phase II the GSE checkout 
area. Phase I was completed on 3 June 1963 • without serious problems. 
Since completion of Phase I, the �ock-up has been used by various depart­
n1ents of S& ID to resolve interface problems and to ensure that physical 
interference does not occuP between stage components. Phase II began on 
l July 1963 and some delays have been encountered in this construction.
A two-shift test operation will probably be used to minimize the resulting
reduction in available test time.

The development test program planned for the EMM was documented 
and released on 15 June 1963, in SID 63-740, Saturn S-II Electromechanical 
Test Program Plan. In an effort to achieve optimum use of the EMM, the 
program was divided into six phases, as follows: 

1. Development of mock-up operations

2. Automatic checkout equipment development testing

· 3. Stage-systems development testing

4. Stage systems and GSE integration

5. Checkout tape debugging and verification

6. S-II stage and test site support

The EMM program will include documentation and scheduling of test 
objectives for each phase. Development test plans containing detailed 
information to accomplish test objectives are being formulated for each 
phase. 

Major development mock-up operations were started on 4 June 1963 and 
will continue until installation of flight-weight systems. Minor development 
mock-up operations will continue throughout the EMM program. 

Phases 2 and 3 will essentially be parallel efforts. Phase 2 will include 
installation, checkout, and integration of the computer and automatic-
chc ckout stations. Phase 3 will include installation of flight-weight systems, 
followed by a functional evaluation to re solve interface or compatibility 
problems. During Phase 4, the stage-systems and automatic-checkout 
equipment will be integrated. Individual systems will be integrated initially, 
using local control testing. Following this, the equipment will be integrated 
with the checkout computer, and automatic operations will begin with 
development and verification of checkout tapes. This will begin Phase 5, 
which will continue throughout verification of individual and integrated stage­
systems checkout tape. 
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After the first set of checkout tapes have been verified, the EMM will 
be a fully integrated stage syste� and GSE test facility. It will be capable of 
stage-systems checkout operations, using both local-control and automatic 
modes of operation. It will evaluate design changes and resolve operational 
problems without interrupting static-firing or flight-test operations. This 
includes stage-system, checkout-equipment, and associated tape-program 
design changes, as required to support flight vehicles. In addition, the EMM 
will support other S-II test sites in the resolution of stage-system and 
checkout-equipment problems. 

BATTLES.E-IlP 

During the report period, effort on the Battleship program was 
concentrated largely on reorientation to comply with customer redirection. 
These changes limited the Battleship test program to J-2 engine-cluster 
development testing, with S-II airborne systems limited to those required 
to support the development and use of manual equipment for checkout and 
control. 

Considerable effort was expended on preparation of supporting docu­
mentation for the Battleship test program. This docurpentation consisted of 
the following: 

Detailed activation schedules 

Test development plans 

Installation and checkout procedures 

Detailed operating procedures 

Cryogenic systems test development plans 

Integrated systems checkout procedures 

Santa Susana safety manual 

Battleship operations manual 

Countdown time versus events chart 

Much of the work on this documentation was completed; however, 
major effort must �till be devoted to such documents as the stage detailed­
operating procedures for installation, checkout, and operation of stage 
systems, GSE, SDD, instrumentation, and integrated systems. 
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Battleship test and operations personnel were active in various special 
groups that were formed to 'resolve support and coordination probl�ms for 
the test program at Santa Susana. Support requirements were established 
in the following !:>a sic areas: 

Office and storage space requirements 

J -2 rocket-engine refurbishment schedule 

Santa Susana manpower distribution 

Caieteria, shipping, receiving, and vehicle maintenance 

Laboratory and shop support 

Industrial Security 

Docuinent control and reproduction facilities 

In addition to these requirements, a working-relationship plan for 
S-II Test and Operations and Rocketdyne was formalized to ensure compati­
bility of job responsibilities with program requirements.

Plans £or the instrumentation recording systems, d�finition of red-line 
limits, console layouts, and the Battleship measurement requirements were 
established. The recording system was designed to include the following 
equipment: 

Digital recording system (DRS)-capable of accepting 750 analog inputs 
and 150 discretes. This system will also record the All-Systems static 
firing measurements. 

Direct inking graphic recorders-present plans stipulate 120 Foxboro 
recorders (circular type) and 96 strip-chart re,corders (8 channels per 
recorder). 

Oscillographs and sequence recorders -Battleship fire control center 
will use 6 Heiland oscillographs (36 channels per oscillograph) and 18 
Easterline-Angus sequence recorders (20 channels per recorder). 
Patch panels will be used for signal distribution to provide maximu� 
system flexibility. 

Bids received for the dig�tal recording system �re being evaluated. 
Battleship test and operations personnel completed specifications for an 
eight-channel strip-chart recorder. Ninety-six recorders will be required. 
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Additional effort was expended on tasks indirectly associated with the 
Battleship program. Budget and planning estimates we're prepared for the 
S-II five and ten stage program, the S-II (120) operational vehicle test
program, and th� justification documents to support fiscal capital and facility
fundings.

One-twentieth scale models of Battleship LOX and LHz tanks were 
fabricated and are being used by S-II test and engineering groups as a working 
aid. 

Finalization of a detailed activation plan and electrical-checkout 
procedures for the Battleship GSE and SDD equipment is in progress. Func­
tional block diagrams are being prepared for the stage electrical-power and 
electrical-control systems. Effort in this area is approximately 30-percent 
complete. End-to-end systems drawings pertinent to the Battleship 
electrical network are in preparation. Battleship personnel will continue 
close coordination and liaison with cognizant GSE and SDD design groups to 
ensure scheduled completion of the systems drawings. 

ALL-SYSTEMS 

The All-Systems facility was originally planneci for initial flight-weight 
stage testing. This program -.yas to begin after extensive preliminary testing 
had been conducted in the safer environments of the Ope.rations-Simulator 
and the Battleship facilities. The substitution of the EMM for the Operations 
Simulator and the reduction in scope of the Battleship program resulted in the 
following major changes to the All-Systems program: 

Qualification of the automatic-checkout· equipment for the first time 
under static-firing conditions 

Transfer of boat-tail environment temperature testing to All Systems 

Additional testing imposed on All-Systems stage due to the change in 
rate of confidence development 

The program was further affected by the Plan V extension and .by the 
addition of a static firing measuring system. Support requirements for the 
All-Systems test program were reestablished, along with the budgetary and 
manpower loading requirements, propellant forecasts, and GFP/ GF AE 
requirements. 
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The All-Systems preliminary test plan was updated to reflect Amend­
ment 5. This test plan describes the program, test objectives, test 
configuration, organizational structure, operations plan, systems develop­

_ment plan, training plan, reporting, and equipment requirements.

Construction of the All-Systems test stand (Coca 1V} has progressed to 
the concrete-pouring stage. 

All-Systems personnel participated in GSE analysis and cost-cutting 
studies to determine cost savings resulting from the deletion of unnecessary 
or extraneous features which might have been added for the convenience of 
automatic checkout. 

The determination of the effects of directed program changes on the 
All-Systems test program has been , a�d continues to be, a major effort. 
Numerous plans have been investigated to determine the effects on the 
over-all S--II program, as well as on the All-Systems program, in an effort 
to minimize the schedule impact. Coordinated effort between S-II Test and 
Operations, Engineering, and Manufacturing has established All-Systems 
CSE. delivery d·ates. A briefing, based upon established delivery dates and 
various plans to minimize schedule impact, is being prepared. This 
briefing, which will outline the effects and proposed plan of action to 
minimize the effects will be presented to NASA in the near future. 

Considerable effort has been expended in planning boat-tail environ­
mental temperature tests, which were added to the All-Systems test program 
because of the deletion of the Operations Simulator program. These tests 
will be the first and only prclaunch performance demonstrations of the flight­
weight engine-conditioning and con1partment-conditioning systems. Effects 
of the resulting environmental temperature on other stage systems will be 
determined. The plan of action and test objectives were used to establish 
the test hardware configuration and schedule. The basic concept is the 
addition of a series of special tests after the initial static-firing program. 
A!l. aft enclosure and other special equipment will be used to simulate the 
S-11 launch configuration and environment.

Static-firing at Santa Susana, on the All-Systems stage, is presently 
limited to tests of 25-second durations. Static-firing tests of longer duration 
require waiver approval from the Air Force. A plan for the Saturn S-11 
propellant hazards program has been approved. Data provided by this pro­
gram and from the NASA spill test program, together with S &ID safety plans 
and procedures, will support th.e submittal of a waiver request for longer­
duration static firings. 
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Preparation of system development plans has begun and will constitute 
a major part of future All-Systems effort. The development plans will 
detail step-de�lopment testing of each S-II system. The major areas to 
be included are as follows: 

Specific test objectives 

GSE, facility controls, and interfaces 

System interlocks, sequencing, and controls 

Measurement and instrumentation requirements 

Stage-systems interfaces 

Schedule 

Detailed operating procedures 

Preparation of documents that will describe these areas is planned, 
with the inclusion of the impacts of program redirection and of the effects 
of the limited-duration firings on the program, Technical problems 
associated with construction of the test stand will be resolved during the 
construction phase. 

HAZARD SUPPRESSION 

During this report period, NAA has been negotiating for Air Force site 
approval for Battleship and All-Systems test programs at the NAA Propulsion 
Field Laboratory. In compliance with Air Force request, a Saturn s..;n 
Battleship tank design-verification program was started by R.ocketdyne. With 
NASA and Air Force approval of the program plan, a series of 12 tests was 
conducted in November 1962 in support of this activity. The final report 
summarizing this activity was released by Rocketdyne on 5 December 1962. 

In summary, the S-II Battleship tank design-verification test series 
concluded that ASME-coded vessels will withstand .momentary pressure loads 
several orders of magnitudes in excess of calculated buckling pressures. 
Also, the S-II Battleship tank would not buckle or rupture because of engine 
sy.�tems detonation, based on the predicted detonation as presented in the 
program plan. 

Review of ·the NAA-proposed Saturn S-II propellant hazards program 
continued through this report period. Task 1 defi.1ed a study program, Task 
2 outlined a test program plan. Phase 1 of Task 2 primarily dealt with a 
spill-test series, and Phase II supported a hazards suppression test series. 
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Per NASA direction, Phas� l of Task 2 wa$ deleted from the program. 
Therefore, Phase II has been reidentified as a Saturn S-II propellant hazards 
suppressipn program plan. Construction-suppo�ing Task 1 (gas-phase 
testing) is scheduled for completion in August 1964. Testing will begin the 
first week of September 1964. 

MISSISSIPPI TEST FACILITY 

During the report period, the major MTF Test and Operations effort 
was directed toward test program planning. Documents written during the 
past year delineated these plans. Preparation of these documents required 
extensive coordination with the S-II design groups and NASA-MSFC. 
Numerous problems, some of which were of major significance, involving 
basic concepts and test philosophies, were resolved during test-program 
planning. 

The MTF facilities activation proj.cct group, formed on 12 October 1962, 
serves as the common S-11 interface for the flow of information concerning­
design criteria planning, scheduling, funding, and GFP/GFAE 6etween S&ID 
and the MSFC, as this information pertains to acceptance test facilities at the 
MTF. This group is headed by a representative from S-II Test and Opera­
tions, with staff members from Facilities, Facilities requirements, program 
management, and Systems Engineering. 

The Mississippi test:..site facility .design criteria and detailed design 
were reviewed. This review was made to ensure compatibility between the 
S-II stage, its associated GSE, and the MTF.

Two Test and Operations resident representatives were established at 
the MSFC to coordinate and resolve facility-stage/GS£ interface problems 
and to provide early on-site representation to the MTF test site. 

Firm budgetary and manpower loading requirements were established 
in accordance with Amendment 5. Major program changes consisted of the 
following: 

Deletion of vertical stage-checkout capability in the .vehicle-service 
building, which resulted in stage checkout at the two tests stands. 
(It is understood that the requirement for checkout in the vehicle­
service building will be reinstated under the forthcoming fiscal year 
funding, and it is planned that the facilities will be operative with the 
arrival of the S-I I-4 stage at MTF.) 

Addition of static-firing measuring system. 

Addition of second computer complex in the test control center. 
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The following major documents, applicable to the MTF, were published 
during the report period. 

Preliminary MTF-Flight Acceptance Test Program Plan; published or 
10 September 1962. This report describes the entire acceptance test 
program that will be conducted to ensure delivery of a flight-ready 
stage to AMR. 

MTF Operations Plan; published on 1 5 March 1963. This report 
describes support and operational activities required to activate the 
facility and conduct the acceptance test program. 

Preliminary Saturn S-II Stage MTF Static Firing Countdown. This is a 
time-versus-events chart defining static-firing test operations begin­
ning with T-8 hours through static-firing shutdown. 

MTF Activation Plan. This plan delineates, in sequence, installation 
and checkout of GSE, facility/GS£ integrated checkout, and operations 
to be conducted with the Facility Checkout stage (S-II-F). Countdown 
control requirements and criteria were published, The static-firing 
concept was finalized by Test and Operations and Systems Engineering. 
Generally, this concept provides manual control of the S-II stage 
through hard-wire circuitry from the static-firing countdown equipment. 
This ensures positive control of the propulsion, pressurizati�n­
propellant loading,· propellant feed, and enginc-con_tiol sys.tems. Other
stage systems will be controlled using the local-control mode of the 
electrical-checkout station. The ground equipment test set (GETS) will 
be used to verify both manual static firing and automatic-checkout con­
trol systems. 

