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CODE 124 
(OART) 

SPACE VEHICLE SYSTEMS, SRT 
SUMMARY 

(Thousands of $) 

TITLE - 
FY- 68 FY- 68 

REQUIRXMENTS GUIDELINES 

1 2  4 Space Vehicle Systems, SRT 4,946 4,260 

124-08 Spacecraf t  S t r u c t u r e s  920 830 

124-09 Space Vehicle  Environmental Fac to r s  1,831 1,550 

124-10 Launch Vehicle  Aerothermodynamics 810 720 

124-11 Launch Vehicle  S t r u c t u r e s  1,285 1,070 

124-12 Space Vehicle  Design C r i t e r i a  100 9 0 

Reauirements bv Task Area: 



CODE - TITLE 

124-08 Spacecraft Structures 

08 Cryogenic Storage 

LAB - FUNDS - PAGE - PRIORITY 

01 Environmental Testing of P&VE 
Lightweight Multilayer 
Insulations 

02 Thermal Protection System P&VE 
Optimization Study for 
Cryogenic Propellants on 
Interplanetary Space Ve- 
hicles - 

03 Development of Manufac- ME 100 
tur ing Technology for 
Application of High Per- 
formnncc Insulation 

04 Insulation Development for P&VE 
Liquid Hydrogen Tankage 

05 Cryogenic Insulation Re- P&VE 
search 

06 Development of High Per- P&VE 
formance Insulation Sys- 
t ems 

07 'l'llcrmal Design Criteria P&VE 100 
for Inf latable Solar 
Shields 

08 Development ofHighPer- P&VE 425 
formance Insulation Sys- 
tem Compatible with Modular 
Nuclear Vehicles 

09 Development of Advanced P&VE 200 
Materials for Integrated 
Tank Insulation Systems 
for the Long-Term Storage 
of Cryogens In Space 

10 Application of High Per- ME 
f ormance Insulation to 
Large Conical Support 
Structures 

Total 



TITLE LAB - FUNDS - PAGE - PRIORITY 

124-09 Space Vehicle Environmental 
d 

Factors 

01 High Energy Radiation Effects 
and Shielding 

01 Electron Shielding Studies RP 

03 Scaling Laws for Super- RP 
conducting Magnets 

08 Shielding Data Generation RP 
and Calculation Techniques 

10 Investigation of Super- RP 
current Instabilities in 
Type I1 Superconductors 

13 Evaluation of Simulated RP 
Radiation Shields 

14 Research on Applications RP 
of Superconductivity to 
Active Radiation Shielding 
Problems 

15 Charged Particle Motion in RP 
Magnetic Fields 

17 Plasma Shielding Studies RP 

18 Cross Section Calculations RP 
and the Study of Space 
Vehicle Radiation Shielding 

20 Space Radiation Effects on P&VE 
Materials 

21 Experimental Investigation RP 
of Advanced Supercon- 
duct ing Magnets 

22 Investigation of Factors RP 
Limiting Construction of 
Superconducting Magnets 
for Space Shielding 



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124-09 Space Vehicle Environmental 
Factors 

01 High Energy Radiation Effects 
and Shielding (Cont'd) 

23  Analysis of Radiation 
Effects on Composite 
Structures 

2 4  Mapping of Satellite 
Orbits in Radiation 
Belts and Dose Calcula- 
t ions 

25 Investigation of the P&VE 
Combined Effects of Space 
Environmental Parameters 
on Space Vehicle Materials 

26 Investigation of Electron RP 
Interaction in Matter 

28  Study of Magnetic Flux RP 
Flow and Superconductor 
Stabilization 

29 Study of Charged Particle RP 
Motions in Magnetic Radia- 
tion Shielding Fields 

30  Analysis of High Energy RP 
Proton and Charged Par- 
t icle Transport and Sec- 
ondary Particle Protection 

31  Theoretical Calculation RP 
of Electron Bremsstrahlung 
Cross Sections 

32 Analytical Studies of the RP 
Penetration of Electrons 
through Matter 

Total 



CODE - TITLE 

124-09 Space Vehicle Environmental 
Factors 

02 Meteoroid Environment and 
Im~act Hazard 

03 Electro-Chemical Micro- RP 
meteoroid Penetration 

LAB - FUNDS - PAGE - PRIORITY 

06 Electromagnetic Hyper- RP 
velocity Gun Development 
for Meteoroid Simulation 

07 Canadian Meteor Data RP 
Analysis 

12 Experimental Hyper- RP 
velocity Impact Research 
(Transient Phenomena From 
Strong Shocks in Solids) 

15 Meteoroid Detector Devel- RP 
opment and Calibration 

17 Theoretical Impact Cal- RP 
culations 

19 Development of A Hyper- RP 
velocity Facility 

21 Meteoroid Field Patterns RP 

23 Experimental Hypervelocity RP 
Impact Research (Advanced 
Accelerator Concepts) 

26 Experimental Hypervelocity RP 
Impact Research Program 

Total 



CODE - TITLE 

124-09 Space Vehicle Environmental 
Factors 

04 High Vacuum Technology 

06 Laboratory Studyof Sur- RP 
face Effects on Astro- 
nomical Optical Surfaces 

LAB - FUNDS - PAGE - PRIORITY 



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124-09 Space Vehicle Environmental 
T a c t o r s  

- 

05 Thermal Radia t ion  E f f e c t s  
and Temperature Control  

03  Study of I n t e r f a c i a l  RP 
Thermal Contact Con- 
ductance 

04. Study of t h e  Radia t ive  RP 
Emiss iv i ty  of Metals - 
a. Theore t i ca l  

05  D i r e c t i o n a l l y  R e f l e c t i v e  RP 0 
Surface  Study 

08 Study of Micrometeoroid RP 0 
Damage t o  Thermal Control  
Ma te r i a l s  

13  Thermal Design Studies  RP 0 
(Thermal S imi l i tude)  
Applicable  t o  Spacecraf t  

15 Development of Techniques P&VE 0 
f o r  Measuring Thermal 
Dif f u s i v i t y  

16 Thermal S imi l i t ude  S tud ie s  RP 60 . 49 

17 S p e c t r a l  Ref lec tance  and RP 40 50 
I n f r a r e d  Detect ion Under 
Cryogenic Condit ions 

18 Theory of Thermal and RP 3 4 5 1 
E l e c t r i c a l  Conduct ivi ty  
i n  Bulk Mate r i a l  and a t  
t h e  I n t e r f a c e  of So l id  
Conducting Specimens 

19 Use of Thermal Models f o r  RP 
Environmental Tes t ing  



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124-09 Space Vehicle Environmental 
Tactors 

d 

_ij__ 

05 Thermal Radiation Effects 
and Temperature Control (~ont'd) 

20 Analysis and Correlation RP 
of Known Thermal Inter- 
face Conduc tance-Exper i- 
mental 

21 Theoretical Thermal RP 
Similitude Studies 

24 Transient Thermal Contact RP 
Resistance 

26 Development of Space- RP 
Stable Thermal-Control 
Coatings (Paints with 
Low Solar Absorptancel 
Emittance Ratio) 

27 Solar-Radiation- Induced RP 
Damage to Optical Prop- 
erties of ZnO Type Pig- 
ments 

29 Study of In Situ Degrada- RP 52 
tion of Thermal Control 
Surfaces 

30 Study of the Radiative RP 0 
Emissivity of Metals - 
b . Exper imental 

32 Effects of Solar Wind on RP 10 
Thermal Control Surfaces 

34 Limitations in Thermal RP 60 
Similitude 

35 Synthesis and Evaluation P&VE 0 
of New High Temperature 
Polymers for Coating 
Applications 



CODE 
7 

TITLE LAB - FUNDS - PAGE - PRIORITY 

124-09 Space Vehicle Environmental 
C FActors - 

05 Thermal Radiation Effects 
and Temperature Control (Cont'd) 

37 Radiative Heat Flux RP 0 6 3 
Measurement Using Semi- 
conducting Thermoelectric 
Devices 

38 Ultraviolet Flight In- RP 0 6 4 
strumentation Study - 

Total 484 



CODE - TITLE LAB - EWNDS PAGE - PRIORITY 

124-10 Launch Vehicle Aerothermo- 
aynamlcs 

01 Aerodynamic Forces, Steady 
Loads, Stability and Control 

05 Experimental Evaluation AERO 0 65 - 
of Reynolds Number Effects 
on Body of Revolution Vis- 
cous Cross-Flow Phenomena 

06 Aerodynamic hroperties of AERO 30 66 1 
Exhaust Plumes 

08 Stability Derivatives of AERO 0 6 7 - 
Slowly Oscillating Bodies 
of Revolution in Super- 
sonic Flow 

09 Panel Flutter Aerodynamics AERO 0 68 

10 Theoretical Foundations AERO 0 69 
for a Quantitative In- 
vestigation of the Aero- 
dynamic Heat Transfer to 
Yawing Cones in Supersonic 
Flight 

11 Conical Flow Tables with AERO 
Diagrams for Mach Numbers 
Between 1 and 25, Semi- 
Apex Angles Between 5 
and 45O, and Specific 
Heat Ratios 513, 715, 4 / 3 ,  
514 

12 ExperimentalModelingof AERO 
Apollo-Saturn Hypersonic 
Aerodynamic Flow Fields 

13 Study of Theoretical 
Methods as Applied to 
Steady Aerodynamic Anal- 
ysis of Saturn Vehicle 
Shapes 

AERO 



TITLE - LAB ' FUNDS - - - PRIORITY PAGE 

124-10 Launch Vehicle Aerothermo- 
dynamlcs 

01 Aerodynamic Forces, Stead 
Loads, Stability and Cont?ol (~ont'd) 

14 A Parametric Fin Study AERO 0 
to Determine Thickness 
Effects of Delta and 
Trapezoidal Fin Shapes 

15 Determination of Scale AERO 0 
Effects (Local Reynolds 
Number) on Negative Spikes 
in Normal Force Distri- 
butions and Local Pressure 
at Compression and Ex- 
pans ion Corners 

16 Effects of a Nonuniform AERO 0 
-Spanwise Velocity Profile 
on Fin Efficiency 

17 Study and Refinement of AERO 0 
High Angle of Attack 
Wind Tunnel Model Testing 
Techniques 

18 Parametric Study of the AERO 0 
Aerodynamic Character is- 
tics of Solid Propellant 
"Strap-On" Thrust Assist 
as Applied to Saturn- 
Class Vehicle 

19 Normal Force Characteris- AERO 0 
tics of Right Circular 
Cylinders of Various 
Fineness Ratios at 90° 
Angle of Attack 

20 Experimental Investigation AERO 0 
of Nonlinear Lift of Bodies 
with Changing Cross Section 



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124- 10 Launch Vehicle Aerothermo- 
dynamics 

0 1  Aerodynamic Forces, Steady 
Loads, Stability and Control (Cont'd) 

2 1  Numerical Solution of AERO 
Special Flow Problems for 
Saturn Vehicles 

22  Study to Evaluate Flow 
Coefficients for Flat 
Plate Outlets Dis- 
charging Transverse 
to an External Stream 

AERO 

23 Aerodynamic Characteris- AERO 
tics of Hammerhead Shrouds 

2 4  Inhomogeneous h-operties AERO 
of H202and C02 (Aero- 
dynamic Properties of 
Exhaust Plumes) 

25 Experimental Measurements AERO 
Using the Laser Doppler 
Velocity Instrument 

26 Vortex Model Representing AERO 50 
Atmospheric Turbulence - 

Total 135 



CODE - TITLE 

124-10 Launch Vehicle Aerothermo- 
2 

dynamlcs 

02 Vehicle and Base Heating 

01 Base Flow and Separation 
Studies 

02 Analytical Investigation 
of Plume Afterburning 

04 Research Related to 
Application of Shock Tube 
Techniques to the Study 
of Base Thermal Environ- 
ment of Rocket-Propelled 
Vehicles (Base Heating 
Researchj 

05 Radiation of Gases 

06 Calculation of Three- 
Dimensional Interact ion 
Regions in Multi-Rocket 
Vehicles 

07 Recirculation of Gases 
Along the Base 

09 Base Flow and Separation 
Studies 

10 Study of Numerical Solu- 
tion of Special Flow 
Problems for Saturn Ve- 
hicles 

11 Short Duration Base 
Heating Model Research 

12 Analysis of Ablator 
Effects on RF Attenuation 

13 Precursor Radiation 
Effects on High Enthalpy 
Gas Streams 

LAB - FUNDS - PAGE - PRIORITY 

AERO 0 86 

AERO 0 87 

AERO 100 88 

P&VE 

AERO 

AERO 

AERO 

AERO 

AERO 50 9 4 
I 

AERO 0 95 

AERO 0 96 



CODE - TITLE 

124-10 Launch Vehicle Aerothermo- 
dvnamlcs 

.Vehicle and Base Heating (Con t ' d) 

LAB - FUNDS PAGE - PRIORITY 

14 Study on Exhaust Plume AERO 35 
Radia t ion  P r e d i c t  ions 

15 React ing Gas Flows AERO 50 

16 Op t i ca l  Measurement of AERO 50 
Multi-Plume I n t e r a c t i o n  - 

Tota l  375 



TITLE LAB - FUNDS PAGE - PRIORITY 

124- 10 Launch Vehicle Aerothermo- 
dynamics 

04 Acoustic Noise Propagation 

01 Aerodynamic Noise Research AERO 

02 Study of Absorption of Low P&VE 
Audio Frequency Energy in 
the Atmospheric Media 

06 Investigation of Noise AERO 
Generat ion Mechanisms of 
Deflected and Undeflected 
Supersonic Rocket Exhaust 

08 Investigation of Atmos- AERO 
pheric Influences on Far- 
Field Sound Propagation 
Predictions (Sound Prop- 
agation Predictions) 

09 Sound Propagation and AERO 
Acoustical Danger Points 

10 Acoustic Model Studies of AERO 
Rocket Exhaust Flows 

11 Evaluation of the Acoustic AERO 
Sources of Background Noise 
in Wind Tunnel Facilities 

13 Acoustic Scale Model Tests AERO 
of High Speed Flows 

14 Sound and Shear Wave AERO 
Interaction with Oblique 
Shock Fronts 

15 Delineation of Ground At- AERO 
tenuation Effects on Meas- 
ured Acoustic Spectra 

16 Investigation of the Noise AERO 3 5 110 
Produced in the High En- 
tropy Regions of a Hot 
Rocket Exhaust Stream - 

Total 300 

XIV 



CODE - TITLE 

124-11 Launch Vehicle Structures 

01 Advanced Structure/~aterial 
Concepts 

01 Development of Structural 
Test Articles from New and 
Unconventional Materials 

03 Manufacturing Development 
of Advanced Tank Configu- 
rations (Intersecting 
Pressure Vessel) 

04 Development of Solid State 
Bonding Techniques 

05 Fusion Spot Welding System 
(Hybrid MIG-TIG) 

06 Development of Technology 
Using Composite Sandwich 
Structures 

LAB - FUNDS - PAGE - PRIORITY 

07 Methods and Techniques 
for Fabrication, Assembly 
and Modification in Space 

15 Technology for Shaping and 
~hermal Treating Advanced 
High Strength Alloys 

18 Test Tank Slosh Program 

19 Structural Design with 
New Materials 

20 Influence of Meteoroid 
Protection Requirements 
on Structural Design 

23 Development of a System 
for Prestressing Brittle 
Materials 



CODE - TITLE 

124-11 Launch Vehicle Structures 

01 Advanced Structure/Material 
Conce~ts (Cont'd) 

24 Torus and Semi-Toroidal ME 
Tank Manufacturing Tech- 
nology 

25 Use of Moire Patterns for ME 
Measuring Strains in 
Welded Joints, Explosive 
Formed Parts and Detection 
of Flaws in Composite Struc- 
tures 

LAB - FUNDS - PAGE - PRIORITY 

28 Development of a High P&VE 
Strength, High Modulus 
Ceramic Fiber 

31 Development of a Beryllium P&VE 0 125 
Honeycomb Sandwich Composite 

32 Honeycomb Test Cylinder P&VE 0 126 
Program 

33 Testing of Aluminum Alloy P&VE 0 127 
Welds Subjected to Biaxial 
Stress 

34 Cryogenic Burst Test Pro- P&VE 0 128 
gram of 2014-T651 and 2219- 
T87 Cylinders and Hemispher- 
ical Bulge Specimens 

35 Reverse Pressure Tests P&VE 0 129 

36 Monocoque Bulkhead Hoop P&VE 0 130 
Compress ion Buck1 ing 

37 Correlation of Stress Wave P&VE 75 131 
Emission Characteristics 
with Fracture 



CODE - TITLE 

Launch Vehicle Structures 

01 Advanced Structure/~aterial 
Concepts (Cont'd) 

LAB - FUNDS - PAGE - PRIORITY 

38 Development of Materials P&VE 300 132 
. and Materials Application 

Concepts for Joint Use as 
Cryogenic Insulation and 
Micrometeorite Bumpers 

39 Structure - Thermal In- P&VE 150 133 
sulation - Meteoroid 
Protection Integration - 

Total 700 

XVII 



CODE - TITLE IAB - FUNDS - PAGE - PRIORITY 

Launch Vehicle Structures 

Structural Loads 

High Resoultion Wind 
Measuring Systems Eval- 
uation 

AERO 

Low A1 titude Wind and 
Temperature Profile Study 

AERO 

AERO 

AERO 

Analysis of Detailed Ver- 
tical Wind Profiles 

Effect of Shock Induced 
Separation on Vehicle 
Dynamics 

Theoretical Analysis of 
Meteorological Tower Data 

AERO 

AERO Analysis of Relationship 
Between Micro-, Messo-, 
and Synoptic-Scale 
Meteorological Parameters 

Development of Low Level 
Turbulence Models 

AERO 

AERO Atmospheric Measuring 
Technique and Research 
Studies 

Comparison of Wind Meas- 
uring Instruments (Ane- 
mome t er s) 

AERO 

Development of Panel 
Flutter Criteria for 
Launch Vehicles 

AERO 

Total 



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124-11 Launch Vehicle  S t r u c t u r e s  

05 S t r u c t u r a l  Dynamics 

02 Establ ishment  of Guide- P&VE 
l i n e s  f o r  Random and 
Sinusoida l  Vibra t ion  
C o r r e l a t i o n  

07 Theore t i ca l  Research on AERO 
the  Pressure  D i s t r i b u t i o n  
on Nonspinning Mul t i s tage  
Spacecraf t  Per forming 
Bending O s c i l l a t i o n s  

08 Axial  T r a n s m i s s i b i l i t y  P&VE 
Character  i s t i c s  of Typical  
Rocket Vehicle  S t r u c t u r e s  

10 Study of Non-Linear P&VE 
Dynamic Behavior of Liquids 
i n  Cy l ind r i ca l  E l a s t i c  
Container 

12 Three-Dimensional Analysis  AERO 
of Launch Vehicles  In- 
c luding  S h e l l  Degrees of 
Freedom 

, 1 3  Nonlinear Dynamic Analysis  AERO 
of S t r u c t u r e s  

15 Response of an E l a s t i c  AERO 
Space Vehicle  t o  Random 
Disturbances 

17 S tud ie s  of Liquid Be- P&V E 
hav io r  i n  Randomly Excited 
Rigid Tanks 

19 Study of the  Solu t ion  of AERO 
Nonlinear Algebraic  Equa- 
t ions  

21 Fuel  Sloshing Studies  AERO 
(Optima1 Design of Slosh 
Baf f l e s )  



CODE - TITLE - LAB - FUNDS - PAGE - PRIORITY 

124-11 Launch Vehicle  S t r u c t u r e s  

05 S t r u c t u r a l  Dynamics ( ~ o n t  'd)  

22 Mobile Acoustic Research P&VE 
Laboratory (MARL) U t i l i -  
z a t  i on  

23 Vibra t ion  Q u a l i f i c a t i o n  P&VE 
Test  - Damage C r i t e r i a  
Study 

24  Microphone Vibra t ion  P&VE 
S e n s i t i v i t y  

30 Dynamic Response of AERO 
Vehicle  t o  D e t a i l  Wind 
P r o f i l e s  and the  Con- 
s t r u c t i o n  of a  Syn the t i c  
P r o f i l e  Based on These 
D e t a i l  P r o f i l e s  

32 Use of Dynamic Sca le  AERO 
Models t o  Determine Launch 
Vehicle  C h a r a c t e r i s t i c s  

33 Liquid Free Surface In- AERO 
s t a b i l i t y  Under Random 
E x c i t a t i o n  

* 34 Local Angle-of-Attack AERO 
E f f e c t s  on Vehicle  
Dynamic Response 

35 Analysis  of Fuel  Sloshing AERO 

36 Optimizat ion of Duct P&VE 
Assemblies f o r  Vibra t ion  

38 Aerodynamic Forces on AERO 
F l u t t e r i n g  Cy l ind r i ca l  
and/or  P lanar  S t r u c t u r e s  

39 Three-Dimensional Analysis  AERO 
of Launch Vehicles  In- 
c luding  S h e l l  Degrees of 
Freedom 



CODE - TITLE 

124- 11 Launch Vehicle Structures 

05 Structural Dynamics (Cont'd) 

LAB - FUNDS - PAGE - PRIORITY 

40 Use of Scale Models to AERO 30 
Determine the Structural 
Dynamic Characteristics 
of Spacecraft 

41 Dynamics of Inflatable AERO 25 
Shell Structures 

42 Sensitivity Analysis of AERO 2 5 
Saturn V Elastic Boosters 

43 Cross Beam Analyses of, AERO 40 
Deflected and Undeflected, 
Clustered Supersonic Jets 

44 Dynamic Stability of a AERO 3 5 
Fuel Tank Subjected to 
Steady Loading and Os- 
cillational Excitation 

Total 

06 Structural Mechanics 

06 Theoretical and Experi- P&VE 0 
mental Investigation of 
Shear Lag in Stiffened 

% Shells and the Stress 
Analysis of Cone Frustrums 
and Segments 

07 Study of Stability of 
Unpressurized Shell 
Structures Under Static 
Loading 

08 Buckling Tests of Eccen- P&VE 0 
trically Stiffened Cyl- 
inder s 

08 Cryogenic Storage 

02 Slosh Damping in Low g AERO - 20 

Total 20 

X X I  



TITLE LAB - FUNDS - PAGE - PRIORITY 

124-12 Space Vehicle  Design C r i t e r i a  

0 1  S t r u c t u r e s  Design C r i t e r i a  

02 Co l l ec t ion  of Ma te r i a l  P&VE 
Proper ty  Data and Pres- 
e n t a t i o n  of Said Data i n  
t h e  Form of Ma te r i a l  Data 
Handbooks 

0 3  Environment C r i t e r i a  

02 Environmental Design AERO 
C r i t e r i a  S tud ie s  
( T e r r e s t r i a l )  

04 Lunar Surface and Environ- AERO 
ment f o r  Design C r i t e r i a  

05 P lane ta ry  Atmospheres AERO 

07 Wind and Thermodynamic AERO 
Q u a n t i t i e s  (Surface t o  
90 km) 

08 Reference Atmospheres AERO 

09 T e r r e s t r i a l  Environment AERO 
C r i t e r i a  * 

10 As trodynamic Constants  AERO 

11 Solar  F l a r e  Environment AERO 

12 Wind and Thermodynamic AERO 
Q u a n t i t i e s  (30 t o  90 km) 

13 Space Vehicle  Environ- AERO 
mental Design C r i t e r i a  

14 Advance S t a t i s t i c a l  AERO 
Techniques t o  Es t ab l i sh  
Aerospace Vehicle  Design 
C r i t e r i a  

XXII 



CODE - TITLE LAB - FUNDS - PAGE - PRIORITY 

124-12 S.pace Vehicle  Design C r i t e r i a  
= 

03 Environment C r i t e r i a  (Cont'd) 

15  Environmental Design AERO 50 186 
C r i t e r i a  S tud ie s  (Space) 

18 P lane ta ry  Surface Models A,ERO 0 18 7 
f o r  Mobi l i ty  Design C r i -  
t e r i a  

20 Meteoroid Technology f o r  AERO 0 188 
Design C r i t e r i a  

21 Extension of Knowledge AERO 0 189 
of Solar  Cycle Charac- 
t e r i s  t i c s  

22 Environment Design AERO 
C r i t e r i a  S tud ie s  (space)- 
Sunspot P r e d i c t  ions 

23 A Const ruc t ion  of Prob- AERO 
a b i l i t y  Envelopes f o r  
Flux-Energy Spec t ra  

04 S t a b i l i t y ,  Guidance and Control  
Design C r i t e r i a  

. 0 1  Design C r i t e r i a  f o r  Con- AERO 0 192 
t r o l  of Space Vehicles  
During Launch Phase of 
F l i g h t  

02 Design C r i t e r i a  f o r  F l i g h t  AERO 0 193 
Evaluat ion 

03  Design C r i t e r i a  f o r  Guid- AERO 0 194 
ance, F l i g h t  Mechanics 
and Tra j ec to ry  Optimizat ion 

04 Design C r i t e r i a  f o r  Aero- AERO 0 195 
dynamic Analys is  of Launch 
Vehicles  - 

Tota l  100 



RESEARCH AND TECHNOLOGY RESUME 

15 03 67 b. Change (15 08 66) I& JI, 
1 ( ia C:J144E'rT % ! J M U E R , T ' C ) O E  

124-08-08-01-62 

1 .  - I L-- 
Marshall Space Flight NAME: AFMDC (MDTO) 

~ 0 0 ~ ~ s ~  Huntsville, Alabama 35812 Holloman AFB, New Mexico 88330 1 

1 .  

6 .  SECURITY 4 .  D A  TF f,T FJE'> l l A E  

(U) Environmental Testing of Lightweight Multilayer Insulations 

5 K I N D  O F  R E S U M E  

1 1  T I T L E  

N/A 

T ~ L  (FTS) 205-876-0269 (FTS)~O~-876-9068 ] "" C~rmn. 505-473-651lnpE' 
2 1 .  TrCHrqoLoGY U r l L l z A T i o N  / 2 2 .  C o o R D l N A T l o N  I 

2 .  G O V T .  A C C E S S I O N  

7.  R E G R A D I N G  

GA FO IA. Work Unit 

1 2 .  S C I E I I 7  I F l C  O H  T E C H  A R E A  

015900 Spacecraft 

R-P&VE-SAA 
nr5*. l t d ~ l V  Nevins, C. D. Everitt, J. M. 

Cryogenic Insulation. Dynamic Testing, Sled Testinn 
'" (U) OBJECTIVE: a. Problem: To determine the ability of fragile multilayer insula- 
tions (for cryogenic tankage) to withstand a rocket launch dynamic environment. 

b. Application: Spacecraft cryogenic propellant tankage contained 
within an aerodynamic shroud. 

c. Multilayer insulation and their attachment methods pose a serious 
design problem due to the high vibration, acoustic, and longitudinal acceleration 
environments . 

l o b .  P R I O R  N U M B E R : C O D E  

No Change 

1 3 .  S T A R T  D A T E  

08 66 
18. R E S O U R C E S  E S T .  

PRIOR FY- -67 
-CURRENT F Y  - 68 

1 6 .  PROCURE. MkTtiOD 

D. Inter-Agenc~ 

INVESTIGATOR 
PRINCIPAL: koukota, R. D. , Ma j . 
ASSOCIATE: 

2 5 . ( ~ )  APPROACH: A full-scale, 105-inch diameter cryogenic tank will be insulated, 
placed in a shrouded rocket sled, pre-chilled with liquid nitrogen and accelerated 
to the maximum expected'level of a Saturn V launch. Vibration and acoustic levels 
from the rocket sled will also be present. 

3.  AGENCY ACCLSSION 

NR 006890 
8.  RELEASE LIMITATION 

17.  C O N T R A C T I C R A N T  

a .  DATE 08 66 
b .  NUMBER H-13248A 
c .  TYPE J, C, d. AMOUNT $70,000 

2 6 . ( ~ )  PROGRESS: a. Reporting interval: August 24, 1966 to February 15, 1967. 
b. The rocket sled has been transferred from the Naval Ordnance Test 

Station to Holloman AFB. Modifications of the sled to fit the Holloman track are 
in progress. All instrumentation requirements have been agreed upon. 

c. This is a continuation of the work begun in April 1964 with the 
Naval Ordnance Test Station on H-71480. 

