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FOREWORD

This report is submitted by Space Division, North
American Reckwell Corporation, to the National
Aeronautics and Space Administration, Marshall
Space Flight Center, Huntsville, Alabama.

The report provides the results of the '"Saturn
S-II Problem Resolution History' conducted under
Contract NAS7-200, Task Authorizatio
No. 2026-TA-12.

iii

SD 71-256






‘ Space Division
North American Bockwel

CONTENTS
Page
' INTRODUCTION
1. DESIGN . . . . . . . 1-1

Criticality Identlflcatlon Cr1ter1a . . . . . 1-1
Part Number Control 1-6
Documentation of Changes to KSC Spec1f1cat1ons and _

Criteria . . . . . 1-12
Documentation of Changes to Automatlc Checkout

Programs . . . . . . . . . 1-13
Documentation of Large Wiring Insta.llatlons . . . . 1-15
Maintenance of Stage Electrical Schematics . . . . 1-17
Automatic Checkout Programs . . . . . . . 1-18
Fungus Control . . s . . 1-20
Spray Foam Erosion on LHZ Tank Sldewa.ll . . R 1-22
Cork/Foam Debond Background . . . . . . 1-24
Heat Leak Through Common Bulkhead . . . . . 1-26
Honeycomb Rail Debond . . . . 1-27
Insulation Flexible Closeouts (Rubber Doublers) . . . 1-29
Failure of Outer Laminate for 1.6-Inch Purged

Insulation . . . 1-31
Insulation System H1story, Evaluatxon of I.nsula.tlon on
- S-1I Stages . . . . 1-33
Welded 6061 Alummum for Aerospa,ce Hardware . . . 1-39
Weld Intersections and Stress Reliefs . . . . . 1-41
Cracking of 2020-T6 Extrusions . . . . . 1-44
Stress Corrosion Susceptible Parts on S- II Stage . . 1-48
Torsion Bellows Corrosion . . . . . . . . 1-50
Bendix Connector Recessed Contact . . . . . 1-51
Amphenol Connector Recessed Contacts, Gages 4 and O . 1-52
Recessed Insert of Cannon Patchboard Connector . . . 1-54
Cryogenic Connector . . . . . . . . 1-56
Mismated Electrical Connectors . . . . . . 1-58
Threaded Coupling-Ring Connectors . . . . . 1-60
Relay Problems, Manufacturing and Supplier . . . . 1-61
Relay Problems, Stage Usage . . . . . . . 1-66
Vent Valve Low Reseat . . . . . . . . 1-69
Vent Valve Design . R . . . . . . . 1-70
Solenoid Valve Design . = . . . . 1-71
Retest of S-1I Harness Assembhes After Rework . . . 1-72

-V -

SD 71-256



‘ B Space Division
North American Rockwell

Page

Coaxial Cable Installation . . . . . . . . 1-74
Coaxial Cable Handling - . . . . . . 1-75
Wiring Installation in Congested Areas - - e . 1-77
Harness Mockup Problems . . . ™ . . 1-78
Thrust Structure Longeron Failure and Redesngn , . . 1-80 .
J-Joint Thermal Stresses . . . . . ... 1-83
Deficient Bracket Design .- ‘ . 1-84
Compliance Mode Frequency and Sta,blhty for the Engme .

Actuator Structure = . . . . . . . . . 1-86 -
Stringer End-Fixity Coefficient . . . . . . . 1-89
Material and Process Specification Approval . . s 1-91
Pneumatic/Fluid Systems Particulate Contamination . . 1-92
Venting of Honeycomb Ingulation . . 1-94
Venting of Forward Skirt and Aft Interstage Compa.rtments . 1-95
Moisture Control Within System Components . . . . 1-96
Mechanical Joints Seal Development . . . . . 1-98.
large Diameter KEL-F Lipseals . . . . 1-100-
Accumulator Reservoir Manifold Assembly Reserv01r

Piston Seal Leakage . . . . . . . + . l-101
Cracked B-Nut Sleeves . . . . . . . . 1-103
Servoactuator Phase lLag . . . . . . . . 1-104
Product Repeatability Program . . . . . . . 1-106
S-1I Cryogenic Transfer Line . . . . 1-107
Effects of Local Geometric Irregulamtms on Welded

Thin- Wall Lines . . . . .. . 1-109
Flow-Induced Vibration Ana1y31s . . . . , . 1-114
Pneumatic Control Line Failures . . . . . . 1-116
Vacuum Jacketed Lines . . . . 1-117

Retest After Removal of Checkout Drag On Cables . . 1-119
Cracked Solder Connection Anomalies in S-II Instrumentation

Equipment . . . . . 1-120
Capacitance Prc)pellant Gagmg Hardware . . . ‘ 1-123
Optimization of Propellant Utilization Fuel Biasing . . 1-125
Uncertainty of Bubble Volume in Boiling Propellants . . 1-126
ILH; Recirculation Pump Bearing . . . . . . 1-127
Noise on 28-Volt Ignition Bus . . . . . . . 1-128
Recirculation Inverter Electrical Noise . . . 1-130
Flight Measurements for Analysis of Low Frequency .