At the first static-firing group meeting, held in January 1963, S&ID 
presented a proposal for ope rational data acquisition during MTF acceptance 
testing. This proposal would employ S&ID's digital data acquisition system 
to record test data during static firings. Hard-wire data would be acquired 
from the stage-flight transducers and routed to the test control center for 
recording. However, this pr_oposal was 1:,ot accepted by NASA Consequently, 
S&ID was directed to incorporate static-firing instrumentation with 
a centralized data-acquisition facility for data recording. With1n this 
concept, critical measurements required for safe conduct of tests are to be 
recorded in the test control center. Close coordination between S&ID and 
MSFC has been maintained to implement this method of data acquisition. The 
primary reason for adoption of this concept.is its use of highly reliable 
heavy-duty transducers during static-firing tests. Activities planned for the 
next report period include continued coordination with NASA, both at the 
MSFC and at the test site for resolution of problems, and the publication of 
detailed test plans. 
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ATLANTIC MISSILE RANGE 

As a result of contractual incorporation of the Plan V schedule during 
the past year, the applicable AMR schedules, PERT network, GSE on-site 
need dates, and the pre-AMR and A-MR manpower loading were updated. The 
extent of S&ID support to th� Launch Operations Center (LOC) for stage 
operations beyond the low-bay area has not been completely established; 
therefore, additional planning and scheduling revisions may be necessary. 

The AMR test plan for the S-II stage was completely revised and 
published as SID 63-114. The test program and instrumentation systems 
sections were expanded to serve as an initial planning aid. Since it was 
necessary to make certain assumptions in preparing this plan, copies of the 
document were submitted to the LOC for review and comment. 

The Test and Operations automatic-checkout equipment committee, 
formed during the past year, has monitored design of the automatic-checkout 
_equipment. Also, by correspondence and persona_! contact with designers, 
the committee has transmitted S-II Test and Operations requirements to the 
GSE design unit. A number of trips have been made by committee members 
to observe other contractors' use of automation, e.g., automatic checkout of 
SA-5 at MSFC. 

S&.ID comments on the Complex-39 vehicle-assembly building, 30-
and 60-percent design-review drawings, and the arming tower criteria were 
coordinated with LOC through the AMR facility activation project group. 
This group, headed by AMR Test and Operations, was formed during this 
report period. Direction was received to use a common S-II/S-IVB dolly, 
to be supplied as part of the facility for stage processing operations in the 
low-bay area. The dolly was necessary since the original S&ID concept of 
suspending the stage was incompatible with the l 16-feet low-bay ceiling 
clearance. Changes to comply with this direction were coordinated through 
the AMR group. 

NAA representatives attended Saturn V launch-operations working 
group meetings from 24 through 26 April 1963 at the AMR. A primary 
action item was a request that each stage contractor prepare an AMR test 
sequence for their respective stages, based upon a master Saturn V test 
sequence distributed at the meeting. The resulting AMR test sequence was 
prepared, coordinated at S&ID, and submitted to NASA for review. 

A primary problem visualized by S-II Test and Operations is the lack 
of low-bay facility-checkout capability prior to receipt of the first flight 
stage. Briefings proposing additional systems and more checkout time for 
the S-II Facility Checkout stage at AMR have been sent to NASA. NASA's 
reaction to the proposal seemed to be favorable; however, the present 
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Facility Checkout stage is still only the basic shell of a flight stage, intended 
primarily to check out handling, access, and propellant loading capability at 
AMR. 

To adequately plan and provide for stage operations at AMR, NASA 
must stipulate the manner of operation at the high bay and launch pad areas. 
LOC thinking on the anticipated mode of operation has been obtained; 
however, to date, no official direction has been received. 

It is planned to revise and reissue the AMR test plan at six-month 
intervals to maintain this document's usefulness as a guide to planned stage 
operations at AMR. Review of the AMR test sequence by LOC should detect 
any differences in test philosophies if such differences exist. Effort will be 
directed during the forthcoming year to the resolution of these problems and 
to the subsequent effects of these problems on applicable test planning and 
documentation. 

TEST PROGRAMMING 

Measurement lists were published for the Electromechanical Mock-Up, 
Battleship, All-Systems stage, S-II-2, S-II-IFD, and S-II-F. In addition, 
a Saturn S-II master measurement list, which is a catalog of all known 
measurements for the S-II stage, was published. Numerous revisions to 
these lists were necessary as a result of such changes as (1) deletion of 
Operations Simulator and addition of the Electromechanical Mock- Up, 
(2) reorientation of the Battleship program, (3) incorporation of a static­
firing measuring system, (4) change of S-II-IFD from boilerplate to flight­
weight configuration, and (5) changes in design of stage systems. Technical
coordination of measurements with engineering design groups and the MSFC
will be a continuous effort. A preliminary measurement list for S-II-3 is
being compiled, and future effort will be directed toward preparation of the
measurement lists for S-II-4 and S-II-5. The following represents published
measurements lists:

SID No. 

SID 62-1052 

SID 62-1053 

SID 62-1267 

SID 62-1268 

Title 

Saturn S-II Master Measurement List 

Saturn S-II Stage S-II-2 Measurement List 

Saturn S-II Battleship Stage Measurement 
List 

Saturn S-II All-Systems Stage S-II-T 
Measurement List 
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SID 62-1269 

SID 62-1270 

SID 63-3 53 

Saturn S-II Electro-Mechanical Mock-up 
Measurement List 

Saturn S-Il Facility Checkout Stage 
S-II-F Measurement List

Saturn S-II Nonpropulsive Stage S-II-IFD 
Measurement List 

15 Jan 1963 

12 Oct 1962 

15 Apr 1963 

The test support requirements documents were published for each of 
the S- II test sites. These documents delineate equipment and material 
requirem.ents such as electronic test equipment, raw stock, tools, shop 
equipment, protective clothing furniture, etc., to support the S-II test sites. 
The part or model number, quantity required, and required date for all items 
are specified in these documents, which will continue to be updated. The 
documents published to date are as follows: 

SID No. 

SID 62-1021 

SID 62-1022 

SID 62-1023 

SID 62-1025 

Title 

Electro-Mechanical Mock-up Test Support 
Requirements, S-II Test and Operations 

Santa Susana Test Support Requirements 
S-II Test and Operations

Mississippi Test Support Requirements 
S-II Test and Ope rations

AMR Test Support Requirements S-II 
Test and Operations 

Date 

27 Jul 1963 

::, Apr 1963 

14 Sept 1962 

2 Nov 1962 

The S-II master test schedule has been revised,· as required, to 
incorporate program schedule changes. Some of the more significant test 
program changes that have resulted in test schedule changes are as follows: 

Stage checkout area at MTF was deleted. All S-11 stage checkout 
operations will be conducted on the test stands. 

First Battleship static iiring was rescheduled for June 1964. 

Battleship program was reoriented to a J"-'2 engine cluster development 
program using manual-checkout equipment. 

Operations S1mulator program was. deleted. 
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Electromechanical Mock- Up program was added to replace the 
Operations Simulator program. 

Nonpropulsive stage S-II.:IFD was changed fro.m a boilerplate to a 
flight-weight configuration. 

S-II stage delivery schedule to the AMR was revised by Amendment 5
to provide for later delivery to AMR.

The General Test Plan, SID 61-364, has been updated as required by 
specification amendments to incorporate program changes. These changes 
listed in the previous paragraph were documented by amendments to 
SID 61-364. A total of 35 amendments to SID 61-364 were submitted for 
approval, following the original publication date of 4 December 1961. Of 
this total, 12 amendments were approved, and the remaining number are in 
various phases of negotiation. 

S-II DAT A ENGINEERING

During the past year, the S-ll data engineering group established 
requirements for equipment, personnel, and facilities required to process 
and handle S-Il test data. 

A contract was awarded to Radiation, Inc. , Melbourne, Florida, to 
design and deliver a data reduction system that will meet' S-11 requirements. 
This equipment will be installed at the S&ID Downey facility. Pertinent 
mile stones achieved during the past year on this subcontract include ( 1) the 
completion of contract-negotiations in January 1963, (2) contract go-ahead 
in March 1963, and (3) detailed design review an9 approval in June 1963. 

Equipment necessary for reduction and evaluation of stage-vibration and 
cycle-counting data is being developed separately, but will be compatible with 
the major data-reduction equipment. Specifications for the vibration and 
cycle-count system were presented to NASA/ MSFC personnel. Technical 
approval of the design concept was obtained in MSFC Technical Directive 
111, dated 27 June 1963. These specifications have been d�stributed for 
supplier price quotations, which are scheduled for review by S&ID on 
9 August 1963. 

Direct data support to the S-II project was minimal during this period, 
since the stage testing phase has not yet begun; therefore, effort was 
restricted to project-support pla.nning. This plan:1ing was directed to the 
following general areas: 
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Development of computer applications to receive end-instrument 
calibration data in the format developed by the Instrumentation branch 
and translate into multiple-output format compatib�e with planned 
data-procc s sing techniques. 

Development of data reduction plans to effectively use all data process­
ing equipment available to the S-II data engineering group. 

Data engineering will steadily increase its S-II project-support 
functions. At present, this increased activity is largely devoted to defining 
and preparing computer programs for future use in processing S-II stage 
data. Near the end of 1963, limited data-reduction support will be given to 
the EMM tests. Full data station operation in support of the EMM will not 
be required until April 1964. 

The contract with Radiation, Inc. , will terminate upon final acceptance 
of the data-reduction system at S&ID, Downey, during April 1964. Effort 
directed toward this contract will remain at the present level until that date. 
Upon acceptance of the data-station equipment, a high level of activity will be 
shifted r._o the operation and maintenance of this equipment. Actual static­
firing support is scheduled to begin with the initial stage firings at the 
Propulsion Field Laboratory, during June 1964. 
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RE LIABILITY 

S-ll EQUIPMENT CRITICALITY CATEGORY APPLICATION

During the past year, specific application of the criticality categories 

was made in many functional assignments within the Reliability program. 

Criticality criteria are used to form a basis for design principles, to 

determine the depth of testing required during the Confidence Development 

Plan, and to determine reliable manufacturing and supplier requirements. 

Application of the catagories was made also in determining the requirements 

of the emergency detection system, in automatic checkout, and in the 

determination of traceability requirements. 

Specific application of the relationship of criticality criteria to failure 
mode analysis, procurement, design review, testing and traceability in 

flight equipment is s.hown in Table 4. Other criticality relationships in the 

areas of instrumentation equipment, GSE components, GSE end items, and 

special GSE were also established and implemented. 

FAILURE MODE ANALYSIS 

A total of 99 failure mode analysis reports cons is ting of 3 parts - a 

failure mode effect analysis, a failure mode cause analysis, and a critical 

components summary - were released during the report period. These 

analyses deal with the manner in which components or systems fail, the 

reason for the failure, and the effect of the failure upon the system or mis­

sion. Initial evaluation of the designs of airborne systems resulted in the 

elimination or reduction to a lower order of failure of more than a third of 

the first order failure modes identified. As an example, a single design 

change to provide an emergency manual mode for a drain valve in the GSE 

was proposed as a result of failure mode analysis. This change permitted 

a reduction of over 50 first order failure modes to second order. Tables 

5 and 6 show the breakdown of criticality for airborne components and 

ground equipment end items. 

PROGRESS AND REVIEW BOARD 

Du:x:ing the past year, the S-II Reliability Progress and Review Board 

was established for the purpose of providing a formal monthly review by S-II 

management of the progress being made in implementing the Reliability 

policies and for considering means of resolution of any existing problem 

areas. The board is composed of the S-II managers and is chaired by the 
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Table 4. Criticality Category Application of Flight Equipment 
(Minimum Requirements) 

Equipment Criticality I II III 

Failure mode analysis X X X 

Effect analysis X X X 

Cause analysis X X 

Procurement 

NAA procurement specifications X X 

SCD, EOPR, or government i;, pees. X 

Design review 

Preliminary X 

Major X X 

Application approval X X X 

Testing 

Qualification X X X 

Reliability X X X 

Traceability X X 
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Table 5. Airborne Critical Components 
-- -

Component Criticality 

System I 11 111 

Engine servicing 0 2 7 

Propellant recirculation 2 2 0 

Engine compartment conditioning 0 1 3 

Thermal control 1 0 4 

Propellant management 4 1 1 

Pressurization 1 20 3 

Propellant feed 6 2 0 

Electrical power 11 12 0 

Flight control 0 7 0 

Destruct 8 1 2 

Measure1nents 2 3 41 

RF systems 0 1 32 

Structure 10 1 0 

Ullage motor 1 0 0 

Separation 7 8 2 

Table 6. Ground Equipment End-Item Criticality 

Criticality 

Equipment Type I II 111 IV 

GSE 4 12 23 64 

. .

Special GSE 0 19 4 22 
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S-II program manager with the Reliability manager acting as assistant
chairman. This organizational structure prohd_es the proper impetus for
board reaction. Since its inception, four meetings have been held. Typical
action items· resulting from board discussion are tl!ire following:

l.  Direction of emphasis to the design review effort

2. Implementation and ground rules for the mechanical excellence
program

3. Investigations of traceability requirements and their respective
program implications

DESIGN REVIEW 

The 100 design reviews performed thus far in the program include 
preliminary reviews of all stage systems with the exception of the emer­
gency detection system. Major contributions were made in all areas of 
design; the most important were made in stage systems and stru�ture, 
where many significant problem areas were identified and subsequently 
eliminated by the responsible design groups. 