9 .  LEVEL OF RESUME 

2 0 .  P E R F O R M I N G  O R G A N I Z A T I O N  I I 

14. CRIT. COMPL. DATE 

06 67 
a. MAN-YEARS 

0.1 
0.1 

1 9 .  GOVT. LAB:INSrALLATIOH!ACTIVITY I I 

1 5 .  FUNDING AGEkCY 

N/A I 
b. F U N D S  (Inlhouaorrda) 
- - - 

-- -. . - - -- - - - - - - - 
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6. SECURITY 
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Rcsp. ,NoIV. ,.ti 3:ll l . ton , I?. L. , 2-2,t'JE-PTP 
... :;01;-$7<,-7?4~ (jys ) 
21. T E C H N O L O G Y  U T I L I Z A T I O N  

c ; ~ c ~  . r c h i c l ~ z  and missions.  Ttln s tudy  w i l l  cons ide r  var ious  c l a s s  v e h i c l e s ,  a s  shown . . I n  I t . e m  ? 5 :!n:! ?il.:st ..st;! G l i s ! i  a l l  therm.21 p r o t e c t i o n  sys tem t rade-of f  c r i t e r i a ,  s: js t,cm 
. , 
: .:.;.r .r.:ti ., ; 7 :J;,cc~s, ::n< systems opt imiza t ion  concepts  f o r  tht. spccifi .e:i  mi rs ions .  Thc 
qizs:.ons inc lur ie :  cxtenqed a a r t n  o r b i t a l  ope ra t i ons ,  l u n a r  l and ing  and f e r r y  missions,  
 an^ e :~r t l l  synr-.hronous o r b i t .  
25. ( 2 )  ..*i17??.ZACS: T h e  e f y e c t i - ~ e n e s s  of va r ious  thermal  and p r o p e l l a n t  c o n t r o l  and con- 
: i i t i o n i n g  systems xi11 be e s t a b l i s h e d  through a n a l y t i c a l  techniques.  The s tudy  w i l l  
::ilize, b u t  no t  bc l i m i t e d  t o  t h e  a n a l y t i c a l  t echniques ,  systems c r i t e r i a  and app l i -  
:13\;le p a r n ~ e t c r i c  d a t a  wnich was zenera ted  i n  t h e  c u r r e n t  Ni\S'3-Ii161 i n t e r p l a n e t a r y  
~ c ? h i c l e  23nt rodt .  A l l  a p p l i c a b l a  thermal  c o n t r o l  concepts  w i l l  be  analyzed f o r  e a r t h  
3:-\;it-ll!cisli:nr;r operation on va r ious  v e h i c l e s  ranging  from smal l  chernj-cally ~ n w e r e d  

(-!ppr;zirn~tr:ly It Lij2, 25000 l b  LOX) t o  t h e  modular nuc l ca r  v e h i c l e  concept  
:ai;pro:<iaat?ly 200,000 t o  250,000 l b s .  LH2) and l a r g e  o r b i t a l  launch p r o p e l l a n t  s t o r a g e  
- ; , c t l i  ti(:,.?. 
26 .  (i!) Pi,Ui;itPlbS: 'i'!>, f q n s i b i l  i t y  of s t o r i n g  oryogenic p r o p e l l a n t s  has  b r ~ n  ~ n a l p t i c a l l y  

1xst2klis:!e3 f o r  i n t c r p l n n r t n r y  space missions i n  t h e  c u r r c n t  work i n  NAS8-11161 which 
s r ~ p p r o x i n a t c l y  50% completed. The r e s u l t s  t o  d a t e  i n d i c a t e  s ignTf i can t  a d v a n t n ~ e s  
o r  s l u s h  hydroycly: ant1 t r i p l e  p o i n t  oxygen, t h e  requirement  f o r  "liigh Per f  ormnncct I' 
n s u l a t i o n  and an extreme dependence upon t h e  p a r t i c u l a r  mission. 

1 CJA C U R M F Y T  NI l * ~ r ) c W I C O D E  

lNVESTlGAToRS r ,  
.Rl,lp,,: uoodwin, D. d. 
ASSOCIATE:S~~VF?~S,  R.  11. 

T"'F317-7?2-4811/~xt. 3713 
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7. REGRADING 

N / A  

- 
31. SPECIAL E Q U I P M E N T  
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1 15 0:j 67 . .. . G A A. Work Unit 

( U )  Dcvclopment of Manufacturing Technology for Application of High -----..---------- ---A*---- 

17 > . ~ l t ~ l  l t  l c  at( rt C t t  hl i t+  

016300 Structural-Engrg. 01590 Spacecraft N/A 

3 AGLNCY ACCEZSION 1 

RESEARCH AND TECHNOLOGY RESUME 

- - 
16. P H K I I R L  MCllIO[> 1 7 .  CON l l l A C 1  ,GF(A:.(T 18. t t k ' , O t J R C t ' a  EST. 

a .  DATL 

N/A L NIJMULH N/A . . 

d .  AMclUNr C U H H E N T  F Y  68 --- I 13. G o i T  LA8.INiiALb.L i#Otl/A( i l ' t l r Y  I 2 0 .  t ' E W F O H M I N G  O R G A N l Z A  1 I O N  

2 GO\. r A L C  t 5 . ~ l @ N  

I 

Manufacturing Technology I 
I N/A 

23 .  KEYWOHD5 
I 
i 

p 4 A u t  Marshall Space Flight cen te r  
& U O H t S ' .  Huntsville, Alabama 35812 

Yates, I. C. m o d ,  C. C. 
RTSP. INUlV R-M E -A R-P&VE-PT 
rt L. 205-876-7758 205-876-6827 IFTS) 
2 1 .  T E C H I d O L O G Y  L J T I L I Z A ~ r 1 3 N  

-- ---- 
2 1 U )  OWECTIVE: a. problem - To develop manufacturing techniques and processes to apply ' 

high performance multilayer insulation to tanks of various s izes  for  long 
duration storage of cryogenic fluids in space vehicles. 

b. Application - Manufacturing techniques and processes developed will be 
applicable to advanced space vehicles for orbital, lunar, and planetary 
flight in which cryogenic storage duration may range up to one year  o r  
longer . 

2 5 
c. This work unit is designed to support design activities and is a continua- 

tion of the support of the approved work unit for  FY-67, "Development 
of High Performance Insulation S y ~ t e r n s , ~ '  124-08-08-06-62. 

(U) APPROACH: Manufacturing techniques and processes will be developed to evaluate pre-  
liminary design concepts applied to calorimeters,  test tanks, and test  fixtures in a 
progressive development program to form the basis  for  design concepts tr, he applied to 
105 inch diameter tanks for  complete thermal and structural testing. 

I 

(U) PROGRESS: Manufacturing technology has been developed for  the insulation of reduced 
scxlc tanks for  shor t  duration storage of liquid hydrogen in space. 1)cvelopment is in 

progress  on applications for large tanks for  long tcrm storage. 

NAh4L 

ADORLS:. 

lNv,,rl~.*,~~,<s s-e as 19. 
PHlNl Il.AL 
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! j HEt,EA%CH A!i3 TECHIiOLOGY RESUME 1 I i i 

124-08-08-04-62 1 124-11-01-22-62 
1 1  T I T L E .  

(U) Insulation Development for Liquid Hydrogen Tankage 
12. S C I E N T I F I C  OR T L C I i  A H C A  1 3.  S T A R T  D A T E  ( 1 4 .  CRIT. COMPL. DATE 1 1 5 .  FUNDING AGEhCY 

; D A . 7  C D F  H t i , U E  

15 03 67 

5 K i l t D  O F  R E S U M  
f16 04 66) 

C. Terminated 
I Sd C U R H E ' I T  h c l V B E R  C O D E  

1 

8. R iL54SE LlMlTPTlON 

GA ' FO 
l o b .  P R I O R  N U M B E R  CODE 

6 .  SECURITY 

, U, &, 

015900 Spacecraft 

c. T Y P E  d .  r m o v N r  

1 9. GOVT LAB!INSIALLAI ION/AC~IVITY 

m * r r  Marshall Space Flight1-&rite-r 
ADDRFS-. Huntsville, Alabama 35812 

Cryogenic Insulation, Spacecraft Propellant Tankage 
2 4 .  

9. LEbELOF RESUME 

A.  Work Unit 

7.  R E G R A D I N G  

N / A  

09 63 
1 8 .  R E S O U R C E S  EST. 

PRIOR FY- 6 /  

1 6 .  P R K U R C .  METHOD 

N /A 
. - -- - . . -. . -. - - -. 

'CURRENT F Y  - 68- -t - - 
20. P E R F O R M I N G  O R G A N I Z A T I O N  I .. -.- 
NAME: 

ADDRESS: Same as 19 

INoIV. Nevins , C. D. , R-P&VE-SAA 
FTS 205-876-0269 

2 1 .  T E C H N O L O G Y  U T I L I Z A T I O N  

Objective: (U) The objective of this program is to investigate, design and determine 
the structural and thermal performance of insulation concepts for cryogenic tankage. 
Emphasis will be placed on non-integral liquid hydrogen tankage requiring storage 
time? in space of 30 days. 

1 7 .  C O N T R A C T I G R A N T  

a .  DATE 
b. NuMeER N / A  

INVESTIGATORS 
PRINCIPAL. 

ASSOCIATE: 

TEL: TYPE: 

22. C O O R D I N A T I O N  

N /A 

A roach: (U) This program will include the development of basic cryogenic tankage, 
2? nsulatlon systems, and associated hardware necessary for the satisfactory performance 
be pursued through concept definition, component test design, full-scale insulation 
system design, fabrication assistance, and test surveillance. Promising systems will 
undergo detailed investigation of problem areas and necessary re-design to improve 
performance.- Associated hardware development, dissimilar metal joining, propellant 
line gaskets, low conductivity structural supports, flexible vacuum jackets, etc. 
will also be pursued. 

N /A 
a. PROFESSIONAL 

M A N - Y E A R S  

2.0 

2 &ogress : (U) Program was included in: "~nvironmental testing of lightweight 
multilayer insulation (124-08-08-01-62). 

N / A  1 
b. FUNDS (Inlhouwttds) - 

I I - -- 
3 1  S P E C I A L  E Q U I P M E N T  K) 1 IN t l - S  4 C O N ? - f 4 K l  I 

PRIOR FY- 67 

3 0 .  S R  r c ~ F ~ c Y , , ,  CX>I>L 

- ~ 

35. TASK~AREA Cryogenic Storage 
I 

1 

29. P R O J E C  I' Cf?0'~!> C O D E  27. 

-- 
33. UN'oUE I Space Vehicle Systems, SRT 

N A S A  FOUR1 I I?" (Rev.  Nor. 65) 
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28. REQUESTING A G E N C Y  
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- - 

I!? 11.5. GOVERNMENT PRINTING &FICM965 0 785 0*8 

34. SUB PROGRAM S~acecraft Structures . - - 
- - -- 



RESEARCH AND TECHNOLOGY RESUME 
4 Sb - L  ',F l r c . 5  , W C  15 KI*JD O F  R E S U M E  

1 .  

6 .  SECURITY 

(U) Cryogenic Insulation Research 
12. SCIENTIFIC OR TECH. AREA 

\ 
15 03 67 1 B. Completed (15 03 6 h  Ja, 

:',a C ,riirL'.r '. J'ABEF? C 3 D E  

124-08-08-05 -62 

015900 Spacecraft 
16. PROCURE. METHOD 1 17. CONTRACTIGRANT 

9. LELEL OF RESUME 

2. GOVT ACCESSION 

7. REGRADING 

3.  AGENCY ACCESSION 

8. RELEaSE LIMITATION 

11. TITLE: 

N/A 

I I 

N ~ U L  Marshall Space Flight Center 

G A I A .  Work Unit 

B. Contract C. CPFF d. ~~0~4356,494 

 ADO^-5- Huntsville, Ala. 35812 

lob. PRIOR NI1MBER;CODE (103-11-01-0007-62) 
(908-20-06-03-62) 124-11-01-27-62 (FY-67) 

19. GOVr. LABlINSTALLATIONIACTIVlTY 

13. START DATE 

PRIOR FY- 67 

I 

Cryogenic Storage Vessels I N/A 

n c s p .  INDIV. Nevins , C . D. R-P&VE-SA 
TK~. (  FTS) 205-876-0269 
21. TECHNOLOGY UTILlZArlON 

I Cryogenic Insulation, Space Storage 

INVESTIGATORS 
PRINCIPAL: Crawford, R. F. 
ASSOCIATE: 

"': 301-687-3800 TYPE: Comm 
22. COORDINATION 

2 4 .  

Objective: (U) a. Problem: To design a high performance insulation system suitable for 
withstanding a rocket vehicle environment. 

b. Application: Spacecraft with cryogen storage for up to 30 days and 
where the storage vessel is protected by an aerodynamic shroud. 

c. High performance insulations are, as a class, notoriously fragile. 
The rigors of a rocket vehicle launch environment must be withstood without significant 
degradation of insulative properties. 
@preach: (U) A specimen tank with a lenticular shape is used to screen difherent 
systems of high performance insulations. The thermal and structural environments to be 
encountered in a typical rocket vehicle launch will be simulated in the order in which 
they occur. Post test analyses will conclude whether a particular insulation system is 
suitable for s,pacecraft design. 
Progress: (U) a. Reporting Interval: August 15, 1966 to February 15, 1967 

b. The program was completed during the reporting interval and the final 
report has been published. General results of the program indicate that preevacuated 
systems are currently quite unreliable and that helium purged systems need more effort 
tb reduce the space evacuation time. 

c. Final technical report published: NASA CR-61162 "Cryogenic Insulation 
Research," January 23, 1967. 

29. PF7OJtC Cr*CJ!>', <:ODE 30. * , i *  I C J < O ' , ~ ,  c : ~ > f ) l .  27. 28. REQUESTING AGENCY 

- - -- - . . . . . - . - -. -. -. -. . . - - - - 
31. SPECIAL EQUIPMENT 

- . -- - . . . . . -. - - - -. 
33. UNIQUE 
. . - .- . 

34.  sue PROGRAM - - . . - - - - -- 
35. TASK AREA 

i 

- . - - - 
P R O J E C T - S ~ ~ C ~  Vehicle Systems, SRT - -- 

Spacecraft Structures -- 
Cryogenic Storage 
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(U) Development of High Performance Insulation Systems 
12. S C l C N  I I F I C  of4 TCCb4 A N E A  k'luid Mech. 1 13. S T A R T  D A T E  1 14 .  CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

016700 Thermodynamics I 11 66 I N/A 1 N/A I I 

RESEARCH AND TECHNOLOGY RESUME 

I G .  PROCURE METHO3 1 17. C O N T R A C T / G R A N T  

1 .  

6. SECURITY 

Rk aK 
4.  D A T E  OF RESUME 

15 03 67 
10a c u R I f C N T  NUMOEHICODE 

124-08-08-06-62 

5 .  K I N D  O F  H E S U M E  

D. Change (15 03 66) 

P R I O R  F Y -  

20. P E R F O R M I N G  O R G A N I Z A T I O N  

NAME 

lob. P R I O R  N U M B E R / C O D E  

908-20-02-04-62 

2. G O V T  A C C E S S I O N  

7. R E G R A D I N G  

N/A 

N/A 

ADDRESS: I 

1 1  T I T L E .  

8 .  DATE 
b NIJMBER 

r T r P r  N/A d AwwN, 

Same as 19 I 

3.  AGENCY ACCESSION 

8. RELEASE LIMIT4TION 

GA FO 

19 GOVT LAB lYST4LLATION/ACTIVITY - -- - - 
NAME Marshall Space Flight Center 
A D D R C S ~  Huntsville, Alabama 35812 

f 

9. LEVEL OF RESUME 

A. Work Unit 

Insulation, Cryogenic, Multifoil, Equipment, Materials 
2 4 ' ( ~ )  OBJECTIVE: a. Problem: To continue, until completed, development of flight 
worthy high performance insulation systems including all insulation penetration such 
as structural supports, piping penetration, electrical connectors and manhole covers 
for cryogenic and non-cryogenic vessels with storage and stay times up to 60 days. 

b. Application: The use of high performance insulation has been 
studied and found to be a requirement on most cryogenic vehicles in orbit for more 
than about six hours. Additionally, high performance insulation has been considered 

25.desirable for application to such vehicles as the Multiple Docking Adapter, the 
Apollo Telescope Mount, and some of the Apollo Application Program Flight Experiments. 
Studies involving reliquefaction, and slush necessitate development of superinsulatia 
Ultimate application will be on future manned vehicles. 

Wood, C. C., R-P&VE-PT 
, v ~ ~ - ~ p .  I * ~ D I V -  Randolph, W. 0. , R-P&VE-PTE 

(FTS)205-876-7758, 205-876-7719 Tf 1. 

21. TECHNOLOGY 1 J T l L l Z A T l O N  

(U) APPROACEt: Continue development of light weight-low thermal conductivity helium 
purged insulation systems. Next objective is to modify an existing tank system with 
more typical flight type hardware and structural supports and up-grade system design. 
Analytical studies will be performed and verified with component and scale tests. 

INVESTIGATORS 
PRINCIPAL: 

ASSOCIATE: 

TEL: TYPE: 

22. C O O R D I N A T I O N  

26. (u) PROGRESS : Analytical studies are being performed now. When complete, some 
component tests will be performed to provide basic data. Design will be complete 
in about six months. Fabrication and testing will be completed in the next fiscal 

30. !;I+ 1- c.I~o*.., CA>I>C. 

-1 - - * - - 1  I 

29. P R O J E C T  C R O ' i L  C O D E  27. 28. R E Q U E S T I N G  A G E N C Y  

~ ~ S P E C I ~ U I P M  E N T  

- - ---- -- - -- 
3 3  U N I Q U E  

IN lIDU',I 

100 

32 FUND', (I K)  

P R I O R  F Y  - 6'7 
C U R R E N T  F Y * ~  

C ON1 IIACI - - Space Vehicle S y s f r e m s a  - -  - 
- - - -- -- - -- .- 

34 SUB P R O G R A M  Spacecraf ft Structures N E X T  F Y -  69 - - A - - -- - -  
35. T A S K  A R E A  Cryogenic Storage 
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1 .  

124-08-08-08-62 1 908 -20-02-06-62 
11. . T I T L E :  (U) Development of High Performance Insulation System Compatible 

4.  D A T t I  OF F I C S U M E  5 K I N D  O F  R E S U M E  

15 03 67 I D. Change (15 03 66) 

with Modular Nuclear Vehicles 
12. S C I E N T I F I C  O R  TECH A R E A  Fluid Mech 006900. 13. START DATE 

1 14. CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

I R E S E A R C H  A N D  T E C H N O L O G Y  RESUME I I 2. G O V T .  A C C E S S I O N  3 .  AGLNCY ACCESSION 

6.  SECURITY 

u % wRK 

I b .  NUMBER )PRIOR FY- 67 1 4.0 I - I 

109 C U R R E N T  N U M B E W / C O D E  

- -- -- - - - - - 
B .  Contract vpE pen din^ d  CURRENT FY - 6 8  t 

19 G O V l  LAB IN5TALLATION/ACTIVlrY 
4.0 

1 I ) 20. P E R F O R M I N G  O R G A N I Z A T I O N  I 

lob. P R I O R  N U M B E R / C O D E  

7. R E G R A D I N G  

N/A 

Thermodynamics 016700 

L.- - 
N A ~ F .  Marshall Space Flight Center 
ADDRLSS- Huntsville, Alabama 35812 

04 66 
18. R E S O U R C E S  E S T .  16. PROCURE METHOV 

Wood, C. C. , R-P&VE-PT 
A m p .  tNo Iv .  lta nd olph , W. 0. , R-P&VE-PTE 
TFL 205-876-7758 or 876-7719 
2 1 .  T E C H N O L O G Y  U T I L I Z A T I O N  

8. RELEASE LIMITATION 

GA FO 

17. C O N T R A C T / G R A N T  

a .  DATE 

1 _ - 
N A M E  

9. LEVEL OF RESUME 

A. Work Unit 

, 

N/A 
a. PROFESSlONAL 

M A N - Y E A R S  

ADDRESS: 

Not Selected 
INVESTIGATORS 

PRINCIPAL: 

ASSOCIATE: 

TEL: TYPE: 

N/A 1 
b. F U N D S  ( I n l h o u s o r t d r )  

Insulation, Cryogenic, Multifoil, Equipment, Materials 
24. 
(U) Objective: Studies have considered a Mars landing mission utilizing a number 
of Nuclear Modules assembled in Earth orbit for Earth escape, Mars braking, and Mars 
escape propulsion. It is apparent that the requirement will exist in the early 1970's 
for a high performance insulation system capable of storage of 230,000 pounds of 
liquid hydrogen for 350 days with a propellant boiloff not to exceed 5 per cent. 
This will require a superior insulation system with thicknesses greater than those 
investigated under current technology programs. 

25 .  

(U) Approach: To continue investigation of the practical problems and development 
of a high performance insulation system compatible with the aonfiguration and mission 
of a Modular Nuclear Vehicle. The FY 67 effort is to culminate in an insulation 
material an! system design with limited component testing. Additional effort is 
required to perform the identified component sub-scale and sub-assembly testing that 
is required to validate analytical results and insulation systems concepts. 

N / A  

2 6 1 XU) Progress: Analysis to define insulation design requirements and conceptual 
design is to be accomplished by the FY 67 effort. Identified component and subsystems 
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RESEARCH AND TECHNOLOGY RESUME 

12. S C I E N T I F I C  O R  'I ECM. A R E A  0 13800 Rad. Shielding 

L I I 1 .  - 

4 D A T  t L)F 41Lhi V t  5 k l N O  O* f d L  S U M L  U 5FCIIWIIV 

1 3 .  S T A H T  D A T E  1 1 4 .  CRIT. OlMPL. DATE 1 1 5 .  FUNDING AGEhCY 
- 

015700, Solid State Physics; 

2 G O V T  A C C C b S I O N  

1 H E G I q A D I N G  B RILCIbt LIMITA~IuN 

-16. PROCURE. MCTHOD. 

I 8. contract 1.. IIt H~ C ~ F F  
- - 

d rvrou * $68,712 ~ C V R R E N T  FY 68 1 
19. GOY7 LAl/INSlALLAIlDNIAC I IVI IY I I 120 P E R F O R M I N G  O R G A N I Z A T I O N  

3. AGENCY ACCESSION 

NR 002990 
1 

9 LEVEL OF RISIIME 

05 63 
1 8  RECJOURCE'J t51  
- - - - -. - . - - - 
PRIOI? F Y 67-'- 

1 7 .  C O N T H A C T / G R A N T  

a .  ~ M ~ E R J A S  8 - 20 5 5 2 " OAT' 12 65 

1 - -  . - - -  . -1- - 
MYT: Marshall Space Flight Center 
AoOnuS Huntsville, Alabama 35812 

15-03-67 D. Change (15-08-66 
101 C I I H H E N T  N C I M U ~ I ~ ~ L ' . ( ~ V E  

124-09-01-10-62 

N /A 
a. PHUFE'SIONAL b. F U N D S  (Inlhou~llt~d,) MAN:YEARS - 

0.r -  --- 
- -- - 

L . . 
 north American Aviation 
AovRCSS: P. 0. BOX 309 

Canoga, Calif. 
INVE~TIGLTOHS 

9 1304 
PRIN<.IPAL 

11  TITLE.  (U) Investigation of Supercurrent Instabilities in Type 11 Superconductors 

N/A GA 

Superconducting Magnets; Active Shielding 
24.  

(U) Objective: a. Problem: To isolate and eliminate factors limiting the con- 
s truc tion of large, h m d s  superconducting magnets for use in active shielding 
of spacecraft. b. Application: The understanding of supercurrent instabilities in 
superconducting magnets is a ;rimary goal. 

A. Work Unit 

lNO1v, Urban , E . W . , R-RP-N 
5-876-4126 rn WJ- 

21. TECHNOLOC.Y U ' T I L I L A ~ I O F I  

25. 
(U) Approach: Supercurrent instabilities, which seriously limits the performance 
of high field superconducting magnets, will be studied in the light of detailed 
measurements of the'lorentz force acting on pinning centers. The Lorentz force 
will be studied as a function of applied magnetic field, temperature, type of super- 
conductor, and the metallurgical microstructure of the material. 

I O ~  ~ l c l c l t <  ~ 1 1 ~ 0 ~ 1 3 , ~  <)c>L 

No Change 

ASSOCIATE. 

TLL: TYPE: 

22. COORDINATION 

26.  

(U) Progress: Short sample properties of NbTi have been complctcly studic:d as 
a function of metallurgical history, magnetic field, and temperature. This know- 
ledge should be applied to other materials. 
No funds for this work unit were used in FY-67; the work reported is based on 
FY-66 funds for contract NAS8-20552 which will be completed by February 7, 1967. 
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RESEARCH AND TECHNO! OGY RESUME 
4. D A T E  O F  R E S U M E  15. K I N D  OF R E S U M E  

(U) Evalua t ion  of Simulated Radiat ion Shie lds  
12. S C I E N T I F I C  O R  T E C H .  A R E A  1 13. S T A R T  D A T E  1 14  CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

15-03-67 I D. Change (15-08-661,~, ,,!& 
101. C U R R E N T  N U M B E R / C O D E  

124-09-01-13-62 

1 .  

6. SECURITY 

e) Objec t ive :  a .  Problem: To determine t h e  s h i e l d i n g  e f f e c t i v e n e s s  of a n  i n t e g r a l  
space v e h i c l e .  b. Appl ica t ion :  The gamma r a y  probe technique can determine w i t h i n  a n  
order  of magnitude t h e  number of e l e c t r o n s  contained i n  a  path through any po r t ion  of 
a  space  v e h i c l e  without  any damage t o  t h e  veh ic l e .  c .  D i s c u s s i o n :  The p r i n c i p l e s  of t h e  
gamma r a y  probe have been t r e a t e d  t h e o r e t i c a l l y ;  a  l abo ra to ry  e f f o r t  should be complet- 
ed t o  determine;  (1) angular  dependence ( 2 )  s i z e ,  shape and type  of d e t e c t o r ,  (3)  
e f f e c t  of c o l l i m a t i o n  and/or  energy d i sc r imina t ion  and (4)  t h e  e f f e c t  of va r ious  s h i e l d  
w t e r i a l s  . 
( U )  Approach: S labs  of va r ious  s h i e l d i n g  m a t e r i a l s  normally found on a  space v e h i c l e  
w i l l  be placed between a  source of gamma r a d i a t i o n  i n  energy range of 0.6 mev t o  1.5 me 
and a  r a d i a t i o n  d e t e c t o r  (Na I o r  L i  d r i f t e d  Ge). Counts a r e  recorded f o r  a t ime t ,  
t h e  s h i e l d  removed and counts  aga in  r eco rd  f o r  t ime t ,  the  r a t i o  of t h e  counts  is  a 
measure of t b e  e l e c t r o n s  i n  t h e  s h i e l d  between source and d e t e c t o r .  Parameters inc lude  
va ry ing  (1)  source  energy, '  (2 )  d e t e c t o r  s i z e ,  shape and type ,  ( 3 )  s h i e l d  l o c a t i o n  and 
Z.  (4) Obtaining t h e  u n s c a t t e r e d  s p e c t r a  by co l l ima t ion  and energy d i sc r imina t ion .  

1 1 .  T I T L E :  

N/A 

;id) Progress:  A l l  r equ i r ed  e l e c t r o n i , ~  equipment has been purchased, r ece ived ,  and 
checked ou t .  S tud ie s  have been completed f o r  s t eady  s t a t e  cond i t i on  us ing  Na I c r y s t a l  
d e t e c t o r s .  It was determined t h a t  t h e  photo tube  temperature must be maintained t o  
w i t h i n  p lus  or  minus two degrees t o  main ta in  t h e  peaks w i t h i n  t e n  Kev. S o l i d  s t a t e ,  
L i  d r i f t e d  Ge d e t e c t o r s  a r e  p r e s e n t l y  being used wi th  energy r e s o l u t i o n  of l e s s  than  
80 Kev FW HM f o r  t h e  1.33 Mev gamma r a y  from a c o b a l t  60 source.  

2. G O V T  A C C E S S I O N  

7. R E G R A D I N G  

013800 Radia t ion  Sh ie ld ing  & Pro tec t ion  

lob. P R I O R  N U M B E R / C O D E  

No Change 

G A 

I I 

06 63 
18. R E S O U R C E S  E S T .  

PRIOR FY- 67 
C U R R E N T  FY-- 68 

16. PROCURE. METHOD 

N /A 

32. F U N D S  (S K )  IN IIOUSI CON1UAt.I 
. . . .  ; . . -  - .. - 

-- ..-- 
PRIOR FY- 67 

- . ~  
6 - 

.... ~.. . 

C U R R E N T  F Y  -68 15 - 
.. . 

3 4 .  S U B  P R O G R A M  - . - -- .- 
Space Vehicle  Environmental . . Factors  - -- --- 

35. T A S K  A R E A  

N A S A  FORM 1122 (Rev. Nov. 6 3  
(Ifrrna I to ffi idcnlical lo D D  Fortr. I(B8 15 

3 .  AGENCY ACCESSION 

NR 002992 
8. RELEASE LIMITATION 

A. Work Unit 

!7. C O N T R A C T i G R A N T  

a. DATE 
b. NUMBER 

C. TYPE N/A d. AMOUNT 

27.  

9. LEVEL OF RESUME 

20. P E R F O R M I N G  O R G A N I Z A T I O N  I 
muK. 

ADDRESS' 

INVESTIQATORS 
Same a s  19 

PRINCIPAL. 