-Oscillations (POGO) . . . . 1-132
Close-Coupled Vs Long- Line Instruments for Blphase

Pressure Measurements in a Cryogenic Liquid . ‘ . 1-134
Electrical Component Redundancy . . . . . . 1-136
Battery Cell Tabs . . . . . . 1-137
GSE Operating and Troubleshootmg Procedures . . . 1-138

- Vi -

SD 71-256



‘ Space Division
North American Rockwell

P§ge
2. FACILITIES . . N « e . . A . 2-1
Insulation in Weldmg Areas . PR A . . 2-1
Radiographic Inspection of Fusion Weldmehts . . , . 2.3
Weld Quality Requirements . . v 2.5
Repeatable, Certifiable Welding Eqmpment . . . . 2.7
In-Tank Entry and Utility Distribution =~ . . . . . 2-9
Multiconductor Pin Alignment . : . R . 2~11
Rinse Requirements for Saturn S-1II Sta,ges C PR 2-13
Door Control During Weld Operations . . . . 2~15
Site Dust Control . . . . . . . 2-16
Construction Lead Time, . New Fac111‘t1es . . . . 2-18
Temperature /Environmental Control Facility Planmng . 2-21
Paint and Chesnical Storage . . . . 2-26
Floor Covering for Stage Protection . . . . . . 2-28
Bridge Crane Access Catwalks . .. . . . . . 2-30
Dust Control, Phenolic Milling . . . . . . . 2-33
Modular Office Installations . . . . . 2-35
Protection of Female Employees at nght in General
Parking Areas . . . . . 2-37
Helium Manifold System for Leak Checks N . . . 2-38
Ratios for Parking Lots . . . . . . . . 2-40
Pneumostatic Test Safeguards . . . . . . . 2-41
Heavy-Duty Crane Shoes . . . . . . . . 2-43
Contingency Planning-—Manufacturing Facilities . . . 2-45
Cathodic Protection . ‘ . . 2-47
Funding Cycle for Required Fa,c111ty Mod1f1cat1ons . . 2-49
Building Locations for Stage Moves . . . . . . 2-51
Review Board for Facilities Installation . . . 2-54
Color Code Marking for Piping Systems and Contamers . 2-57
Mercury Contamination Exposure . . . . . 2-59
LOX/GOX Compatibility of GSE Components . . . . 2-61
Weld Wire Cabinets . . . . . . . 2-64
Power Supply Over-Voltage Fallure . . . . 2-65
Facilities Requirements for Support Equlpment . . . 2-67
3. LOGISTICS . . . -

Task and Respons1b1hty Ident1f1cat10n for Slte Actwatmn
Signal Flow Diagrams for Stage and GSE
Common Hardware for Multiple Effectivities .

i i

)

W W WwWwwwwww
)
o =3 O U i WIN e

Illustrated Parts Book . . . . . . . .

Limited Life Hardware Controls . . . -
Commonality in Functional Test Reqmrements . . . -
Contractually Specified Documentation . . o -

Manufacturing /Site Repair or Rework Technlques .

- Yii -

SD 71-256



‘ Space Division
iNorth American Fockwell

Page.
Mandatory Requirements on Component Part Numbers. . 3-9
Control of Patch Board Configurations and Cord Lengths . 3-10
Management of Stage-Oriented GSE . . . . . . 3-11
Change Package Definition . . . . . . . .. 3-13
Change Installation Controls . . . . . . . 3-14
Bulk Hardware Controls = . . . .o 3-15
Control of Drawing Completeness and Schedules Upon ,
Original Drawing Release . . . . .. 3-16
. Definition of Test Site's Functional Capabllltles . . . 3-17
Retention of Repair Capabilities . . . . . . 3-18
" Part Number Control . . . . . . . 3-19
Uniformity of Quality Assurance Procedures . . . . 3-20
Logistics Inventory Management System (LIMS) . . . 3-21
Source Maintenance Recoverability (SMR) Codes . . . 3.22
Hand Tooling Controls . . . . . . . . . 3-23
Technology Coordination . . . 3-24
* Preventive Mamtenance of Ground Support Equ1pment .
(GSE) . . . . . . . . . . . . _ 3-25
4. MANUFACTURING : . 4-1
Insulation Purge ‘Test Schematic Dravnngs 4-1
Development and Use of a Standard Commercial Practme
Process Specification . . . . . . 4-2
Electromechanical Fluid Schematlcs . . 4-3
Recapitulation of Unaccomplished S-1II Stage Work . . 4-4
Planning Resident Orders (PRO's) 4-6
Correlation of Nomenclature and Identifying Numbers . 4-10
Adapter Cable Cross Reference . . . . . . 4-11
Proof and Leak Test Training Manual . . . . . 4-13
Control Dimensional Tool Location and Movements . . 4-14
Spray Foam Insulation Mach1n1ng and Finishing . . . 4-15
Spray Foam Machining . . . 4-16
Offset-Versus- Weld- Peakmg Inspectlon Techmque . . 4-17
Unique J-Section Weld . . . . 4-18
Filler Wire Incompatibility for Weldu;\g stsunﬂar
Aluminum Alloys . . - . . . 4-19
Weld Machine Configuration Versus Weld Schedule
Interchangeability . . . . . . . . .- 4-20
Improved Stud Welding . . . . . . . . 4-21
Electrode Corfiguration Control . . . . . . . 4-25
Welding Machine Ground Spider . . . . . . . 4-27
Internal Weld Defects . . . . . . 4-28
Offset Control—Circumferential Weldmg . . . . 4-30
Umbrella Platform Tool . . . . . . . . 4-31
- wiii -