The areas covered by design review to date have included stage 
systems, structure, GSE, facilities, test programs, and airborne compo­
nents. Of special interest during this period was the creation of the suppl.ier 
design review, the first activity of this tY.pe within the industry, On the basis 
of initial experience, supplier design review work will be of great benefit to 
the program. 

CONFIDENCE DEVELOPMENT PLAN 

Over 140 component application approval test programs were prepared 
and released, as a part of procurement documents, in the Confidence Devel­
opment Program. These test programs will be implemented through the 
latter part of 1964; three test programs have been initiated. Two of these 
three were terminated because of NASA design redirection. A third pro­
gram resulted in failure of the item being tested. The failure was an erratic 
output signal occurring subsequent to exposure to dynamic test conditions. 
Investigation is under way to determine the actual cause of failure and the 
necessary corrective action. 

In the systems testing program, ten- preliminary test plans were 
generated for coordination; and preparation for implementation of these 
plans is under way. 

Two major redirectives by NASA resulted in adjustments to the original 
Confidence Development Plan. The first was the substitution of an Electro-
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mechanical Mockup in lieu of the Operations Simulator. This change 
resulted in a supplemental test program to replace the red�ction of 
simulated environmental conditions. This supplemental program is 
currently under review by NASA; and acceptance is necessary in order to 
meet the objectives of the Confidence Development Plan at the systems level. 
The second major redirective was contained in CCN 13; it reduced the 
Battleship program to an engine development facility. Additional redirectives 
deleted automatic checkout on the Battelship facility. An additional 
supplemental program was generated as a result to obtain the necessary data 
from the All-Systems program. This proposal is also under review by 
NASA. Again, acceptance is required to m.eet the objectives of the 
Confidence Development Plan. 

LABORATORY EVALUATION STATUS 

The test programs developed under the Confidence Development Plan 
must be conducted in laboratories that can meet standards of testing beyond 
those normally acceptable. It was necessary, therefore, to evaluate all test 
laboratory facilities to be utilized in _performing tests of the Saturn S-11 
program. This evaluation is nearing completion. Of the independent 
laboratories surveyed, 28 were approved and 7 were disapproved for the 
lack of sufficient environmental test equipment to meet minimum program 
requirements. 

In addition to the independent testing laboratories, the S-11 Reliability 
department surveyed 50 environmental laboratories that are maintained by 
potential imppli ers. Forty-six of these were found t� be acceptable for use 
in the qualification testing of items of hardware manufactured by that 
supplier. Four supplier-maintained laboratories were disqualified because 
of inadequate test facilities. 

QUALIFICATION STATUS LIST 

As a part of the obligation of S&ID to keep NASA informed of test 
progress in the Confidence Development Plan, the Saturn S-II Qualification 
Status List (SID 62-1224) was issued on l October 1962 and revised on 
l April 1963. This document contains the specific details on confidence
attainment, test schedules, specific tests to be performed, and the
responsible testing agency at the part, component, subsystem, and system
levels. For adequate management control, a daily schedule is maintained
on all tests under the Control of S-li Reliability from which the Saturn S-II
Qualification Status List is updated on a semiannual basis.

MECHANICAL EXCELLENCE PROGRAM 

The mechanical excellence program became functional duri;_g this past 
year. The purpose of thi.s program is to extend the emphasis of reliability 
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,beyond design and test to all personnel employed on the Saturn S-Il project. 
The objectives of the program are four-fold: 

, 

1. To provide each person with the knowledge of what his job is

2, To acquaint each person with the knowledge of how his job 
relates and contributes to the project 

3. To provide each person with the knowledge of how his job is to be
done correctly

4. To motivate each person to make sure that when the work leaves
his area of responsibility it will. be free from errors.

The mechanical excellence program was implemented as follows: 

1. Forty-six skill areas were identified as those requiring special
training to assure te<;,hnical competence commensurate 'Pith the
reliability- requirements of the program.

2. Miles tones were established for the development of training
courses to support these skill areas.

3. Training began and is in phase with the hardware development.

4. Special ME (mechanical excellence) symbols and training record
cards were produced and are being awarded to graduates of the
ME training courses.

5. Publicity articles appeared in the S&:ID newspaper.

6. Twelve closed circuit television motivational telecasts were
scheduled.

7. A poster publicity program was begun.

8. An ME motivational motion picture was purchased.

9. . Plans were made for a continuous motivation campaign through
the use of slogans, banners, posters, personal recognition, indi­
vidual mailings, timecard stamps, news bulletins, etc. The 
p·resentation of astronauts, NASA and S&ID officials, and space 
p_rogram officials in live, closed circuit telecasts is planned,
as circumstances permit. 

10. Plans are under way to utilize kinescopes of S-II Reliability and
mechanical excellence presentations for supplier indoctrination
and motivation.
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RELIABILITY EDUCATION 

A rcliabili ty indoctrination and education prograrn was started at the 
outset of the Saturn S-ll program. This effort included education in 

recently developed reliability techniques, as well as indoctrination aimed at 
assuring a coordinated reliability effort through mutual understanding of 
the program objectives and methods of implementation. 

During this reporting period, closed circuit television was introduced 

as a method of presenting educational and motivational material in the relia­
bility field. The accomplishments of reliability education effort during the 
past year are summarized as follows: 

1. One hundred eleven separate lecture class es WC:'re conducted.

2. Two television shows were made and t;,_ped to support the
Reliability program

3. A closed circuit ti:.'levision schedule for reliability education was

established.

The following courses were prepared and presented to reliability and 
design engineers and Test and Operations personnel as applicable: 

Reliability plan 

Design Review 

Confidence developrnent plan 

Design analysis 

Fundamcnt,Lls of rcliabilitv mathematics 

Reliability analysis tt'chniques 

Boolean algebra techniques 

S-II mrJ.th model.

Education effort during this reporting period included the writing and 
release of several reliability books. Arnong these were 

Training rnanual for reliability test engineers 

Definitions of reliability terms 
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Fundamentals of reliability mathematics 

Reliability analysis techniques� 

SUPPLIER SURVEY STATUS 

In order to assure a reliability awareness and capability on the part of 
S-II suppliers, the Reliability· organization surveyed 148 potential suppliers.

For this purpose, an S-II reliability supplier survey handhook, incorporating

the elements of the S-II Reliability Plan (SID 62-128) was developed.
Utilization of this document allows a numerical rating of the supplier to
determine the degree of compatibility between the supplier's demonstrated
reliability control system and the S-II requirements. Evaluations are made
on the basis of the criticality rating of the item to be supplied. This evalua­
tion survey and rating system reduces the need for supplier monitoring to a
minimum. -Of the 148 pote'ntial suppliers surveyed to date, the ratings are

as follows: 22 were qualified for all criticality categories; 31 for category

II and lower; 62 for criticality III and lower; 18 for criticality IV. Fifteen
were disapproved. The prime reason for disapproval was the supplier's lack
of a definite m·ethod for disseminating reliability design policies throughout
their organization.

RELIABILITY PROCESS SPECIFICATIONS 

Three process specifications dealing with traceability were issued 
during this report period. Specification MA 0201-1023, S-II Reliability Basic 
Equipment Traceability List, defines the traceability items of the S- II stage 
and GSE for which records are to be kept. This traceability list, contrasted 
with an exempt list, was given approval by NASA. Specification MA 0201-1051, 

Traceability Identification and Detail Requirements for the S-II Stage, defines 

the specific parameters and characteristics to be traced in the items listed 
in MA 0201-1023. Specification MA 0201 -1050, Instructions to S-II Suppliers 

for Traceability Analysis, defines the methods by which the supplier shall 

evaluate traceability requirements for subunits as called for in the S&ID 
procurement specifications. The evaluation is made by an analysis of the 

failure modes of the design of the item. Release of these specifications 
provides S-II Reliability with the necessary controls over quality and trace­
ability, both in house and at the supplier level. 

Process specification MA 0201- 1021, S-II Reliability Saturn Airborne 
Equipment Operating Time Record List (issued during this reporting period), 
establishes the definitions, requirements� methods, and a-listing of operating 
time records for 122 airborne components and systems. 

In addition, the five reliability process specifications on Reliability 

program requirements, design review, general test requirements, failure 
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reporting, and failure mode analysis were revised to include the latest S-11 
Reliability program concepts. The application of these process specifica­
tions is based on the equipment criticality (so that, as an example, a 
criticality II item would have (1) major, application approval design reviews, 
(2) failure report, (3} failure analysis report, and (4) tests in accordance
with general test requirements).

FAILURE MODE ANALYSIS COMPUTER PROGRAM 

A computer technique for providing numerical relationships for failure 
mode analysis was developed to ev,Lluate the quantitative effect of eliminating 
or reducing component failure modes. The input to this program consists of 
ranked con1ponent failure modes, their effect upon the system, other 
sys terns and missions, and apportioned component values. The ;output is
made up of values for each failure mode for the comp-onent, subsystem, 
system, phase, and mission. Differentials are relative, quantitative values 
of particular configurations resulting from the elimination or alteration of 
component modes. The techniques are adaptable to a variety of system 
relationships. Presentations were made to NASA personnel, who are 
planning to utili2e the method in conjunction with development of the 
emergency detection system .for the Saturn V. 

OTHER COMPUTER PROGRAMS 

The computer programs listed below were developed specifically for 
the Saturn S-11 program. They are mathematically derived programs and 
are designed to expedite the handling and retrieval of data by the use of 
automation. These S-Il-oriented programs supplement the basic S&ID 
computer program file: 

1. Equation writing

2. Apportionment evaluation

3. Prediction determination

4. Hazard function

5. Nonpararnetric statistics

MATHEMATIC AL MODELS 

The over-all formulation of the mathematical model program was 
advanced during this reporting period. The apportionment, prediction, and 
assessment reports were published and/or revised during this time. The 
newest publication, the asses��ent report (SID 63-464), describes further 
the four levels of assessment and how they combine to form an over-all 
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assessment for the S-ll program. These four models are the confidence· 
level, control level, function evaluation, and operations evaluation. 

Further advances in Reliability mathematical techniques were made 
in the following areas: 

1. Airborne instrumentation equipment that is not flight-mission
oriented, but actually measurement-information oriented. For
this type of equipment, performance is the most important
requirement. A math model for performability was d�veloped

· to meet this need.

2. Ground support equipment (GSE). GSE is also divided into two
specific areas. The area that does not deal directly with
checkout of the stage has a requirement that is more
maintenance oriented than reliability oriented. This orientation,
termed "dependability", was mathematically expressed to meet
the requirements for quantitatively measuring this phase of
GSE operation.

PERT 

During this reporting period, the PERT reliability network, G. O. 7193, 
was revised to show major milestones in the following three areas: 
documentatio�, . design review, ·and confidence development. Of the total of 
2 50 events in the reliability network, 44 were completed. During the same 
period of time, 896 detailed reliability events were incorporated into the 
engineering, manufacturing, and testing PERT networks. 

IMPLEMENTATION LIST 

The Saturn S-II Reliability Plan Implementation Documents List 
(SID 63-55) was released. This report is a compilation of 426 documents 
for implementation and support of the Saturn S-II Reliability Plan (SID 
62-128). It is divided into five sections: program, procedures, specifica­
tions, studies, and miscellaneous.

RELIABILITY PLAN 

The Saturn S-II Reliability Plan was revised and updated to reflect the 
adjustments and developments in the Reliability program during this reporting 
period. Detailed within this updated document are the advancements that have 
been made in the areas of criticality category criterfa, statistical implemen­
tation of the Confidence Development Plan, the S-II Reliability Progress and 
Review board, and the expansion of the mechanical excellence program. Also 
included are the implementation plans for portions of the program which will 
phase at a later date with the development and testing of the S-II stage. This 
document was submitted to NASA for approval. 
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II. FACILITIIES

DOWNEY 

The major existing Saturn S-II facilities situated at the Do wney site are 
the cryogenic test facility, the Electromechanical Mock-Up, the antenna test 
range, and the slosh and vortex facility. Major programmed facilities at 
Downey include a pressurization systems development facility, a flight con­
trol simulator, and a data ground station. 

CRYOGENIC TEST FACILITY 

The cryogenic test facility (Figure 68) is used in the evaluation and 
study of S-II materials and components in controlled temperatures as low as 
-423 F. Various liquefied gases are empt"oyed to· create and maintain these
temperatures.
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Figure 68. Cryogenic Test Facility 

- 197 -
SID 63-1028-1 



/� 
NORTH AMERICAN AVIATION' INC. i, /�,,-✓. ( • SPACE and INPORMATION SYSTF.!\.18 DIVISION 

\..:.._':!:;,..,· 

The facility was completed on 19 April 1963; two days later, it was 
turned over to the engineering development laboratory (EDL). However, 
because of new �nctional requirements imposed upon the facility since 
coin.pletion by EDL, an alteration program is in progress. This program 
involves additional equipment and modification and is expected to be 
completed by mid September. 