ASSOCIATE 

TEL: TYPE. 

22. C O O R D I N A T I O N  

N/A 

N/A 
8 .  PROFESSlONAL 

MAN-YEARS 

0- 6 
o* 6 

19. GOVT LABflNSTALLATlON/ACTiVlTY I 
w M ~  Marshal l  Space F l i g h t  Center 
ADDRESS H u n t s v i l l e ,  Alabama 35812 

ALSP. INOIV P o t t e r ,  R. A., R-RP-N ... 205-876-8036(FTS) 
21 T E C H N O 1  O G Y  U T I L I Z A T I O N  

N/A 
23. K E Y W O R D S  

N /A 
b. F U N D S  - 

--d - 
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RESEARCH AND TECHNOLOGY RESUME 
4. D A T E  OF HCbUME 15. KIND OF RESUME 

, 124-09-01-14-62 1 No Channe 
11. TITLE: 

, (U) Research on A~pllcations of Su~erconductivitv to Active Radiation shield in^ boblens 
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRlT. COMPL. DATE 1 15. FUNDING ACE'~CY 

15-03-67 1 D . Change ( 15- 08-6dbT URK 
101. CLIHHENT NUMBERICODE 

1. 

6. SECURITY 

---A- 
= Marshall Space ~ l i ~ m e n t e r  I NAME: 

* ~ o m = ~ l  Huntsville, Alabama 35812 ADDRESS: 

N/A 

2. GOVT ACCtSSlON 

7. REGRADING 

GA . Work Unit 

, 015700 Solid State Phys:013800 Rad.Shieldirp 

24. 
(U) Objective; a. ,Problem: To permit the in-house evaluation of techniques develop- 

ed under contract toward advancement of the state-of-the-art of superconducting mag- 
nets for space shielding applications. b. Annlication: To perform original research 
on the application of superconductivity to activeradiation shieldingproblems, and 
to permit contract supervisors to remain more completely abreast of research problems 
of stable high field superconducting magnets. 

lob. PRIOR NUMBER/CODE 

11 65 
18. RESOURCES EST. 

GH FY- 67 - --- 
CURRENT FY 68 

16. PROCURE. METHOD. 

N/A 

.=P. I ~ D ~ Y  Urban, E . W. , R-RP-N 
m. 205-876-4126 (FTS) 
21. TECHNOLOGY UTILIZATION 

N/A 

25. 

(U) Approach: In parallel with the efforts of contractors, stability problems of 
short samples and coil are being investigated. Magnetization test with cylindrical 
sample of s~perconductors will be conducted to investigate flux jumps and flux 
penning strengths. 

3. AGENCY ACCESSION 

NR 004282 
8. RELIIISE LIMITATION 

17. CONTRACTIGRANT 

a .  DATE 
b. h U M B a  

c. TYPL N/A d. At.imjnT 

~NVESTIGATORL 
PRINClPAL: Same as 19 
ISSOCIATE: 

TEL: TYPE: 

22. COORDINATION 

N/A 

26. 

(U) Progress: Initial experiments on short sample characteristics of superconductor 
and magnetization test have been performed. These measurements are being correlated 
with the theoretical results from contractors. New experiments are planned to extend 
observations to higher magnetic fields and temperatures above and be low 4.2'~. 

I 

9. LEVEL OF RESUME 

20. PERFORMING ORGANIZATION 1 I 

N /A 
a. PHOFESSlONAL 

MA-N-YEARS 

0.5 -- 
0.5 

19. C O W  LAB/INSTALUTlON/ACTIVlTY 1 1 

23. KEYWORDS 

N/A 1 
b. FUNDS ( I n t h o u m t ~ d r )  - - - -- 

I I - - - -- -. -- - - -. -- -- 
31. SPECIAL EQUIPMENT 

IN -- "OUSC - -  - 
purity & - 
.- - 19 - 
.- -- - - 25 
34. sue PROGRAM 20- - 
- 

35. TASK AREA High Energy Radiation Effects & Shielding 

L 
NASA FOI~M 112: ( I ~ V V .  NW. 65) 16 
l l lrmn I l o  2f; ~ d c t d ~ r a l  I f r  .!)I) born,  I p H  . 

27. 29. PROJECT CROSS CODE 28. REQUESTING AGENCY 30. SRT CROSS CODE 



I (U) Charaed P a r t i c l e  Motion i n  Maanetic F i e l d s  I 

R E S E A R C H  AND T E C H N O L O G Y  RESUME 

N /A 
M I A  I 1 

C. TYPE d. AMOUNT CURRENT FY- 68 1 0.1 - 
19. GOVT. LAB/INST&LLATION/ACTlVlTY 1 I 120. PERFORMING ORGANIZATION 1 I I 

1 .  

6. SECURITY 4 .  DATE OF RESUME 

. . - u 

LULIE Marshal l  Space 
ADDR-S: H u n t s v i l l e  , Alabama 35812 ADDRESS: 

5 .  KIND OF RESUME 

I RCSP. INDIV. Urban, E. W., R-RP-N 

2. GOVT. ACCESSION 

7. REGRADING 

15-03-67 

12. SCIENTIFIC OR TECH. AREA 
013800, Radia t ion  

Sh ie ld ing ;  012300, P a r t i c l e  Physics  

INVESTIGATORS 
PRINCIPAL: Same a s  19 
ASSOCIATE: 

1 I .  TITLE: 

N /A u u D. Change ( 15-08 -66) , ... ,,, 

13. START DATE 

08 62 
18. RESOURCES EST. 

PRIOR FY- 6 / 

16. PROCURE. METHOD 

205-876-4126 (FTS) TEL: TYPE: 

21. TECHNOLOGY UTILIZATION 122. COORDINATION I 

3.  AGENCY ACCESSION 

NR 004283 
8. RELEASE LIMITATION 

101. CURITEN r NUMBER/CODE 

124-09-01-15-62 

17. CONTRACT/GRANT 

1. DATE 
b. NUMBER ,, I r 

L 4 ( ~ )  Ub i e c t  i ve :  a .  _Problem: To determine t h e  gene ra l  c h a r a c t e r i s t i c s  of charged 
p a r t i c l e  motion i n  a v a r ~ e t ! ~  of magnetic f i e l d  systems, p a r t i c u l a r l y  those  w i t h  a x i a l  
symmetry. b. Applicat ion:  By t h e  techniques s o  der ived  magnetic con f igu ra t ion  may 
be c l a s s i f i e d  a s  t o  t h e i r  e f f e c t i v e n e s s  i n  excluding charged p a r t i c l e s .  

lob. PRIOR NUMBERlCODE 

No Change 

9. LEVEL OF RESUME 

G A 

14. CRIT. COMPL. DATE 

N/A 
a. MAN-YEARS - 

25. 

(U) Approach: Analy t ic  techniques developed e a r l i e r  w i l l  be app l i ed  t o  promising o r  
i n t e r e s t i n g  magnetic geometries t o  determine t h e i r  s h i e l d i n g  c h a r a c t e r i s t i c s ;  such 
geometr ies  may inc lude  t h i n  and t h i c k  so l eno ids ,  t o r r o i d s ,  and va r ious  f i e l d  combi- 
n a t i o n s  such as d i p o l e  p lus  so lenoid ,  e t c .  The methods of mathematical physics  w i l l  
be a p p l i e d  i n  t h e  ~ e a r c h  f o r  new a n a l y t i c  techniques.  

A. Work Unit 

15. FUNDING AGENCY 

N/A I 
b. FUNDS (Inlhoumtrds) - 

26. 

(U) Progress:  Due t o  an  educa t iona l  leave of absence,  t h e  p r i n c i p l e  i n v e s t i g a t o r  
d i d  no r e s e a r c h  on t h i s  t o p i c  i n  FY-67; however, r e sea rch  w i l l  cont inue  i n  FY-68. 

1 

I I -- -L - -- 

30. SR 1. CI?O\!; C<>DE 27. 

31. SPECIAL EQUIPMENT 

-- 
33. UNIQUE PROJECT I Space Vehicle  Systems, SRT 
34.  sue PROGRAM I S ~ a c e  Vehicle  Environmental Fac tors  
35. TASK AREA 

-. 32. - - FUNDS - - - - (S -- %? - - - - ~ x i 5 ~ T o ~ ~ ~ c r  . - A - . 
PRIOR FY- 67 
- - -  

- - - -  
CURRENT ~ ~ - 6 8  

- -- -- - - - - - - - 
NEXT FY- 69 - 

I - - # 

High Energy Radia t ion  E f f e c t s  and Sh ie ld ing  

28. REQUESTING AGENCY 

Y A S A  FORM 1122 (Rev. h'ov. 65) 
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29. PROJECT CROSS CODE 



( U )  Plasma Shie ld ing  S tud ie s  
12. SCIENTIFIC OH TECH. AREA 13. START DATE 1 14 CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

RESEARCH A N D  TECHNOLOGY RESUME 
' 4 .  DATE OF P~C:,LIME 5 .  KIND OF f4CSUMC 

3. AGENCY ACCESSION 

NR 005263 
8.  RELUSE LIMITATION 

GA 

013800 Radia t ion  Sh ie ld ing  & Pro tec t ion  03 66 

Plasma Space Radia t ion  S h i e l d ,  Magnetic F i e l d  
24. I 

lob. CLIHRENT NUMBERICODE 

124-09-01-17-62 

1 .  

6. SFCURlTY 9. LEVEL OF RESUME 

A .  Work Unit  

16. PROCURE. METHOD 

R-r. INDIV. Wood, Lawrence H. , R-RP-N 
m 205-876-1629 (FTS) 
21. TECHNOLOGY UTILI2ATIC)N 

N /A 

- 

(U) Object ive:  a .  Problem: To develop an e f f i c i e n t ,  low weight plasma space r a d i a -  
t i o n  s h i e l d .  b. Appl ica t ion :  Superior  manned s p a c e c r a f t  des igns .  c .  Discussion: - 
The "Plasma" r a d i a t i o n  s h i e l d s  o f f e r s  t h e  p o s s i b i l i t y  of employing a  magnetic f i e l d  

lob .  PRIOR NLIMBER/CODE 

No Change 

2. GOVT. ACCESSION 

7 .  HEGRADING 

15-03-67 D. C h a n g e ( l 5 - 0 8 - 6 , a  U,, 

17.  CONT HACT~GRANT 

INVFSTIGATDHS 
rn+nclprL:  D r .  Levy, Richard 
AsSoCIATE D r .  Jones , Sargent  

TEL: 617-389-3000 TYPE: 

22. COORDINATION 

N/A 

- 
t o  produce an e l e c t r o s t a t i c  r a d i a t i o n  s h i e l d .  Such a s h i e l d  is  p o t e n t i a l l y  an  
o rde r  of magnitude l i g h t e r  than  bulk  s h i e l d i n g .  

1 I .  TITLE: 

N / A  . 

23. KEYWORDS 

*"(U) Approach: The development of a  plasma r a d i a t i o n  s h i e l d  r e f e rences  a  coord i -  
na t ed  approach involv ing  t h e o r e t i c a l  ana lyses  p e r t a i n i n g  t o  t h e  f e a s i b i l i t y  of t h e  
s h i e l d ,  e .g .  i n v e s t i g a t i o n  of poss ib l e  i n s t a b i l i t i e s ,  and experimental  v e r i f i c a t i o n  
of t heo re t i c ' a l  ana lyses .  S p e c i f i c  experiments involve l abo ra to ry  s imu la t ion  of 
t h e  b a s i c  t o r r o i d a l  geometry v i a  an  inve r t ed  t o r r o i d  and w i l l  l ead  t o  t e s t s  of a  

, s c a l e  model s h i e l d  i n  a  l a r g e  vacuum chamber. 

N/A N/A I 

26. 
(U) Progress:  The c o n t r a c t  was extended,  e f f e c t i v e  January 1, 1967 u n t i l  January,  
1968. T h e o r e t i c a l  ana lyses  have thus  f a r  shown t h e  plasma s h i e l d  t o  be q u i t e  s t a b l e .  
Experimental s t u d i e s  performed i n  a t o r r o i d  w i t h  a one meter major diameter  and a  
10 cm minor diameter  have developed p o t e n t i a l s  up t o  100 kv. 

B.  Cont rac t  

27. 28. HEQllEbTlNG AGENCY 29. F1I?0Jt:.C I CItCJ'8'a f..t JOI. 30. ..I< I ~ltn.... 1 .I )01 1 
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High Energy Radia t ion  E f f e c t s  and Shie ld ing  
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R E S E A R C H  AND TECHNOLOGY R E S U M E  

(U) Cross Sec t ion  Ca lcu la t ions  and the  Study of Space Vehicle Radiat ion Shie ld ing  
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 1 4 .  CRIT. COMPL DATE 1 15. FUNDING AGEKY 

L 
1 1 .  

4 DATE OF tZCSUME 5 .  KIND OF RESUME SFCURITY 

15-03-67 C .Terminated(l5 08 6 ,,J' 
101 CUHHCNT NUMBERICODE 

124-09-01- 18-62 

L - .. . -  L I L--- 
Marshal l  Space F l i g h t  Center w ~ e :  Union Carbide Research I n s t i t u t e  

ADORUS. H u n t s v i l l e ,  Alabama 35812 ADDRESS: Tarrjitown, New York 

I lwMv. Edmonson, Dr. N. , R-RP-N 1 AsSOCIA~E.  

I N V E S T l G A m R S  
PRINCIPAL: D r .  Zerby , C .D. , I n d u s t r i a l  Research 

2. GOVT. ACCCSSION 

11. TITLE: 

7. REGRADING 

N / A  

High Energy Radia t ion  Effec ts :Cross  Sec. 

.,. 205-876-4126 (FTS) TUC; TYPE: 

- 
21. TECHNOLOGY UTILIZATION 1 22. COORDINATION I 

3.  AGENCY ACCESSION 
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bremsstrahlung c r o s s  s e c t i o n s  t o  g ive  more accu ra t e  space s h i e l d i n g  des igns .  
c .  Discussion:  Values of bremsstrahlung c r o s s  s e c t i o n s  c a l c u l a t e d  by e x i s t i n g  
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s i o n s  which a r e  much more r e a l i s t i c  phys i ca l ly .  
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t h e  MSFC Computation Laboratory. The f i n a l  r e p o r t  on t h i s  c o n t r a c t  is  i n  prepara-  
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advanced stages, and to provide some insight into the mechanisms of radiation degradatilm 
in polymeric materials. 
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(U) APPROACH: Materials specimens are exposed to ultraviolet and/or charged 
particle radiation, vacuum, and various temperatures (elevated and cryogenic). Property 
tests are generally made in-situ through the use of specially designed equipment. 
Irradiations are made with a 2 Mev Van de Graaff accelerator and a high intensity 
ultraviolet source and can be made singularly or simultaneously. 

TEL. TYPY: 

(U) PROGRESS: The integrating sphere and associated spectrometer system required 
for in-situ heasurements are being mated to the requisite optical coupling system. The 
irradiation chamber has been modified to allow the ion accelerator beam to enter 
through one port at an incident angle of 15O to the normal of the sample and the solar 
simulator beam to enter through a second port also at an incident angle of 15O. This 
modification is necessary to overcome equipment problems encountered in superimposing 
the two beams normal to the specimen. The complete system is being assembled currently 
in the Ion Accelerator Facility. 
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( U )  Approach: Research w i l l  c o n t i n u e  on o p c r a t i ~ n  and s t a b i l i z a t i o n  problems of  
1ar;;c volume, h i g h  f i e l d  superconduc t ing  c o i l s .  Research w i l l  be c o n c e n t r a t e d  i n  
t h e  s t u d y  of t h e  f o l l o w i n g  f a c t o r s  on the  behav io r  of suycrconductin:: magnets: v a r i o u s  
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(U) P r o q r e s s :  A d e t a i l e d  s t u d y  of t h e  c u r r e n t  t r a n s f e r  and c u r r e n t  sharing between 
s u p e r c o n d u c t o r  and copper  s t a b i l i z e r  h a s  been made. T h i s  a n a l y s i s  will. h e l p  i n  

! determining c r i t i c a l  v a l u e s  of impor tan t  superconduc t ing  pa ramete r s  ( e .  f i .  c u r r e n t  and 
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b e i n g  c o n t i n u e d  on NAS8-21037. 
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(U) Objective: b. Problem: To isolate and eliminate factors limiting the construction 
of large, high field superconducting magnets for use in active shielding of spacecraft. 
b. Application: The understanding of supercurrent instabilities in superconductors. 
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lob. PRIOR NUMBER/CODE 
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9. LEVEL OF RESUME 

G A A. Work Unit 

%Ti) Progress: Experiments on the penetration of the A.C. magnetic field into the 
various superconductors have been completed. This method can be used to measure the 
penning strength of various type I1 superconductors. 

(U) Approach: Research has been directed toward understanding the relationship between 
flux flow and superconductor instabilities. An A.C. magnetic field was superimposed 
on D.C. bias field, and the affects of frequency, wave form, and amplitude were ob- 
served inside various samples. 
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(U) Objec t ive :  a .  Problem: To determine t h e  mechanism and c h a r a c t e r i s t i c s  of v o l t a g e  
breakdown i n  d i e l e c t r i c  m a t e r i a l  caused by e l e c t r o n  charge s to rage .  b. Applicat ion:  
The d i scha rge  of Pegasus c a p a c i t o r  panels  under t h e  e f f e c t s  of e l e c t r o n  bombardment 
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pane ls ,  u s ing  a s p e c i a l l y  cons t ruc t ed  s t ron t ium y t t ru im source.  Experiments have been 
c a r r i e d  ou i n  an  environmental chamber w i th  temperatures  down t o  about -65OC and a - Ei 
vacuum 10 Torr .  P r i n c i p a l  ins t rumenta t ion  is  a n  osc i l l o scope  wi th  camera t o  r eco rd  
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ed movable s h i e l d  i s  being cons t ruc ted  t o  al low a v a r i b l e  e l e c t r o n  source  s t r e n g t h ,  
and the  temperature w i l l  be cycled.  More r e a l i s t i c  Pegasus c i r c u i t i n g  w i l l  a l s o  be 
employed. I n  a d d i t i o n  t o  experiments us ing  e n t i r e  pane ls ,  smal le r  c a p a c i t o r s  w i l l  be 
e tched  out  t o  determine t h e  a r e a s  of d i scharge  involved i n  t h e  pulses .  Upon completia 

zaf t h i s  work, i t  i s  hoped t h a t  f u r t h e r  s t u d i e s  can be performed t o  inprove t h e  undcr- 
s t and ing  of t h e  fundamental p r o p e r t i e s  of e lectron-produced d ischarge .  
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A l a r g e  number of pu l se s  were observed a t  low temperatures  of f r a c t i o n a l  v o l t a g e  magni 
tude ,  a l though none appeared a t  room temperatures .  A t h e o r e t i c a l  t rea tment  of t h e  
d i scha rge  phenomena was a l s o  presented .  
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( U )  Object ive:  a .  Problem: To develop computer codes which w i l l  provide t h e  i n t e -  
g ra t ed  e l e c t r o n  o r  proton f l t x e s  encountered by an  o r b i t i n g  s p a c e c r a f t  i n  t h e  e a r t h ' s  
magnetic f i e l d .  b .  Applicat ion:  Codes a r e  t o  be developed t o  c a l c u l a t e  t h e  r a d i a -  
t i o n  l o s e s  i n s i d e  spaceships  a s  t h e  c r a f t  t r a v e r s e s  t h e  b e l t s  of r a d i a t i o n .  
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d e t a i l  t o  l o c a t e  t h e  spaceship  a s  a func t ion  of t h e  t h r e e  o r i e n t a t i o n  elements ( l ong i -  
tude of t h e  node, t h e  i n c l i n a t i o n ,  and t h e  argument of per igee)  and t h e  three-dimension 
elements (semimajor a x i s ,  e c c e n t r i c i t y ,  and time of per igee  passed) .  From t h e  above 
parameters t h e  long i tude ,  t h e  l a t i t u d e  and the  d i s t a n c e  from t h e  e a r t h  w i l l  be convert-  
ed i n t o  B-L coord ina t e s  which a r e  used t o  s p e c i f y  t h e  r a d i a t i o n  f l u x  and energy s p e c t r a  
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e a r t h ' s  magnetic f i e l d .  It i s  hoped t h a t  simple r a d i a t i o n  t r a n s p o r t  models can be 
developecl which w i l l  provide a continuous dose r a t e  c a l c u l a t i o n  from protorrs and e l e c -  
m o n s  i n s i d e  a s p a c e c r a f t .  
(U) Progress:  The above work has been completed and pub l i ca t ion  of t he  work has been 
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Extended e f f o r t  i s  being expanded t o  modify t h e  program t o  t r e a t  s p e c i a l  problems such 
a s  modifying s o l a r  f l a r e  spectrum i n  e a r t h ' s  magnetic f i e l d .  
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opera t ion  s i n c e  1957. This s e t  of da ta  is unique and o f f e r s  t h e  only present  chance 
f o r  'observing long term v a r i a t i o n s  i n  the  meteoroid environment. It a l s o  provides 
an e x c e l l e n t  da ta  s e t  f o r  comparison t o  s a t e l l i t e  r e s u l t s .  

9. LEVEL OF RESUME 

A. Work Unit 

19. GOVT LAB~INSTALLITIOYIACTIVITY I I 20. PERFORMING ORGANIZATION 1 i 

17. CONTRACTIGRANT ' 18. RESOURCES EST 
a.orrl 11 62 

b NUMWER H-41974 PRIOR FY- 67 

,,.(U) Progress: Col lec t ion  and ana lys i s  of meteoroid da ta  i s  continuing. It has been 
we l l  e s t a b l i s h e d  t h a t  t h e  v a r i a t i o n  of meteoroid r a t e s  r epea t s  i n  a yea r ly  cycle.  

c. TYPE C d. AMOVN$ 65 -000 

25.(U) Approach: Data from the  rada r  f o r  recent  months are being reduced. Older d a t a  
a r e  being analyzed f o r  d i u r n a l ,  year ly ,  and o ther  per iodic  v a r i a t i o n s  i n  f lux .  Corn- 
par isons  a r e  being made between these  d a t a  and o ther  da ta  taken a t  NRC, as w e l l  as 
wi th  Pegasus data .  

Data c o l l e c t i o n  w i l l  continue t o  t h e  next sun spot  maximum s o  t h a t  a complete s o l a r  
a c t i v i t y  cycle  w i l l  be covered. Annual, monthly, and d iu rna l  v a r i a t i o n s  of the  meteo 
r o i d  r a t e s  a r e  being inves t iga ted  and r a t e s  a r e  being compared from nor thern  and 
southern hemispheres i n  t h e  next  sun spot  cycle.  Data have been suppl ied  t o  MSFC f o r  
comparison wi th  the  Pegasus d a t a  and t o  MSC f o r  use i n  meteor shower inves t iga t ions .  
Funds f o r  FY-68 were not  requested because of funding guidel ine  l imi ta t ions .  

- - - - - - - - - 
CURRENT FY -68 

. 

____I__I___.___I ----- . L 
31. SPECIAL EQUIPMENT t 32. FiJIrlD5 ( 8  K) IN lI01J!,I CUNlItAf I 

I p a l o a F ; : - 6 7 1  - 1 20 1 
- . - - - -. . - - - -- - - -  . - 
33. UNIQUE PROJECT Space Vehicle SySteqls, SRT ~ U H H E N T ' F Y ~ - ~ T  

'L - - 
. -- - -- - 
34. sue PROGRAM S p a c e  Vehicle Environmental Factors  -- - - 

20 
35. TASK AREA 

Meteoroid Environment and Impact Hazard 
t 
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I 2 
. % -  - -  - 
A L - -  - - 2  1 2 .  1 5 - 3 - 6 )  1 &,I % / A  F i) jA. Work anit 

101 C U H H E N T  N U M B E R I C O D E  I l o b .  P R I O R  N U M B E R I C O D E  

124-09-02-12-62 I No Change ' 

I I .  T I T L E :  Hypervelocity Impact Research (Transient Phenomena from Strong 

12. S C I E N T I F I C  OH T E C H .  A R E A  1 13. START D A T E  1 14 CRIT. COMPL. DATE ( 15. FUNDING AGEhCY 

* 
RESEARCH AND TECHNOLOGY RESUME 

4 C- - : -6 0': r t . w ~  / ', - 1 - I D  rTiF PC ~ I J M ~  

2 G O V T  A C C C S S I O N  

7 REGRADING 

1.  

6 SFCURITY 

I 
L- - .. . - --- -- -I-. -- - -- I L-- -- - - - & - - -  

Marshall Space Flight Center NAME: Hayes International 
RDDR=S. Huntsville, Alabama 35812 ADDRESS: Huntsville , Alabama I 

3.  AGENCY ACCESSION 

NR 003012 
8 R ~ L L ~ S I  IL~MITATION 1 8 LEYI.L CF t 3 1 2 1 i ~ r  i 

1 "LSC. INDIV. Naumann . R. J . , R-RP-P 

Physics 005500, 013600, 015700 

I INVESTIGATOHS 
CRIHCICAL: 

ASSOCIATE: 

01 66 
18. R E S O U R C E S  E S T .  

-- ..-67.-- 
P R I O R  FY-- - . . -. . . - -- . . . . . . . -. . - - - --. 
CURRENT FY - 68 

' 16. PROCURE. M t T H O D .  

B. Contract 

17. C O N T U A C T I G R A N T  

a. DATL 01 66 
b. ~u~dJAs8- 20345 
C .  + v p ~ M I  CPFF d. ~ u a ~ ~ . .  ,$130,368 

N/ A I 
23. K E Y W O R D S  t- N/A 

20 ,  P E R F O R M I N G  O R G A N I Z A T I O N  I I 

N /A 
a. P ~ ~ ~ ~ ~ , ? ~ " , ~ A L  -- Is,r -- -. 

. . -. - - - . - -- - . - - - . 
0.3 

'I 9. GOVT. LIB/INSTALLATIONIALllVlrY I I 

m. 205-876-2595 (FTS) - 
21. T E C H N O L O G Y  U T l L l Z A  T I O N  

1 
To develop a thorough understanding of the behavior of 

matter under shock compression. Application: .l&wroid sen sor conce~ts, instrumenta- 

N/A I 
b. F U N D S  (Inlhuumnd#) ----!w--- --- 

--. - - . - -. - . . - - - - 

TEL: TVCE: 

22. C O O R D I N A T I O N  

t ion for impact measurements . 

25. 

(U) Approach: To design a meaningful experiment, it is necessary to develop a theore- 
tical model to guide the measurement program. Effects under consideration are conduct- 
ing states in dielectrics, polarization of non-piezo dielectrics, equation of state 
of porous solids, release temperature and entropy change, vaporization,and ionization 
phenomena. 

26. 

(U) Progress: A one-dimensional model has been constructed for prediction of the onset 
of conduction band overlap in dielectrics. Hydrocodes have been developed for predic- 
tion of material state during compression and expansion. Design of pertinent c-xpcri- 
ments are underway. 
Funds for FY-68 were not requested because of funding guidelines limitations. 

2 7 .  28. H E Q I J E ~ T  ING AGENCY 2'1. F-~~(:)JEI. I ~ ~ c o , . ' ,  r .oor 3d. 5 1 4 1  ~ . r ~ c ~ . . ,  ~.I,IJI. 1 
_ _ . _ __ __  .- _ _  _ ._ . _.. .. .. . _ . 

- .  
. - 

CURRENT ~ 6 8  - - 
-- - - - - - - - - - . - . .... . . 

NEXT F Y - -  69- 
.- - 30 

b 
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(U) Meteoroid Detector Development and Calibration 
12. l i C l t N 1  I F l C  uF3 TECH A V E A  1 1 3 .  S T A R T  D A T E  1 1 4 .  CRIT. COMPL. DATE 1 1 5 .  FUNDING AGEhCY 

I Astronomv 002000 I 03 6 5  I N /A  - -  - - .. . I --  -- I -., - -  *. - -  I 

1 6 .  PROCURE. METHOD 1 7 ;  C O N T R A C T I G R A N T  
A -  # -  1 1 8 .  R E S O U R C E S  E S T .  I a. ~ ~ a h ~  V C I I ~ C  ) b. F U N D S  (In1houwndr)l 

3. AGENCY ACCE5SION 

NR 003015 
8 RELEASE LIVIT IT ION 

2 G O V T  A C C E S S I O N  

7 R E G R A D I N G  

N/A 

RESEARCH A N D  TECHNOLOGY RESUME 
4 D A T t  C,F RE S ,WE 5 KI'.D GF R E S U H E  " E ~ E L  CF P S I ~ H ?  

1 CJa CtJ+l , rL '4  i P4 , V E E R  C 3 D E  

124-09-02-15-62 

1 

6 SECL98TY 

IMWC Marshall Space I 
NAME: North American Aviation, Inc. 