SD 71-256



‘ Space Division ‘
North American Rockwetl

Page
Thickness Measurement of Spray Foam Insulation . . -~ . 4-33
Aft LOX Bulkhead Peaking . . . . . . . . 4-37
Weld Station Utility Positioner . . . . . . 4-39 -
Dollar Welding S-II Aft LOX Bulkhead . . . . .  4-41
Weld— Beam Trim Tool and Optical Viewer . o 4-42

Spray Foaming Panels 1-Inch-Thick by 4 Feet by 6 Feet .0 4-43
Inflated Skin Positioning for Controlled Core Machining - . 4-44

Bulkhead Circumference Control . . . . . 4-47
Common Bulkhead Honeycomb Meridian Machmmg ‘ o

Cutter . . A 4-48
High Energy Formlng of Bulkhead Gore Sectmns . . . 4-50
LH, Cylinder Rotating Fixture for Circumferential

Welding . . . . 4-52
Single Layout for DOuble Slded Prlnted C1rcu1t Board . . 4-53
Subsystem Hardware Installation Interference. . . . 4-54
Standardization of Wire Harness Installation Criteria’~—

Station and Stringer Markers . . . . . 4-56
Clamping of Phenolic Honeycomb Core for Peripheral

Machining . . . . . 4-57
Non-Copper-Clad Prlnted C1rcu1t Boardq . . 4-58
Trimming of Excess Foam Insulation From Foam-Fllled

Honeycomb Core Sheets . . . . . . . . 4-59
Aluminum Alloy Corrosion . . .. . . . . 4-60
Simplified Connector Keying . .. . . . . 4-61
Connector Pin Bending . . . . 4-63
RF Coaxial Connector Jam Nut Torque Rglaxatlon . . . 4-65
Electrical Connector, Assembly of End Bell and Bushing . 4-67
Electrical Connector, Contact Insertion . . . . . 4-68
Connector, Cleaning Agents . . . . . . . 4-70
Connector Location . . . . . . . . . 4-72
Electrical Connector, Rear Seal and Grommet Damage . 4-73
High Velocity Gases in Flex Hose . . . 4-75
Vacuum Relief Valve for Operation Under a Liquld

Pressure . . . . . . . . . . 4-76
Damage to In-Foam Wire Harnesses . . . . . 4-82
Wire Identification . s . . . . 4-83
Location of Wire Harness Ident1f1cat10n Plates . . . 4-85
Critical Handling Equipment for Inspection and

Certification . . . . . . . . . 4-86
Patchboard Console . . . 4-87
Disposal of Toxic Polyurethane Spray F‘oam Fumes Durmg

Application . . . . . . . . . . . 4-88
Parts Protection . . . . 4-89
Central Facility for the Hehum Supply System . . . 4-90

- ix -

SD 71-256 -



‘ Space Division
North American Rockwell

Page

LH2 Tank Special Ingress Ladders . . . . . . 4-91
Improved Load- Lifting Hardware . . . . . . - 4-93
IL.LH2 Tank Entry Equipment . . 4-94
Insulation and Removal of Pins Securmg La.rge Structural

Handling Fixtures . . . . . . . . . 4-95
Manufacturing Information Centers . . . . . . 4-96
Wire Harness Modification Statusing . . . . . . 4-98
Control of Request for Drawing Changes . . . . 4-99
Red Anodizing of Blanking Plates Used for In- Process

" Tests . . . . . . . . 4-100
Labeling of Console Con’crols . . . . . . 4-101
Leakage Through Pipe Thread Flttmgs . . . . . 4-103
Aclar Film Contamination . . . . . . . . 4-104
Failure of Natorq Seals . 4-105
Addition of Crush Washer Requlrements to Tube Assembly

Drawings . . . . . 4-106
Functional Drawmg of Naflex Sea.l Locatlons . . . . 4-107
Flowmeter Calibration’ . . . .. . . . 4-108
Emergency Electrical Power System . . . . . 4-110
Automatic Emergency Instrument Air System . . . . 4-112
Rapid Pressurization of Polyethylene Hoses . . . . 4-114
S-1I Parts Protection . . . . . . . . . 4-116

5. MATERIALS . . . . . . . 5-1

Deviations to Sbldermg Spec1f1cat10n . 5-1
Standardization of Requirements for Electric W1re and

Cable . . . 5-3
Stringent Spec1f1cat1on Requlrements . . 5-4
Telemetry Spares 5-6
Conflict of NR-Imposed Process Spec1£1cat1on Revwwns 5-7
Corrosion Prevention For Aluminum Disconnects . 5-8
Supplier On-Site Repairs and Modifications 5-11
Component Cleanliness After Rework . 5-12
LOX Cleaning of Parts at Suppliers' Plants 5-13
LOX Compatible Dyepenetrant Requirements on

Temperature Sensors . . . . . . . 5-14
Acceptance Testing of Cryogenic Dlsconnects . . . 5-15
Line Assembly Leak Detection . . . . . 5-16
Structural Integrity of Welded Line Assembhes . . . 5-17
Material Review Board (MRB) Delegation . . . . 5-18
Consolidation of Procurements . . . . . . 5-19
Weld X-Ray Interpretation . . . . . . . 5-20

- X -

SD 71-256



Space Division -

y North American Rockwell
Page
6. PROGRAM MANAGEMENT

Contractor Nonconformances .o 6a1

Appropriate ECP Revision Symbol on "Affected NR :
Documentation . 6-3
Correlation of Stage/GSE Hardwa.re Demgn Cha.nges and Tast o
Criteria Documents . I ST S b4
Added Engineering Critical Components R R RN T TR
Revision or Correction of an Engineering Change Proposal 6-6
Incorporation of Approved Specification Change Notices 6-7