ELECTROMECHANICAL MOCK-UP 

The Electromechanical Mock-Up (Figure 69) is a full-scale, develop­
mental mock-up of the Saturn S-II stage for use by both S-ll Engineering and 
S-II Manufacturing. It will be used to develop, evaluate, and functionally 
test the S-II stage systems. 
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Figure 69. Electromechanical Mock-Up 

The mock-up test area was completed on schedule and is in operation. 
Completion of the automatic check-out area and computer room is scheduled 
for 29 October 1963. 

ANTENNA TEST RANGE 

The purpose of the antenna test range (Figure 70i is to measure 
antenna radiation characteristics under enviromnental conditions using 
a scaled Saturn V vehicle. These characteristics will be obtained by 
transmitting appropriate frequencies to the Saturn V and recording the 
resulting signal strength. 

- 198 -
SID 63-1028-1 



/ . --� 

.,'r.♦:. ·-.:\ NORTH AMERICAN AVIATION. INC. . I 
\ \ , / 

. ,·: :.:/ 

SPA<.:Eand INFOR!sl,\TION S\'STl-::\1� 01'\'ISION 

Figure 70. Antenna Test Range 

The antenna test range, completed in January 1963, is operating in a 
satisfactory manner. 

SLOSH AND VORTEX FACILITY 

The slosh and vortex facility (Figure 71) is a unit designed for the study 
and measurement of the effects of liquid oxygen movement in the LOX tank 
of the S-II stage during flight. 
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Figure 71. Slosh and Vortex Facility 
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The slosh and vortex facility was completed in February 1963 and 
activated at that time. It is operating in a satisfactory manner. 

PRESSURIZATION SYSTEMS DEVELOPMENT FACILITY 

The pressurization systems development facility will furnish a 
pneumatic sy.stem for the evaluation of the S-II propellant pressurization 
systems, subsystems, and components. It will consist of one new building 
and test equipment. 

Design criteria for the pressurization systems development facility 
were issued on 18 January_ 1963; architectu·ral and e·ngineering (A&E) design 
was started on 23 Aprii 1963. · Originally, the facility was to b:e built 
adjacent to the cryogenic test facility, but because construction could not 
be programmed simultaneously with cryogenic testing, fr was decided that 
the pressurization systems development facility would be relocated to a site 
.approximately 100 feet north of the cryogenic test building. 

A&E design, delayed because of this relocation, is to be completed 
by 30 August 1963. Construction of this facility is scheduled for completion 
in mid January 1 964. 

FLIGHT CONTROL SIMULATOR FACIL ITY 

The· flight control simulator will be used in the Saturn S-II program to­
develop engine actuation equipment and to check compliance of engine 
movement to programmed flights. The simulator will be used to establish 
operating and maintenance procedures and to improve reliability. 

A heavy ste.el framework mounted in a pit will support the simulated 
J -2 engine and the actuation equipment. This equipment will be connected 
to the simulated engine to simulate different flight conditions. 

Completion date for the flight control simulator facility is scheduled 
for 15 September 1963. Construction of the pit is expected to be completed 
on 23 August 1963, an� assembly of the simulator will start on that date. 

DATA GROUND STATION 

The data ground station will be used to reduce taped telernete r data 
received from propulsion systems development areas and from the flight 
test area at the Atlantic Missile Range. Most of the data received will be· 
transmitted by computer tape. 
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The equipment �ill include tape units, computers, printer-plotters, 
and associated equipment necessary for the data reduction system. 

Design of the data ground station is under way, and construction 
completion is scheduled for 5 February 1964. Engineering_and design 
criteria were established in early June 1963. 

SEAL BEACH 

Saturn S-II manufacturing facilities are being built at the Seal Beach 
site, a 35-acre area with 231,925 square feet (gross) of roofed facilities 
that include the following: bulkhead fabrication facility; vertical assembly­
hydrostatic test facility; pneumatic test, paint, and packaging facility; 
service building; structural static test facility; a:nd a control room and a 
gear and maintenance building that ar'"e integral parts of the structural static 
test facility. Aerial views of the Seal Beach site are shown in Figures 72 
and 7 3. 
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Figure 7 2. Seal Beach Site Construction 
as of 28 June 1963 
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Figure 7 3. Seal Beach Site Construction 
as of 28 June 1963 

Other features, which occupy 364,911 square feet (gros-s), include the 

following: water conditioning plant, electrical substations, helistop, 
employee parking area, outside runways and a dike area at the structural 

static teat tower, and crane rails in the vertical assembly-hydrostatic test 

facility. 

Paved concourses connecting the buildings consist of a 6-inch base 

course and 2-inch asphalt concrete cover that total 190,000 square feet. 

A&E design is under the cognizance of S&ID, and construction is under 

the cognizance of the United States Navy. 

SITE PREPARATION 

Site preparation is 98 percent complete, the items remaining b;.eing 

base course and asphalt paving in areas where construction caused damage 
to the paving. 

The 12-kv main switchgear was completed and energized on 17 April 

1963. The south parking lot was completed on 16 March 1963. Underground 
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water, gas, telephone, fire water, and air utilities were provided on 
2 April 1963; and the sanitary sewer was completed on 24 April 1963. No 
major problems occurred during site preparation. 

BULKHEAD FABRICATION FACILITY 

The bulkhead fabrication facility (Figure 74) consists of a high bay area 
and a low-bay area. All bulkhead and cylinder welding, processing, testing, 
and bonding will be conducted in the high-bay area. The low-bay area 
supports the adhesive layup, honeycomb preparation, and metal testing. 

Figure 74. Bulkhead Fabrication Facility 

Construction of the bulkhead fabrication facility is 95 percent complete. 
S&ID occupied 80 percent of the facility as of the end of this report period. 

The United States Navy opened bids for the basic contract on 7 August 
1962, and construction started on 20 August 1962. Design for major modifi­
cations and additions to this facility, including subassembly and expansion 
of the processing phases, began on 5 October 1962. The first increment of 
this design package V:1 as placed under construction contract in December 1962. 

With the exception of a few minor field changes, prices have been 
negotiated with the builder for all current items under construction. 
Construction of this facility is scheduled for completion on 30 August 1963. 
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VERTICAL ASSEMBLY-HYDROSTATIC TEST FACILITY 

The vertical assembly-hydrostatic test facility (Figures 75 and 76) 
consists of two connected areas-the vertical assembly area and the hydro­
static test area. The vertical assembly area comprises four stations where 
the S-II stage will be assembled. During assembly,. components, and later, 
complete stages, will- be transferred to the two- station hydrostatic test area . 

..J 

.r., 
<".l 

I 
0 
.... 

CX) 
I 

w 
a:, 
LLl 

V, 

Figure 75. Hydrostatic Test Portion of Vertical 
Assembly-Hydrostatic Test Facility as of 

30 June 1963 

Figure 76. Vertical Assembly Portion of Vertical 
Assembly-Hydrostatic Test Facility as of 

· 30 June 1963
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Constructi.on of the vertical assembly-hydrostatic test facility is 
30 percent co1nplete. The structural steel framework is being erected, 
supporting members and bracing are being installed, and the reinforced 
concrete for the hydrostatic test facility is being poured. Completion of 
the facility is scheduled for 5 June 1964. 

The construction of this facility was divided into two phases due to 
funding constraints. Phase I consists of the construction of the foundation 
and procurement and installation of the cranes and hoists, substation, 
transfer table, and structural steel. 

Phase II covers the remaining work, which involves enclosing the 
building, heating, lighting, air conditioning, and other operating require­
ments. Phase I was scheduled for completion by 30 August 1963; it was 
started on 9 September 1962. 

The first scheduled occupancy date for the stage-handling dolly rails 
is 21 August 1963. 

PNEUMATIC TEST, PAINT, AND PACKAGING FACILITY 

The pneumatic test, paint, and packaging facility will be used for 
check-out of the S-II stage pressurization systems and for performance of 
leak and functional checks on the engine and propellant systems. Painting 
and packaging operations will be performed after systems checkout. 

In anticipation of early appropriation of construction funds, this 
!acility was scheduled as follows:

l. Design completion by 26 July 1963

2. Construction contract awarded by 1 October 1963

3. Construction completion by 1 April 1964

SER VICE BUILDING 

The service building (Figure 77), an administrative and laboratory 
testing facility, is scheduled for completion on 2 September 1963. Construe� 
tion was started on 1 March 1963 after a decision to provide facility funding 
for this building. The S&ID bids were returned unopened, and the project 
was rebid by the United States Navy. S&ID transmitted the drawings and 
specifications to the Navy on 2 January 1963. 
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Figure 77. Service Building Construction as of 
30 June 1963 

STRUCTURAL STATIC TEST FACILITY 

The structural static test facility will be used for simulation of flight 
stresses on the S-II stage. 

The gear and maintenance building portion (Figure 78) of this facility 
was completed on 9 April 1963; however, occupancy began on 1_9 February 

.1963. 
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Figure 78. Gear and Maintenance Building 
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Plans and speciiications for the tower po rtion of this facility are to be 
completed 31 July 1963, and construction is expected to begin on l October 
19�; it is to be completed about l April 196-L 

Plans and specifications for the foundation and dike portio n of this 
facility are scheduled for completion on 2 August 1963; construction is 
expected to commence about l October 1963 and to be cumpl eted about 
18 December 1963, 

It is planned that the tower portion oi this facility will be constructed 
under S&ID administration, but it is expected that construction administration 
will be transferred to the United States Navy by NASA. 

WATER CONDITIONING PLANT 

The final design of the water conditioning plant (Figure 79), which will 

provide dernineralizcd water, water for fire emergencies, cleaning sol ution, 

and purified air, �as transmrtted to the Navy on 29 March 1963. 
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Figure 79. Water Conditioning Plant Status as of 
30 June 1963 

Construction was started on 29 April 1963 and is scheduled for comple­
tion on 28 September 1963. Plant air and demineralized water are expected 

to be available on 27 August 1963. 

Construction of all underground work for the entire facility is virtually 
complete. Storage tanks and prefab building erection has been completed, and 

installation of above-grade piping and processing eguipment is underway. 
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SANT A SUSANA 

Static testing of the Saturn S-Il stage will be conducted in the Coca area 
of Air Force Plant No. 57, Chatsworth, California, in the Santa Susana 
Mountain range. This facility is scheduled to be ready for activation by mid 
November 1963. Construction of the firing facility is being accomplished in 
five major projects because of the short over-all schedule for construction 
at:1d activation of the facility. Aerial views of the Santa Susana site are shown 
in Figures 80 and 81. 

Figure 80. Aerial View of Coca 1 Construction 
as of 24 June 1963 

Figure 81. Aerial View of Coca l (foreground) and 

Coca 4 Construction as of 30 June 1963 
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The Rocketdyne Division of NAA has beeR assigned the responsibility for 
the coordination of design, construction, and activation of the facility because 
it is the contractor-operator of Air Force Plant No. 57. Rocketdyne performs 
its services under the direction and requircme_nts of the S&.ID Division S-II 
program oifice. The five major projects are as follows: 

l. Battleship Test Stand

2. All-Systems Test Stand

3. Propellant and Pressurant Storage and Transfer System.s

4. Electrical and Instrumentation Systems

5. Area Services

Design has been completed on all of these iten,s, and construction contracts 
have been awarded. Immediately upon co1npletion of construction, NAA per­
sonnel will start activation effort and installation of GSE in support of the 
8 June 1964 Battleship firing date. 

� BATTLESHIP TEST STAND COCA NO. 

The Battleship test stand (Figure 82) and its associated facilities are 
being constructed to provide ior the checkout and testing of complete systems 
and for the developmental test firing of the J-2 engine cluster. Full duration 
and intermediate firings.of the five-engine cluster will be conducted on this 
stand. 

Figure 82. Closeup of Coca 1 (Battleship Test Stand) 
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Construction of the concrete base of the Battleship test stand was com­
pleted 14 June 1963. The contract for the work was awarded to Oberg Con-

struction Company, and construction began on 28 December 1962. 

The· contract for design, fabrication, and installation of the Battleship 
vessel was awarded to Pittsburgh-Des Moines Steel Company, and construc­
tion is approximately 50 percent comi:1'.fete. Construction was started on 
14 August 1962 and is scheduled for completion on 24 September 1963. 

Construction of the steel work for the test stand, awarded to the Kaiser 
Steel Company, is approximately 20 percent complete. Construction was 
started on 28 April 1963 and is scheduled for completion on 15 November 
1963. 

ALL-SYSTEMS TEST ST AND COCA NO. 4 

The All-Systems testing firing stand (Figure 83) is being constructed 
for the developmental and flight acceptance test firing of the complete 
Saturn S-II flight-weight stage. Automatic checkout and testing of all 
Saturn S-11 systems will be, performed on this stand. The test will verify the 
initial performance and the applicability of the Battleship test results to the 
flight-weight vehicle. 

Figure 83. Closeup of Coca 
(All-Systems Test Stand) 
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Construction of tht� concrete base for the All-Systems test stand was 

scheduled fur completion on 7 August 1963. The contract for this work was 

awarded to the Oberg Construction Company on 28 December 1962.. 

Construction of the superstructure of the test stand is approximately 25 
percent complete and is scheduled for completion by 15 November 1963. Th.e 
contract for this work was awaraed to the Kaiser Steel Company on 28 April 

' , 

196 3. 