I A00""S Huntsville, Alabama ADDRESS: 12214 Lake Wood Boulevard ' -1 

FO A. Work Uni t  
l o b .  P R I O R  N U M B E R  C O D E  

No Change 

15-63-67 D. Change (15-03-66) !& wk 

B. Contract 

. . T I T L E  

2 3 .  K E Y W O R D S  I 

1. DATL uj C ) /  
b. NUMBE~NAS~-21115 
c .  TYPEM CPFF d .  AMOUNT 49 990 

R-P. ~ N D ~ V .  Dozier, Dr. J. B. R-RP-P 
7.. 205-876-1936 
21. T E C H N O 1  O G Y  U T I L I Z A T I O N  

N/A 

@) Objective: a. Problem: To provide adequate hypervelocity impact testin6 of detec- 
tor panels and related target materials. b. Application: To determine the effective 
thickness in terms of penetration in semi-infinite targets and to correlate spacecraft 
meteoroid data with impact of known mass and velocity particles. 

19. GOVT. LAB/lNSTALLATION/ACTIVlTY 1 I - 

Downey, California 90241 
INVESTIGATORS 

pRINcwAL! Scully, C. N. 
ASSOCIATE: 

TEL: TYPE: 

22. C O O R D I N A T I O N  

N/A 

25. 

(U) Approach: Hypervelocity impact testing employing particles of several types of 
materials, and appropriate masses, utilizing velocities up to the maximum available 
with emphasis on thin sheet threshold velocities will be contracted until such facili- 
ties may be available in-house. Func,tional tests and calibration of various detectors 
including Pegasus panels, Explorer 23 pressure cells, and S-IVB tankage with IR 
detectors will be conducted. 

20. P E R F O R M I N G  O R G A N I Z A T I O N  I I 

PRIOR FY- 67 
CURRENT FY- 68 

26. 

(U) Progress: A contract (NAS8-20053) with North American Aviation has been completed 
and the final technical report is being prepared. This aspect of the study has not 
been abandoned but plans are to seek a contract to continue the applicable portions 
of the study. 

,.,r.,.- . Lr....., 

0.2 - 

_ -  _L- I 

3 1 .  S P E C I A L  E C l U l P M E N T  

N - -- 

50 -- - 

33. UNIQUE P R O J E C T  I Space Vehicle S ys tern>, SRT 1 CURRENT F Y ~ - 8  , 
- -- - - - .- . - 

- 
-- - - 

34.  SUB PROGRAM Space Vehicles Environmental Factors ] NEXT FY- 69 - - 
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(U) Theoretical Impact Calculations 
12. SCIENTIFIC OR TECH. AREA 13. START DATE 1 1 4  CRIT. COMPL DATE 1 15. FUNDING AGENCY ' 

- - * -  - - -  *:l:.t;:* ;thZ r E I 1 1 ~ ~ \ ) L b t i ?  zhfiU.\tfE NR 006897 
8. RELUISt LIMITATION 

F 0 

I I ~ ~ I V .  Naumann, R. J. R-RP-P 

9. LEVEL OF RESUME 

A. Work Unit 
7 HEGHADING 

N/A 
1 0a CLJHHENT NUMBER~COUE 

Physics 006400. 015600, 016700 

i . -- .. . 1 .  .. ... 

Marshall Space Flight Center 
AOORUS Huntsville, Alabama 35812 

I INVESTIGATOHS r~1w:lPAL: B jork, R. L. 
ASSOCIATE. 

lob. PRIOR NUMBFR~CODE 

6 SFCUHllY 4 k .., ~ < t  L ~ c  bit. 

09 64 
18 RESOIJRCE'= E'al 

- - - 
CljRRENr FY -68 

' 16 PROCURE MtTI lOD 

B. contract 

I - . -1. 

Shock Hydrodynamic Corp . 
ADORLSS: Sherman Oaks, California I 

' 7  * l k L >  <)e  +<L:>LlML. 

17. CON? IiACTIORANT 

A 06 65 
b. NU""" NAS~-20233' 
c.  rypcM.CPFF d ruwrr, $135 910 

24. 

(U) Objective: a. Problem: To utilize existing programs and to develop sophisti- 
cated codes to describe the complex phenomena of meteoroid impacrfor use in design 
of meteoroid protection and for analyzing meteoroid measurements. b. Application: 
Meteoroid Protection and definition of environment. 

15-03-67 

20. VERFOIPMING ORGANIZATION 1 

N/A 
1 PHOFE'slONAL 

MAN-YEARS-- - - 
- . 0.5 -- - - - 

0.5 
19. GOVT LAB/tHSTAUATION/AClIVIIY 1 

205-87612595 (FTS) T U  

21. TECHNOLOGY UTlLl LATION 

NIA 

(U) Approach: Programs have been developed to integrate the equations of motion 
25.  describing the impact process. Equation of State data andcontributive relations 
for a variety of materials exist and it is now possible to describe certain features 
of meteoroid impact with reasonable accuracy. The results are being checked against 
experimental measurements wherever possible. Additional cases will be computed from 
existing programs and new programs ,will be developed to incorporate more detail into 
the calculations. 

D. Change ( 15-08 -6€&!!, 2, 

N/A 1 
b FUNDS (Inlhuurotcdr) _ _ -  ~ . 

, - - - . - - .  - 

TELL TYPE: 

22. COORDINATION 

N/A 
23. KEYWORDS 

("1 Progress : Particle- in-cell and Eulerain techniques have been developed for the 
26treatrnent of a porous meteoroid striking an arbitrary target. Strength effects have 
recently been incorporated to provide a late-time description where pressures have 
fallen to the point that material strength is important. For the first time, ultimat 
crater dimensions can be predicted. Currently, various failure criteria are being 
incorporated to enable prediction of incipient failure and ballistic limit of finite 
sheets. A limited number of cases of engineering design interest are being computed 
in the present program. Experimental data is being generated under another contract 
to compare with these results. 

t 
f1HIoR FY - 67 - 

2'). I ' ~ # ~ I J I  r I f I~(I.... t OIJI 3 0  ' . t f  I I . I < ~ ) - , , .  r ,I,I 27 

- - -  

28. HtQllEbTINti AGtNCV 

- - -- -- - - -- - - - - - - 
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33 UNIQUE PHOJECt 
- -  - -  

34. sue PROGRAM 

' ~ S ' - T A S K ~ R E A - - - - -  

J 

. Spac_e_ Vehi-cle__Systems, B T  . . CUHF<tNl FY-68 - 5 0 
- - S p a ~ . ~ V , h i c l e E n ~ r o n m e n _ t a l ~ F a c t o r s  - N ~ X T  F Y  69 - 50 , 
Meteoroid Environment and Impact Hazard 
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PESEIPEH L!iD i E tH ! iOLOGY R E S U M E  j 1 NR 004285 ! 
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t 
1 6. SECURITY 1 7 .  REGRADING 1 8 .  RI LtASt I.IMI1ATION I 9.  LI LI L. OF RI S I ' K I  

124-09-02-19-62 1 No Change 
! f  TITLE: 1. 

u ID. Change(07-11-66) 1 %  ,,., 

(U) Development of a Hvvervelocitv Facilitv 
12. s c ~ c ~  ~ I F I C  OR TECH AREA 1 13. START DATE ( 14. CRIT. COMPL. DATE 1 15. FUNDING AGFWY 

N /A 

" 6 ~  strolv Espy, P. N. , Naumann, R, J. R-RP-P 
y.1. 205-876-2595 (FTS) 
21 1 EC&IYI>I O G Y  UTILIZATION 

N/A 
23 .  KCYWC>RD5 

INVESTIGATORS 
PRINCIPAL: Same as 19 
ASSOCIATE: 

TEL: i r r e :  

22. COORDINA rlON 

N/A 

lob. PRIOR NUMRER/CODE 

FO 

Astronomy - 002000 

2-1. 
(U) Objective: a,.Problem: To develop instrumentation for determining projectile 

mass velocity and integrety and for diagnostic measurement of impact phenomena such as 
ejecta distribution and state, emission of radiation, and charge separation. To opti- 
mize and improve range performance. b. Application: Meteoroid simulation. 

A. Work Unit 

09 65 
18. RESOURCES EST. 
-- - - - 
PRIOR FY- 67 
- - . -. -. - - - . 

CURRENT FY - 68 

I6 I'R~X~Jb'I. l.IETHQ9 

N /A 

f a )  Approach: An optical in-flight photometer will be constructed to collect and 
analyze light scattered from the projectile. An image converter framing camera will be 
used to photograph the projectile in flight and to observe transient impact phenomena. 
The same image converter camera operated in streak mode used with a spectrograph will 
provide time resolved spectra. A mass spectrometer will be used to analyze ionized 
ejecta materiql. A diffusion pump to evaluate the chamber to Torr will be used to 
minimize interaction of the ejecta with ambient atmosphere. 

17 CONTRACTIGRANT 

a .  DATE 
b. NUhrOER N /A 
C. r y m  d.  AMOUNT 

{?I) Progress: The light gas gun range is presently operative and is being used in 
applications of an engineering nature that do not require elaborate instrumentation. 
The plasma rail gun has proven its feasibility and is being scaled up to utilize increas 
ed energy input. It should be available in July. Sufficient experience has been gain- 
ed with our existing range to now be able to undertake more elaborate experiments of 
type that arc presently being contracted. 

20.  PERFORMING ORGANIZATION 
.- . - . . - - - -- - - . . - . . . - - 

NAME: 

ADDRESS: 

N /A 
a. PROFE"SIONAL 

- MAN-YEARS . - -- - -----.--.A 
1.0 

. -- - -- - - . - . 

1.0 
19. 5 0 V T  LFA INST4LLAllON/AClIVIIY 

-- .- ... - - --- 
Marshall Space Flight Center 

ADOpcs' Huntsville, Alabama 35812 

N/A I 
h. FUNDS ( I n l h , : e a e i ~ d s )  

- - -. . - -. . . - - . - . . 

- - . . . . .. - - 

ji 
- 

F.C. I c6UiPM.c i-T--- .- 
1.- 
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70 - 
34 .  SUB PROGRAM Space Vehicle Environmental Factors . . . ----------A -- 
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Meteoroid Environment and Impact Hazard 
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( U )  Meteoroid F i e l d  P a t t e r n s  
12. S C I E N T I F I C  O R  T E C H .  A R E A  1 13. S T A R T  D A T E  1 14. CRIT. COMPL. DATE 1 15. FUNDING AGENCY 

,, 

RESEARCH A N D  T E C H N O L O G Y  R E S U M E  

002100 Astrophysics  

R,~p. I N ~ I v .  Hale,  D. P. , Wright,  J. J. R-RP-N 
TFL 205-876-4513 (FTS) - 
21. T E C + i N O L  O G Y  U T I L I Z A T I O N  

24 .  
(U) Object ive:  a .  JZroblem; To perform t h e o r e t i c a l  a n a l y s i s  of t h e  p o s s i b l e  p a t t e r n s  

of launch meteor ic  f l u x  about a t t r a c t i v e  c e n t e r s ,  and t h e  dynamical behavior  of 
o r b i t i n g  m a t e r i a l  upon exper ienc ing  b r i e f  impulses. b .  Applicat ion:  This  s tudy  has 
a p p l i c a t i o n  i n  t he  e j e c t i o n  of material from an  o r b i t i n g  spacec ra f t .  

1. 

6. SECURITY 

& ,,, U 

4 D A T E  OF W C S U W E  

15-03-67 

04 63 
18. R E S O U R C E S  E S T .  

PRIOR FY- 67 
CURRENT FY- 68 

16. PROCURE. METHOD 

N/A 

INVESTIGATORS 
PRINCIPAL: Same a s  19 
AssoclATE: 

TEL: TYPE: 

22. C O O R D I N A T I O N  

23. K E Y W O R D S  

25. 

( U )  Approach: Appl ica t ion  of c e l e s t r i a l  mechanics t o  a n  ensemble of p a r t i c l e s  bound 
t o  a n  a t t r a c t i v e  c e n t e r ,  and t o  t h e  problem of a r b i t r a r y  i n j e c t i o n  a t  any p o i n t  about  
t he  c e n t e r .  

101. C U R 4 E I d T  ' , . J M B E R , C O D E  

124-09-02-21-62 

5 K I h D  OF R E S U M E  

D. Change (15-08-66) 

17. C O N T R A C T I G R A N T  

a. DATE 
b. NUMBER 

C. TYPE NIA d .  AMOUNT 

N/A 

( U )  Progress:  Research completed upon two papers dea l ing  r e s p e c t i v e l y  wi th  t h e  de l inea -  
t i o n  of t h e  r eg ions  i n  which t h e r e  can be f l u x ,  and wi th  t h e  behavior of e j e c t e d  
m a t e r i a l .  An a t tempt  i s  i n  progress  t o  apply  tGeory t o  t h e  Leonid Stream of Nov., 

l o b .  P R I O R  N U M B E R / C O D E  

No Change 

2. G O V T  A C C E S S I O N  

7. R E G R A D I N G  

N/A 

20. P E R F O R M I N G  O R G A N I Z A T I O N  I -- - 
NAME. 

ADDRESS: 

N /A 
8 .  PROFESSIONAL 

M A N - Y E A R S  

0.2 
0.2 

19. GOVT LAB~INSTALLATION/ACTlVlTY I 
Marshal l  Space F l i g h t  Center 

ADORE95 H u n t s v i l l e ,  Alabama 35812 

N/A 

11. T I T L E .  

N/A I 
b. F U N D S  (Inlhousa,tds) - - 

Meteoroid Flux.  E jec t ion  Dynamics 

31. S P E C I A L  E Q U I P M E N T  

PRIOR FY-6 7 

3.  AGENCY ACCESSION 

NR 004287 
8. RELEASE LIMITATION 

G A 

SpaceJehicle Sys terns, SRT CURRENT ~ ~ 6 8  
- - -. . - 

Space Vehicle  Environmental Fac tors  
35. T A S K  A R E A  Meteoroid Environment and Impact Hazard 

9. LEVEL OF RESUME 

A .  Work Unit 

30. ~ + 7  C.F?O\., c.0~1- 2 7 .  
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( U )  Experimental Hyperveloci ty  Impact Research (Advanced Accelera tor  Concepts) 
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

' a 

1 I 
WYE Marshal l  Space F l i g h t  Center - I NAME: Physics  I n t e r n a t i o n a l  
ADDRESS. H u n t s v i l l e ,  Alabama 35812 ADDRESS: San Leandro, C a l i f o r n i a  1 

RESEARCH AND TECHNOLOGY RESUME 
1 .  

6. SECURITY 

!pT wRK U 

4 .  DATE OF AESUME 

15-03-67 

, . , 

101. CURRENT NUMBERICODE 

124-09-02-23-62 

5 .  KIND OF RESUME 

D. Change (15-08-66) 

- - -  

18. RESOURCES EST. 

PRIOR FY- 67 
CURRENT FY - 68 

16. PROCURE. METHOD 

B* Contract  

RE.?. INOIV. Naumann, R. J. R-RP-P 
TTL 205-876-2595 (FTS) 
21. TECHNOL.OGY UTILIZATION 

- 

24 .  
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b .  Appl ica t ion :  To provide empi r i ca l  d a t a  i n d i c a t i v e  of probable  space f l i g h t  e f f e c t s  
and a l s o  t o  provide o the r  information needed i n  t h e  development c ~ f  an  a s s o c i a t e d  f l i g h t  
experiment package. c .  Discussion:  This  i n v e s t i g a t i o n  would expose a complete s e r i e s  
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&pus e l ec t romagne t i c  p o t e n t i a l s  t o  t h e  su r f aces  and s t u d i e s  t hen  made of t h e  d e p o s i t i o  
e f f e c t s  as system parameters a r e  v a r i e d .  
(U) Approach: Expose as t ronomica l  o p t i c a l  samples such a s  l e n s e s ,  m i r r o r s ,  pr isms,  
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deve loped ;  and (2)  v a r i o u s  s c i e n t i f i c  groups connected w i th  t h e  execut ion  of ATM t ype  
miss ions .  These groups w i l l  provide t h e  necessary  samples a s  w e l l  a s  t h e r i  requirem 
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in a ha rd  vacuum. Also to investigate the practical problems associated with such 
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to in su re  t r ~ n s i e n t  conditions. Scaling of g r o s s  dimensions f rom prototype to  model 
will be 2 to 1. Second phase experiments will be s imi lar  to  the init ial  experiments  
and will include conductive exchange a s  well a s  radiative exchange. I 
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(U)  APPROACH: All  available data would be reviewed in t e r m s  of the many paramet  
affecting the rma l  contact conductance. By reviewing the procedures  by which the 
data was taken, the pa ramete r s  measured  and the mater ia l s  considered, an at tempt  
will be made  to analyze the cause for  the wide spread  in data. Thus findings f rom 

26 
this  approach in t e r m s  of generalized dimensionless parameters  can be compared 
w ith those derived f rom a theoretical program. In addition, the two working in  
conjunction might shed light on mutual difficulties. This  effort is being terminated 
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t h e  modeling laws. Using t h e s e  modeling laws, experiments were designed a n 4  conducted 
t o  main ta in  t h e  modeling laws from prototype t o  model.Therma1 t e s t s  were run  f o r  t h e  
pro to type  c o i f i g u r a t i o n .  Then t e s t s  were conducted on t h e  model t o  exper imenta l ly  
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(U) Transient Thermal Contact Resistance 

Heat Conduction, Surface, Contact 
24. (U) Objective: a. Problem: To study heat transfer across surfaces in contact under 
transient conditions. b. Application: Transient conditions include those where the 
contact resistance remains constant and the thermal environment is varied, where the 
thermal environment remains constant and the contact resistance is varied, and combina- 
tions of both cases. c. Discussion: Previously a computation was made of how long it 
takes the system to approach a new equilibrium condition in the one-dimensional case 
after subjecting it to a step function by a change in contact pressure, change in sourc 
emperature, or change in ambient pressure. The experimental data are in agreement 
with the predicted values. The agreement is more close if the predicted time is longer 
(U) Approach: The following activities are to be performed: (1) In addition to stain- 
less steel, the'experiments are to be continued with other materials (Armco iron, 
aluminum, other types of steels). Also other surface conditions will be used. (2) The 
temperature dro6 across the contact and the time of the occurrence of its maximum will 
be brought in relation with the contact conductance. (3) The theoretical work on the 
2 - dimensional case will be continued and will be made more general by allowing for 
internal generation of heat. 
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one-dimensional systems. While the analysis of the results and the performance oE 
new experiments continue, the results indicate that the analytical studies previously 
reported can be used for the prediction of transient effects, The studies of heat 
transfer across surfaces in contact for two-dimensional heat flow show that the pro- 
gram which was developed previously is accurate. 
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low solar absorptance/ernittance r a t i o  
2 T ~ )  Objective: a. Problem: To ob ta in  space-stable thermal-control coatinge w i t h  as  
low a solar absorptance. b. Application: These coatings are desired ta be easily 
a p p l i e d  and suitable f o r  use on large space vehicles. 

N/A 

25 
(u) Approach: Three major e f f o r t s  are simultaneously pursued: pigment screening 
(synthesis of new materials, preparation a£ existing materials, treatments to improve 
s tabi l i ty) ;  vehicle studies (selection by screening existing vehicles, modification of 
presently available vehicles, construction of new polymers); systems evaluation 
(sample testing both in simulated environment: and preparation of samples for f l l g h t  
experiments, delineation of insitu testing requirements, application techniques, cum- 
bined environment, mechanical as well a s  optical properties, new test equipment and 
procedures, coordination of test results so that v a l i d  comparisons may be made) .  

N /A 

2b 
(u) Progress: Infrared anomoly has been d e f i n e d ;  alkali s i l i ca te  treatment for ZnO 
developed (5-13 G ) ;  vehicle investigat-lon yte lded  a superior material than hese-to- 
fore available; bet ter  pigment than ZnO and method of producing same found; DIF (In 
S i t u  ~ e f  lectometer/ l r r ad i a t fon  Faci l i ty)  designed and built for multiple sample i a s i t u  
simulation and measurement of optical properties; surface state  of pigments elucidated 
with  emphasis on stability o f  porcelain enamels. 
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(U) Approach: When conduct ing a  b a s i c  r e s e a r c h  s tudy  such a s  t h i s ,  one must s t a r t  w i t h  
t h e  s i m p i l i s t ,  b e s t  def inedsys tem a v a i l a b l e .  Because t h e  pigment of a  c o a t i n g  determines 
t h e  b a s i c  o p t i c a l  p r o p e r t i e s  of a  c o a t i n g  and because ZnO i s  one of t h e  more promising 
pigments now a v ? i l a b l e ,  it  becomes t h e  l o g i c a l  s t a r t i n g  po in t .  I n  t h e  beginning of t h i s  
program i t  was c a r e f u l l y  cons idered  t h a t  r e s u l t s  of t h i s  program would be d i r e c t l y  a p p l i  
c a b l e  t o  b a s i c  r e s e a r c h  i n i t i a t e d  on o the r  coa t ing  pigments and systems. This  cons idera-  
t i o n  has  been conc lus ive ly  demonstrated a s  being t r u e .  Other NASA c e n t e r s  and o t h e r  
Government agenc ies  a r e  now us ing  t h e  r e s u l t s  ob ta ined  thus  f a r  i n  t h i s  program f o r  
g&udying o t h e r  c o a t i n g  systems and have found them t o  be of extreme va lue .  
(U) Progress :  The f i r s t  phase of t h i s  program (Contract  NAS8-11266) produced ( a )  d i s -  
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s i d e r a t i o n s  which prove necessary  i n  producing a  conc lus ive  and r e a l i s t i c  damage mech 
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0 rical Properties;  Optical Measurements; Thermal Cont ro l  Surfaces +: - I 
U OBJFCTIVE: Thermal control surfaces optical properties have been shown t o  be al terec  

: o n s i d e s a b l y  under t he  s p a c e  environments including so lar  electromagnetic radiation and 
: b e r m 1  vacuum. The results is an increase in o p t i c a l  absorption and/or directional 
>roperties over the solar spectrum region. In s i t u  measurements have been shown to be 
I necessity for a very sensitive degradat ion  whfch is, to a large  degree, reversible 
ipon exposure to atmosphere, This degradat ion  alone can change the t o t a l  solar absorp- 
lance by a s  much a s  50"L. It is though t  a t  t h i s  time the "in s i t u  degradation1' is due 
q photodesorption of oxygen from the pigment surfaces.  The exact: process is not known 
lowever ,  and v e r y  little data e x i s t s  on the nature of in situ degradation in real c o a t i n )  
jystems. 
25Ctr) A P P R m  A thorough l aboratory  study of t y p i c a l  c o a t i n g  systems and their corn- 
~ o n e n t s  is needed t o  d e f i n e  the i n  situ degradation problem. The study will include 
s o l a r  radiation simulation in vacuo, in situ degradation measurements, bleaching measure 
nents using v a r i o u s  gases, and t h e  e f fects  of temperature and temperature cycling to 
f u r t h e r  t h e  h a s i c  m o d e l  of in s F t u  degradation, 
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22 .  C O O R D I N A T I O N  

. ( U )  PROGRESS: Deta i led  and h a s i c  s tud ie s  have been performed on the environmental 
effects on the optical properties of t h e r m a l  c o n t r o l  surfaces on b o t h  contractual and 
in-house basis by R-RP-T, including the problems of in s i t u  measuremnt: NASS-11269, 
NAS8-11149,  NAS8-11266, NAS8-5379. In-house instrumentation includes bench and portable 
inte~rating sphere spectroreflectometers and a special b i d i r e c t i o n a l  spectrareflectomte 
with an environmentaL effects chamber on order f o r  in s i t u  property determinations. 
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Emissivity, Absorptivity, Stefan-Boltzmann Law 
2 Y U )  O b j e c t i v e :  It is t he  purpose of the contract to measure the deviat ion  from the 

c l a s s i c a l  Stefan-BoLtzrnann l a w  for  a surface radiating t o  its surroundings a t  a 
lower temperature. A n e w  theory by Ashby predkcts deviation up to 7%. 

2 GOVT A C C E b S I O N  

1 1 .  I I I L L '  

(U )  S t u d y  ef t he  Radiative Emissivity of Metals - b. Experimental 

25 
(u) Approach : The experiment involves a metal s p h e r e  or c y l i n d e r  heated e lec t r i ca l ly  
to a temperacure above t h a t  o f  its environment. The emissivity-absorptivity ratio 
uf a metal sphere deviates most from the classical value when the temperature of the  
sphere is less than the temperature 0 5  the environmental radiation. It is p o s s i b l e  
to have t h i s  arrangement and to solve the problem of maintaining constant temperatures 
by us ing  boiling l i q u i d s  at constant pressure. The inner sphere (the sample) should 
be  kept at 8 8 ' ~  with liqu?-d nitrogen, and t h e  outer sphere at 3 7 3 O K  w i t h  steam. A 
measurement of the rate at which-the n i t rogen  b o i l s  o f f  would g ive  t h e  power absorptior 

,gf the s p h e r e .  Preliminary plans f o r  the experimental setup have been b c ~ u n  a long  
with an investigation of corrections such a s  the heat exchange wlth the escaping Kae, 
the heat conduc t ion  of the necessary tubing,  etc. 
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simulating those of rhe solar wind. b .  Appl ica t ion:  To determine whether t h i s  damage 
may be significant f o r  some missions, e s p e c i a l l y  when the effects of combined environ- 
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ascertained upon exposure to the atmosphere. 
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20. PERFORMING ORGANlZATIDN I 
MAME, 

Scale Modeling, Thermal Con t ro l ,  Prototype Thermal Behavior 
2 ?U> Objective: a. Problem: To establish some of the inherent limitations of scale 
modeling. b. &plication; A method for predicting complex prototype t h e m 1  behavior. 

; 3.  A G f Y C I  ACCESSION 

I rn 006911 
8. R1 LE4SE LYMITATIOY 

17 CONTRACTICRANT 

a. V h r s  

b- HUMAm Pending 
C .  TVPF d. hHmlt4T 

1 

1 c . Dis~ussion: A large number of problem areas of remodeling will be experienced and I 

I? LEh'CL O i  RtSbMT. 

G A 

t h e  l i m i t a t i o n s  of modeling, especially with regard to over size scaling, will be 
established when considering those areas. 

A.  Work U n i t  

I B .  RESOURCES EST 

PRIOR FY- 67 
CURRENT FY - LQ 

*rSuuolV Jones , B . P. , R-RP-T 
7.c 205 -8  76-339 1 (FTS) 
21 7 ECI4NOI OGY W r l L l Z A T l O N  

N /A 

z(.U) Approacla: Both analytical and laboratory experiments may be used to e s t a b l i s h  
these thermal. scale modeling limitations, Consideration will be given t o  d i f f i c u l t  
radFative/conductive interchange geometries, use of multi-layer .Lnsulations, thermal 
gradient  restrictions ,variable material thermal properties, extkerne temperature scaling 
m ~ t e r i a l  substitutions , limits of t i m e  scaling in transient problems, extreme geometric 
distortion, and other such problems. 

IWE5TltAlUAS 
CAINCIpaL. Not Selected 
ASSOCIAT€ 

fl. T*Pt 

22. C O O R D I N A T I O N  

N/ A 

2j .U) Progress: S t u d i e s  have shown that trans ient  scale modeling is a reasonable way 
of p r e d i c t i n g  prorocype zhexmal behavior f o r  1 / 4  and l/T acale models.  Inherent T i m i -  
t a t i o n s  of t h e  scale modeling method has not  been defined. An RFQ in present ly  o u t  
to industry. 

I. PROFESSIQNAL 
M A N - Y  EARS 

0.2 --- 
b n  FUNDS ( I n l h o ~ m n d r )  

- 
- 

I 

33. UN~QUE PROJECT S p a c e V e h t c l e S y s r e r r s , ~ ~ ~  
- 

34. SUB PROGRAM Environmental FacG~rs 
35. TASK AREA Thermal Radiation and Temperature Control 

NOTE: Thls work unit  is related to 124-09-05-16-62. 

- 
27. 28 REQUEST1NG A G E N C Y  29. P R ~ J K ~ ,  I c+FD=~- C ~ D K  

I 

30 .,F+T cllo\', L U ~ .  



A-U3 Huntsville, Alabama 35812 

. M., R-P&VE-MNP 

C ~ a t i n p s .  elas tqners-, polymers 
Zd. 

(U; OBJEGTIVE: - The major objective is the synthesis  and evaluation 
of new organic  and semiorganic polymers for the preparation of films and coatings that 
are resistant to r a d i a t i o n ,  vacuum, and high temperature. Particularly, it is d e s i r e d  
to develop compositions which are both thermally resistant and r e a d i l y  processable in 
the form 0 5 films and coatings . 

25. (U) APPROACH: In previous work the contractor has 
appraised some t e n  compositions of various chemical structure which appeared to be the 
most promising f o r  polymers possessing the desired combination of properties, In the 
present work,unit the polyarylenesiloxane structures are being a p p r a i s e d  in order to 
i d e n t i f y  the composition which posgesses the optimum construction of thermal res Fa tanc 
and low temperature f l e x i b i l i t y  . 