Validation/Verification of Change into the Contract End
Item . . S . 6-

Design Change E.‘ffect on Contra.ct End Item Spec1f1cat1ons . 6

Specification Preparation for NR Fabrlcated Engineering

Critical Components . . . R 6-10

" First-Article Configuration Inspectmn (FACI) at ~
Subcontractor Facilities . . . . . . . . 6-11
Critical Problem Report System . . . 6-13
The Planning and Accounting of Engmeermg Changes . . 6-15
Planning Implementation of Engineering Changes . . . 6-16
7. QUALITY ASSURANCE . . . . 7-1
DD Form 250 Preparation for Saturn S I GSE . . . 7-1
S-II Acceptance Data Package . » . . . 7-2

Process Control Limitations Due to Mo1sture Durmg

Bonding Operations , . . o . 7-3
Recording and Accumulation of Operating Tlme/Cycle

Data . . . . . . . . . . 7-6
DD Form 250 Shortage o . . 7-7
Transfer of Open Work Between Sta.tmns /Departments . : 7-8
Loss of Traceability/Retrieval Capablh’cy for Hardware/ ‘ ‘

Historical Data . . . . R . . . . . 7-10
Quality Discrepancy Data . . . B . 7-15
Contractor and Government Nonconformances (CNC/GNC) . 7-17
Pour Foam Raw Material Storage . . . . 7-18
Selected Problem Areas Associated With 8pray Foam ,

Insulation . . . e . 7-20
Nondestructive Inspectmn ior Sheet Cork Debonds . . , 7-26
Incipient Cracks in Inconel 718 Weldments . . . . 7-28
Running Weld Stop Technique . . . . . ‘ . 7-29
Thick to Thin Weld . . . . e . . 7-30
Weld Land Dimension ~ . . . . . . 7-31
Weld Land Measurement - In- Process Fabrmatmn

Verification . . . 7-32
Early Reduction of chrepanc:les —_— F1rst Artlcles

Delivered Against Pre-Delivery Article . . . . 7-33

- %X -

SD 71-256



‘ Space Division
North American Rockwel!

Page
Insulation Sleeving . . . L. . . 7-35
Use of Breakout Box for Hand Contmulty Ver1f1cation of
Electrical Harnesses . . . . 7-36
Substandard Quality Electrzcal ere a.nd Cable . . . 7-37
Stage Dimensional Alignment . . . . 71-39
“Rib Stringer Cracks on large Machlned Surfaces ‘
(LH2 Panels) . . . y . 7-40 ..
Accidental Damage and Workma.nsh1p Problems Durlng
Production . . . . 7-41
Product Repeatabﬂlty - Its Concept Problems and
Resolutions . . . . . 1-42
Test Program for Detectxon of Component Def1c1enczes . 7-45
Feed and Vent Line Assembly X-Rays . . 7-49
Heavy Plate Stock - Shipping Protection and Preservatlon,
Rece1v1ng, Inspection and Warehouse Storage . . . 7-50
8. SAFETY . . . . . 8-1
Hydrogen Leakage Control Requlrements for Spray Foam k
Applications . . . . . . . . . 8-1
Design of Critical Toohng . . 8-3
Technique for Verifying Structural Integnty of Sheet Cork
Insulation . . . 8«4
Cracking of 2020 Alurnmum Strmgers in Fabmcatmn . . 8-5
Leakage of Torsional Bellows as the Result of )
Corrosion . . 8-7
Additional of Stram Rehef Clamps to Crltmal Electr1ca1
Component Connectors . . . . . . 8-9
Connector Discrepancies Due to M1sha.nd11ng . . . . 8-10
Stage Systems Retest Requirements After Systems
Disturbance and Rework . . . . 8-12
Elimination of Potential Sources of Mmsture From LOX :
and LH2 Prevalves and Associated Systems . . . . 8-13
Control of Supplier Material and Processing . . . . 8-15
Test Operation Requirements for LHp Tests . . . 8-17
Tolerance Relaxation for Aligning and Pos1t1onmg Sections
of Tank Structure for Welding . . . . . 8-19
Damage to Stage Structure Resulting From Unsafe
Electrical Equipment . . . . . . 8-20
Post Proof-Pressure Testing Inspectlon Requlrements for
Propellant Tanks . , . . 8-21
Recommendations Resulting From S- II—T Tank Rupture . 8-23
Use of Arrow-Type Decals to Clarify Find Numbers . . 8-26
Contamination Control of Stage Systems and Fuel Tanks . 8-27
- xii -