PROPELLANT AND PRESSURANT STORAGE AND TRANSFER SYSTEMS 

Complete fluid distribution systems have been provided in the Coca area 

to transfer propellants and gas, as required, to the test stands. Each is 
designed as a centralized system to provide fluids to either the Battleship test 
stand or to the All-Systems test stand. 

Construction of the fluid transfer systems was awarded to the Alex 
Rober.tson Company, and construction began on 23 May 1963. Construction is 
approximately 20 percent complete and is scheduled for completion on 21 
November 1963. 

Figure 84 shows the status of the LH2 storage vessel and Figure 85 the 

status of the GHz recovery sphere. 

Figure 84. LHz Storage Vessel 
Construction as of 30 June 1963 
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ELECTRICAL AND INSTRUMENTATION SYSTEMS 

. The initial contract to modify the control center, which will house elec­

trical and instrumentation systems, was awarded in April 1963; and work was 
started on 27 April 1963. Enlargement and modification of structural work on 
the control center is nearly complete. The cable tumnel, interconnecting the 
control center, the existing tenninal house, and the: test stands at Coca 1 and 
Coca�, is complete. 

Completion. of the control center and the power and instrumentation 
cables for the Battleship tests is scheduled for June: 1964 and for the All­
Systems tests in April 1965. 

AREA SERVICES 

The first contract for Coca area services was awarded 14 September 

1962, and work was started on 17 September 1962. 

Water piping for fire control has been installed at the test stands, and 
the contract for an additional water storage vessel has been awarded. 

Construction of the new pretest building and south observation bunker is 
well advanced, and work is unqerway on the spillway, the holding pond, and 
the over flow channei, all of which are required to accommodate the huge water 
run-off from the flame deflectors. 
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Ill. MANUFACTURING 

QUARTER-SCALE TEST TANK 

The Saturn S-Il Manufacturing department has completed one quarter­
scale test tank, a nondeliverable item, in support of Engineering testing 
requirements. This test tank was completed late in May 1963 and delivered 
to Beech Aircraft Corporation at their Boulder, Colorado facility, where it 
is being subjected to extensive testing. The purpose of this project is to 
determine the best method of insulating the LHz tank of the S-ll stage. 

Another quarter-scale test tank, made from different materials by different 
techniques, will be completed late this year. Figure 86 shows the quarter­
scale test tank at Beech Aircraft test facilities in Boulder, Colorado. 
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Figure 86. Quarter-Scale Test Tank at Beech 

Aircraft Test Facilities 
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TEST MODEL BULKHEADS 

The 55-inch test model bulkhead program was also supported by S-II 
Manufacturing. This project is intended to verify the reliability of the 
existing design concepts for the common bulkhead. Manufacturing supported 
this undertaking by fabricating tooling that facilitates the bonding of the two 
facing sheets that compose each bulkhead. Manufacturing was also 
responsible for the actual bonding of these bulkheads. Four hemispherical 
and twelve ellipsoidal structures will be fabricated. As of 30 June, 
Manufacturing had completed nine of these bulkheads for evaluation by 
Engineering Development Laboratory personnel. Figures 16 and 87 show 
the ellipsoidal and hemispherical bulkheads respectively. 
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Figure 87. 55-Inch Hemispherical Test Bulkhead 

SCALE MODELS 

Six scale models of the S-II stage were completed by S-II Manufacturing 
and shipped to NASA at Huntsville, Alabama. These completions included 
three forty-eighth, two tenth-, and one twentieth-scale model. Figures 88, 
89, and 90 show the twentieth-scale, tenth-scale, and forty-eighth scale 
models respectively. 
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Figure 89. Tenth-Scale 

Stage Model 
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Figure 88. Twentieth-Scale 

Stage Model 

Figure 90. Forty-Eighth Scale 

Stage Model 
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E NGINE ACTUATION SYSTE M 

,The first preproduction hydraulic engine .:.actuation system was com­
pl,eted, approved by NASA, and delivered to Huntsville on 15 June· as 
contractually committed. It was shipped unassembled at NASA's request. 
Certain MC fittings that were unavailable at the time were shipped several 
days later. Figure 91 shows the preproduction engine actuation system. 

Figure 91. Preproduction Engine Actuation System 

ELECTROMECHANICAL MOCK-UP 

The facility for this mock-up was made available to S-II Manufacturing 
on 3 June 1963, and structures installation was begun immediately. By 
30 June this installation was virtually complete, and two soft mock-up J -2 
engines were installed. Manufacturing will now begin installation of dummy 
mock-up systems that will be replaced by flight-weight hardware as it is made 
available. 

The Electromechanical Mock-Up will be used for conducting S-II stage 
systems integration, as well as for providing a controlled mock-up tool for 
S-II Manufacturing and Engineering. It will also provide a ground support
equipment (GSE) automatic checkout actuation center.

- 216 -
SID 63 -1028-1 



NORTH AMERICAN AVIATION, INC. ,.\ 
' . ' ' 
I ! 

r j 

\ ·. 
- .. / 

...... _ ,  ... .,..-

SPACE Kn<..l 1:-.;FOHMATIO:-.; SYSTEMS 01...-1,-;JuN 

DEL1VERABLE MOCK-UP 

This mock-up consists of two structures representing the forward area 
and the tail area of the S-11 stage. These structures will be used by the 
S-IVB and the S-IC con.tractors to ensure accurate mating and clearance of
the stages. The structure for the forward area of this mock-up will be full
size and will consist of an alu1ninu1n-skin forward skirt, a fiberglass dorne
representing the forward bulkhead, wood or fiberglass instrumentation pack­
ages, and conventional materials for systems installation. The tail-area
structure will consist of a short portion of the aft interstage, which will
extend 74 inches above the mating plane. An engine support structure, 53
inches high and constructed of steel channel, will be attached to the aft

interstage and will hol<l five broomstick-typ<' E'ngines. The C<'ntcr engin<· 
,,ill be fixed in place, ,vhile the four outer engines ,,ill be c..apable oi manual 
gimhaling. These cngirn:.:s will be made oi stc:d pipt· and plate. 

Th<:· scheduled manufacturing cornpletion date tor both strudUI't'S is 
30 September 1963, in a cc:or<lancl' with thv contractual dcl.te of 30 October 
for delivery to MSFC. As oi 30 June•, the tail-ar<.'a portion oi this moc·k-up 
,vas approximately one month b�'hin<l sche<lulv as a result oi a latL' tool com­
pletion and CE,:rtain inspection procedures. Th(' forward.a rca portion oi this 
mock-up is on s<...ht·<lull' an<l is progressing satisfactorily. 

Since 30 June, ·a ne-arly complete catch-back effort has been accom­
plished on the tail-area structure. Both secti.ons are now expected to be 
completed and delivered on schedule. Figure 92 shows the tail-area of the 
deliverable mock-up (right} and the upper-transitional section of it (left}. 

Figure 92. Deliverable Mock- Up, Tail Section Area 
(Right) and Upper-Transitional Section (Left) 
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SEPARATION PLANE TES T HARDWARE 

S-11 Manufacturing, in support of S-Il Engineering testing requirements,
has completed the separation plane �tructures and nine additional sets oi 

splice plates for the S-11 full-scale separation test. 'The structures repre­
sent two sccti9ns, each approximately 18 inches high. As of 30 June, this 
test article was slightly behind schedule as a result of material shortages. 
However, these shortages have been ov1..

ircome, and the structures and
splice plates have been delivered to the test site in accordan1..:e \X..ith internal 

Manufacturing schedules. 

BATTLESHIP 

The Battleship test stage is be constructed at the Propulsion Field 
Laboratory at Santa Susana by an outside contractor. S-II Manufacturing is 
primarily responsible for the fabrication of a mock-up forv:.:ard skirt and 

work platform. A special thrust structure, being built by the Los Angeles 

Division ( LAD), will be shipped di re.ctly to Santa Susana. S- Il Manufacturing 

is also responsible for the fabrication of simulated systems, which will be 
installed in the test stage by.the Test and Operations department. All four
general systems categories, instrumentation, propulsion, electrical, and 

flight control, arc represented by these simulated systems. While many of 
these systems were in work at a detail fabrication level as of 30 June 1963, 
most of the effort expended has bee!). at an engineering level. 

STATIC TEST ST AGE 

The Static test stage will consist of a structurally complete S-11 stage, 
including tanks, bulkheads, thrust structure, and aft interstage. Engines will 
not be required, but engine support structure will be installed in the Seal 

Beach static-test facility with test support and loading fixtures to simulate 

the position of th� S-IC and S-IVB stages. 

The major manufacturing effort for the Saturn �-II program was accom­

plished at the Seal Beach and Tulsa Facilities of S&.ID. Certain bulkhead 

tooling and production bulkhead details were accomplished by the Los Angeles 

Division. Tulsa is responsible for the fabrication of details and subassein­
blies for the thrust structure, and aft skirt, aft interstage, systems tunnel, 

and LOX-tank baffles. Subassembly of the tank structures, vehicle assembly, 
installations, checkout, and final shipment will be do.ne at Sea.l Beach. 
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Tulsa effort for the year ending 30 Jurie 1963 has been in the area of 
fabricating the necessary tooling, details, and subassemblies for the pre­
viously mentioned structures. The first structural item to be shipped from 
the Tulsa facility will be the thrust structure subassembly, which is 
scheduled t'o be delivered to .Seal Beach on 25 October 1963 to support the 
assembly requirements for the Static Test stage. 

As of 30 June, only initial effort had been completed ·at St··al Beach. 
The first gore segments for the aft common bulkhead of the Static test stage 
had been subassembled and minimum manufacturing schedules were being 
supported. 

LAD is primarily responsible for the fabrication of bulkhead details and 
three of the six LH2 cylinders. As of 30 June, seven bu�khead components
had been fabricated at LAD, approved by NASA, and shipped to Seal Beach 
for subassembly. 

Progress in the area of bulkhead components since 30 June has indicated 
that bulkhead assembly dates can be ,met by means of special parts handling
and minimum flov-.: time. 'The first stage (Static Test) is expected to be com­
pleted on s1:hedule. 

· TOOLING

A sizeable portion of the S-ll manufacturing effort has been in the area 
of tooling. Much effort and time have been expended on the high-energy 
forming dies and automatic weld jigs for the S-11 bulkhead details an<l assem­
blies. The responsibility for the fabrication of these types of tooling involved 
S& 10, LAD, and Rocketdyne. 

HIGH-ENERGY FORMING DIES 

Originally, responsibility for the fabrication of the high-energy forming 
dies and the forming of parts by this method was delegated to Rockctdyne. 
The dies were being fabricated by the L.A. Division, and the fo•rming was 
being done at El Toro. Scheduling and fabrication difficulties necessitated 
the activation of alternative forming procedures. The first alternative, 
hydropress forming, was dropped, primarily because a representative 
number of bidders with adequate· equipment could not be found. The second 
alte.rnate, bump forming, was dropped after initial efforts by the subcontrac­
tor. Parts formed by this method were so far out of tolerance that even if 
they had been fui::ther formed by means of creep sizing, they would not be 
usa.ble a.s production parts. 
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In the meantime, extensive testing had been completed in the area of 
creep sizing by use of glass-rock dies. Encouraging results were obtained 
from these tests. Until bump forming was determined to be unsuitable for 
this program, creep sizing was being developed for use as a complement to 
bump forming for certain gore segments. 

In order to alleviate the n<.!ar-critical production schedule position that 
was developing as these alternate forming methods were being researched, 
Project King Size was initiated. This projc.::t consists basically of the fab­
rication of glass-rock dies upon which aluminum bulkhead components are 
formed from il.at material by means oi high-heat-age and quick-quench cycle. 

This method is still bdng developed as a future alternative and is also 
being used to produce check fixtures for formed parts. 

Responsibility for high-energy forming was transferred to LAD, where 
better facilities and more manpower wPre available. This division very 
successfully carried on the high-energy forming program. By using data 
gathered from Rocketdyne's experiences, LAD completed the fabrication of 
the dil:S, ovt!rsaw their installation, and accomplished the forming of the first 
acceptable production gore segments on 7 June 1963. Figure 9 3 shows a 
high-energy forming die_. 
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Figure 93. High-Energy Forming Die 
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AUTOMATIC WELDERS 

jigs: 

Another major tooling effort has been the fabrication of automatic weld 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

T7200052 

T7200003 

T7200181 

T7200002 

T7200077 

T7200120 

T7200015 
T7200040 

T7200001 

T7200515 

T7200039 

T7200040 

T7200041 

T7200015 

Segment welder for aft-common and aft bulkhead 
gore sections 

Assembly welder fo·r the gores composing the aft 
common and aft bulkheads 

Segment welder for the forward common bulkhead 
thin gore sections and J sections 

Assembly welder for the forward common bulkhead 
components 

Dome center (dollar) welder for joining all 
assembled gores at bulkhead centers 

Assembly welder for forward bulkhead gores 

Circumferential welder for joining the aft and 
common bulkheads; also w·elds forward common 
bulkhead to Number 6 cylinder and Number 6 
cylinder to Number 5 cylinder 

Vertical welder for joining LH2 cylinder panels

Support 

Skate 

Welder 

Trim skate 

Support fixture 

Circumferential welder for joining LH
2 

cylinders in 
vertical assembly sequence 

As of 30 June 1963, the first five of these welders had been completed. 
The first welder had been certified and was in production. Two aft common 
bulkhead gores had been subassembled. The other four welders were in 
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various stages of installation, certification, and rework. Figur·es 94, 95, 
and 96 sho,w the aft common bulkhead welder, the dome center welder, and
the thick-to-thin gore segment welder. 
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Figure 94. Aft Corn.mon Bulkhead Welder 

Figure 95. Dome Center Welder 
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Figure 96. T�ick-to-Thin Gore Segment Welder 

GROUND SUPPORT EQUIPMENT 

All Manufactu_ring effort on the GSE program _has been at the detail 
fabrication level. This apparent lag has been caused by the many redirec­
tions (engineering design changes) from Phase I reviews. These have 
greatly affected the Engineering drawing release schedules, which in turn 
have caused continuous Manufacturing schedule revisions. During the month 
of June, schedule exercises were performed on all GSE checkout equipment 
in an attempt to determine a realistic Manufacturing schedule that would be 
supported by the Engineering design. The results of these scheduled exer­
cises indicated that the '1.00 percent delivery of GSE to the EMM would shift 
fr.om December 1963 to March 1964. 