.o- 

- 

26. (u) PI<OGWSS : A new polyarylenesiloxane, prepared by the react ion of 
h i s  (p-hydroxydimethyZsilphenyl)ethes w i t h  heptamethyl-1-azo-3,5-dioxa-2,4,6- tr is i lacyc 
hexane,  possesses a desirable combination of properties  which po in t  t o  u s e s ,  such as 
the current application of silicone coatings on the S-IVB stage,  The product is high 
in molecular weight, readily processable, s t a b l e  t o  rapid heating ta 480DC,  and is 
f l e x i b l e  at -80nC. The work is summartzed in Technical Sumwry Report "Synthesis and 
Evaluation 0 5  New High Temperature Polymers for Coating Applications'' NAS8-11339, 
L. W. Breed, R. L .  E L l i o t t ,  L. M. McDonough, W. H. Burton, and M. E. Whitehead, Mirlwca 

Resear- tute. November 2 . . . 6 .  
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35. TASKAAEA--- Thermal Radiation Effects and ~ e m ~ e r a t & t e  ~ontrel 

? I A S A  F<)It>I I l ? l  ( l tvr  5 1 1 ~ .  li5) 62 4ifrWI7 : l o  * I .  ~IIrr,lrrrrl lo, ! > I #  I l r r r r r  !!'I$ . 

2V. f ' l ~ r ~ l ~  * 1 ! l t v r . .  # t t 1 1 1  It) '41, I 0 I * *  I ,', , n #I,! 



1 .  2. GOVT I4CCEhSLON 3.  AGENCY ACCESSION I RESEARCH AND TECHNOLOGY RESUME / 
A. Work Unit 

lob. PRIOR NUMBERICODE 

124-09-05-37-62 125-24-01-05-62 
-- 

1 1 .  TITLE. 

(U) Radiative Heat Flux Measurement Using Semiconducttng Thermoelectric Devices 
t2 .  5CLEN TlFIC OR TECH, A R E A  13. S T A R T  DATE 1 14. CRIT. COMPL. DATE 115. FUNDING AGENCY 

016700 - Thermodynamics 

$. Contract 

- 

Problem:  Development of an isothermal xadimets ic  measuring device %b) Objective: a. , 
u t i l i z i n g  a semiconducting temperature control system f o r  the detector, and havin 5 the capability of measuring thermal fluxes over the range of 10-250 rnilliwatrs/CM with 
an accuracy of 5%. This device will make use of the Peltier effect t o  maintain 
a constant temperature in the sensing element. b.  Av~licatioq: The radiameter w i l l  be 
used fn a spacecraft thermal control  coatings experiment and could find application en 
spacecraft  f o r  measurement of electtomagnetic radiation fluxes in space ( e . g . ,  the 
~ g l a r  constant, planetaxy albedo and infrared r a d i a t i o n .  

08 65 
18. RESOURCES EST. 16. P R O t U H t .  METHOD 

R-RP-T 
n-CAbNelw. Scha fe r  , C.F. /Bannister, T. 6 ,  , 
rm 205-876-3314 (FTS) 
2 t .  TECHNOt OGY UTlLCL4TlOW 

N /A 

(U) Approach: The approach consists  of these phases: (1) Design and fabrication af  
breadboard radiometer utilizing an available commercial semiconducting thermoelectric 
device; (23 laboratory  s tud ie s  of the thermophysical properties of the devices and of 
the accuracy hnd response of the breadboard system; and (3) studies of the function a£ 
t h e  system under simulated space environmental conditions. 

17. CONTRACTlGRANT 

I n*+r -. - .  - 
b, mrme Tending 
c .  TYPE d. A W W ~  

Imrmcnows 
PllPIClr.IL: 

N o t  Se lected  
a65OCIATE: 

ra. w PE: 

22. COORDINATION 

N l A  

N /A 
I. PROFESSlONAL 

MAN-YEARS 

t 9. GOVl L~B!IMSTALLATIOU(hCTlYlrX 1 
Marshall Space F l i g h t  Center 

AvDnC49. Huntsvillel Alabama 35812 

23. KEYWORDS 

Semiconducting Thermoelectric devices; radiometer; Peltier Effect 

b. FUNDS (h i40um11dr) 

20.  PERFOAMlNC PRGANIZAT ION I 
wMw, 

AIIDRLI~: 

PRIOR FY- 67 

; 

I I 
31. SPECIAL EQUIPMENT 

PRIOR FX 

- 1 - 

26. 

(U) Progress : After a feasibility study of applying commercially available thermo- 
e lectric  devices to th i s  use,  a request for quotations was i s sued  for the design and 
fabrication of a labaxatory prototype system. This work u n i t  has been discussed w i t h  
Mr.  Hook and Dr. Menzel, OART Headquarters. 

NOTE: FY-68 funds w e r e  not requested because of funding guideline limitations. 

- - - 
Vehicle Sys terns, SRT CURRENT ~ ~ 6 8  - - 

unch Vehicle Environmental Factors 69 NEXT FY- I - 
Thermal Radiation Effects and Temperature control 3 , . n 

N A S A  FORM I122 ( I l p v .  Nnv. 6s) 63 
t t l ~ r n r  I In ?6 rdtnlrcal to UII k'01rm I488 fi I 1  5. F ~ C R H W F H T  IRIHIlHT. 

CURRENT FY- 68 1 - 

30. 511T ClWS', C13nE '27. 28. REQUESTING AGENCY 

- 

29. PROJECT C R O S S  CODE 



(U) Ult rav io le t  Flight Instrumentation Study 
IZ. SClEIvrlFlC U R  TECH AIqEA 1 13. START D A T E  1 14. CRIT. COMPL DATC 115, FUHDIHG AGEhCY 

. 

I ~ a m r  Marshall Space NAME: 

*0-5. Hunt svf lle , Alabama 35812 L O O * ~ S !  

I 1 Not Selected I 

- 
RESEARCH AND TECHNOLOGY RESUME 

10 66 
18. RESOURCES EST. 

PRIORFY- 67 
CURRENT FY - 68 

002 100 Astrophysics 

I .  

6. SECURITY 

vpI., 
4 D ~ T E  OF ~ ~ L ~ L I ! A E  

15-03-67 

19. GOVT LAD I N 5 T * L L A r l O M I A C ~ l W l ~ ~  1 I 20.  PERFORMtNG ORGANIZAT1OFI 

16. PAOCURL. M C l H O D  

B. Contract 

23. KEYWOROS 

Ultraviolet, F l i g h t ,  Instrumentation 

n) Objective: a .  P w  To conduct an instrumentation study t o  elucidate which experi- 
ment  parameters are realis t i c  and if des ired  data is feasible f r o m  an instrumentation 
point of view. b. Annlicatiorl: Thermal control coatings. c .  D i s c u s s i o ~ :  Studies  through- 
out  various NASA laboratories during the past year have indicated t h a t  t h e  electromagnetic 
irradiation damage to outer-skins and thermal control coatings of spacecraft is high ly  
wavelength dependent.  Further studies also indicate t h a t  present data on the absolute 
intensity of the solar spectrum between 1150A and 4000A is not sufficient to allow 
h b o r a t o r y  s imulatien, theref ore, adequate explanation, is required in order to control 
t h i s  phenomena. 

101 CUI4RENT NUMI3ETf:COOE 

5 K I N D  OF R ~ ~ W M E  

D. change( 15-03-66) 

17. CONT FIACTIGRANT 

a. W E  
b. H U H ~ ~  

r .  TvtE Pending d. Awmm 

R"qC- l " ~ l v .  Arne t t Gary M. , R-RP-T 
n~ 205-876-3314 (F'TS) 
21 .  TECHNOLOGY UTILLZATION 

(U) Approach: During the past year studies have concentrated on answering the  following 
3 questions: (a) what-are the requirements of chemistgand solid state physicists in the 
f i e l d  of developing stable thermal control coatings In connection w i t h  defining the 
i n t e n s i t y  of the so lax  W spectrum (b) Is the existing data sufficient for these require- 
ments and ( c )  If existing data is not sufficient(studies have indicated that it 1s n o t ) ,  
s u g g e s t  experimental parameters for making desirable flight measurement@. The previous 3 
areas o f  study have indicated the measurements are necessary and have suggested pre l imin  
ary guidelines for instrumentation which is required. 
(U) Progress: As outlined above, studies have proceeded to a potnt where the environ- 
ment which m u s t  be measured, and to what: tolerances, has been defined. It is  now neces- 
sary  to i n i t i a t e  an instrumentation study to determine if flight instrumentation can 
measure t h i s  environment and haw much research and development of the instrumentation 
i s  necessary t o  accomplish the goals, This work unit has been discussed  w i t h  Mr. Mook 
nd Dr. Menzel, OART Headquarters. 

lob. P R I O R  NUM BERlCOOE 

' 2 GOVT ACCCSS1ON 

7. REGRADING 

N /A 

A S ~ I A T E :  
*EL. T7CC1 

22. COOROINATIQN 

3.  AGENCY ACCESSK1N 1 

8. RELEASE LIMITAT ION 9.  LEVEL OF RESUME 

G A A. Work Unft 

NOTE: FY-68 funds were not requested because of fundin7 ~ u i d e l i n e  limitations, 
27.  

I L -- - - - -. 
31. SPECIAL EQUIPMENT 

'33. UNIQUE 
-. -- - -- 
34- SUB PROGRAM - - . - - - - 
35. T A S K  AREA 

28. HEPULLTI NG AGENCY 
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~ ~ o ~ ~ c ~ ~ ~ p a c e  Vehicle -Sys terns, SRT - - -. .. - 

Launch Vehicle Environmental. Factors -- 
Thermal Radiation Effects and Temperature Control 
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E R E S E A R C H  AND TECHNOLOGY RESUME I 

124-10-01-05-62 1 No Change 
l l . T h T L E ;  (U) Experimental Evaluation of Reynolds Number Effects on Body of Revolut ion 

1 D A T E  O F  RE5U M E KIND OF RESUME 

1 5  03 67 Change 15 08 66 

Viscous  Cross-Flow Phenomena 
1 2 .  SCIENTIFIC OR TECH. AREA 1 13 .  S f  A R T  D A T E  1 14. CAlT. COMPL DATE 1 15. FUHOlHG AGEhCY 

UR 002756 I 2 GOVf A C C E S S I O N  3.  AGtNCY ACCKSSIOH 

6. SECURITY 

.U J, 
101 CURREtYT NUMBERICOIIE 

Mu.. Marshall Space F l i g h t  Center I WE. LTV Aerospace 
r - ra~ l  HuntsvFlle , Alabama 35812 ~IDDCPP Dallas 27 ,  Texas 75222 

lob. PRlOR NUMBERICOOE 

7 .  REGRADING 

NJA 

000500 Aesodynomic s 

IF. -4i .CPFF d. ~ ~ 4 6 ~ 5 0 0  ~CURRENTFY- 68 I 1 . 0  I - 

I I W T t U A T M  
mAIWCtrhL Wolfe, J. A. 

ma.. r ~ m ~ v .  Andrews . C. D. . R-AERO-ADE ASSOCIATC 

06 65 
1 e. RESOURCES EST. 

P R ~ O R  FY- 67  
d6. PROtWRE. MEIHOD 

B. Contract 

19. COYf. UB/IN5ThUTION/ACTIYITI 

2 05 877 -8526 ' (FTS) m: 
TCL 214 262-3211, ~xtY9131 
21. TECHNOLOGY Uf lL lZATtON 122. COORDINATION I 

1 

17. CONTRACTIGRANT 

a. ~ * T L  06 65 
a .  ~ v r s d A S 8 - 1 1 1 0 0  

120. PERFORMING ORGANIZATION 1 

8. RCLZASE LIMITATIW 

GA 

N /A 
I, P ~ ~ ~ E ~ , ? ~ ~ ~ A L  

1.0 

1 1 

9. LtVEL OF RESUME 

A .  Work Unit  

N/A I 
b. FUNDS ( I f i l h o u m r ~ d a )  - 

. 

Viscous Cross Flow, Reynolds Number Effects 
2'.(U) OBJECTIVE-a. Problem: Determine effects of Reynolds numbers on body of rev- 
olut i o n  viscous  c ross-f low phenomenon. b. Application: Improved analytical or semi- 
empirical approaches f o r  more accurate p r e d i c t i o n s  of the nonlinear angle of attack 
aerodynamic characteristics of large launch vehicles such as Saturn V. c. It is 
des i rab le  co study the effects of Reynolds numbers on the viscous cross-flow phenomenon 
in order to obtain realistic e x t r a p o l a t i o n s  of wind tunnel data to the f u l l  scale 
f l i g h t  c o n d i t i o n s .  
25. CU) APPROACH: The e f f e c t s  of  Reynolds number on viscous cross-flow will be studied 
through t h e  use of various f a c i l i t i e s  u t f l i z i n g  force and pressure models of various 
s c a l e s .  
26.  (U) PROGRESS: This report covers the period of August 16 through December 31, 1966. 
Preliminary plots of normal force coeff ic ients  versus angle of attack have been com- 
p l e t e d  for the high Reynolds number data obtained in t h e  LTV 4-foot high  speed wind 
t u n n e l .  T h e s e  'data are being c o r r e l a t e d  with the MSFC low-to-medium Reynolds number 
range data. From these data, prel iminary parameter p l o t s  of normal force c o e f f i c i e n t  
versus Reynolds number at various angles of attack arc presently b e i n g  ana lysed  to 
$g+termioe the  Mach number range and angle of attack range where Reynolds number effects 
are predominan t .  These areas will then be further investigated by conducting pressure 
tests to determine the effects of Reynolds number on l o c a l  flow condi t ions .  An RFQ to 
this effcct h a s  been initiated f o r  these follow-on tests in a high Reynolds number 
facility, Approximately $25,000 from work unit 124-10-01-05 w i l l  be used during t h i s  
portion of t h e  investigation. The remaining funds will be combined w i t h  work unit 
124-10-01-20 for tests in the MSFC 1 4 ' ~ f a c i l i t y  to determine t h e  ef fects  of Reynolds 
number on local f l o w  conditions in the low-to-medium Reynolds number range. 
FY-68 funds were not requested because of fund in^ guideline limitations. 

30 5 H  T CRO'IS C-WOE 

- . - -. . - -- 

2 7 .  28, REQUEST1 NG AGENCY 
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33. UNIQUE PROJECT 

34 .  SUB PROGRAM 

35. T ~ S K  AREA 

Space V e h i c l e  Sys terns, SRT 
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2. GOVT ACCESSION 3. AGEHCY hCCESSIQN 

RESEARCH AND TECHNOLOGY RESUME 
6. SECURlfY 7 .  REGRAD~HG 

I ( I i )  .h-rorlmi:~ni- Prmert ius of Exhaust Plumes 1 

I,# #,. I:', GA 

M?.rsh~l l  Space F l i  Noxthrop Corp 

A Work Unit 

lDDnm: Nor air 5ivis lon 
Hawthorne, California 

1U1 C W R U C N T  NUMBERlCOOE 1 Ob. PRIOR NUMBERICODE 

1, L -LL,L~~J.-~.P'~-{;Z No, Chmgc 
1 1 .  TITLE. 

0 N A 

Corn~~l~tcr  Proqrsm, Flow W e l d ,  Exhaust Impingement 

3 k ~ ~ .  INDIV. :;!JIG , JOW:~I~ L . , R-MRO-AM 
T ~ L  i ?  ?71;- 23 01) (FTS) 
21. TECHNOLOGY UTILYZATION 

2 d . ( ~ )  (JRIECTIVF, - :A. Pruh l cm:  - To develop a t h e o x e t i c d  method, numerical solution 
+i!shniquc:s, :~nd computc!r programs for the  analysis and calculation of t he  inviscid 
thrce-dimcr~zi.nnal supersonic flow f i e l d  formed by the in teract ion of multiple rocket 
f + n l : i ~ v  cxhaus t  Slot; fields. b. Application: - The ccrmputer program w i l l  be used t o  
c*ornputtc1 Ra:; dynamic results in t he  in teract ion region near the vehicle base for use 
i n thermal t:nvironments malyses . 

rlwssrlahmn+ 
m l r n l P A L :  Powers, S ,  A.  
ASSOU-. 

mi 6 7 5 - 4 6 ~ ~   EX^ 234.2 w-7 

22. CODRDINATION 

I 2 5 . ( ~ ]  APPROACII - The: analysis of th i s  inviscid flow f i e ld  is to be accomplished using 
n thrce-dimensional methcd of characteristics. I 

2 5 . I ~ )  PROGRESS - a. 15 08 66 to 15 02 67. b. Debugging and analysis of the two 
jet case continues.  Currently the problems arising from t h e  intersection of the 
interaction shock wave and the plume free shock wave ELYE being attacked. 

I I - 
3 1 .  SPECiAL EQUIPMENT 

30. SRT CROSS' CODE 

103-10 
2 7 .  

. -.-- 
PRIOR FY- ----- - -- 67 -=.--39--  

28. REQUESTlNG AGENCY 

33.  WN~QUE PROJECT 
- 
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29. PROJECT CROSS CODE 
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RESEARCH AND TECHNOLOGY RESUME 
, n T  

(O) S t a b i l i t y  Derivatives of S l o w l y  Oseillatdn~ Bodiee of ~evelution in Supersonic F1. 
12. S C I E N T I F I C  OR TECH AREA 13. S T A R T  OATE 1 1 1 .  CRIT. WMPL DATE 1 1  5. FUMDIHG hGCMY 

15 03 67 I D Change 15 03 66 1 & 
101 CURRENT NUMBERICODE 

1 .  

6.  S E C R E S U M E R ~  

N I A  I G A A Work Unit 
lob. PRlOR NUM BERlCOOE 

000500 Aerodynamics 
16. PROCURE. METHOD 17. CONTRACTIGRANT 

N /A 
a .  aATc 

b. wr*srm N/A 
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-- 
7. REGRADING 
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E. WCE d. AM- 

19. GOYT. LAB11HSTALLhTIOMlACfIVITT 

wur Marshall Space F l i g h t  Center 
Huntsville, Alabama 35812 

dy Aez~, S_tab+lity Dedva+ives,  ~ ~ v o l u ~  
24(U) OBJECTIVE - a. Problem: - The objective of t h i s  study is to derive s t a b i l i t y  
derivatives for slowly osc i l l a t ing  bodies of revolution in supersonic flow using 
linearized theory and compare these results with experimental data. b, Application: - 
These results will be used as a basis for estimating space vehicle s t a b i l i t y  
derivatives, 

3 AGENCY ACGES510M 

NR 006915 
8. RELUSE LIMITATION 

CURI.ENT FX- 68 j 0.1 1 I 

20. P E R F O R M I N G  ORGANlZATlON 

W ~ C :  

ADDnEEI: 

mrsr. r ~ o r u .  Besanek , Richard G . , R-AERO-AW 
205 877-3217 (FTS) T n  

21. TECHNOLOGY U T I L I Z A T t O N  

S n a r ~ r r a f t -  A i r c r a f t -  

Z5.(u) APPROACH - Two approaches are being explored (a) an extension of Adam-Sears 
quasi-slender body theory to the case of slowly oscillating bodies, (b) an 
extension of Oswatitch-Erdmann's l inearized characteristics methad t o  the case of 
slowly oscillating bodies. 

I-IGAOR(J 
rnrmlrrL 1 S- as 19 
ASSOZIA~E, 

nL! W C t !  

22. COORDINATION 

RIA 

I I I 
3'1. 5PEClAL  EQUIPMENT --- 

26.  (U) PROGRESS - The theoretical study under part (a) has been completed and a 
NASA-TN-D has been published. The report is entitled "Quasi-Slender Body Theory 
for Slowly Oscillating Bodies of Revolution i n  Supersonic Flow," NASA-TN-D-3440, 
by M. F. Platzer and G. H. Hoffman. The extension of Oswatitch-Erdmann's Linearized 
Characteristic method is nearly completed and w i l l  be published as a NASA-TN. A 
wind tunnel program has been initiated in the MSFC 14 x 14 inch wind tunnel. The 
t e s t s  models and balance system are nearly completed and tentative t e s t  date has 
been s e t  for June 1967. 

33. UNlQUE PROJECf le S v u  
34.susPRWGRnM Launch Vehicle Aerothermod-y~amlcs -. -- 
35. TASK AREA Aerodynamic Forces, Steady Loads, 
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cal aerodynamic data at high angles of attack .  c. Theoretical methods presently being 
used for h i g h  angle of at tack  aerodynamic range safety and reentry studies require 
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efficient ratio w i l l  be  der ived  from t h e  data and compared with existing data far each 
Mach number and fineness rat io  where such data are available. 
2 5 . ( ~ )  PROGRESS: No progress to date due to impacted wind tunnel schedules and more 
pressing developmental work. Tentative test date: August 1967r 
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dependent flaw equations. No time dependent forc ing function is used and the 
destred steady s t a t e  solution is found as an asymptotic time solution, AU. shock 
waves occmxing in t he  flow f ie ld  w i l l  be treated as discrete discontbuities.  
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R E S E A R C H  AND TECHNOLOGY RESUME 
6 5FCZIRIIY 7 HEGT?AUlNC 0 .  R K L L I S t  LIMITATIOH 9 LCWEL OF RESUMC 

NR 006929 

M. CPFF d .,,. Q 

Huntsville , Alabama 

Discharge C o e f f i c i e n t s  , Boundary Layer 
Problem: T o  determine discharge c o e f f i c i e n t s  for vent posts  , 

operaf ing under simulated flight conditions. b. Applicat im: Provide empirical d i s -  
1 charge c o e f f i c i e n t  da ta  under simulated f l i g h t :  conditions to be used for more accurate I 
predictions of launch v e h i c l e  compartment venting characteristics. c.  An invest$- 
 ati ion has been undertaken to evaluate the flow coefficients for narrow slots and to 
d e t e r m i n e  t h e  e f f e c t s  of l o w  jet t o  external mass f low ratios and boundary Layer thick-I 

.. 

ness  on flow coefficients for flat plate outlets, Data for these conditions are not 
~ v a i l a b l e  ; therefore, a wind tunnel t e s t  program t o  coves these areas will provide data 
which will be used for vent d e s i g n  when space vehicle compartments are vented to the  
a tmosphere dur i n g  f l i g h t  . 
25. (U) APPROACH - Wind tunnel t e s t s  will be conducted in the Ames Research Center's 
6x6-foot  supersonic f a c i l i t y  and the  MSFC 14" t t r i s n i c  wind tunnel, The model consists 
o f  a wal l  mounted f l a t  p l a t e  w i t h  various inserts containing t h e  t e s t  vents. Discharge 
coefficient data will be obtained for varying jet-LO-external mass flow ratios and 
boundary l a y e r  t h i c k n e s s .  
26. PROGRESS - Reporting Lnterval is August 15, 1966 to February 15, 1967. The AEC 
,,completed fabrication of the model which was s h i p p e d  to Ames Research C e n t e r  on 
October  11, 1966.  The model was installed in t h e  6x6-foot supersonic wind  tunne l  and 
t h e  t c s t  conducted from November 8 through November 18,  1966. D i f f i c u l t i e s  w i t h  t h e  
model and instrumentation prevented all of the test objectives from being reached 
during t h e  t e s t  t i m e  a l l o t t e d .  A s  a resul t ,  preparations were begun to conduct a 
second t e s t  at h e s .  Model re-design and test plann ing  were started L n  January, 1967. 
The present  test date at Arnes is July 1, 1967. The contract w i t h  Northrop i e  being 
extended t o  coves the second t e s t i n g  period and t o  rover a limited amount of t e s t i n g  Ln 
the MSFC 14x14-inch TWT to extend the data obtatned from the Ames tests. I 
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RESEARCH AHD TECHNOLOGY RESUME 

(U) Aerodynamic Characteristics of Hammerhead Shrouds 
12. 5CIENTIFIC OR TECH. AREA 1 13. START D A T E  1 14. CRIT. COMPL DATE 1 15. FUNDING AGEhCY 

A .  D A T E  OF RESUME 5.  KIND OF RESUME 

1 N/A 1 
b. FUNDS t I a l h ~ m * d * )  

- 
000500 Aerodynamte s 08 66 N/A 
3 

1.. w.. Pending d. AM- ICURAEN* FY-68 1 1 I 

0 . 4  
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Aerodynamics,  Hammerhead 
24. (U) OBJECTIVE - a. Problem: T o  determine the aerodynamic loads and stability and 
influence on bending m o m e n t s  and control of hammerhead shrouds on launch vehicles. 
b. Ap~lication: Direct input to payload packaging, structural design, and vehicle 
control studies. Results of this study could be appl ied  to future Saturn V Voyager 
missions. c. Orbital space stations, nuclear deep space propulsion units, planetary 
probes ,  and others can advantageously utilize shrouds larger than the parent boost 
veh ic l e .  A survey of potential users has indicated a definite need for adequate 

2 
Q ~ s i g n  data and limitations of such payloads. 

(U) APPROACH - The contractor shal l  conduct a study of aerodynamic load distributions 
for hammerhead shrouds composed of a cone-cylinder-inverse frustum-cylinder. The 
approach t o  be used will bethrough parametric wind tunnel tests to fill areas where 
data are n o t  available i n  the l i terature .  Systematic, parametric daf s  will be de- 
fined in the Myth number range 0.7 t o  2.0. Test data will be supplemented by availabl 
theories on the high and low end of the Mach number range. The final curves will be 
presented a s  a function of Mach number, cone angle, flare angle,  and cyl inder  lengths.  

B. Contract  

19 t m .  UI/WSTAUT~DlllACKIYITY 1 

m a r r .  Inwv. Dunn , Bob G .  , R-AERO-ADV 
m, 2 0 5  876-4909 (FTS) 
21. TECHNOLOGY UTlLlZATlON 

NSA 

26. (U) PROGRESS - Only limlted experimental data in texrns of design parameters ..id 
Mach ranges are available. These will be used i n  conjunction with the present study 
to establish consistent data appropriate for use in engineering design.  
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(U)Lnhomogeneous Properties of H20 and C02 (Aerodynamic Properties of Exhaust Plumes) 
12. SCIENTIFIC O A  TECH. A R E A  0Q640Q F l u i d  Mechanics 13. S T A R T  D A T E  14. GAIT. LOMPC. DATE 1 5. FUMOING A G F K Y  
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21. TECHNCILOGY UTILIZATION 

Properties o f  Exhaust Plumes 
24 .  

(U) OBJECTIVE: a. Problem: - To analyze rapid scan spectral radiance measurements 
on mode 1 rocket engines at the Cornell Aeronautical Laboratory. To determine the 
relat ive  merits of using a 10 cmwl, or 25 em'l increment for the band model parameta 
to be used in a radiant heat transfer computer program. 

17.  CON? R A C T I C R A N T  

b." nuwecmNAS8-20359 "" 04 66 
CURRENT FY - 68 1 I 

I a m ~ I k ~  

TELt 212-461-4200 nm: 

22.  COORDINATION 

25. (U)  APPROACH: Spectral measurements of model rocket engfnes at Cornell Aeronautical 
Laboratory have been taken using ethylene-oxygen and hydrogen-oxygen as fuel and 
oxidizer. Spectral intens E t y  measurements have been made looking at the impingement 
regions between two engines and at various positions downstream. This date has been 
evaluated, The effect  of spectral interval stze  on the heat transfer calculation 
has been s tudied .  

N/A 
I. P ~ ~ ~ ~ , " ~ ~ ~ ~ A L  

0.1 
a 

Z 6 * ( U )  PROGRESS: Spectra measurements have been taken on short durattoa f ir ings  at  
Cornell Aeronautical Laboratory. These data have been reduced and compared with 
theoretical calculations. The agreement was good. The wavelength increment used 
fn the  calculation has been decided t o  be 25 cm". This work  un"L has been completed, 

I 
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(~)Experirnental Measurements Uslng the Laser Doppler Velocity Instrument 
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I Doppler velocity, exhaust plumes, turbulence I 
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. - - l N ~ K  Auffaker ,  Robert M., R-AERO-AT 
TrC 

2 1 .  TECHNOLOGY UTIL IZATION 

N /A 1 

2d.  (u) OEJECJI WE - a. Problem: - fheoret i  cal l y  predict  and experimental l y  measure the 
v e l o c i t y  p r o f i l e  and the turbulent properties o f  model rocket exhaust flows usina 

rmeswn*mmS Logan, Ea r 1 
r n r m l r * c  

ASLKICIATE: 

TPL: 602 966 3727 m c :  

22. CQoRDlNATlON 

N/A 

d 

a laser doppler v e l o c i t y  instrument. b. Appl ica t ion:  - An exact ve loci ty  h is tory  
w l l  l be obtained f o r  model rocket exhaust f l o w s  w i t h  local s p a t i a l  resolution. An 
accurate measurement of the v e l o c i t y  and of  the turbulence i n  rocket flms w i l l  
g i v e  greater  understand i ng in generat i ng vehicle design c r l  t e r i a  where heat  transfer  
and noise generation i s  o f  in terest .  