SD 71-256



| ‘ Space Division
North American Rockwell

Page
Requirements for Sampling of Facility Fluid Systems . . 8-29
1.OX Cleanliness of Test Equipment . . ‘ . . 8-31
Procedures for Contamination Criteria . ‘ . 8-32
Verification of Cryogenic Seals by Leak Checks, Naflex '
Type . . . . . 8-33
Design of Components to Prevent Reverse Assembly . . 8-35
B ellows Damage . . . . 8-36
Backup Controls for Emergency Shutdown of Cr1t1ca1
Equipment . . .. - . . . 8-38
Cracked Solder Connectmns on Prmted C1rcu1t Boards . 8-40
Safing Hazardous Equipment for Maintenance or Rework . 8-42
Requirement for LHy Recirculation Pumps Capable of
Withstanding all Testing and Launch Conditions . . . 8-44
Control of Transportation Hardware . . . 8-46
Safety Hazards Associated With Stage Transportatlon
Equipment . . . . . . . . . . 8-47
Hazard Prevention From Capac1tors . . . . 8-49
Grounding Requirements for Exploding Br1dgew1re Firing
Units . . .. 8-50
Malfunction Sensmg and Inh1b1t for Random Access ,
Switching System . . . . 8-51
Excessive Electrical Static Bulldup and Dlscharge . . 8-52
Packaging Material for Ordnance Items . . . . . 8-54
- Control of Electrical Backup Systems R . 8-55
Inadvertent Electrical Stressing and Operation of L1m1ted
Life Components . . . . . 8-56
Requirement for Operating Tlme/Cycle Measurement and
Recording Requirements . . . . . 8-57
Auxiliary Pressure Reducing Panels for System Proof-
Pressure Testing . . . . . 8-59
Minimum Design Safety Factors for Facility a.nd Ground
Support Pressure Systems . . ~ . . . 8-60
Maintenance, Inspection, Proof- Load Requlrements for
Hoists . . . . . 8-62
Proof-Load Testing of Personnel Access Equlpment . . 8-64
Proof-Load Requirements of On-Site Vendor Equipment . 8-65
Prevention of Damage to Vehicle Components During
Manufacture and Test Operations . . .- 8-67
Surveillance of Vendor Equipment Used On Company-
Controlled Facilities . . . . . . . . 8-69
9. TEST
Control of Nonflight Hardware . . . . . . . 9-1
Ground Measurement Program (GMP) . . . . 9-2
- xiii -

SD 71-256



‘ ' Space Division
¥ North American Rockwell

Acceptance Test Requirements Documentation . .

Signal Flow Diagrams for GSE Malfunction Analysis

Automatic Checkout Data Reduction

S-II Automatic Checkout Programming . . .

I.LHp Tank Access Hatch, Insulation Removal . .

Field Repair Techniques for Spray Foam Insulation .

Umbilical Electrical Connector Extension Adapter

Stage Movement .

S-II Test Crew Quahflcatlon Program

Work Status Tabulation Run System . .

In- Process Incremental Inspection Procedure

Static Firing Terminal Countdown Procedure

Personnel Certification Program for Tank Entry

Identification of Stage Test Criteria and Stage
Modifications .

Test Procedure Rev1s1on Preparatmn

Special Test and Inspection Requests

Propulsion Prediction Programs

Purging of LOX and LH> Propellant Tanks and L1nes

Water Spray Heat Shield

Vortexing at IOX Tank Outlet .

Effects of Bubbles on Capacitance Probe Readout

LOX Tank Ullage Pressure Decay

Hydrogen Fire Detection

Propellant Feed System Fﬂtermg Screens .

Stage Protection Against Improper GSE- Generated
Commands During AC Power Failure . .

Operational Failure of Neon Blown Fuse Indmators

Modification of the Autorm tic Checkout Equipment for
Improved Data Evaluation . . . .

Ground Support Equipment Safety Interlocks

~ xiv -



Figure

—
(= JNIN ¢ JBEN Bc NRE, I SR VARE S

W W WWWLWWNNNNNDNN NN DN e e e
N WN OOV TOU i WNMAOOO=1IO0U B W~

‘ Space Division
North American Rockwell

ILLUSTRATIONS

Reidentification Summary . . . .
Insulation System History . . . .
LH» Tank Weld Intersection . . . . .
Bifilar Coil Method . . . . . . .

Symmetrical and Unsymmetrical Weld Peaking
Weld Offset Representation

Final Filter Configuration . . . .
Project Planning Phase Relatxonsh1ps . . .
Seal Beach Complex .

Typical Planning Resident Order Sequence . .
Welded-Stud Locating Tool . . . . .
Micro-Stop Spotfacing Unit . . . . .

Stud Welding Gun . . .
Adjustable Gap Supporting Tool . . .
Adjustable Gap Control Support . .
Umbrella Platform Tool . . . . .

Support Assembly Positioner . e

Clockable Connector . . . . . . .
Wiring Connector .

Astro Insertion Tool . . .
Hydrostatic Test of Tank's Forward Bulkhead Assembly
Standard Vacuum Relief Valve . . .
Typical Installation of Standard Vacuum Rehef Valve .
Modified Vacuum Relief Valve . . .
Installation of Modified Vacuum Relief Valve .
Wire Segment Letter Use . . .
Identification of Console Controls . .
Calibration Setup . er s . . . .
Typical Calibration Flow Chart . . . .
Console Setup . . . . . . . .
Emergency Electronic Power System . .
Emergency Instrument Air System . . .
Temperature and Relative Humidity Requirements
Substrate Temperature Control . .

Carrier Plate Assembly With Adapter . . .

SD 71-256

»

.

.

Page

1-8
1-35
1-42
1-63

1-111
1-111
1-131
2-20
2-52

4-7
4-22
4-23
4-23
4-24
4-24
4-32
4-40
4-62
4-64
4-69
4-77
4-78
4-78
4-80
4-80
4-84

4-102
4-108
4-109
4-109
4-111
4-113

7-4

7-5
9-17






Space Division
North American Rockwell

TABLES
Table Page
1 NR Developed Definitions . . . . . . . . 1.2
2 NASA (RAM) Definitions . . . . . . 1.3
3 Failure/Unsatisfactory Condltmn Classification . . 1-5
4 Insulation Matrix . . . . . . . . . . 1-367
5 S-II Cryogenic Experience . . . . . . o 1237
6 Temperature/Environment Control Requirements . . 2223
7 Adapter Cable Cross-Reference List . . . . . 4.12
- xvii -

SD 71-256



‘ Space Division
J North American Rockwell

INTRODUCTION

This document provides a summary of S-II Program problems and the
solutions that were implemented. The problems occurred during a period
starting with the initial design concepts and continuing through the launch of
the tenth S-II flight stage—a period of nine years (1962 to mid-1971)., This
information is provided for dissemination and use, to the extent practical,
on other NASA programs where the extensive Saturn S-II experience can
contribute to the avoidance or solution of similar problem areas.