The first EMM checkout equipment to be delivered, model C7 -106, is 
scheduled for completion 29 November 1963. 

Auxiliary, handling, and servicing items are being fabricated princi­
pally at Rocketdyne and Tulsa. Much of this equipment has been deleted, at 
customer request, or reidentificd as special development devices. 

Two pieces of GSE-the.H:7-20, simulator, engine actuator, and the 
A 7-14, illumination set-were completed at Tulsa and delivered to Downey 
on schedule. 
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IV. QUALITY CONTROL

PROCUREMENT 

Quality Control specification MQ0802-001, General Requirements for 
Supplier's Quality Control System, was approved by NASA and implemented 
on the Saturn S-II program. 

The supplier survey questionnaire form (902-V) was completely 
revi sed. The questionnaire now has 12 sections that contain questions 
relevant to the following major Quality Control functions: 

Organization 

Stamp control 

Drawings, specifications, and standards 

Tool and gauge control 

Material review 

Proces.sing control 

Receiving and shipping 

Age control 

Stockrooms 

Shop control 

Corrective action 

Supplier controls 

The supplier survey rating system was revised. Suppliers are now 
given one of the following ratings: 

Approval 

- 225 -

SID 63-1028-1 



NORTH AMER I CAN AV I A Tl ON. I NC. (I) SPACE •nd •NFORMAT,oN SYSTEMS D,v,S>ON 

Conditional approval 

Limited approval 

Disapproval 

Suppliers receiving a rating of conditional approval a·re required to correct 
deficiencies within a specified time period should they be awarded a contract. 

The requirement for purchase order review prior to release was 
implemented by the release of policy J -417, Quality Assurance Purchase 
Order Review. 

Inspection bulletin No. l B 6-15, defining quality requirements for the 
interdivision work authorization system, was developed, approved by Quality 
Control and NASA, and released. 

On 15 June 1963, the Los Angeles Division {LAD) submitted their 
quality control plan covering the fabrication oi bulkhead gore segments. This 
plan incorporatetl comments furnished previously by S&ID Quality Control and 
was approved as submitted. The LAD quality control plan relating _to the 
design and fabrication of the Battleship thrust structure was also submitted 
and approved by S-II Quality Control. 

MANUFACTURING 

The following major items were accepted by S&ID and NASA Quality 
Control and were delivered during this reporting period. 

Item 

Forty-eighth- and tenth-scale models 

Twentieth-scale soft model of the S-II stage 

Tenth-scale diorama model 

Two forty-eighth-scale models 

Quarter-scale test tank 

Date 

l O October 1962

1 February 1963 

14 May 1963 

11 June 1963 

11 June 1963 

The Seal Beach Facilities Inspection Plan was released as bulletin 3-5 
on 28 June 1963. First-shift operations at Seal Beach, consisting of common 
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bulkhead fabrication with radiographic-inspection support from Quality Con­
trol, began 11 June 1963. The first production thick-to-thin gore section 
was welded, and radiographic inspection w.as performed. Very good results 
were obtained. One repair was necessary for oxide inclusions; otherwise the 
weld wa::; radiographically acceptable. 

Automatic weld jigs T7200052 and T7200181 for the thick-to-thin gore 
skin weld were certified at Seal Beach. 

As of this reporting period, seven production gore assemblies have 
been welded, and approximately fifteen NCR' s have been initiated. Satis­
factory resolution of these discrepancies and initiation of appropriate 
corrective action are being accomplished. 

ELECTROMECHANICAL MOCK�UP (EMM) 

The very rigid reliability requirements and the small number of stages 
to be produced in the Saturn S-II program made it imperative that Quality 
Conti-:ol take action to assure that the first article manufactured would comply 
with all requirements when installed in the initial end item. Quality Control 
personnel hav.e therefore written procedures to be followed for EMM activ­
ities. These procedures are designed to control the EMM from the first 
lay-in of wiring and tubing through all steps of manufacturing. 

REVIEW FUNCTIONS 

SPECIFICATION RE.VIEW 

Twenty -one general quality control specifications were issued or 
revised during this reporting period. These revisions were incorporated to 
clarify the specific.ations and to keep abreast of the requirements necessary 
to ensure quality and customer requirements. The specifications are con­
stantly updated by means of intense coordination with all responsible person­
nel. Examples of this can be cited in MQ 0503- 002 Identification and 
Traceability R

t;
quirements for Suppliers (irevision), dated 22 April 1963, and 

MQ 0802-00l A General Requirements for Suppliers Quality Control System 
(revision), scheduled for release in the immediate future. 

A document entitled Guide and Instruictions for Review of Procurement 
Specifications by Quality E

_n
gineers has been developed. It is to be used to 

obtain correlated results and provide systematic records of procurement 
specification reviews. Use of the guide helps the reviewer to ensure ,that 
each specification meets the high standards required by Quality Assurance 
and the customer. 
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A check list is used by Quality Engineering in reviewing procurement 
specifications and becomes a part of the documentation files. 

During this reporting period, the following documents were reviewed: 

24 supplier documents 

191 procurement specifications (prior to release) 

283 specification control drawings (prior to release) 

Acceptance test requirements were developed for 349 procurement documents. 

DESIGN REVIEW 

Quality Control has participated in design review since the beginning of 
the S-II program by reviewing the design of the stage, ground support equip­
ment, and facility equipment. Quality Control engineers also provide support 
to the Reliability design review program. 

Typical Quality Control action items resulting from the S-II design 
review program are as follows. 

Aft Skirt Structure - Major Review 

Inspection Planning has been requested to provide stringent im,pection 
of the entire aft skirt/aft interstage mating area at Station 196. 

Thrust Structure - Major Review 

Quality Control proposed that detail dimensions be added to structural 
parts drawings to permit adequate product inspection. 

C7-200 Electrical Checkout Station - Preliminary Review 

Quality Control and Logistics collaborated in preparing and documenting 
the procedure for utilizing the ac and de standards provided in this equipment 
for calibration of measurement devices. 

Linear Spaced Charge (LSC) Separation Assembly - Preliminary Review 

Quality Control recommended that rejection criteria be added to the 
material specification for the LSC. 

Propellant Fill Valve - Major Review 

Quality Control investigated the acceptability, from an inspection as 
well as a functional standpoint, of the installed check valves on this assembly. 
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INSPECTION PLANNING 

Since the award of the Saturn S-II contract, S&ID has completely 
revised its inspection-planning system to conform with the requirements of 
NASA quality publication NPC 200-2. Inspection activity on all items is now 
documented in the fabrication, assembly, and inspection record (FAIR). The 
FAIR ·record includes operations to be performed by Manufacturing and Qual­
ity Control, thus providing a closer relationship between these departments. 

The inspection test effort required for flight articles is described in 
Volume II of the Saturn S-II Quality Control Plan, SID 62-285. The require­
ments in the Quality Control Plan are expanded on the FAIR ticket to show 
detailed operations. The FAIR ticket is the authorizing document for all 
manufactured items. 

The working relationship between S&ID Inspection and NASA-0 
Inspection has been defined through negotiations between the two organizations. 
In accordance with contract provisions, inspection is conducted by NASA 
continuously throughout the program. Certain inspection points are con­
sidered.mandatory by NASA-0. When fabrication and assembly operations 
are completed up to such a point, NASA-0 inspection is performed. 

Plans have been made to establish the criteria for inspection control 
and the recording of variable data in the project equipment installation 
records (PEIR) system. This system ·.vill be used to document the construc­
tion of facilities, the installation of plant equipment, and the fabrication and 
installation of project equipment for the Seal Beach and Santa Susana facilities. 

DOCUMENTATION 

QUALITY CONTROL PLANS 

Preliminary editions of volumes I and II of the Saturn S-II Quality 
Control Plan were issued on 21 May 1962. Volume I describes the organiza­
tion and functional responsibilities within the Test and Quality Assurance 
department. Selected Quality Control operating procedures (QCOP's) from 
the S&ID Test and Quality Assurance Manual (TQAM) and pertinent specifica­
tions were included in order to better describe Quality Control in the areas 
of procurement, product inspection, inspection planning, design review, test 
operations, process control, and audits. Volume II presents Quality Control 
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requirements by relating inspection control points to flow charts of 
manufac�ring operations. 

A revision of Volume I of the Quality Control Plan was issued on 
30 October 1962; a revision of Volume II was released on 31 December 1962. 
These revisions updated the documents to show the evolution of S&ID's Test 
and Quality Assurance department organization and functional responsibilities, 
including program changes and the quality control requirements for the 
Saturn S-II program. 

The Saturn S-II Quality Control Plan is again being revised to include 
the latest changes in organization, methods, procedures, and functional 
responsibilities in the Quality Control program. 

REPORTING 

Sixteen issues of the Monthly' Quality Status Report (SID 62-446) and 
five issues of the Quarterly Summary of Quality Control Performance Audits 
(SID 62-555) have been submitted to NASA-MSFC. These reports provide 
current information on Saturn S-II quality progress and reflect the current 
status of product quality. 

NONCONFORMANCE REPORTING 

Discrepant material dispositions were used for material review board 
(MRB) dispositions until late October 1962. At that time, a new system of 
handling MRB actions by utilizing the non.conformance reports (NCR I s) in 
conjunction with S-II material review procedure M2-4. l.  1, was initiated. 
This system conforms to the requirements of NASA quality publication 
NPC 200-2, section 8, "Nonconforming Material." The NCR activity since 
October 1, 1962 has been as follows: 

Month Quantity of NCR 's 

October 2 

November 0 

December 0 

_January 2 

February 0 

March 15 

April 28 
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Month 

May 

June 

Quantity of NCR I s 

38 

66 

Total 151 

The following significant corrective actions have result from NCR 
activity. 

Changes were made in the drawings of Parker Aircraft Company's 
barrel assembly-accumulator, part No. S62A3092. A sharp radius on the 
unit, which was causing the plating to chip, was widened. 

Corrective action requests were initiated in. order to resolve a conflict 
of acceptance criteria for heat marks between process specification 
MAO 113-002 and material specification MBOl 30-002. The conflict between 
these specifications, which are used for the manufacture and inspection of 
printed-circuit boards, made acceptance criteria ambiguous. 

Gore section V?-313105 was cold formed after heat treatment. Cold 
forming is not required for proper contour on FAIR tickets. A corrective 
action request was directed to Engineering for an investigation of the condi­
tion. The Engineering Development Laboratory was requested to perform an 
analysis, in coordination with the Quality Engineering Laborato:r:y, of the 
properties of this material on assembly and to determine whether the cold­
forming o_p::!ration must be performed. Action is expected to be completed by 
1 September 1963. 

A canning condition appeared in panel V 7-313111-3 after it had been 
welded to panel 313108-5 to become gore-segment assembly V?-313105. 
This condition was submitted to Quality Engineering Laboratory for investi­
gation. It was found that the vacuum chuck for holding the assembly in the 
weld jig did not function with vacuum pressure over its complete area (the 
tool is now being reworked). Tests were made on two paneis by using this 
tool, sealed with tape, and a manometer adapted to a vacuum pump with a 
hand-operated valve to regulate vacuum on selection. 

The fixture was installed on the first panel just fo"tward of the horizontal 
weld, and vacuum was applied. The canning began to diminish at app_roxi­
mately 4-1/ 2 to 5 psi and was completely removed at 8 to 9 psi. Vac.uum was 
applied and released several times, and conditions seemed to be constant. 
The second panel was then checked in the same manner; the canning began to 
diminish at I. 5 to 2 psi and was completely removed at 4. 5 to 5 psi. This 
information has been transmitted to Engineering for comments and/ or action. 

231 
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QUALITY CONTROL PERFORMANCE AUDITS 

During this reporting period, 345 audits were condu�ted. Following are 
the numbers of audits conducted in each category and the improvements 
effected as a direct.result of the audit effort. 