25. 
(U) APPROACH. Using the laser doppler veloci ty  instrument and MSFC facilities, 

measurements will be made on spec i f i c  model rocket exhaust f lows .  This data  w i l l  
be evaluated and compared to  theories tha t  are  ava i lab le .  The p r i n c i p a l  problem 
w i  1 1  probab l y  be i n  developi ng an appropriate data  reduction technique. 

(U) PROGRESS. Experiments have been outlined using the laser doppler ve loci ty  
instrument. The measurements are  expected to begln In March 1967. 
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33, START DATE 
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Is. RESOURCES EST. 

PRlOR FV- 67 
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16. PROXIRE. MCTHOD . 

' Contract 

Z 4 -  (u) OBJECTIVE - a. Problem: - To simulate tu rbu len t  flow regions as observed in the 
ntrnosphercl by a large number of modified Rankine vortices randcrmly d i s t r i bu t ed  i n  a two-- 
dimcn::ionnl spacc. b. Application: - To t e s t  the feasibility of sensing atmospheric 
t n r h u l e n ~ e  by crossed-heam methods and to use this model in connection w i t h  the crossed.. 
byam method to p r e d i c t  t h e  weather conditions above Launch sites, c .  It has been 
proven that crossed-beam methods arc able t o  determine the s t a t i s t i c d  f l o w  proper t ies  
(as turbulence scales m r l  intensities, e t c )  of turbulent flow f i e lds  in wakes where 
t r l r h u l e n t  intensities a r e  rather large compared t o  the  surrounding fie16 and where the 
rb  scrvat i on t h c  i s  unlimited. Uncertain is whether the method is equally capable of 
rne~rsuring the  s ta t i s t i ca l  properties of flow regions w i t h  strong backiround '"noise" 
( generatecj close t o  the   round) and theref ore longer required ~ b s e r v ~ t i o n  times which 
might bc L i m i t e d  by nonstationary effects (changing weather). This work w i l l  c la r i fy  
tht! ahove posed problem and w i l l  help in the proper interpretat ion of atmospheric tur- 
bulence  t y  t h e  crossed-hcam method. 
Z ' ~ . ( U )  RPPROP.CII - It is planned to simulate a free turbulent flow field 

wn n d i g i t a l  computer by a f i n i t e  group of moving modified Rmkinc vor- 
t i c e s  to represent  the eddy s t ructure  of t h e  turbulence. To this hypothetical  f i e l d  
the mcthorl of the crossed-beam technique w i l l  be applied with the goal to predict the 
s t : d  i s t i c n l  p r o p e r t i e s  of the or ig ina l  field. In this respect the hypothetical f lm  

33- UNlOUE PROJECT Space Vehicle Systems. SRT - -  - - CURRENT FY 

NEXnerothermudyflamics N E X T Y ~ ~  -- -- 
35. TASK AREA Aerodynamic Forces, Steady Loads, S t a b i l i t y  and 

Control 
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f i c l d  acts as a " t e s t  bed" for the crossed-beam technique. 
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: I J J ! :  Vortex Model Representirig Atmospheric Turbulence -. 

I3SIS 97 I.,ZED: The des i red ct,~tiputer program i s  needed i n  conjunction 
with remote crossed-beam detect ion devices t o  study the  transfer of 
k i n e t i c  energy between atmospheric motions of a d i f f e r e n t  scale .  The 
o p t i c a l  ' s i g n d s ,  which describe atmospheric and c l ea r  a i r  turbulence 
above launch tower  heights,  a re  of ten  buried i n  the  "noise," which i s  
ger~crated by atmospheric f luc tua t ions  c lose  t o  the  ground. The remote 
detect ion of atmospheric turbulence then requires  l a rge  observation 
times i n  order t o  p u l l  the  weaker s ignals ,  which or ig inate  a t  higher 
a l t i t u d e s ,  out  of the  noise generated close t o  the  ground. However, 
the  associated mathematical cor re la t ion  techniques become questionable 
as coon as  t he  i n t e r e r a t i on  time approaches the  time scale  of a nonstat ionary 
e f f e c t  such as  a change i n  weather. Our present ly  developed computer 
pror5rm f o r  t he  piecewise analys is  of long records can cope with non- 
s t a t ionary  means bu t  would be questionable, i f  the time dependant change 
of the  d i s s ipa ted  k ine t i c  energy i s  t rans fe r red  t o  motions of a small 
: ;cs l s  . 

4. N'PI,ICATION: The computer program w i l l  be used t o  extend the  present  
s t n . t i s t i c a1  analys is  of crossed-beam da ta  t o  nonstationaxy processes i n  
thn :itmor,phere, which a re  characterized by a l a rge  and changing energy 
t r - ~ n s f c r  bcttieeri motions of a d i f f e r en t  sca le .  Crossed-beam methods 
could I)($ used i n  t u rn  t o  experimentally provide i n i t i a l  values and 
boundary condit ions f o r  the  simulation f o r  the  above processes, i n  
p a r t i c u l a r ,  l a rge  gusts  and c l ea r  a i r  turbulence. 

. SPIN OFFS AND APPLICATION: Improvement of numerical methods o f  weather 
p red ic t ion  and provision of crossed-beam data ,  which a r e  compatible with 
mathematical predic t ion models. 

6 .  TOTAL*TLMF: AND EFFORT: This work should be conducted within one year 
and K d o l l a r s  are  s u f f i c i e n t  t o  cover the cos t .  
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( u )  Base Flow a d  Separation Studies 

Radiation, I-Iot Wires, Scaling Laws 
24. ( U )  OBJECTIVE - a.  Problem: - To study aerodynamic feedback by turbulent convection 
and sound radiation i n  base recirculation areas. b. Application: - The. simulation and 
reduction of' base heating and base pressure fluctuation through a systematic investiga- 
t ion  of scaling laws and turbulence measurements with hot wire systems. c .  To verify 
present hypothesis about the dependence and conditioning of heat flaw resistance and 
production through acoustic resonance and turbulent-shock wave interactions.  
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2 6 . ( ~ )  PROCRFSS - The mode1wa.s transferred t o  a blowdawn tunnel t o  cover a wide Reynold 
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I b. A measure of the effects of the inherent variability of atrn~spheric parameters I 
I has been investigated and preliminary ranges of variation of intensity estimate I 
l*.determined. Indications are that a combination deterministic and probabilistic method 
I is the most feasible approach to predict far-field sound propagation. The inhouse I 
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I prediction verification program will continue, and further statistical refinements I 

I developed from this program. A final comprehensive technical report has been receive 
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I published as a contractor report. I 
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moving source remain major problem areas .  

* 
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shock fronts at separated flow regions during supersonic flight. b. Application: - 
A realistic understanding of such unsteady aerodynamics interactions would result in 
orders of magnitude in improvement of current acoustic environmental analyses for 
generating space vehicle design and qualification criteria. 

25.(U) APPROACH - a. From a linear unsteady aerodynamic analysis, derive the appropriate 
analytical expressions for describing the velocity, density, and pressure field and 
the shock front displacement and velocity resulting from the interaction of plane 
sinusoidal sound and shear waves with an oblique shock front. These waves are to be 
of arbitrary incidence and wave length. The above expressions are to be functions of 
the upstream,Mach number shock front angle, the angle of wave front incidence and 
wavelength. b. Design and conduct a series of experiments to measure the fluctuating 
pressure field associated with the interaction of plane sound waves and an oblique 
shock front. c. Compare the sound pressure amplification and frequency change 

zeobtained from the experimental data with those predicted by the theoretical model. 
This is related to work unit 124-10-04-01. 
(U) PROGRESS - A preliminary study of a plane sound wave of arbitrary orientation 
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SUBJECT: Delineation of Ground Attenuation Effects on Measured 
Acoustic Spectra 

CODE: 124-10-04-15-62 

BASIS OF NEED: To obtain a more exact definition of the acoustic source 
characteristics associated with rocket exhaust flows. This will allow more 
accurate estimates of the acoustic environment to be made. 

APPLICATION: The results will be used to correct existing model test 
data so that more realistic estimates of full scale environments can be made. 

SPIN OFF AND APPLICATION: The results of this study could be used to 
increase the effectiveness of the noise abatemcint programs currently under 
study. 

TOTAL TIME AND EFFORT: Three years and $160,000. 
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SUBJECT: Inves t igat ion of the  Noise Produced i n  the High Entropy 
Regions of a Hot Rocket Exhaust Stream 

CODE: 124-10-04-16-62 

BASIS OF NEED: The above work u n i t  i s  required t o  provide c r i t i c a l  information 
on a possible noise  generat ing mechanism of hot: rocket  exhaust flows which has 
not  been inves t igated  before. Such information w i l l  be used t o  generate an 
environmental predic t ion technique f o r  the  near noise  f i e l d  of launch vehicles.  
Design and q u a l i f i c a t i o n  c r i t e r i a  f o r  s t r u c t u r e s  and components a r e  based on 
such est imates.  This ind ica tes  the  paramount importance of an accurate 
predic t ion technique. 

APPLICATION: By inves t iga t ing  t h e  i n t e r n a l  f l u i d  dynamic precesses of 
a hot  rocket  exhaust flow and the  re la t ionsh ip  of these  processes t o  the  radia ted  
acous t i c  f i e l d  of such flows, the  major noise  generat ion mechanisms w i l l  be 
i d e n t i f i e d  and described. This w i l l  r e s u l t  i n  adequate guidance for: 

a. Development of an accurate near f i e l d  noise  predic t ion- technique 

b. Information on how t o  suppress the  in tense  noise  f i e l d s  of hot  exhaust 
flows. 

SPIN OFFS AND APPLICATION: This information w i l l  a l s o  con t r ibu te  to: 

a. Supersonic t r anspor t  design and q u a l i f i c a t i o n  c r i t e r i a .  

b. The FAA a i r p o r t  no i se  problem at tendant  wi th  major c i t i e s  throughout 
t h e  country. 

TOTAL TIME AND EFFORT: This work u n i t  should take approximately two years,  
and $90,000. 
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Effects of Tank Configurations on Propellant Slosh Characteristics 
2 BBJECTIVE: (U) Since propellant slosh effects have been a critical factor in the per- 
formance of launch vehicles, it is important to determine the slosh characteristics 
of propellant tank configuration considered for use. The test tank slosh program is a 
means of evaluating the various space vehicle propellant tank configurations with 
respect to slosh. 

APPROACH: (U) A test tank slosh facility for oscilating propellant tanks at various 
'zexciting amplitudes and frequencies has been constructed. Each tank to be considered 
for use is placed on this facility and the resonant frequency, amplitude, and the 
forces exerted by the propellant are obtained for various liquid levels in the tank. 

PROGRESS: (U) The slosh facility has been completed and several slosh tests for the 
horizontally positioned cylindrical tank have been conducted. Further testing has 
beenVdelayed due to low priority and a lack of pressure sensors needed for the proper 
measurement of the slosh effects. Testing of the various tank configurations will be 
resumed whenever time and circumstances permit. 
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A .  Work Unit  
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High s t r e n g t h ,  h igh  modulus, ceramic f i b e r ,  continuous f i b e r  
24. 

(U)  Technical  Objec t ive :  The ob jec t ive  of t h i s  c o n t r a c t  i s  the development of high 
s t r e n m ,  h igh  modulus ceramic f i b e r .  The f i b e r  i s  intended f o r  use a s  the r e in fo rce -  
ment f o r  p l a s t i c  o r  o t h e r  low modulus ma t r i ce s  by f i lament  winding, chopped f i b e r ,  
o r  o t h e r  techniques t o  form high  e f f i c i e ~ c y ,  s t r u c t u r a l  composite m a t e r i a l s .  The 
f i b e r  p rope r ty  o b j e c t i v e s  f o r  t h i s  c o n t r a c t  a r e :  diameter l e s s  than 125 microns; 

6 modulus of  e l a s t i c i t y  g r e a t e r  than 30 x 10 p s i ;  t e n s i l e  s t r e n g t h  g r e a t e r  than 
4 25 x  10 p s i ;  r e s i s t a n c e  t o  atmospheric cor ros ion  t o  be equal  t o  o r  b e t t e r  than Type E 

q l a s s .  The process  f o r  product ion of the  f i b e r  s h a l l  be capable of producing con- - 
t inuous  f i b e r  l eng ths  g r e a t e r  than 1000 f e e t  and s h a l l  be capable of producing l a r g e  
q u a n t i t i e s  of f i b e r  i n  an inexpensive manner. 

(U)  Approqch: A s e l e c t i o n  of a  m a t e r i a l  composition o r  compositions and a  s e l e c t i o n  
of a  process  o r  processes  t o  be inves t iga t ed  s h a l l  be made. Ma te r i a l s  suggested inc lude  
aluminum oxide ,  bery l l ium oxide,  and very low s i l i c a - c o n t c n t  g lns scs .  Proccssc~s which 
appear most s u i t a b l e  a r e  thc  e x t r u s i o n  process  and the f i h c r  drawing (mclt)  process .  
The processes  of c r y s t a l l i n c  f i b e r  growth from a  mel t  and c rys t a l l i nc .  f  i h c r  j;rowtli 
F r o m  a  f luxcd me l t  a r e  a l s o  promising, b u t  a r e  l e s s  w e l l  dcvelopcd tcchno1o~: ica l ly .  

She  t e n s i l e  s t r e n g t h ,  d iameter ,  and modulus of e l a s t i c i t y  of developed f i b e r s  s h a l l  
be monitored cont inuous ly .  The r e s i s t a n c e  t o  atmospheric co r ros ion  of the f i b e r s  s h a l l  
be determincd. The d e n s i t y ,  thermal expansion, and  c r y s t a l  phases and mic ros t ruc tu re  
( i f  c r y s t a l l i n e  r a t h e r  than g l a s sy  f i b e r s  a r e  produced) of the  f i b e r s  s h a l l  be d e t e r -  
mined a t  l e a s t  once dur ing  the term of the c o n t r a c t .  Other propert :  de te rmina t ions  
s h a l l  be made a s  deemed appropr i a t e .  

: I 
' I  I I I J  ( ) IN l 1  f 0!11I(LI I 

l ' I t I (  ) I f  F.Y 67 - 5 0  
CIII?WI N I F Y  68 - - 

34 .  W J B  ~ ~ + c ) c r + n ~  Launch.. Vehicle .S t ruc tu re s  r.11 x r F.Y 69 - A . .~ 7 5  - 
35. T A S K  A R E A  Advanced S t r u c t u r e / M a t e r i a l  Conceptg 

N A S A  C'Ollbl 1122 (1 l t . r .  .ia,v, h5) 124 
( l l * m *  1 1,. 1 ~ 1 ~ ~ ~ 1 1 ~ ~ ~ ~ 1  1 -  ! ) I 1  t , o r r r a  1 ;,J* . 
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I 1 1 

4 .  D A T E  OF R E S U M E  15. K I N D  O F  RcsC)ME 1 6. SECUAlrY ( 7. R E G R A D I N G  I 8 .  RELCASE LIMITATION 1 9. LEVEL OF RESUME 1 

I. 

124-11-01 -31-62 I No Change 
1 1 .  T I T L E ;  

RESEARCH AND TECHNOLOGY RESUME 1 2.  G O V T .  A C C K S b l O N  

U 15-0 3-  67 I D .  Change( l0  01 6 7 ) ~ ~  W W  

I O I .  C U H H E N T  N U M B E R l C O V E  

( U )  Development of a Berv  
1 2 .  S C I E N T I F I C  O H  TECH. A R E A  1 3 .  S T A R T  D A l  E OMPL. DATE 1 1 5 .  FUNDING AGENCY 

3 .  AGfNCY ACCESSlON 

N/a . I GAIFO . Work Unit 
lob. P H I O R  N U M B E R l C O O E  

A w n u s .  
Huntsville, Alabama 

I ADDRESS: 

00 9900 Metallurgv and Met a l l o r e r a ~ h v  

I INVESTIGATOHP 
Not Selected 

PRINCIPAL: 

05 67 
1 8 .  R E S O U R C E S  E S T .  

- . - - . -. - . - . - . - . . - - - 
=OH FY-.- 67 

.. . .- . . - . . .. 
CURRENT FY - 68 

1 6 .  PROCURE. MLTtlOD. 

B. Cant ract 

17. C O N T H A C T I G R A N T  

I .  WTE 
b. Nuvsu 

c.  TYP,, Pending d. 

and Aerospace Material  and ~ e s i i n  N/A 

2 0 .  P E R F O R M I N G  O R G A N I Z A T I O N  
. . . . . . . . . . - .- -- -. . . . . -. - . . . - - - 

HIME: 

N/A 
a. PHoFE'510NAL 

- - -. MAN-YEARS-.. -. - - - -- 
. - - . -o,r . - - -. 

0.2 
' 1 9. GOVT LAB/INSTAUATION/A~ r l ~ l  ll 

.- ,. ..,, . - ,- +, -. -- , -- ..- 
Marshal l  Space Flight Center 

I-P. IHDIY. La Iacona, F. P. , R-P&VE- MMP 1- LO 5 - 87 6 - 246L(PTS, 
2 1 .  T E C H N O L O G Y  U T I L l Z A T I C > N  

1 2 ~ e r y l l i u r n  honeycomb cornnosite, diffusion bonding, resis tance welding, brazing 
(U) Technical Objective: To develop a beryllium honeycomb sandwich composite 

N/A 1 
b. F U N D S  ( I n l h o u r o ~ ~ d r )  - ;.---- -- ., - -- ..-. 

AsM"fA": 

TtL: TYPE: 

2 2 .  C O O R D I N A T I O N  

adaptable for  use  a s  a light weight composite mater ia l  for  a i r c ra f t  and aerospace  
applications. This task i s  intended to examine promising methods fo r  joining beryl l i  m 
to i tself  and forming the mater ia l  into a usable light weight composite. 1 

(U) Approach: Initally, the development of beryllium core  mater ia l  will be 
undertaken. Methods to be  studied for  bonding cell  members  will include brazing, I 

,diffusion bonding, resis tance welding , and adhesive bonding. Following developman 
of c o r e  fabrication techniques, methods will be studied for producing beryllium 
honeycomb composite s t ruc tures  and an  evaluation made of the  resulting composite 
mechanical proper t ies  ahd metallurgical s t ructure.  The f i r s t  yea r ' s  effort will be 
d i rec ted  p r imar i ly  toward basic  and fundamental r e sea rch  to d e m m s t r a t e  the feasi-  
bility of dcvclopment of beryllium composite mater ia l s .  Extensive cffort will be 
dcvotcd to preparat ion of bcryllirim core  f rom various grades o r  alloys of be ryllium, 
ant1 suhscqucnt bonding of this co re  to various thickness face  sheets .  Thc F Y  68 

2program will continue the basic r e sea rch  program and include the development of 
manufacturing technology for  us ing  the composite developed, with specific emphasis  
di rectcd towards pertinent r m  chanical property evaluation, demonstration of the 
feasibility cf manufacture,  and determination of the rel iabi l i ty  of manufacturing 

I techniques . 
(U) Progress : Contract pending. 

I Funds for FY-68 were not requested because of funding guideline limitations, I 

P R I O R  F Y  - 
~. .. -- . .- . 67. 10 ... At3 
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C U R R E N T  F Y 6 8  - 

-~ 
- 

Vehicle Structures - - NEXT , FY-- 69 - 150 , 
Advanced StructureIMaterial Concepts I .  q , .  

1 

I 
- 
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I L -- 
~ a ~ c  Marshal l  Space Flight Center 
ADORES'.. Huntsville, Ala. 3581 2 

RESEARCH AND TECHNOLOGY RESUME 

( U )  Honeycomb Test  Cylinder P r o g r a m  

R-P&VE-SA 
RCFC.lNDIV Cobb, W . E . ,  Bianca, C. J. 

(FTS) 205-876-9748 205-876-951 3 
2 1  I E C H N O I . O C - Y  I l T l L t Z A T l O N  

1 .  

6. SECURITY 

gT ,,, U 
4.  D A T E  OF R ~ : , ~ J M E  

15 03 67 

Aircraf t  Structure 
23. K E Y W U H D Y  

1 0 d  C V H H E N T  N U M B E r ? / C O D E  

134-1 1 - 0 1  3 2  -62 

5 K I N D  OF R E S U M E  

A. New 

12. S C I E N T I F I C  O R  T E C H  b H E A  
016000 S acecraf t  

Launch Vehicles and Ground &,port 

1- .-.-I.-- . . .- 

NAML: I 

lob. P R I O R  N U M B E R l C O D E  

933-31-01-00-62 

2. G O V T  A C C E S S I O N  

7. R E G R A D I N G  

N/ A 

13, S T A R T  D A T E  

11 64 
18. R E S O U R C E S  E S T  

P R I O R F Y -  67 - - - -- - - - - - - -- 
C U R R E N T  F Y  - 68 

16 PROCURE METHO3 

N/A 

ADDRESS: 

Same a s  19 

1 1  TITLE: 

1 ? C O N T R A C T I G R A N T  

I. DATE 

b NUMBER N / A  
C TYPE d AMOUNT 

INVESTIGATORS 
PRINCIPAL: 

3. AGENCY ACCESSION 

8. RELEASE LIMITATION 

GA FO 

20. P E R F O R M I N G  O R G A N I Z A T I O N  1 1 

14. CRlT COMPL. DATE 

N/A 
I. PR0FE5S'0NAL 

MAN-YEARS 

0.2  - -- - --- - - . - 
0.2  

19 GOVT LAB~lhSTALLATIONIACTlVlTY I I 

ASSOCIATE: 

TEL: 

9. LEVEL OF RESUME 

A. Work Unit 

15. FUNDING AOEhCY 

N/A I 
b F U N D S  (In Lhoumndr) --- -- - - - -- - - - - 

Honeycomb Sandwich, Cylinder Buckling, Structural Stability 

@)OBJECTIVE: To obtain experimental data on the buckling strength of honeycomb 
cylinders as support to  the use of small deflection theory i n  the design and analysis 
of a large honeycomb cylinders. 

(U 
2s.APPROACH: A s e r i e s  of 120-inch diameter  sandwich cylinders with 114-inch 
honeycomb c o r e s  will be fabricated and tested in compression. Various co re  
densi t ies ,  for  shell  thickness, and sy l inder  length will be used. 

* 

( 1 1 )  
26 PR0GRE;SS : a. Reporting Intctrval: August 15, 1966 to Fcbruary  15, 1967. 

h. Three cylinders have been fabricated, inspected, and delivered 
for testing. 'I':.rce additional cylinders a r e  awaiting final inspection and five 
cyl inders  a r e  in var ious s tages of manufacture. Actual testing i s  awaiting 
installation of t e s t  equipment. 

. - . . - . - . . . . - .- . - -- -- - - . -- . - -. . --- - - . . .- . 
33. U N I O U E  PROJECT 

3 4 ~ 5 1 ~ ' B P H 0 G R A M  L a ~ c ~ ~ ~ . ~ V g ~ ~ i c I t :  Struc-t~xx.~ ... A 
35. TASKAHEA 

Advanced StructureIMaterial Concept 

S A S A  FOItSI 1122 (1tt.v. Swr. 6.5) 126 
(11111t- 1 1 4 8  ! I ;  1fIr1~11rnl /,I ])I) 1,'#1r11t 1498 ili i1.S. GMn'RNMCNT PRlNllNG 



1. 2. G O V T  A C C E S S I O N  3. AGENCY ACCESSION 

RESEARCH AND TECHNOLOGY RESUME I 
'4. D A T E  O F  R E S U M E  5 K I N D  O F  R E S U M E  

1 I 

6.  SECURITY 7 .  R E G R A D I N G  8 .  RELEASE LIMITA710N 

15  03 67 A. New I ~ R  kK N/A NL . Work Unit  
103 C U R H C N T  N U M B E R i C O D E  l o b .  P R I O R  N U M B E R I C O D E  

(U) T e s t i n z  of Aluminum Alloy Welds Subjected t o  B i a x i a l  S t r e s s  
12. S C I L N T I F I C  O R  T E C H .  A R E A  1 1 3 .  S T A R T  D A T E  I 1 4 .  CRIT. COMPL. DATE 1 15. FUNDING AGFhCY 

N /A  1,. T Y P ~  N / A  d. AMOUNT C U R R E N T  F Y  - 6 
19. GOVT '.)18/1NSlALLATION/ACTlVlTY I 20. P E R F O R M I N G  O t G A N I Z A T I O N  

-- -- 
N4ME Marsha l l  Space F l i g h t  Center  NAME 

ADDRLSS liunt s v i l l e ,  Alabama 35812 ADDRESS: 

016000 Spacec ra f t  Launch Vehic les  
' 1  6. PROCURE METHOU 17. C O N T R A C T I G R A N T  

a .  DATE 

I Re.,p. ,,,. B innca , C . J .  R-P6rVF-SSV I INVESTIGATORS 
PRINCIPAL: Same a s  19 
ASSOCIATE: 

07 64 
18. R E S O U R C E S  € 5  '. 

,, 205-876-9513 (FTS) TEL: TvPs:: 

2 1 .  1 C C H N O L O G V  U T I L I Z A T I O N  1 2 2 .  C O O R D I N A T I O N  I 
I Welds, Tes t i ng  I 

-- . M A N - Y E A R S -  -_- - - 
N/A 

a. PRoFEbS1ONAL 

24'  OBJECTIVE : (U) a .  Problem: To determine t h e  b i a x i a l  t e n s i l e  p r o p e r t i e s  f o r  welds 
on 2219-T87 and 2014-T651 aluminum a l l o y s .  

b.  Appl ica t ion :  Use of a c t u a l  s t r e n g t h s  f o r  t he se  types  of welds 
i n  t he  des ign  of  space v e h i c l e  s t r u c t u r e s .  

c .  The s t r e n g t h s  of welds under b i a x i a l  stress may be d i f f e r e n t  t han  
t h e  corresponding u n i a x i a l  , p r o p e r t i e s .  With t h e  b i ax i a  1 va lues  
a v a i l a b l e ,  t he  des igne r  w i l l  be i n  a  b e t t e r  p o s i t i o n  t o  des ign  

2s. t h e  geometry of  t h e  s t r u c t u r e  i n  t h e  v i c i n i t y  of t h e  welds.  
APPROACH: (U) B i a x i a l  stress r a t i o s  of 1:l and 2 : l  a r e  t o  be i n v e s t i g a t e d  w i t h  
c y l i n d e r s  of  v a r i o u s  d iameters  and ~ / t  r a t i o s  u s ing  2219-T87 and 2014-T651 aluminum 
a l l o y s .  An e v a l u a t i o n  w i l l  be made of  weld e f f i c i e n c y ,  s e n s i t i v i t y  of s t r e n g t h  t o  
f l aw  s i z e ,  weld a l l owab le s  and e x i s t i n g  f a i l u r e  t h e o r i e s  w i th  r e s p e c t  t o  welds.  

N / A  1 
b. F U N D S  ( Inlhaua,rdr)  

* 

26. PROGRESS : (U) F i f t e e n  c y l i n d e r s  were t e s t e d  dur ing  t!!is r e p o r t  per iod ,  Augclst 16, 1965 
- Fcbrr~ary  15, 1967. Remaining specimens a r e  expected t o  be t e s t e d  a t  t h e  r a t e  of  
two per  month. T h i r t y - s i x  c y l i n d e r s  have been t e s t e d  t o  d a t e .  

. -- - - - - -- - - -- -- - -- - --- - .- - - - -  - .  
13  I J N l O O t  PUC>JF-CT awe Vehic]p Systcnks ,SRT - - - A ~ ; ; C N ~  FY 6 8  - 
34 bUB Launch Veh ic l e  S t r u c t u r e s  N ~ X T  FV 6 9 - 

-- - - 
35. TASK A R E A  

Advanced S t r u c t u r e / M a t e r i a l  Concepts 

NA4.4  FOlt \ I  1122 (ltcr \ t ~ r .  16) 127 
I tlrlrlt 1 !,I ,I; !glr 11trr~rl 1.1 1111 f f ~ r n l  143H 



1 .  

124-11-01 -34 -62 1 933-50-02-03-62 
l l .  TITLL:  (U) Cryogen ic  B u r s t  T e s t  Program o f  2014-T651 and 2219-T87 C y l i n d e r s  and 

I lemispher ica  1 Bulge Specimens 
12. S C l E h T l F l C  OF3 T E C H .  C R E A  13. S T A R T  D A T E  1 14, CRIT. COMPL. DATE 1 15. FUNDING AGENCY 

2. G O V T  A C C E S S I O N  

4 .  D A T E  O F  R E b l J M E  5 K I N D  O F  R E 5 U M E  

15 0 3  67 A. New 

RESEARCH AND TECHNOLOGY RESUME I 1 

INVESTIGATORS 
PRINCIPAL: Same as 19  
ASS0CIATE I 

6. SECURITY 

U u 
R r T  w e n  

L .  205-876-9513 (TL"L') TEL: TYPE: 

21. 1 F C H N O L 0 C ; Y  L J T l L l I A T l O N  1 2 2 .  C O O R D I N A T I O N  

1 0 s  C U H W L N T  N U  M D L R I C U D E  

016000 S p a c e c r a f t  h u n c h  V e h i c l e s  

1 
23. K E Y W O R D S  I- N /A N /A 

l o b .  P R I O R  N U M B E R / C O D E  

7. R E G R A D I N G  

N/A 

0 1  64 
18. R E S O U R C E S  E S T .  