After considering various techniques for presenting the problem
information (i.e., film, video tape, briefings, etc.), the published docu-
ment form was selected as the most useful,

Information is from nine separate disciplines within the S-II Program:
design, facilities, logistics, manufacturing, material, program management,
quality assurance, safety, and test. If a particular problem is applicable to
more than one discipline, it is included in all relevent sections. The basic
concept for problem selection by NR was to provide the information that
would be useful to other persons and companies facing similar problems in
these disciplines. All geographical areas where S-II activities were con-
ducted and where problems occurred were considered in selecting problems
for inclusion into this report.

Each problem is presented in a summary form identified by and
sectionalized by discipline as follows:

1. Design 6. Prograrm Management
2. Facilities 7. Quality Assurance

3. Logistics 8. Safety

4, Manufacturing 9. Test

5. Logistics

The information presented describes the problem, its effect, and the
solutions as they affected that discipline. The two digit code following the
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discipline name represents the item, operation, or function within the
discipline affected by the problem as follows:

. 01 Documentation : 20 Seals
02 Tapes 21 B-nuts/Sleeves
03 Insulation 22 Component Acceptance
04 Welding 23 Line Assemblies
05 Fabrication 24 Static Firing
06 Corrosion ‘ , 25. Soldering
07 Connectors 4 26 Propellants/Loading
08 Relays 27 Calibration
09 Valves 28 X-ray
10 Wiring/Cables 29 Commercial Electrical Power
« 11 Structures . 30 Bearings '
12 Buildings/Grounds 31 Transportation
13 Contract ) 32 Electrical/Instrumentation
14 Handling/Packaging 33 Limited Life/Time Cycle
15 Management System 34 Pressurization
16 Color Coding/Marking 35 Proof-loading
17 Contamination 36 Stage/Hardware Protection
18 Flight ) 37 Vendor Equipment
19 Purging 38 Ground Support Equipment

The last two digits in the summary sheet identification are sequential num-
bers for each item in the subcategory. For example:

Facilities 12-02

Facilities discipline  Buildings/Grounds Second facilities problem
related to Buildings/Grounds

References indicate sources of additional detail information available
from either NR or NASA/MSFC.

CONCLUSION AND RECOMMENDATIONS

Most problems contained in this report would not have developed if
they could have been anticipated, permitting corrective action early in the
developmental activities of the program. Many valid reasons for action
being deferred or unrecognized are apparent. It is hoped that the information
in this report may benefit some future program by contributing to corrective
action at the appropriate time.
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CRITICALITY IDENTIFICATION CRITERIA

PROBLEM STATEMENT AND EFFECT

Early in the Saturn S-II Program development effort, concern existed
as to how to achieve initial high reliability, in view of historical data on
similar large programs which indicated achievement of high reliability only
after repeated failures, redesigns, and schedule slippages. The mission
requirement of the Saturn launch vehicle was such as to dictate extremely
high reliability since schedule and cost factors were heavy drivers which
virtually precluded a ''trial and error' approach. A reliability plan, involv-
ing a unique criticality analysis and identification methodology, was devel-
oped to provide a basis for the attainment of initial high reliability.
Subsequent to incorporation of the NR/SD approach, the NASA requested the
S-1I Program to use an analysis technique for criticality identification which
differed considerably (less depth) from the NR method, but which was
intended to produce consistency and uniformity with other launch vehicle and
payload contractors techniques, The problem existed as to how to accom-
modate the NASA request for the implementation of the methodology without
losing those gains accomplished with the past use of the NR method,

-

SOLUTION/RECOMMENDATION

The solution resulted in an agreement to utilize both methods and to
merge the criticality identifications in failure reports and analysis effort to
indicate clearly the mission impact potential,

DISCUSSION

The reliability analysis technique employed from the outset of the S-II
Program was directed toward the identification of critical systems and com-
ponents for the express purposes in: (1) highlighting areas for design redun-
dancy provision considerations; (2) design, development and test controls;
and (3) designing an emergency detection system (EDS) to sense critical
failures and enable preventive or evasive action, The analysis, known best
by the term Failure Mode Effect Analysis (FMEA), was performed in depth
taking into account up to, and including third order (three independent fail-
ures combining together t6 produce the undesirable effect) type failures.

1-1
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Failure modes were defined with respect to time between occurrence and the
resultant effect, The definitions were identified as follows:

0 to 500 milliseconds - Catastrophic
500 milliseconds to 5 seconds .- Critical
5 seconds and greater - Deferred

In addition, categories of I, II and III were assigned per the criteria listed in
Table 1: v

Table 1. NR Developed Definitions

Category Definition

I 1st Order - Catastrophic
: 2nd Order - Catastraphic
, 3rd Order - Critical

II > 2nd Order - Critical
3rd Order - Catastrophic
1st Order - Deferred

111 2;1d Order - Deferred
3rd Order - Critical

The time to hazard identification was designed to enable the develop-
ment of an emergency detection system (EDS) wherein certain failure modes
involving a critical or deferred condition could be detected and displayed
in the command module for crew information and appropriate action. The
envisioned EDS was never developed because of several reasons, one of
which was the difficulty in definitizing the real constituents of the system.