Audit 

Procedure Review 106 

Product 33 

Conformance to Procedures 135 

Personnel Performance 71 

Improvement 

14 percent Improved coverage 

7 percent Improvement in product 
inspection 

20 percent Improvement in 
conformance 

13 percent Improved job knowledge 

QUALITY ENGINEERING LABORATORY ACTIVITY 

ATMOSPHERIC CORROSION TES TS 

Atmospheric-corrosion tests of aluminum-alloy panels were conducted 
at the Seal Beach facility. The test panels were exposed outdoors at an angle 
of 15 degrees from the horizontal, facing the prevailing sea breezes. The 
panels were examined after one week of exposure.· Aluminum alloys 2014, 
2024, 7075 bare, and 2024 clad, cleaned as directed in specification 
MAO! 10-011 but without protective coatings, showed evidence of corrosion. 
Aluminum alloy 6061 bare, prepared similarly, did not show corrosion. All 
of these alloys, without protective coatings, corroded when processed 
according to specification MA0l l0-024 (FPL etch), Table TT. There was no 
apparent corrosion of alloys protected with chemical films as described in 
specification MA0109-003 or of panels which were anodized per specification 
MA0109-009. There was one exception: the 7075 bare panel coated with the 
colorless chemical film was slightly corroded. The exposure testing is being 
continued in order to determine corrosion rates at Seal Beach. 

METALLOGRAPHIC MICROSCOPE 

A Leitz MM5 mctallograph was set up in the laboratory-area of 
Building 4 on 13 May 1963. This instrument will be used for extensive work 
in such areas as materials acceptance testing, process control of 1netals, 
electrical connections, circuit boards, and failure analysis, and in a variety 
of Quality Control investigations. 
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PREPRODUCTION HYDRAULIC ACTUATION UNIT 

The Quality Engineering Laboratory provided extensive supJ.X)rt for 
manufacturing build-up of the first preproduction Saturn hydraulic actuation 
unit. More than 400 parts were acceptance tested for cleanliness by per­
f�rming hydraulic fluid counts. Many of the parts were cleaned four or five 
times before they met the necessary cleanliness levels. Over 50 percent of 
the parts submitted for inspection required final cleaning by laboratory 
personnel. 

INFRARED THERMOGRAPHY 

A demonstration of the Barnes heat-sensitive infrared camera was 
conducted in the nondestructive testing laboratory on 18 June 1963. Bonded 
honeycomb structures and a circuit board were used as test parts. 

The thermal image is formed by this camera on a Polaroid Land picture 
material so that a finished print or transparency is available 10 seconds after 
a scanning cycle. Further evaluation studies of this equipment are being 
conducted. 

OPTICAL PYR'OMETER CALIBRATION SYSTEM 

An electrical circuit has been designed to control the brightness of the 

tungsten-strip lamps of the optical-pyrometer calibration system. Tempera­
ture standards laboratory personnel _have designed and tested, and are now
building, special liquid-cooled resistors. These resistors meet the high 
precision requirements of the optical-pyrometer calibration system. 

ULTRASONIC TECHNIQUES 

Laboratory personnel gave a demonstration of ultrasonic techniques and 
method� for members of S-II Engineering, the Engineering Development 
Laboratory, and resident NASA-QUAL representatives. The demonstrations 
included use of the Fokker bond tester; Kelvin-Hughes, Pulse-Echo, and 
through-transmission systems; and the Sonafax recording system. Panels 
representing the Saturn bonded structures were used to indicate how these 
instruments operate. 

FLUORESCENT-PENETRANTINSPEGTION 

A full-size S-II bulkhead gore section has been fluorescent-penetrant 
inspected by members of the nondestructive testing group. The penetrant 
and emulsifier were applied by the use of airless spray equipment operated 
at a line pressure of 100 psi. A 0. 062 spray-tip orifice was used to apply 
both.materials (Shannon P-148 fluorescent penetrant and E-153 emulsifier}. 
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Approximately one quart of penetrant and one-half gallon of emulsifier were 

used on each side of the gore. Final inspection ,under black light revealed 

no detrimental discontinuities. 

EDDY-CURRENT DEFECTOMETER 

After various eddy-current defcctometer models were evaluated, 

Model 2154 was purchased from the Institute Dr. Forster, Reutlinger, West 

Germany. It is being used in the Quality Control Laboratory to establish 

standards for the inspection of Saturn S-II LOX-wetted surfaces from test 
blocks with known crack depths. 

TUBE FLARES 

The Leonard flaring machine in the Quality Engineering Lo.boratory has 

now been sem;au�omated an<l is in the process of proving repeatability. An 

improved method of cutting and deburring has been devel(Jped. 

TRAINING AND CERTIFICATION 

The number of Quality Control personnel holding valid certificates (for 

all programs) in the various areas of inspection is adequate for the current 
manufacturing rates. The number· of personnel is as follows: 

Course 

Soldering 

Visible dye penetrant, Type II, Class 3 

Fluorescent penetrant, Type I, Class 2 

Penestrip inspection, Class 4 

Ultrasonic, Types I and II

Magnetic particle, Classes 1 and 2 

Magnetic particle, Class 3 

Fusion welding 

Radiog·raphic film interpreters 
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120 

37 

9 

2 

5 

9 

2. 
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14 
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V. TRANSPORTATION

ROUTE CLEARANCES 

The modification plans for overland routes to be traveled by the seg­

rncnts and the All-Systems stage have required continuous monitoring. All 

of the governing municipalities assured S&ID that permits will be issued for 

both the Type I and Type II transporters. In June 1963, the Type II trans­
porter without the modular wheel concept was approved by NASA. 

The first requirement for the Type I transporter will be to transport 

the bulkhead test specimen from Seal Beach to Santa Susana via Port 

Hueneme, in March 1964. The overland routes will be cleared f_or the move 

and will be left open throughout the Saturn program. The second and third 

requirements will be the movement of the fit-up fixture in October 1964 and 

the movement of the All-Systems stage in January 1965. After completion 

of these movements, the Type I transporter will be returned to Seal Beach, 

where it will be used as an in-house transporter and as a back-up unit for. the 

flight stages destined for MTF and AMR. Figure 97 shows a model of the 

Type I transporter. 
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Figure 97. Type I Transporter 

- 235
SID 63-1028-1 



NORTH AMERiCAN AVIATION, INC. � SPACE•~ INFORMA'eo0N SYSTEMS 0>VIS>ON 

The route for the Type I trans porter has been established. At dock 
facilities, units ,vill be transferred by means of the roll-on and roll-off 
methods. 

The Type II transporter is less complex than the Type I and has 
heavier wheel and axle loadings; it will be used only between the Seal Beach 
manufacturing site, MTF, and AMR. 

All contracts for clearance of the overland route by the utility compan­
ies are being negotiated and will be written by .September 1963. 

The State of California Highway Department will have the primary 
responsibility for completing all road construction between Port Hueneme 
and Santa Susana, since most of the route is over State highways. The State 
oi California Engineering Department began work in April 1963, using 
criteria furnished by North American Aviation ior turning radius and wheel 
and axle loadings and spacing, to determine its requirements for modifica'­
tions. 

The Rocketdyne access-road clearance has been funded by North 
Arnerican Aviation, and modification will begin in September 196 3. Criteria 
for the necessary tree trimming have been formulated and arc being trans­
posed onto maps in order to expedite negotiations for the necessary permits. 
Tli.e actual work of trimming trees will require only two weeks and will be 
<lone just before the m·ove in order to avoid the necessity of trimming 
additional growth. All modifications will be completed by 31 December 1963. 

MATERIAL AND PARTS HANDLING 

The Traffic department, in conjunction with the Safety and Training 
departments, has conducted continuous training programs in material 
handling for NAA personnel. These training programs will be continued 
throughout the Saturn program to assure top-quality performance. The size, 
delicat(.' nature, and unique characteristics of the raw materials, tooling, and 
fixtures for the Saturn program require the utmost attention in preparation, 
handling, anc.l packaging. A weekly average of 15 oversized loads was 
handled between the S& ID facilities, North American support facilities, and 
suppliers. These units have been up to 18 feet high and 33 feet in diameter. 

ELECTROMECHANICAL MOCK-UP 

On 6 May 1963, the Electromechanical Mock-Up segments were moved 
from the manu facturing area, Building 1, Downey, to the south side of 
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Building 2, Downey. These segments were 16 feet high and 33 feet in 
diameter. The move was, completed as planned without any problems. S&ID 
Security, as well as Downey City police, escorted the loads and controlled 
the traffic on Imperial Highwa): and Clark Street. 

NEW METHODS OF TRANSPORTATION 

Extensive effort has been made in search of new methods and modes of 
transportation. The use of helicopters for transport has been reviewed, and 
it was founci that their lifting capacity was limited to 3000 pounds. The items 
to be lifted would also have to be small because of the sail that occurs when 
large units are attached to the outside of the helicopters. Clearance by the 
Federal Aeronautics Administration (FAA), a limited flight perimeter, and 
excessive operation costs also restrict the use of helicopters. S&ID is con­
ducting a survey of the possible use of helicopters for transporting gore 
segments that must r�rnain frozen during moves bet\veen manufacturing sites 
within the Los Angeles area. 

AIR TRANSPORTATION 

A conv·erted B-377 Stratocruiser, owned and operated by Aerospace 
Industries of Van Nuys, has undergone the required test flights and been 
approved by FAA. NASA has contracted for it to transport engines, GSE, 
·and spares in the Saturn program. Figure 98 shows the modified B-377
Stratocruiser, known as the "Pregnant Guppy. ''

AKD TEST RUN 

On 12 March 1963, a test run with the AKD "Point Barrow" was 
conducted between Seal Beach and Port Hueneme. The purpose oi this test 
was to check sea-keeping characteristics, tie-down equipment and facilities 
on board, vibrations on deck, position of the well deck relative to the dock 
when ballasted, winching ability, speed, and rework required for transporting 
Saturn units. A step-by-step schedule was drawn up for the operation, which 
began at 6 am and was completed by 6 pm. Visitors were present from NASA, 
Huntsville, NASA WOO, and Douglas Aircrait,. and the operation was coordi­
nated and conducted oy S&ID personnel. The operation went exactly as 
planned and produced the information sought. Figure 99 shows the AKD

"Point Barrow." Figure l 00 shows the stage simulator on the well deck of 
"Point Barrow." 
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Figure 98. Modified B- 377 Stratocruiser 

Figure 99. AKD "Point Barrow" 
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Figure l 00. Stage Simulator on Well Deck 
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VI. LOGISTICS

CUSTOMER TRAINING 

Thirteen 44-hour S-II familiarization courses, involving all areas of 
S-II technical instruction, have been presented; and seven other classes have
been offered in specialized categories, for a total of 20 separate courses.
The following statistics summarize this effort.

Instructor Student Total Number of Total 
Hours Hours Students 

NASA S&ID NASA S&ID 

560 E.517 4275 6792 67 192 259 

During this report period, three field trips were taken by instructor 
personnel, to Vandenberg AFB, Cape Canaveral, and Marshall Space Flight 
Center (MSFC}. At Cape Canaveral and MSFC, S-II technical briefi�gs were 
presented to 121 NASA personnel. 

The training plan portion of the Logistics Support Plan (SID 62-286) has 
been revised on two occasions to reflect current support concepts .. 

Training course materials, such as documentation, graphics, and other 
aids, have been continually revised and expanded to remain current with S-II 
engineering and program development. 

MODIFICATION AND REPAIR 

Section VI oi the Logistics Support Plan (SID 62-286) was revised to 
include the detailed procedures for controlling modification and repair (M&R) 
support to the test programs. The M&R shop was established at the Slauson 
facility of S&ID; it will be used as a central point of operations for the repair 
and/or processing of major repair items generated at the test sites. 

Procurement actions were initiated to obtain the mobile repair vans that 
will be used at the test sites to accomplish the minor M&R requirements. 
M&R manloading and expenditure charts were developed to reflect future 
program requirements and for the control of M&R funds. 
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MAINTENANCE ENGINEERING 

During this report period, the Logistics Support Plan (SID 62- 286) 
underwent two revisions. This plan iaentifies the methods and procedures 
that will be used to assure that all areas of support are covered throughout the 
life of the contract. 

The Logistics department analyzed the operating procedures and hard­
ware that will be used at the Mississippi Test Facility (MTF) and at AMR. 
The MTF analysis underwent two revisions, and the AMR analysis was 
released on l August 1963. These analyses are designed to identify all of 
the support requirements for the stages and GSE at MTF and AMR. 

An analysis of the transportation and handling operations and procedures 
was also made. This analysis is designed to identify all of the support equip­
ment and maintenance parts requirements during transportation and handling 
operations. 

SUPPORT DOCUMENTS 

The following preliminary S-II manuals were delivered to MSFC 
during this report period: 

Number 

SM-S-11-01 

SM-S-II-03 

SM-S-II-05 

SM-S-ll-06 

SM-S-II-17 

Title 

General Manual 

Engine lnstallation and Removal 
Manual 

Electrical and Ordnance Systems 
Checkout Manual 

Propulsion Systems Checkout Manual 

Servicing Equipment Maintenance 
Manual 

Date 

1 April 1963 

31 May 1963 

31 May 1963 

1 June 1963 

l June 1963

The General Manual �eceived NASA approval, and NASA comments on 
it are being incorporated in the next revision. The contractor is awaiting 
comments and approval on three of the preliminary manuals. 
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SUPPLY SUPPORT 

On 3 August.1962, documents SID 62-530, -531, and -532 ordered 
ground support equipment for the California test programs. 