FY- 67. ......................... 

16 PROCURE. METHOD 

N /A 

B i a x i a l  T e n s i l e  P r o p e r t i e s ,  Cryogenic  Temperatures  
Z4.  OBJECTIVE: (U) a .  Problem: To de te rmine  t h e  b i a x i a l  t e n s i l e  p r o p e r t ' i e s  a t  c r y o g e n i c  

l7r C O N T R A C T I G R A N T  

a. DATE 
b. N U M e t R  

c T N/A d. AMOUNT 

. - 

t e m p e r a t u r e s  f o r  2219-T87 and 2014-T651 aluminvm a l l o y s .  
b.  A p p l i c a t i o n :  Use o f  t r u e  s t r e n g t h  of  t h e s e  m a t e r i a l s  i n  space -  

v e h i c l e  s t r u c t u r e s  l e a d i n g  t o  p o s s i b l e  we igh t  r e d u c t i o n s .  
c .  B i a x i a l  s t r e n g t h  p r o p e r t i e s  of  m a t e r i a l s  a t  c r y o g e n i c  t e m p e r a t u r e s  

may be d i f f e r e n t  t h a n  t h e  c o r r e s p o n d i n g  u n i a x i a l  p r o p e r t i e s .  The 
d e s i g n e r  o f  s p a c e  v e h i c l e s  h a s  o n l y  t h e  u n i a x i a l  p r o p e r t i e s  a v a i l -  

2 s .  a b l e .  Weight s a v i n g s  may be  p o s s i b l e  by t h e  u s e  o f  t r u e  m a t e r i a l  
p r o p e r t i e s .  

APPROACII: (U) C y l i n d e r s  and h e m i s p h e r i c a l  b u l g e  specimens  o f  2219-T87 and 2014-T651 
a r e  t o  be t e s t e d  a t  -423OF, - 3 2 0 ~ ~ ;  and room tempera tu re .  F i v e  specimens  o f  e a c h  
c o n f i g u r a t i o n  and  e a c h  m a t e r i a l  w i l l  be t e s t e d  a t  e a c h  t e m p e r a t u r e  making a  t o t a l  o f  
60 s p e c  ime nq. 

8. RELEASE LIMITATION 

r A  vfl 

N/A 
a. PROFESSlONAL 

. MA=RZ.. -- 
0 . 1  

19. GOVT. LI.B:lMSrbLt.lflrJY/ACrlVITY 
.- ----- --- 

WML M a r s h a l l  Space  F l i g h t  C e n t e r  
A00nEs5- Hunt s v i l l e  , Alabama 35812 

, O S S  : ( )  A 1 1  I l cmisphcr ica l  bnl};c spccimcns  , I I ~ I  t or1 1 y  10  cy  l i r l d r i c o l  s p c c i m c ~ ~ s  
o u t  01 30 wcrc manufac tu red  and d c l i v c r c d .  The c y l i n d r i c a l  c o n f i g u r a t i o n ' s  manufac- 
t u r i n g  L c c h n i q t ~ e s  f o r  t h c  remain ing  20 specimens  were f i n a l i z e d .  F a c i l i t i e s  and  
ins t rumcnf ra t ion  a r e  95% comple te .  No t e s t i n g  was  accomplished. ,  P l a n  to c o n t i n u e  
program and b e g i n  t e s t i n g  a s  p r i o r i t y  and a v a i l a b i l i t y  o f  test p e r s o n n e l  p e r m i t .  

9. LEVtL OF RESUME 

,A. Work Uni t  

N/A I 
b. F U N D S  ( I ~ l h o u n r ~ ~ d r )  

....... ._ - 
...................... - 

C U R R E N T  F Y  - 68 0 . 2  - 

13- IINIOUE PROJCCT . Space  - v e h i c l e  Systems, SRT - -- - 
JA SIJO PHOGRAM Launch V e h i c l e  S t r u c t u r e s  - ---- - - 
35 T A S K  A R E A  

Advanced S t r u c t u r e I M a t e r i a l  Concepts  
: 
NASA FOHV 111.: (Hr? \I,>. 1~5) 128 
41lrrnv 1 1 , 1  ' 1 ,  I &  ttf#c011 I , ,  l l l j  I v r m  1:9# 

2 0 .  P E R F O R M I N G  0 ( G A N I Z A T I O N  I .- . 

NAME: 

ADDRESS: 

I 
2 7 .  28. R t O U t ! > T I N G  A G E N C Y  29. l J l < r > l l  r . 1  < . l t l ~ ~ ~ ~ ,  r < > ! > I  

933-50 
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I .  2 .  n O V T  A C C E S S I O N  3. AGENCY ACCESSION 

R E S E A R C H  AND TECHNOLOGY R E S U M E  I I 

(U) Reverse P re s su re  T e s t s  
12. S C I E N T I F I C  O R  T E C H .  A R E A  1 1 3 .  S T A R T  D A T E  14. CRIT. COMPL. DATE 1 1 5 .  FUNDING AGENCY 

Marsha l l  Space F l i g h t  Center NAME. 

I 0 0 1 1 L S ~  I 1Iuntsv i l le ,  Alabama 35812 IODRESS: 

I WSP. tNofV 1% ianca . C . J . R-P&VE -SSV 

INVESTIGATORS 
PRINCIPAL: Same AS 19 
ASSOCIITE: I IT*. 205-876-9513 FTs) - TEL: r v P t .  

2 1 .  T E C H N O L O G Y  U T I L I Z A T I O N  1 2 2 .  C O O R 0 I N A ' ~ I O N  

Exte rna l  Pressure .  Bulkhead Tes t  
2 4 . ~ ~ ~ ~ ~ ~ ~ ~ ~ : ( ~ )  a .  Problem: To determine the  e x t e r n a l  p r e s su re  necessary  t o  c o l l a p s e  

th in-wal led  aluminum e l l i p s o i d a l  and t o r i s p h e r i c a l  bulkheads.  
b. Appl ica t ion :  Use t he se  r e s u l t s  a f t e r  c o r r e l a t i o n  w i t h  theory ,  

f o r  a p p l i c a t i o n  t o  space v e h i c l e  stress a n a l y s i s .  
c .  There is a need f o r  da t a  on t h e  c o l l a p s e  s t r e n g t h  o f  th in-wal led  

e l l i p s o i d a l  and t o r i s p h e r i c a l  s h e l l s .  These shapes a r e  o f t e n  
used f o r  space v e h i c l e  tank  bulkheads.  

,,.APPROACH: (U) Two specimens each of s i x  e l l i p s o i d a l  models, and two each of  t h r e e  
t o r i s p h e r i c a l  c o n f i g u r a t i o n s  have been f a b r i c a t e d ,  These w i l l  be sub jec t ed  t o  uniform 
e x t e r n a l  p r e s su re  u n t i l  f a i l u r e  occurs .  The s t r e s s e s ,  displacements  and f a i l u r e  mode 
shapes  w i l l  be c o r r e l a t e d  w i th  theory.  I 

,,~ I'ROCRESS: (U) Onc r c v c r s c  p rc s su re  bulkhead t e s t  was  cond~ le led  dur ing  tlle r e p o r t  
per iod  August 16, 1966 - February 15, 1967. The t e s t  specimen was a 6061-T6 aluminum 
e l l  i p s o i d a l  bulkltead. Lack of p r i o r i t y  and t e s t  personncl  have delayed program. P lan  
t o  con t inue  program and t e s t i n g  a s  p r i o r i t y  and a v a i l a b i l i t y  of test personnel  permit .  

2 7 .  28. H E Q U E b T I N C i  A G E N C Y  29. 1'tZOJI:C 1 CI(OC,'-r <.ODE 1 30. ..!+I c . ~ c c ) . , . ,  c c m t .  1 
. - I  -- - -- - 

3 1 .  -SPECIAL EQUIPMENT 32 F U N D S  (S K) IN tIOUSC TONIRACI 

PRIOR FY I-67 - - 
- - - - - - - - - -- - -. - - 

33 UNIQUE PROJECT Space Vehicle  Systexy~ , SRT CURRENT FY 68 - - - ' 

. - 
3 4 .  SUB PROGRAM - - . .- - .- 
3 5  -TASK AREA 

-- 
Launch Vehicle  S t r u c t u r e s  N E X ~ F Y  69 - - 

L - - - 
Advanced ~ t r u c t u r e / M a t e r i a l  Concepts 

P 

S A \ A  FOH\I I I L ?  (HI-r .  \n\. h9) 129 
6 I ~ ~ I I I *  ! td,1,ftc,tl 1,) 111) f u r m  1458 



RESEARCH AND TECHNOLOGY RESUME 

(U) bfor~ocoaue Rulk l~cad  HOOP Compression B u c k l i n r  
1 2 .  S C I E N I  l F l C  OR T t C H  A R E A  1 3 .  S T A R T  D A T E  1 4 .  CRlT COMPL, DATE 1 15. FUNDING AGFhCY 

1 .  

7 .  R E G R A D I N G  

N/A A .  Work Uni t  
l o b .  P H I O R  N U M B E R / C O D E  

-- 

I 

2 .  G O V T .  A C C E S S I O N  3 .  AGENCY ACCI.SSION 

1 1  T I T L E  

4 D A 7 F  O F  I q E S U M E  

15 03 67 

I INVESTIGATORS 
PRINCIPAL: Same as 19  
ASSOCIATE: 

5 .  K I N D  O F  H E S L J M E  6 SECURITY 

A, N e w  lrPT WHK 

U u 

016000 Snacccraf t Launch V e h i c l e s  

1 I-. 
NAMI: PIarsha l l  Space  F l i g h t  C e n t e r  
*o-~=.s.i H u n t s v i l l e ,  Alabama 35812 

-- . 
101 CURHCN r NIJMBCII!CODC 

124-11-01-3-6-62 

0 1  64 
18 R E S O U R C E S  E S T  

P R I O R  FY- -- - - - 67--. 
CURRENT FY - 68 

1 6  PROCUHC MLTHOO 

>:/A 

NAME. 

ADDRESS: 

Buckl ing  S t r e n ~ t h ,  Bulkheads 
24. OBJECTIVE : (U) a .  Problem - To d e t e r m i n e  t h e  b u c k l i n g  s t r e n g t h  o f  bu lkheads  i n  

1 7  C O N T R A C T l G R A N T  

a. DATE 
b. NUMBER 

N/A d AMOUNT 

7 . .  205-876-9513 (FTS) 
2 1 .  1 E C H N O L O G Y  I J T I L I Z A T I U I . ~  

c i r c u m f e r e n t i a l  d i r e c t i o n .  
b.  A p p l i c a t i o n  - IJse t h e s e  r e s u l t s  a f t e r  c o r r e l a t i o n  w i t h  t h e o r y  

f o r  a p p l i c a t i o n  t o  s p a c e  v e h i c l e  d e s i g n  a n d  s t r e s s  a n a l y s i s .  
c .  The b u c k l i n g  phenomenon r e f e r r e d  t o  above can  o c c u r  when a bulk-  

head which is  f u l l  o r  p a r t i a l l y  f u l l  of f l u i d  is a c c e l e r a t e d  i n  
t h e  l o n g i t u d i n a l  d i r e c t i o n .  Then, i f  t h e  n e g a t i v e  hoop s t r e s s e s  

2s .  become h i g h  enough, b u c k l i n g  o f  t h e  bulkhead i n  t h e  hoop d i r e c t i o n  
w i l l  o c c u r .  

APPROACH:(U) A group o f  12 aluminum bulkheads  have been f a b r i c a t e d  w i t h  v a r i o u s  r a t i o s  
o f  semi-major t o  semi-minor a x e s .  The bu lkheads  w i l l  be exposed t o  i n e r t i a l  f o r c e s  by 
t h e  u s e  o f  a  c e n t r i f u g e  which w i l l  s p i n  t h e  bulkheads  f i l l e d  w i t h  v a r y i n g  l e v e l s  o f  
f l u i d .  S t r e s s  measurements and pho tograph ic  coverage  w i l l  be made. 

* 

I ~ 

2 0 .  P E R F O R M I N G  O R G A N I Z A T I O N  I I 

N /A 
a PROFEC'S'ONAL 

M A N - Y E A R S  -- -- - - . -. 
0.1  - _ -__ 
0.1  , 1 9  GOVT Lb.0 IVSliLLATlONlACTlVlTY I 1 

TEL! TYPE: 

22. C O O R D I N A T I O N  

,,, PI<OCHlCSS: (U) No t e s t i n g  was a c c o m p l i s t ~ c d  d u r i n g  t h e  r e p o r t  p e r i o d .  P l a n  t o  
c o n t i n u e  Lest program as p r i o r i t y  and a v a i l a b i l i t y  d test p e r s o n n e l  p e r m i t .  

N/A 1 
b. F U N D S  ( In  lhauao~rdn) 

- - -- - - - . - . . - - - - 

PRICJI? FY . 67 - - 
. - .  

33.  1 J N I Q I J E  P R O J L C T  . . .- 

3 4 .  I;lJB P R O G R A M  

Advanced S t r u c t u r e / M a t e r i a l  Concepts 

NASA ~ o ~ t n l  1122 (HFF. XOV. 6.5) 130 t Ilrtli.~ : l#o ?I; idf 1tf~c111 t t t  1)IJ Fttrnt 1;:J.t' 



Corre la t ion  of strefia Charac te r i s t i c s  with Fracture 
12. S C I E N T I F I C  O R  T E C H  A R E A  [ 13. S T A R T  D A T E  1 14. CRIT. COMPL. DATE 1 15. FUNDING AGEMY 

RESEARCH AND TECHNOLOGY RESUME 
1.  

6. SECURITY 

U U 
RPT wRK 

4. D A T E  O F  R C S U M E  

15 03 67 

-- .-- - . I -  .---. L L.-_ 
MMC Marshall Space ~ l i ~ h k ~ e n t e r  1 -UE -1 

101 C U H H E N T  N U M B E R I C O U E  

5. K I N D  O F  N C S U M E  

A.  New (Proposed) 

315900 Spacecraf t  000200 Acoustics 

b. NUUDER 

Pending , A ,,,,,, 
19. GOVT LAB/lNSTALLATIONIALrlVlrV 1 1 

A~DIEIS Huntsvi l le ,  Alabama 35812 

lob. P R I O R  N U M B E R / C O D E  

2 .  G O V T  A C C E S S I O N  

7.  R E G R A D I N G  

N/ A 

11 67 
18. R E S O U R C E S  E S T .  --- - - - -. - - - 

16. PROCURE. MLTIIOD 

I I-*. IHOIV. Gau se  . R. L . . R P&vE-MER 

17. C O N T H A C T I G R A N T  

I .  DATE 
P R l O H  FY- 67 -- ---- 

-CURRENT FY - 68 

I ADDRESS: Not Selected 

3. AGENCY ACCESSION 

8 .  RELUSE LIMITATION 

GA/FO 

-- - - 
N/ A 

1. P ~ ~ ~ f : ~ ~ ! , ~ ~ A L  - - - - - , 

0.1 . - 

I INVESTIGATORS 
PRINCIPAL: 

AS*IATL; 

9. LEVEL OF RESUME 

A. Work Unit 

I N/ A 
b. F U N D S  (Inlhoumttdr) 

20. P E R F O R M I N G  O R G A N I Z A T I O N  I I 

m 205-876-0011- TEL: T vCC: 

21. T E C H N O L O G Y  U T I L I 2 A T I C ) N  1 22. C O O R D I N A T I O N  I I Fracture  Mechanics 
23. K E Y W O R D S  

N/ A I 
Nondestructive Tes t .  Frac ture  Mechanics 

24. (U) OBJECTIVE: The ob jec t ive  of t h i s  program i s  t o  develop a technique t o  i n t e r -  
rogate  nondes t ruct ive ly  and continuously the s t r u c t u r a l  i n t e g r i t y  of space veh ic le  
tankage and o the r  s t r u c t u r e s .  P resen t ly ,  these s t r u c t u r e s  a r e  t e s t e d  p r i o r  t o  use.  
Cracks can be i n i t i a t e d  o r  can grow during q u a l i f i c a t i o n  t e s t i n g  r e s u l t i n g  i n  l a t e r  
f a i l u r e s .  The monitoring of crack i n i t i a t i o n  o r  growth by means of a permanently 
a t tached system i s  required t o  p r o ~ i d e  an index of s t r u c t u r a l  condi t ion  a t  any time. 
The styess.waye emission (Sm)  t e c  nique holds g r e a t  promise £ o r . t h i s  ap l i c a t i o n  s ince  ! crack i n l t l a t l o n  o r  growth I n  meta s 1s accornpanled by the  emlsslon of s e r e s s  waves. 
*" (U) APPROACH: Da,ta w i l l  be obtained t o  cha rac te r i ze  t h e  SWE of ma te r i a l s  sub- 
j ec ted  t o  var ious  s t r e s s  waves. Appropriate t h e o r e t i c a l  analyses based on f r a c t u r e  
mechanics theory (FMT) w i l l  be made and compared t o  the  SWE c h a r a c t e r i s t i c s  and the  
appropr ia te  ma te r i a l  parameters.  The c o r r e l a t i o n  between SWE and FMT w i l l  provide the  
key t o  the  u t i l i z a t i o n  of SWE techniques a s  a t o o l  f o r  the  evaluat ion  of space veh ic le  
s t r u c t u r e s  . 

26. ' 

C U I I I i E N l  FY-. 68 - 7 5 
6 0 

N A S A  FOItM 1122 ( I lar .  Nsnv. 6 5 )  131 (Ilrma 1 la  ffi ~ J r ~ ~ l ~ r r r l  I r ,  I ) / )  F'81rrn I (OR . 

27.  1 28. H k Q I J E b T I N G  A G E N C Y  29. rpt#r,Jr f. I c r # c ~ * . * .  r . c ~ o r  110 ' . 6 i 1  t . ~ t r v , * ,  ~ ~ I I I I  



8 RI LLPC,I LIMITATION 9 LEVEL OF RESUME 

15 03 67 A .  New (Propi)sed) GA IF0 A .  Work Unit 
----- 
1 0 h  I'f(1C)fi N* M B t  H,CODE 

use a s  Cryogenic I n s u l a t i o n  and Micrometeorite Bumpers - 
12 .  SC'ICNTIFIC OH 7 tCn A H E A  0@!+100 composite 13 s rn* r i  u n r r  

m a t e r i a l s .  016700 thermodynamics 06 64 N/A - -.- 
1 6  PROCUL(t M t l t lUD  17 CON i I i A C 1 , G R A N T  

B. Cont rac t  , .",,,, Nas8-11747'"" 
c r , ,  , MJ2PFF ! 

- 

(' r u  - -. -.- .r - I -*.-. . 
1 9  GOVT L A O ~ I N S ~ A L L A  II'JPIIAC r ~ v l r )  

-- 
.(4&.& Marsha 11 Space ~ l i ~ d t  - ~ e n t e r  L - ..,,Goodyear Aerospace dorp. 
AoDILSS H u n t s v i l l e ,  Alabama 35812 1210 Mass i l lon  Road 

p r inc ip .  Nevins, C. D. , R-P&VE-SAA Akron, Ohio 
205-876-2069 INVF~TIC.ATOI~S PRIN* IPAL Burkley, R, A.  

lNDIV A l t  . Stuckey,  J. M.,  R-P&VE-MNM a-.L.OCIATI RO 1 l i n s  , S  . R . 
TSL 205-876-5904 (FTS) "" 216-794-2359 7vpL --.- A - - - . - - - . - - . - 
21 T F C H N O L O ( I  I IJTILI . ! . \ l  ni,N 2 2  C O O R D I N A T I O N  

N /A --- ----- --- 
2 3  Kcvwor+o~ ,  

N /A 
i 

Cryogenic I n s u l a t i o n ,  Micrometeoroid P r o t e c t i o n  -- -- 
24. 

(U) Objec t ive :  The o b j e c t i v e  i s  t o  develop and eva lua t e  e f f e c t i v e  combined h igh  
performance m u l t i l a y e r  i n s u l a t i o n  and micrometeoroid b a r r i e r  systems f o r  c ryogenic  
tankage up t o  33 - f ee t  i n  diameter  f o r  space missions exceeding seven days d u r a t i o n .  
The h e a t  l e ak  through the  i n s u l a t i o n  i n  space s h a l l  be l e s s  than 0.25 ~ t u / f t ~ / h r .  2 and t h e  weight  of  the  combined system s h a l l  be l im i t ed  t o  approximately 0.5 l b / f t  . 
The i n s u l a t i o n  concept  s h a l l  perform r e l i a b l y  under pre- launch,  launch,  and space 
f l i g h t  c o n d i t i o n s .  

25. (U) Approach: M a t e r i a l s  and m a t e r i a l  concepts  a r e  f i r s t  eva lua ted  f o r  thermal  
e f f e c t i v e n e s s  on a  smal l  f l a t - p l a t e  ca lo r ime te r .  Promising concepts  a r e  then app l i ed  
t o  a  sub - sca l e  tank f o r  a p p l i c a t i o n  s t u d i e s  and t o  eva lua t e  thermal  and s t r u c t u r a l  
performance d u r i n g  s imulated ground hold ,  a scen t  h e a t i n g ,  r ap id  evacua t ion ,  and 
space cond i t i ons .  Hyperveloci ty  impact t e s t s  a r e  performed t o  determine t h e  a b i l i t y  
of  the  i n s u l a t i o n - s h i e l d  system t o  prevent  damage o r  p e n e t r a t i o n  of tank w a l l s  by 
micrometeoroids .  

( U )  P rogress :  An i n s u l a t i o n  system, approximately two inches  t h i c k  and mee t i n g  
26weight requi rements ,  c o n s i s t i n g  of a l t e r n a t e  l a y e r s  of t h i n - s l i c e d  polyurethane foam 
and double a luminized Mylar f i l m  has  performed s a t i s f a c t o r i l y  du r ing  s imulated 
ground-hold, a s c e n t  h e a t i n g ,  r ap id  evacua t ion ,  and space t e s t s .  For tanks 120-inch 
i n  d iameter  o r  l e s s ,  the  aluminized Mylar f i l m  can be appl ied  i n  t h i n  s t r i p s  by a  
f i l amen t  winding technique.  The i n s u l a t i o n  h a s  been panel ized f o r  a p p l ' c a t i o n  t o  $ 
l a r g e r  tanks .  Under space cond i t i ons  h e a t  l e aks  a s  low a s  0.10 B t u / f t  / h r  wcrc 
ob ta ined  wi th  t he  f i l amen t  wound i n s u l a t i o n ,  and 0.19 f o r  the  panel ized ve r s ion .  With 
an app rop r i a t e  bumper w a l l ,  t he  i n s u l a t i o n  provides  p r o t e c t i o n  a g a i n s t  rnicrome t eo ro id  

1 1 
3 1 .  * a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  I 

I 
$ 2  F I N  S K IN 11111151 I l INI I (Al  I 

. . .. . - . . 
I=I~IOIJ F Y  67 - 

. . - - . - A- - - . .  . 
- - 

3 3  ~ I N ~ O U F  PIIOJLCT - space  Vehic1.e ~ ~ s t e a s ,  CIJIJI~LN 1 F Y  68 , 
.. . .. .. .--. . . . SPT .;. . . 3 00 

34 .  s t r o  PHOGI<AM 
. .. Launch Vehi1:l.e Struc tur2s . . .. 

x-r f;Y 69 - - 
35.  TASK A H ~ A  -?&raric'e~$ 3 ?!?ire t u r e  /Ma i ' z i C o % c e p t k -  - 

-...--*. "- , "s- - - .  
XAs.+ FfbitSI  ll?: (it, \ .  Yaw tic) 
I Itr7~1.v I 18, 4,: ,,I, ,,tr,,,,l P, :I{, F,,.p,, 1 ; -w . 132 



1 I I I 

4 D A  1 t O F  t < L ' , I J M E  15. K I N D  OF H E 5 U M E  1 6 SECURITY 17 R E G R A D I N G  1 6 RELEASi LlMlTAllON ( I) LEVEL OF RESUME 1 
1 

15 03 67 19. New (proposed) N /A 1 GA FO A. Work Unit 
lUa LUI1NLN I N U M B C R I L O D E  I l o b .  P R I O R  N U M B E R i C O D E  

(u) Structure -_Thermalsulation - Meteoroid protection integration 
1 12 S C I E N T I F I C  O R  T E C H .  A R E A  1 13. S T A R T  D A T E  1 14. CRIT. COMPL. DATE 1 15. FUNDING AGENCY 

RESEARCH A N D  TECHNOLOGY RESUME I 2 G O V T  A C C E S 5 I O N  3 AGLNCY ACCESSION 

~ ~ ~ ~ , " ~ ~ ~ ~ L  I b. F U N D S  (In tAourn!rdr) 1 

8 

015900 Spacecraft 
16. PROCURE UETHOD 1 17.. C O N T R A C T I G R A N T  

I 1 - % .  1. D A T E  1 - -  b 4 i n . . . . . . - . . . . - 
I I b. NuMs6n rena ln~, I PRIOR FY- 61 i - I - I 

10 67 I N/A , N/A I 
18. R E S O U R C E S  EST. I a. 

I 
- 

B. Contract c. TVPK d. r u w N T  

19 GOVT LAB~INSTALL4TIONIACTlVlTY I 
MAW*- Marshall Space Flightbe~er 
A o ~ R t ~ . ,  Huntsville, Ala. 35812 

NIA N /A 
23. K E Y W O R D ' +  

- .  - -- - 
C U R R E N T  Fv - 68 t 0.2 I 

2 0 .  P E R F O R M I N G  O R G A N I Z A T I O N  
----- -- - -. -- 

NAME Not selected 
ADDRESS: 

nF-qP lrJDIV Verble, A. J. , R-P&VE-S 
m) 205-876-1012 T I  I 

2 1  1 k C H N 0 L O G Y  L l T l L l Z A r l O N  

Meteoroid protection, Spacecraft Structure, Insulation I 

INVESTIGATORS 
PRINCIPAL. 

ASSOCIATE 

TEL .  TYPE '  

22. C O O R D I N A T I O N  

- - 

'$0~ JECTIVE (u) : The objective of this new program will be to integrate the load- 
I 

carrying structure, meteoroid protection, and thermal insulation into an optimum 
structure for long term space mission. The meteoroid protection requirements are 
currently controlling the structural design, and thus weight, of vehicles under in- 
vestigation for medium to long term space missions. Through proper design procedures 
early in the concept definition stages, meteoroid protection structure can be load- 
carrying and provide some measure of thermal insulation. In addition, high-performanc~? 

Z5insulation can be used as effective meteoroid protection. This program will utilize 
these combined load-carrying structure, meteoroid protection, and thermal insulation 
into an efficient structure for typical vehicles. Typical missions are: Cryogenic 
orbital tanker, nuclear flight stage, large orbital and planetary manned payloads. 
APPROACH (U):The study will be performed in 2,phases: Phase I: Using given flux and 
penetration,criteria, establish optimum structure for variation of exposure time, size 
and internal pressure. Phase 11: Design, fabricate and test representative panels, 
verify penetration criteria and insulation degradation. 

t 

2 6 . ~ ~ ~ ~ ~ ~ ~ ~  (U) : N/A 

. - - - - - - - - - -- -- - - - - - - 
33 lJNIQUE PRC)JEC_T . Space Vehicle Systems: ST 150 
34.  5uB Launch Vehicle Structures -- - -- - - 100 A 

35- TASK-AHEA Advanced ~tructure/Material Concepts 

\ A \ A  FOH\I 1122 (Kc.\. Ytw. 65) 133 Ilf rn* : 1~ .'I! rdt nllcni  tr# /)I) 1.51rrn 149.3 



INVE~~IGAMRI I PRINCIPAL: 

(U) High Resolut ion Wind Measuring Systems Evaluation 

3 .  AGENCY ACCESSION 

8. RELUSE LIMITATION 

G A 

2. G O V T .  C C C E S S I O N  

7 .  R E G R A D I N G  

N/ A 

RESEARCH AND TECHNOLOGY RESUME 
4. D A T E  OF R E S U M E  5.  K I N D  OF R E S U M E  

15 03 67 D Change 15 03 66 

Research, S t a t e  of the  A r t ,  Detai led Wind P r o f i l e  Measurements 
". (U) OBJECTIVE - a. Problem: - To perform a c r i t i c a l  engineering and s c i e n t i f i c  evalu- 

a t i o n  of a l l  known methods fo r  measuring de ta i l ed  wind p r o f i l e s  t o  an a l t i t u d e  of 20 
km. b. Applicat ion:  - Provide improved instrumentat ion fo r  use i n  measuring de ta i l ed  
wind p r o f i l e s .  c .  Accurate wind p r o f i l e  da ta  a r e  needed i n  the  design and opera t ion  

9. LEVEL OF RESUME 

A Work Unit 
101.  C U R R E N T  N U M B E R I C O D E  

124-1 1-04-03-62 

1 . 