In all, the FMEA effort, was most valuable in highlighting critical
areas for either design change consideration or for imposition of controls
to assure attainment of the high reliability requirements.

Approximately midway in the S-II development program, the require-
ments of NASA headquarters Directive No. 26, Saturn V Single Failure Point
Control, was imposed on the S-II Program, This directive required an
analysis of all S-II systems to determine which components could, with any
degree of probability, contribute to a crew loss or mission loss, Single or
first order failures only, were to be identified. This directive was imposed
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upon all launch vehicle contractors and, this with the results obtained,
presented to NASA a uniform display of critical areas across the entire
launch vehicle,

The accomplishment of this analysis effort, known as the Saturn V
Reliability Analysis Model (RAM), placed two methods of failure effects
analysis on the S-II Program, each with different definitions of the terms
Criticality I, II, and III.L A reference to Table 1 and Table 2 will reveal
the differences,

Because of differences in the definitions and criticality criteria, and
the existence of two methods of effect analysis, consideration was given to
deleting the requirements of the analysis per the S-II Reliability Program
Plan, SD 62-128. Trade-off considerations indicated that to delete the
NR-developed analysis technique, criteria, definitions and the attendant

controls, could impact the overall S-II reliability. Both analyses were
 directed by NASA to continue but with formal document submittals deleted
effective S-1I-5 and S-~II-8 for the NR and NASA analysis methods,
respectively,

The use of both analyses techniques created a problem since the
definitions of Table | and Table 2 for the same criticality category numeric.
A solution was needed on how to assign criticality to hardware failures in
the failure reporting and failure analysis system, wherein the true impact
of a failure would be readily identifiable and understandable for either of the
definitions of Table 1 and Table 2.

Table 2. NASA (RAM) Definitions

Category Definition

I Single failure (1st Order) points which
could result in crew loss

II Single failure points which could result
in mission loss, but not crew loss

111 : Failures which would not result in
crew loss or mission loss
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Negotiations with NASA resulted in a solution to the problem whereby
hardware failures would be categorized by Roman numerals I through IV and
Arabic numerals 1 through 9. The first categorization covered the defini-
tions of Table 1, and the latter covered the definitions of Table 2. Com-
binations of these two numerals and the applicability to failures and the
associated effects are found in Table 3.

Classes 1, 2, and 5, in combination with the respective category
criticalities, comprise all types of failures which have impact potential on
the crew and mission,

The combirfation of these definitions in a common categorization for
failure analysis has enabled an accurate display of hardware criticality,
and has thus served the purpose of providing the necessary preventive
action emphasis in areas where mission reliability could be in jeopardy.
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PART NUMBER CONTROL

PROBLEM STATEMENT AND EFFECT

Due to many interpretations {and misinterpretations) of the governing
rules for part number identification and reidentification, many parts have
‘been changed without reidentification where new part numbers should have
been assigned, and, conversely, configurations have been reidentified where
change conditions have not warranted such reidentification, resulting in too
few part numbers on one hand and too many part numbers on the other hand,
for effective part number control and effective configuration management,

RESOLUTION/RECOMMENDATION

On the Saturn S-II Program at North American Rockwell Corp., a
thorough study was made of part number identification and reidentification
that résulted in the Company publication (Drawing Requirements Manual,
Article 7422A) of part number. control instructions, In the Discussion para-
graph is a restructure of that publication to describe the fundamental
principles of reidentification due to design or requirements revisions; the
conditions under which new part numbers should or should not be assigned,
as applicable; and the conditions under which component part reidentifica-
tion should or should not cause higher assembly level reidentification,

DISCUSSION

Part numbers are assigned to component parts, assemblies, and end
items to identify in common all configurations which are interchangeable in
all applications where used, and to distinguish differing configurations when
new or changed designs result in noninterchangeable conditions. The prime
function of a part number, as stated in governing NASA and DOD publications,
is to control assembly and replacement on the basis of interchangeability or
exchangeability,

Certain terms and concepts are employed which are consistent with
the governing NASA and DOD directives; certain other terms and concepts
are introduced in order to clarify these directives.

The term "exchangeability' is used to describe the capability of two
differently numbered parts to be exchanged either completely or condition-
‘ally in all applications,. - Interchangeable parts are capable of being completely
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exchanged, either one for the other without selection for fit or performance;
substitutable parts are capable of being conditionally exchanged, new for old
but not old for new without alteration; and replacement or replaceable parts
are functionally interchangeable but physically different in that replacement
of new part for old requires certain installation operations. When none of
these three conditions of exchangeability are met, then the parts are non-
exchangeable or non-interchangeable. ‘

A "full effectivity' change is one which is effective on all items on
which the affected part is used; a '"limited effectivity! change is one which
is effective on some but not all of the items on which the affected part is ,
used. A design change is one which affects the hardware or configuration of
the affected part; a clerical change is one which affects only the document or
drawing, but does not affect the hardware per se. A requirements change
is a design change which affects the initial baselined hardware or configura-
~‘tion requirements. A ''make-play' change is one that is necessary to make
a part meet its initial design requirements and perform in its initial
application.