On 29 August 1962, the Logistics department completed a study of a 
breakdown and historical record card suitable both for use within the S-Il 
supply support group and for maintaining compatibility with other S&ID pro­
grams. On 1 and 4 October 1962, Saturn and Apollo supply support personnel 
met to coordinate a combined-use type shop release form and group assembly 
breakdown record card. Coordination with the maintenance engineering group 
has resulted in the production of a format, compatible with both groups, to 
transmit maintenance analysis information. This card will also be used to 
request maintenance analysis information on specific pieces of har_dware. 

On 14 November 1962, all spares support effort was combined into one 
area, California and off-site requirements, and program cost savings were 
thereby effected. Work under this plan began on 21 November 1962. 

Initial spares to support the Electromechanical Mock-Up (EMM) were 
ordered on 17 January 1963. 

The supply support group was given the additiona.l responsibilities of 
coordinating and negotiating on-site need dates, manufacturing completion 
dates, purchase dates, and engineering drawing release dates for GSE end 
items and stage end systems for California and off-site locations. 

The ·detailed milestone schedule report for GSE first line components, 
detail components of stage systems, and stage spares on the Electromec_han­
ical Mock- Up and Battleship stage was completed and submitted to Engineer­
mg on 29 January 1963, on schedule. 

Coordination with the Apollo and Tulsa supply support groups to design 
forms for dealing with departmental interface areas has been completed. 
Compatibility in interface areas will result in extensive savings during the 
program. 

Stage-fabricated and "buy" items, identified as logical sparE:� to support 
the Engineering test program, have been selected from available material 
schedule authorizations (MSA' s), engineering order purchase requests 
(EOPR 's), and drawings and have been submitted to Logistics engineering for 
maintenance analysis· inputs. Selection of GSE logical spares is in process. 
Fabricated auxiliary and checkout items were selected from available MSA' s, 
EOPR' s, and drawings and were submitted to Logistics engineering for main­
tenance analysis on 13 February 1963 . 

- 243

SID 63-1028-1 



/ 

NORTH AMERICAN AVIATION, INC. ( � SPACE and INFORMATION SYSTEMS DIVISION 

�

Logistics supply support requested a minimum warehouse area of 1000 
square feet for spares to support the Electromechanical Mock- Up (EMM) 
program. This area will be close to the EMM test area. 

Preparation of shop releases for the GSE end-item requirements at 
MTF and AMR is in process. Test and Operations need dates have been 
established for 64 GSE end items that were scheduled for shop release and 
distribution on 23 July 1963. The balance of the GSE end-item requirements, 
with established utilization and need dates, was scheduled for release on 
25 July 1963. 

DOCUMENT A TI ON 

· During the report period, all contractual documentation requirements
were fulfilled. All formal ctocumentati.bn prepared under Contract NAS7 - 200 
is listed in Documentation List for Saturn S-II Stage (NAS7-200) (SID 62-430). 
This listing, published monthly, is alphabetically arranged into major sub -
jects. Within each catc gory, all the reports, specifications, and letters 
previously and currently published are listed in nun'lerical sequence. 
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VII. MANAGEMENT CONTROL

SCHEDULES 

Definitive contract NAS7-200, dated 15 October 1962, contains delivery 
schedules which are not significantly differe_nt from those in the previous 
letter contract NAS7- 80. NASA Plan 5, however, changed the contract deliv­
ery requirements to such an extent that a complete rescheduling of the Saturn 
S-11 effort was required. These changes were formally incorporated by NASA
through Amendment V; and the proposed schedule to satisfy Amendment V,
including fiscal year 1963 funding limitations, wa_s submitted to NASA on
28 November 1962.

At  NASA's request, a study covering the possibilities of accelerating 
Manufacturing' s completion of the All-Systems stage (S-11-T) was conducted 
and presented to NASA representatives. The study's conclusion was to retain 
the S-11 master program schedule of 24 January 1963. 

The J -2 engine schedule received from NASA was reviewed for its sup­
port of the S-II master program schedule. A letter defining its support has 
been submitted to NASA. 

Second-level schedule charts have been prepared to cover all aspects of 
the S-II program. They constitute a detailed presentation of the activities 
shown on the master program schedule and are organiz.ed to be generally 
parallel to the PERT networks. These schedule charts have been published rn 
Program Plan (SID 61-363). 

Schedule and cost proposals detailing S&.ID effort necessary for the dis­
charge of follow- on contracts in quantities of 5, l O, and 120 additional S-II 
stages have been completed and sent to NASA. 

PERT 

Eleven fragnets have been reconstructed in accordance with supple -
mental agreement (S/ A) 17, which defines subdivisions of work to be accom­
plished. These networks, accepted by NASA-MSFC, form the basis of the 
Saturn S-II PERT biweekly report. The reconstruction involved a major 
rework of updating, designing, and constructing and incorporated all out­
standing contract change notices (CNN) and master change records (MCR) 

- 245

SID 63-1028-1 



.((?.� NORTH AMERICAN AVIATION, INC. �� SPACE and INFORMATION SYSTEMS DIVISION 

is sued on or before 15 April 1963 so as to comply with the NASA PERT and 
Companion Cost System Handbook, dated 30 October 1962. In addition, S& ID 
converted to a new mutual MSFC/ S&ID single numbering system for PERT, 
with a complete interface change, which required the reintegration of the S-II 
PERT program. 

During the reconstruction phase, the operational PERT program con­
tinued, together with its biweekly reports, so that no time was lost during 
changeover from the complex dual numbering system to the single numbering 
syste1n. Furthermore, a standard interpretation of events and descriptions 
was accomplished by redefi.n-ing nomenclature; and the renu1nbering oi fragnets 
aucl subnets was oriented to minimi:l e the time re qui. red by MSFC and S-II 
management to locate events. 

The new integrated networks reflect an increase in the number of 
activities from 4611 to 8935. This increase results from hardware orientation 
oi Lht, networks and not from theoretical subdivisions of work, the inclusion of 
the eiiect of changes, and a requirement to portray greater depth. In addition, 
these fragnets contain all the milestones on which MSFC i.s required to report 
monthly to NASA headquarters; and they contain all major monitoring points, 
i.n accordance with the Saturn S-11 master program schedule and second-level 
schedules. 

Soft constraints that directly affected hardware delivery have been 
removed. The present fragnets also have r<�ceived preliminary approval with 
respect to their sati.sfatti.on of both the PERT ti.me and companion_-cost. 
requirements of the NAS7-200 contract. 

The first quarterly review of the PERT operation was conducted i.n 
March 1963 with MSFC personnel. General agree1nent was reached on the 
contract changes involving both PERT and the financial reporting requirements 
oi CCN 19. 

To establish PERT report statusing for S-Il rnanage1nent and NASA 
review, Program Control inserts schedule dates into PERT at the fragnct 
rni le stone levc l. Subsey_ uent schedule im?ac t is coordinated with the orga­
,1izations affected. When an internal schedule change is necessary. Program 
Control determines whether organizations not involved in the negotiations are 
affected. 

The PERT narrative coordination plan has been revised to allow ti1ne 
both for briefing the local NASA resident manager prior to narrative sub­
mittal and for the biweekly PERT telephone conference between the S-II 
program manager and the MSFC prograni manager, which ·normally follows 
biweekly submittal of the PERT narrative report. 
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Tht: first computer run, dated 31 May 1963, utilizing reconstructed 
networks and corresponding data, produced a negative slack of 65. 6 weeks 
against S-11-2 deli.very to AMR. This negative slack was reduced to 20. l 
weeks by 31 July 1963. S-II management has established a target of 8. 0 
weeks of negative slack by 27 August 1963. 

Si.gniiicant progress has been made toward integrating master 
schedules, PERT, and departmental statusing methods. Program Control 
now uses the S-Il master program schedule and supporting schedules to pro­
vide a comparison between scheduled dates and their respective PERT 
expected dates. In addition, detailed schedules for biweekly PERT report 
coordination have been developed, and briefings have been presented to S-II 
managers responsible for the fragnets. 

Transition from the 7090 computer to the 1410 computer has been 
completed. This transition has made possible a greatly improved computer 
program and has greatly increased the amount of activity data that can be 
successfully integrated. 

During this report period, the introduction of the data phone for PERT 
transmission to MSFC has done much to eliminate human error prevalent in 
other means of transmission or communication. 

PROGRAM COSTS 

During the fir st eight months of the S-II program, costs were planned 
and controlled in accordance with the firm cost proposal submitted to NASA. 
After the firm contract had been negotiated and ratified in October 1962, S-11 
Program Control established plans for expenditure of 99 million dollars during 
NASA fiscal year 1963. 

In November 1962, plans for manpower application and other cost 
el<.!ments were revised to conform with the Plan 5 schedule revision that had 
resulted from limited NASA funding for ii.seal year 1963. This funding reduc­
tion from 99 to 84 million dollars imposed a reduction in manufacturing and 
support departn1ents activities. However, engineering activitie� were main­
tained at the prerevision levels. 

Incremental funding by NASA necessitated close control. Consequently, 
interim budgets for cost element expenditures throughout fiscal year 1963 
were established for each functional organization at the major contract task 
level. 

Early in the second quarter of calendar year 1963, documentation was 
presented to NASA of requirements for 91. 5 rnillion dollars by the end of fis-
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cal year 1963 to support additional changes in the program, and NASA pro­
vided iunding to this level. 

Expenditurwand commitment trends continue to indicate that costs are 
being controlled within the funding lin1i tat ion. 

Funding requiren1ents for fiscal year 1964 were presented to NASA in 
April 1963. They totaled 102 million dollars for the basic contract through 
Amendment V and an additional 20 million dollars for anticipated changes. To 
date, NASA has initiated and authorized changes that will consume approxi­
mately 14 million of the 20 million dollars. 

MAJOR SUBCONTRACTING 

Figure 101 shows the dollar distribution, by states, of subcontracting 
through 30 June 1963. 

HYDRAULIC SYSTEM COMPONENTS 

Purchase orders for the auxiliary motor pumps and the main hydraulic 
pumps were placed in August 1962 with American Brake Shoe Company, 

· Oxnard, California. The incorporation of several design changes was neces­
sary as a result of test failures, quality problems, and revisions to the pro­
cureme.nt specification. By 30 June 1963, all of the main hydraulic pumps
and four of the auxiliary motor pumps had been delivered.

A purchase order for sixteen servoactuators was placed with Hydraulic 
Research and Manufacturing Company, Burbank, California in June 1962. 
During the year, however, redirection from NASA and resulting procurement 
specification c.hanges considerably altered the scope of the original effort. 
Furthermore, the supplier made several design changes in order to resolve 
test failures, quality control problems, and seal leakage. By 30 June 1963, 
seven servoactuators had been delivered. 

A purcRase order for eight accumulator reservoir 1nanifold assemblies 
was placed in July 1962 with Parker Aircraft Company, Inglewood, California. 
As with the servoactuators and pu1nps, several design changes were neccs -
sary to incorporate revised requiren1ents of the NAA procurement specifica­
tion. Four units ha(\ been delivered by 30 June 1963; but it was then 
determi1,cd that the d(•sign of the maniiold would not meet the requirements of 
the pressure tests. It_ is presently being re-designed to provide for manu­
facture from a forging rather than a casting. 

A request for proposal was submitted in June 1963 for the production 
configuration oi each of these components. Proposals are due in July 1963. 
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LH 2 TANK SKINS

In May and June 1963, purchase orders were placed with Missile 
Dynamics Corporation of Lynwood, California, for detail skin panels com­

prising the upper, lower, and lower intermediate ring segments of the tank 

structure. The first articles are· scheduled for delivery on 15 September 

196 3, with subsequent deliveries scheduled to support the end-item delivery 

schedules. 

Potential supplier surveys and evaluation efforts are continuing 1n an 

attempt to locate additional qualified suppliers for the skins yet to be 

procured. 

S-II STAGE TRANSPORTER

Although the S-11 stage transporter was originally to be designed "in­

house, 11 a decision to purchase it was n1ade later. Facility surveys of 

prospective sources were conducted; and in 1'.1arch 1963, invitations to bid 

were extended to six sources. In June 1963, the American Machine and 

Foundry Company was selected as the source for the S-11 stage transporter. 

Negotiations for a fixed-price contract are in progress. 

CHECKOUT EQUIPMENT COMPUTER 

In March 1963, a fixed-price purchase order was issued to the Control 

Data Corporation for the manufacture and delivery oi six Model 924A compu­

ters, together with their varied peripheral equipment. Each of these units 

was procured for a specific program function and an individual destination. 
The first computer is scheduled for delivery at Downey, California, on 6 

August 1963, for use in the Program Development facility. 

EXPENDITURE VARIANCES 

Figure 102 is an expenditure chart that shows the variances between the 

planned program expenditures and actual expenditures through 30 June 1963. 

At the tin1e the planned expenditure curve was prepared, it was intended to 

place purchase orders in sufficient ti.me to have hardware available for the 

Battleship test and the Electromechanical Mock-up. However, delays 

occurred during the preparation of specifications as a result of customer 

directed changes, NAA changes in design approach, and direct inputs for 
Quality Assurance requirements which would meet the requirements of the 

prime contract. Rather than place purchase orders using inadequate specifi­
cations, it was decided that substitute hardware would be procured for the 

Battleship test and the Electromechanical Mock-up. All of the latest require­

ments could then be incor.porated in the procurement specification for 

deliverable flight hardware. It is believed that this delay in procurement 

accounts for the expenditure variances and that the variances do not indicate 
a behind- schedule position. 
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