A permanent assembly is one that cannot be disassembled without
destruction of one or more of its component parts; a repairable or separable
assembly is one which can be disassembled without destruction of its compo-
nent parts, Either a separable or a permanent assembly may or may not be
capable of being ""reworked' to accomplish a change. '

An installation delineates the attachment of parts in end item position
and is not a part per se; therefore, an installation is treated differently
from an assembly in certain cases.

A mandatory change is one which must be accomplished; a non-
mandatory change is one which is desirable but not absolutely necessary. A
mandatory design or requirements change is one which must be accomplished
at the specified effectivity point during manufacturing., A make-play change
is a mandatory design and requirements change which must have full
effectivity application,

The following paragraphs list the rules for component part, assembly
identification, and reidentification due to changes. These rules are sum-
marized in Figure 1 which graphically shows the various rules as applied
to the noted conditions,
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A, Changes Requiring Reidentification

Al Change Level 1 Part Number Requirements (The level to which a
requirements change is directed is called Change Level 1.) - A new part
number shall be assigned to a component part when a Level 1 requirements
change causes any one or more of the following conditions to occur, regard-
less of whether the change is applied to some or to all of the items on which
the component part is effective.

A, 1.1 When performance or durability is affected to the extent that super-
seded components must be discarded for reasons of safety, malfunction, or
reliability,

A. 1.2 When superseded and superseding components are not directly and
completely interchangeable with respect to installation and performance.

A. 1.3 When superseded components are limited in use and superseding
components are not so limited in use.

A. 1.4 When a component must be altered or selected,

A. 1.5 When a material, process, or treatment is changed such that any of
the above conditions exist, '

A2 Change Level 2 Part Number Requirements - A new part number
shall be assigned to a Level 2 using assembly when a Level 1 component is
reidentified and any of the following conditions occur:

A.2.1 A Level l requirements change is applied to a captive part. Both the
captive part and its parent permanent assembly shall be reidentified.

A, 2,2 A Level 1 requirements change is applied to the wire list portion of
a harness and the change is directed to full effectivity with deferred change
points; or if to limited effectivity, the Level 2 harness assembly requires
reidentification,

A. 2.3 The new Level 1 component is applied to some but not all items on
which the old Level 1 component was effective, i. e,, limited effectivity,
and the new Level 1 component cannot supersede the old.

NOTE: This condition also applies when a Level 1 component part is
removed from or added to the Level 2 assembly, or when the
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quantity of a component part is changed; or when an existing
commercial control or standard part is replaced by a non-
interchangeable part.

A. 2.4 A new part number shall not be assigned to a Level 2 using assembly
“when either of the following conditions occur:

() The new Level 1 component is applied to some but not all items
on which the old Level 1 component was effective (limited

effectivity), and the new Level 1 component can supersede the
old.

(b) The new Level 1 component is applied to all items on which the
old Level 1 component was effective except for conditions in
Paragraphs A, 2,1 and A, 2, 2,

A3 Change Level 3 and Higher Part Number Requirements - When a
Level 2 using assembly is reconfigured, the Level 3 next higher assembly
shall be reidentified if it cannot be reworked to accept the new Level 2
assembly, Reidentification of Level 3 or higher assembly is required when-
ever rework action cannot be accomplished or is unacceptable. If, for valid
reasons, it is desired to reconfigure a Level 3 or higher assembly when
such reconfiguration is not required per the above rules, permission to
accomplish additional reconfiguration must be obtained from the program
Configuration Management function,

B, Changes Not Requiring New Identification

When a part or assembly is changed in such a manner that none of
the conditions in Paragraph A occur, the part number shall not be changed.
Under no condition shall the number be changed when a new usage is found
for an existing part.

B. 1 Examples of changes not requiring reidentification: -

(a) Correcting clerical errors

(b) Incorporating outstanding EO's without changes

(c) Adding view and reference data

(d) Revising usage data
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Adding information without which it is impossible to complete
the part

Correcting P/L changes to detail part material specification

Changes to reference documents
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DbCUMENTATION OF CHANGES TO KSC SPECIFICATIONS AND CRITERIA

PROBLEM STATEMENT AND EFFECT

The change procedure for the KSC Specifications and Criteria document
was such that it did not reflect the actual hardware configuration of the
stage. In addition, the revised pages did not indicate the changes that had
been made to the document., This incompatibility and lack of change trace-
ability caused confusion,

SOLUTION /RECOMMENDAT ION

The problem was resolved by revising the KSC specifications and
criteria change procedure. It now requires the Revision Change Notice
(RCN) to be submitted with the ECP to MSFC/NASA for approval on all
changes. Approved by MSFC, the RCN's are released as document change
pages in a change package.‘ These change pages contain the MSF C-approved
requirement changes and the applicable RCN number, which indicates the
" delta from one revision to the next. The change package also contains a
page revision log that identifies the current status of every page in the
document by its latest issue. :

DISCUSSION

Initially, test requirement changes to the KSC Specification and
Criteria document were written and coordinated between Seal Beach Engi-
neering and KSC as problems occurred. These test requirement changes
were documented on RCN's and sent as a package to MSFC for approval.

If, after two weeks no dissenting comments were received, the package was
assumed to be in effect., These RCN's were subsequently incorporated as a
revision to the document. Since the revised document did not show the
difference from one change to the next, there was no indication of the change
status.

Implementation of the present system was supplemented by final NASA

concurrence of the changes at KSC through NASA submittal of a Notification
of Requirements Acceptance (NORA) form to MSFC to close the change loop.
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