6. SECURITY 

Rg WRI U 

1 2 .  S C I E N T I F I C  O R  T E C H .  A R E A  002200 Atmospheric 
010400 Miss i le  Launching & Ground Support 

R-P. I N D I V . . ~ C O ~ ~ ~ ~ S ,  J. R. , R-AERO-Y 
205 876-5645 (FTS) T a  ' 

21. T E C H N O L O G Y  U T I L I Z A T I O N  

of space veh ic les .  The r e s u l t s  of t h i s  study a re  providing information about systems 
which can be used f o r  making accurate wind p r o f i l e  measurements and t o  improve e x i s t -  
ing systems. 

25-(U) APPROACH - An exhaust ive l i t e r a t u r e  search i s  being conducted and a c r i t i c a l  ex- 
amination made of each proposed method. Accuracies and l imi ta t ions  of each system 
a r e  t o  be spec i f i ed  and recommendations made fo r  systems which appear t o  have the  
bes t  c a p a b i l i t y  fo r  making r e l i a b l e  wind p r o f i l e  measurements. 

I 

l o b .  P R I O R  N U M B E R I C O D E  

No Change 

P h y s ~ ~ ~ 5 T A R T  D A T E  

06 64 
18. R E S O U R C E S  E S T .  

PRIOR FY- 67 
C U R R E N T  FY- 68 

16. PROCURE. METHOD. 

N/A 

ASSOCIATE: 

m: TYPE: 

22. C O O R D I N A T I O N  

26.(U) PROGRESS - D r .  James R. Scoggins has prepared a t h e s i s  ( t o  be published a s  a 
NASA techn ica l  r e p o r t )  on the dynamics of the  Jimsphere wind sensor.  Resul ts  from 
an examination of the  l i f t  and drag c o e f f i c i e n t s  versus time and d i spe r s ion  char- 
a c t e r i s t i c s  of the  Jimsphere a re  discussed. Another inhouse study continues on the 
comparison of Jimsphere and the  AFCRL Rose sphere da ta .  
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24. (U) OBJECTIVE- - a .  Problem: - To acqui re  wind v e l o c i t y  and temperature p r o f i l e  da t a  
from the  1600 f t .  TV-tower loca ted  near Norman, Oklahoma. 'These da t a  a r e  t o  be used i n  
conjunct ion  w i t h  l o c a l l y  measured rawinsonde p r o f i l e  da t a  ( a t  Oklahoma C i t y  Weather 
S t a t  i on )  f o r  e m p i r i c a l l y  and t h e o r e t i c a l l y  d e f i n i n g  lower atmospheric wind p r o f i l e s  t o  
1600 f t .  and t o  develop continuous p r o f i l e s  of wind and temperature from near ground t o  
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d e f i n i n g  environmental c r i t e r i a  f o r  the des ign  and launch of l a rge  space v e h i c l e s  a s  i s  

e u i r e d  f o r  NASA's s ace v e h i c l e  pro  ram. 
''*(Q) APPROACH - A l l  aemospheric profiHe d a t a  acquired a t  the 1600 f t  TV-tower a t  Norman, 
Oklahoma by Environmental Science Sery ices  Administrat ion (ESSA) personnel  a r e  recorded 
on paper s t r i p  c h a r t .  These c h a r t s  a r e  w e l l  i d e n t i f i e d  a s  f o r  l e v e l  on tower,  t ime,  
e t c . ,  and t h e  da t a  on wind and temperature a r e  reduced by rou t ine  methods. These 
reduced d a t a  a r e  placed on punched ca rds  and s e n t  t o  MSF~/NASA f o r  processing and ana ly-  
s i s .  Various. a n a l y t i c a l  schemes a r e  being used t o  s tudy  these p r o f i l e  d a t a  t o  o b t a i n  
concepts  on wind and temperature p r o f i l e  cond i t i ons  t o  a he ight  of 1600 f t .  Routinely 
acqui red  rawinsonde d a t a  obta ined  a t  a s t a t i o n  near  the  tower a r e  being made a v a i l a b l e  
t o  s tudy  cont inuous wind and temperature p r o f i l e  condi t ions  t o  he igh t s  of about 30 km. 

26. (U)  PROGRESS - Wind p r o f i l e  d a t a ,  a s  acquired a t  the  1600 f t  TV-tower near  Norman, 
Oklahoma a r e  now a v a i l a b l e  s t a r t i n g  i n  May 1966. These d a t a  along w i t h  s imultaneously 
recorded temperature d a t a  a r e  being reduced and placed on punched ca rds  by NSSL per -  
sonnel  and a r e  being s e n t  on a month-to-month b a s i s  t o  R-AERO-YIMSFC. S tud ie s  a r e  
being i n i t i a t e d  t o  a n a l y t i c a l l y  d e f i n e  continuous wind and temperature p r o f i l e  condi- 
t i o n s  t o  a h e i g h t  of 1600 f t  and h igher  by use of s imultaneously recorded rawinsonde 
d a t a .  Inhouse e f f o r t s  a r e  underway t o  analyze some of the  i n i t i a l  p r o f i l e  d a t a  t h a t  
have been rece ived  from NSSL. 
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24.(U) OBJECTIVE - a. Problem: - The e f f e c t s  t h a t  up stream cross-flow and l o c a l l y  
accelera ted  flow have upon the  boundary l aye r  build-up and separat ion.  
b. Application: - Predic t ion  of a e r o e l a s t i c  in te rac t ions  of launch vehic les .  c. Shock 
induced boundary l aye r  separa t ion  plays a dominant r o l e  i n  the  e f f e c t s  of seperated 
flow on v e h i c l e  dynamics. It is  important t o  know the  e f f e c t s  of shock induced 
separa t ion  on o v e r a l l  veh ic le  dynamics. I f  we can r e l a t e  the  unsteady aerodynamics 
and the  s teady aerodynamic c h a r a c t e r i s t i c s  we w i l l  have provided a powerful too l  

2s. f o r  f u t u r e  veh ic le  design.Studies i n d i c a t e  t h a t  t h i s  i s  poss ib le  u t i l i z i n g  quasi-  
s teady techniques. The problem i n  applying t h i s  technique i s  t o  determine how the  
time-lagged fo rces  depend upon the  motion of t h e  upstream por t ion  of the  vehic le .  The 
b o u ~ d a r y  l a y e r  sepa ra t ion  i s  guided by the  e f f e c t s  of upstream cross-flow and l o c a l l y  
acce le ra ted  flow. This p ro jec t  w i l l  i nves t iga te  the  e f f e c t  of upstream motion on 
boundary l a y e r  sepa ra t ion  near compression and expansion corners ,  and the  e f f e c t  of 
the  shock induced boundary l aye r  separa t ion  has on o v e r a l l  veh ic le  and l o c a l  
s t r u c t u r a l  dynamics. 
(U) APPROACH - (1) Consider f a c t o r s  producing aerodynamic forces i n  a region of shock 

,,induced separa t ion .  (2) Evaluate r e l a t i v e  importance and develop a n a l y t i c  models t h a t  
account f o r  the  main e f f e c t s  of the  various f ac to r s .  (3) Using quasi-steady techniques, 
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24(U) OBJECTIVE: a. Problem: - T o  theoretically define the behavior of lower a tmos -  
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; ? \ p p l i c ~ i o n s :  - Vehicle design c r i t e r i a  and vehicle response to lower atmospheric  
phenomena, especially winds. c. Mathematical and empir ica l  definitions a r e  to  be 
derived f r o m  establishing the character is t ic  behavior of lower atmospheric  phenomena 
a t  Cape Kennedy, Florida.  Physical  principles must  be established for the relation- 
ships of a tmospheric  turbulence, wind shear ,  gusts and steady s tate  winds a s  a 
function of stability, season, synoptic conditions, etc. Resul t s  of this effort will be 

2 5 
used a s  vehicle design c r i t e r i a ,  vehicle response to winds, and to  predict  wind 
conditions for vehicle t ranspor t  ( v A B / ~ ~ ~ )  and launch. 
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( U )  APPROACH: Data f rom NASA's 150m Meteorological Tower and a s  recorded a t  
var ious launch. pads a t  Cape Kennedy will be used. Auto- and cross-cor re la t ions ,  
spec t r a  and c r o s s  - spec t ra ,  gust shapes will be computed, relationships between 
turbulcncc and wind s h e a r s  and the steady state wind, and the influence of thc thermal  
stability on thc observed wind motions will he deterrnincd. The resu l t s  will he  used 
a s  c r i t e r i a  for input to vehicle response studies and to improve forecast  methods. 
2 6 .  

(U) PR0C;RESS: A c r o s s  serv ice  work o rde r  has  been i n  effect with the National 
W eathcr  Rccords  Center ,  Asheville, North Carolina,  to reduce, edit, then s tore  a l l  
of NASA's 150 m Meteorological Tower data (i. e . ,  wind, tempera ture ,  humidity, and 
p r c  s sure)  onto magnetic tape for  t ransmi t ta l  to  MSFC/NASA. Various computer 

p r o g r a m s  have been generated inhouse to analyse these data but, much work remains  
to be done. This  task  has  been discussed with Mr .  Douglas Gilstad, Code RV -2 ,  

NASA, Headquarters .  The new effort will replace c r o s s  svrvicc o r d c r  13207A.  
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b. FUNDS ( I " lho~#asdr )  - 

25.(U) APPROACH - Hydrodynamics, turbulence, and statistical theories will be employed 
as required. Relationships between the synoptic and meso-scale features of winds, 
temperatures, etc., of the upper atmosphere will be analyzed initially to determine 
what relationships exist between these phenomena; then, relationships will be deter- 
mined between the meso-scale and micro-scale features; and finally, corollaries will 
be made between the synoptic, meso and micro characteristics of upper atmospheric data. 
The detailed upper atmospheric winds and temperature data to be used in this study are 
those profile data acquired by the FPS-16 radarl~imsphere technique.' 

2 6 . ( U )  PROGRESS - A considerable amount of work has already been done and more is 
planned, both inhouse and by contractors, on the analysis of detailed wind profiles 
and on relationships between meteorological variables. Contractual work is underway 
in developing a technique to obtain detailed temperature data using the Jimsphere 
balloon system. This temperature developmental work is being carried out by the GCA 
Corporation under Contract No. NAS8-20588. This task has been discussed with Mr. 
Douglas Gilstad, NASA Headquarters, RV-2. 
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Boundary Layer Theory, Atmospheric Turbulence, Gusts ,  Steady S t a t e  Wind P r o f i l e s  
2.' (U)  OBJECTIVE - a. Problem: - To study the complete wind f i e l d  from the  su r f ace  t o  
500 f t .  a l t i t u d e  a t  Cape Kennedy. b. Applicat ion:  - Vehicle response (des ign  and oper-  
a t i o n )  t o  ground winds. c .  Mathematical and empi r i ca l  models a r e  being der ived  which 

Rmp. v N o v V ~ F i ~ h t  1, George H. R-AERO-YE 
205 876-0875 (FTS~ T n .  

21. TECHNOLOGY UTILIZATION 

e s t a b l i s h  p r o f i l e  c h a r a c t e r i s  

ASSOCIATE: 

m: TYPE: 

22. COORDINATION 

s t eady  s t a t e  winds a s  a  func t  
t i o n ,  e t c .  Space. and time va 

t i c s  and r e l a t i o n s h i p s  between turbulence ,  g u s t s ,  and 
ion  of s t a b i l i t y ,  season,  c l i m a t i c  cond i t i ons ,  wind d i r e c -  
r i a b i l i t y  w i l l  be s tud ied  and f o r e c a s t i n g  methods develope 

R e s u l t s  of  t h i s  t a s k  a r e  being used a s  input  f o r  eva lua t ion  of v e h i c l e  responses t o  low 
n1;ti tude winds,  and t o  p r e d i c t  wind condi t ions  f o r  v e h i c l e  launch and ope ra t ions .  

(U) APPROACH - Atmospheric d a t a  from the 500 f t .  (150-meter) meteorological  tower,  
s e r v i c e  s t r u c t u r e s ,  and o t h e r  l oca t ions  on Cape Kennedy a r e  being u t i l i z e d .  Auto- and 
c r o s s - c o r r e l a t i o n s ,  s p e c t r a  and c ros s - spec t r a ,  and gus t  shapes a r e  being computed, r e l a -  
t i o n s h i p s  e s t a b l i s h e d  between gus t s  a t  va r ious  a l t i t u d e s  and s teady  s t a t e  winds, and the  
in f luence  of  : t a b i l i t y  on the observed motions a r e  being determined. * T h i s  in format ion  
i s  being used t o  d e r i v e  the  mathematical and/or empi r i ca l  models which p re sen t  r e l a t i o n -  
s h i p s  between the v a r i o u s  parameters and form the  b a s i s  f o r  input  t o  veh ic l e  response 
s t u d i e s  and f o r  developing f o r e c a s t i n g  methods. 
26.(U) PROGRESS - Computer programs have been developed in-house t o  i n v e s t i g a t e  gus t  
s t r u c t u r e ,  s p e c t r a  and c ros s - spec t r a  of tu rbulence ,  s teady  s t a t e  wind p r o f i l e s ,  and s t a -  
t i s t i c s  of mean wind flow. Resu l t s  a r e  being documented f o r  use a s ,  (1 )  environmental 
c r i t e r i a ,  (2 )  v e h i c l e  o p e r a t i o n s ,  ( 3 )  f u l l - s c a l e  v e h i c l e  response s t u d i e s ,  ( 4 )  p r o f i l e  
typ ing  f o r  wind tunne l  model t e s t i n g ,  e t c .  
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Atmospheric Measuring Technique and Studies  
24. (U) OBJECTIVE - a .  Problem: - To e s t a b l i s h  techniques f o r  i nc reas ing  the  o v e r a l l  per -  
formance of atmospheric measuring equipment, ins t rumenta t ion ,  and/or o the r  devices  f o r  
use i n  support  of MsFC/NASA space p r o j e c t s  and programs. b. Applicat ion:  - Atmospheric 
measuring equipment, ins t rumenta t ion  and/or devices .  c .  Atmospheric measuring equip-  
ment should be updated a s  new and unique techniques a r e  developed t o  e x t r a c t  these  type 
of d a t a .  These in-house s t u d i e s  a r e  a t tempt ing  t o  provide MSFC/NASA w i t h  the  b e s t  
equipment f o r  t h i s  purpose. 

25. (U) APPROACH - To modify o r  r edes ign  p re sen t  atmospheric measuring equipment, i n s t r u -  
menta t ion  and devices  t o  i nc rease  i t s  p re sen t  engineer ing  capac i ty  and accu rac i e s .  
This  w i l l  be on e x i s t i n g  equipment, and/or ins t rumenta t ion .  

lNDtV. Turner , Robert E. , R-AERO-Y 
205 876-2767 (FTS) m 

21. TECHNOLOGY UTILIZATION 

Weather S tud ie s  

26. (U) PROGRESS - Some mod i f i ca t ion  t o  ground t r ack ing  equipment has  been made. S igna l  
t o  no i se  r a t i o  improved, ranging  technique modif ied,  and record ing  system, i n  p a r t ,  
redesigned.  
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(U) Comparison of Wind Measuring Instruments (Anemometers) 
'12. SCIENTIFIC OR TECH, AREA O1OOOO Meteorology 1 13, START DATE 1 14. GRIT. CDMPL DATE / 15. FUhDlNG AGENCY 
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Marshall Space Flight Center 
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002200 Atmospheric Physics 01 61 N/A N/A 1 
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PRINCIPAL: 

16. PROCURE. METHOD. 

N/ A 
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a. DATE 
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Wind Measuring Instruments, Anemometers, Atmospheric Research Facility 
24. (U) OBJECTIVE - a. Problem: - To determine the best off-the-shelf anemometer (if one 
exists) for the various fixed level wind measurements as needed by MSFC. 

19. GOVT. LABIINSTALLATIONIACTIVITY I I 20. PERFORMING ORGANIZATtON I I 

RIIIC. INDIV. Camp, D. W., R-AERO-YE 
la, 205 876-0034 (FTS) 
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purchases of fixed level anemometers are to be made. c. To investigate by comparative 

ASSOCIATE: 

TEL: n P E :  

22. COORDINATION 

methods the relative merit of the various anemometers which are presently being used t 
obtain wind measurements. The anemometers being compared are mainly off-the-shelf 
items. The comparison is needed in order to determine the anemometer best suited for 
&he overall requirements for obtaining wind measurements at a fixed level. 
25.(U) APPROACH - Wind data as measured by various anemometers at MSFC1s Atmospheric 
Research Facility will be compared. The comparison will be made using statistical, 
spectral, and relative comparative techniques. The results of the comparison will be 
utilized in analyzing wind data for input to vehicle response studies. 

26- (U) PROGRESS - Several sets of data have been obtained and compared. results 
of some of these tests have been published in NASA TM X-53451, "Preliminary Results 
of Anemometer Comparison TestsJ1I dated April 26, 1967. Further testing, comparison, 
and publication of results will be forthcoming. 

1 I 
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(U) Development of Panel Flutter Criteria for Launch Vehicles 

N/A land they are not planninp to perform work . 
23. Panel Flutter, Aeroelasticity, of this type. 

Launch Vehicle Criteria 
24. 
(U) OBJECTIVE - a. : - No panel flutter criteria for launch vehicles exist.. 
b. Application: - Flutter analysis of panels on missiles and launch vehicles. 
c. Basis of Need: - Present panel flutter criteria, which is based on the elimination 
of flutter, was developed for aircraft where endurance is a prime consideration. 
For launch vehicles where fatigue is not a problem, controlled flutter may be 
acceptable from a weight standpoint. Currently there is no existing theoretical or 
experimental information on which to base adequate flutter design criteria for launch 

25vehicle panels. No work of this type is in progress or planned at Ames or Langley. 

11. TITLE. 
N/ A 

R L S C . l N ~ l V  Walker, Robert W. , R-AERO-AUE 
TFL 205 876-1522 (FTS) 
21. TECHNOLOGY UTILIZATION 

(U) APPROACH - a. Review and summarize present flutter criteria. b. Theoretically 
and/or experimentally establish the most important structural and aerodynamic factors 
which control the onset and magnitude of panel flutter. c. Design and conduct 
experiments fo parametrically investigate the influence of these factors. d. Summariz 
the experimental and theoretical efforts in the form of a panel flutter criteria for 
launch vehicles. 
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SUBJECT: (U) Development o f  Panal F l u t t e r  C r i t e r i a  f o r  Launch V e h i c l e s  

CODE: 124-11-04-21-62 

BASIS OF NEED: For l aunch  vehi .c les  where s t r u c t u r a l  f g t i g u e  i s  n o t  a c o n t r o l l i n g  
f a c t o r  i t  may be d e s i r a b l e  from a weigh t  s t a n d p o i n t  t o  d l low c o n t r o l l e d  f l u t t e r .  
A t  p r e s e n t  t h e r e  i s  no e x p e r i m e n t a l  o r  t h e o r e t i c a l  means o f  p r e d i c t i n g  t h e  
s e v e r i t y  o f  f l u t t e r  t h e r e b y  f o r c i n g  o v e r l y  c o n s e r v a t i v e  d e s i g n  c r i t e r i a  w i t h  i t s  
a s s o c i a t e d  weigh t  p e n a l t y  t o  be  used.  

APPLICATION: The r e s u l t s  o f  t h i s  work w i l l  be  a p p l i e d  t o  the  development o f  p a n e l  
f l u t t e r  c r i t e r i a  f o r  f u t u r e  launch v e h i c l e s  and missiles. 

SPIN OFFS AND APPLICATION: None 

TOTAZ, TIME AND EFFORT: Approximately 2 ' y e a r s  w i t h  a t o t a l  inves tment  
o f  o n l y  $140,000. 



1 .  

RESEARCH AND TECHNOLOGY RESUME 
2. G O V T  A C C E S S I O N  

1 

," k s  tabl ishment  of Guide l ines  f o r  Random and Sinusoida l  Vibra t ion  Cor re l a t ion  

I INVESTIGATORB 
PRtNCtPAL: Crandal l ,  Stephen H. 

3.  AGENCY ACCESSION 

NR 002852 

,!!* T I T L E .  

7 R E G R A D I N G  

N/A 
4 D A T E  r3T I4EC,UME 

15 03 67 

12. S C I E N T I F I C  O R  T E C H .  AREA 

Spacecraf t  015900 
16 PROCURF. METHOD 

B. Cont rac t  

HeadquartersILead Center  assignment 
A n a l y t i c a l  Model 

lob. P R I O R  N U M B E R i C O D E  (124-11-05-08-62) 
No Change (931-31-01-00-63) 

8 RELEASE LIMITATION 

GA FO 
10d C d U Y E N T  N U M B E R . C O D E  

124- 11-05- 02-62 - 

5 K I N D  O F  R E S U M E  

D .  Change(15 08 66) 

1 3 .  S T A R T  D A T E  

06 61 
18. R E S O U R C E S  i i T  

.PRIOR FY- 6 7 
C~~~ENTTTZ 8 

17. C O N T R A C T I G R A N T  

,. NUMBER NAS8-2504 DATE O6 61 
,. Typ!!a CPFF d. AMdP),g9* 881 

RrsC.lNolV Farrow, J . H .  , and Jewe l l ,  R.E . 
TI L 205 876-9067 (FI'S) 
2 1 .  T E C H N O L O G Y  U T I L I Z A T I O N  

Random and S inuso ida l  Vibra t ion ;  S t r u c t u r a l  Dynamic Parameters;  Mnlti-Degree of ~ r e e d o A ;  

2 A ~ ~ ~ ~ ~ ~ ~ ~ ~ : ( U ) ( a )  Problem: t o  determine v ibro-acous t ic  response of a complex s t r u c t u r e  t o  
wide band random e x c i t a t i o n  and t o  h igh  frequency shocks. (b) Applicat ion:  shock and 
v i b r a t i o n  s p e c i f i c a t i o n s .  ( c )  Recently t h e  problems of pyrotechnic shock involved i n  
s e p a r a t i o n  of rocke t  boos te r  s t a g e s  of space veh ic l e s  have n e c e s s i t a t e d  a r e a p p r a i s a l  
of t he  techniques f o r  handl ing  shock e x c i t a t i o n s .  The response due t o  wide band ran- 
dom e x c i t a t i o n  could be t r e a t e d  by the  c l a s s i c a l  approach; however, i n  c a s e s  where t h e  
h i g h e r  modes dominate t h e  response t h e  a p p l i c a t i o n  of the c l a s s i c a l  approach becomes 

25expensive and d i f f i c u l t  because of t h e  a d d i t i o n a l  computer time r equ i r ed  and t h e  need 
f o r  more d e t a i l e d  s t r u c t u r a l  information than i s  a v a i l a b l e  dur ing  the  pre l iminary  
des ign  s t a  e .  
APPROACH:( & he e x i s t i n g  knowledge concerning dynamic c h a r a c t e r i s t i c s  of rocke t  vehicle::  
when sub jec t ed  t o  random d r i v i n g  func t ions  i s  l imi t ed .  The widespread disagreement 
among dyna rn~c i s t s  i n d i c a t e s  t he  n e c e s s i t y  f o r  thorough i n v e s t i g a t i o n  of t h e  random 
f o r c i n g  phenomena. Consequently coupled e m p i r i c a l - t h e o r e t i c a l  s t u d i e s  a r e  needed i n  

vance t h e  s t a t e  of t h e  a r t .  
PROGRESS: o rk  i n  the  p re sen t  phase of t h e  c o n t r a c t  cons iders  t he  v ib ro -acous t i c  Order @i 

zgnergy  d i s t r i b u t i o n  i n  a complex s t r u c t u r a l  model. Ana ly t i ca l  and experimental  stuclie: 
w i l l  be made t o  determine t h e  v a l i d i t y  and u s e f u l  range o f  a dynamic S t .  ~ c n a n L ' s  
p r i n c i p l e .  Work dur ing  t h i s  r e p o r t i n g  per iod  has  been p r i n c i p a l l y  d c v o ~ c d  Lo seLecL- 
ing  and assembling ins t rumenta t ion .  Ampl i f ie rs ,  m u l ~ i p l e x e r s ,  and impedance lleads I~avc! 
bee11 t e s t e d ,  o r d e r s  f o r  necessary  equipment have been placed.  There have been some 
de lays  i n  t r a n s f e r r i n g  the  model t e s t  c y l i n d e r s  c o n s ~ r u c t e d  a t  North American 
Avia t ion .  
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W ~ E  Masshal.1 Space F l igh t  Cenker Mansachur:etts I n s t i t u t e  of Tech. 
ADDRESS I i u n t s v i l l ~  , Alabama 35812 Cambridge, Massachusetts 
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6. SECURITY 
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5. KIND OF RESUME 
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, - ,  \ vs'Ll~' I Ac:~cxlyn.lmi c:s 

I'recsurc Dis t r ibut ion,  Aerodynamic Forces, Unsteady Airloads 
24. (u) OIMECTIVE - a .  Problem: - Theoretical  calculat ion of unsteady ai r loads  on 

f'larcd, multistage launch vehicles.  b . Application: - Results w i l l  be applicable 
t o  t he  :~erodynamtc design.of launch vehicles and spacecraft .  c. The end product of 
t h i s  invest igat ion w i l l  be computer programs f o r  the  calculat ion of unsteady a i r -  
loads on general  axisymmetric bodies. 

101. CURRENT NUMOERICODE 

2. ~ ! , - ~ ~ - ( 3 ~ ~ - 0 ~ , ' - 0 : ~  -. 

03 61 
18 RESOURCES EST 

PRIOR FY- 67 

16 PROCURE METHOD 

:, contract 

~ r . p .  ~ N D ~ V  :;.br~:; , .Jo::~? j ~ h  1, . , 13-AERO-AM 
TFL ; 1 0 ~ )  / -  ( F T ~  L) j 
21. TECHNOLOGY UTILIZATION 

25. (u)  APPROACH - A small perturbation method, s t a r t i n g  from a stea.dy flow f i e l d  
computed by the  method of charac te r i s t i cs ,  has been formulated and programed fo r  
predict ing the  unsteady load d i s t r i bu t ion  due t o  l a t e r a l  o sc i l l a t i ons  of an axisym- 
rnctric 'i~ody i n  r,upersonic flow. The major technical  problem appears t o  be the  shock 
wa.-~e bc~unde.ry conditions. 

lob. PRIOR NUMBEHICODE 

Nu Chcwlt:c 

7 .  REGRADING 

N/A 

17. CONTRACTIGRANT 

a. DATE 03 61 
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22. COORDINATION 
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:;tc?:tcIy i'l-ow I'ielil profr;r:lm Tor. the  sharp-nosc!d. body w i t 1 1  scr:ondary :;hocks : ~ t  cluwn- 
::trc:un corners i:: c!omplcte. Progrcumnin({ ol' thc  unstenxly flow equation:: i r, 
casev~t  i : ~ l l y  coniplctc :u~d protl;ram debugging has been s ta r ted .  
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I RESEARCH AND TECHNOLOGY RESUME 1 I 2. G O V T .  A C C E S S I O N  

'' Axial Trnnsmissibilitv Characteristics of Typical Rocket Vehicle Strttctures 
1.1 3 C l t N  r I F I C  O R  TECH # R E A  ] 13. S T A R T  D A T E  ( 1 4 .  CRlT COMPL DATE ( 1 5 .  FUNDING AGENCY 

3. AGINCY ACCESSION 

L I  - 
NAML Marshall Space Flight Center 
ADORES5 Huntsville , Alabama 35812 

Spacecraft 015900 

..bP. INOIV. Schock, R. W . , R-P&VE-SVE 
T ~ I  205 876-9068 (E'TS) 
2 1 .  1 E C U N O L O G Y  L I T I L I Z A T I O N  

N/A 
2 3 .  K E Y W C I R D S  

1 6  PROCURC METHOD 

B. Contract 
-1 7. C O N T  R A C l  : G R A N T  

,. Nu,,,, NAs~- 18124' """ 06 66 
c. TYPE M. CPET d. AMOUNT $59,800 

PRIOR FY- 67 - 
CURRENT FY - 68 0.7 - 
20 .  P E R F O R M I N G  O R G A N I Z A T I O N  I 1 

06 66 

18. R E S O U R C E S  E I47 .  
-- 
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NAME North American Aviation, Inc. 
ADORES~: 12214 Lakewood Boulevard 

Downey, California 90242 
INVESTIGATORS 

PRINCIPAL Lee, S tuart 
ASSOCIATE 

923-8111, ~xt.. 2424 TvE 

2 2  C O O R D I N A T I O N  

N/A 

(~)~BJECTIVE: The purpose of this contract is to develop techniques to define the 
effects of equipment mass loading on the shock load response environments in typical 
rocket vehicle structures. 

N/ A 
a. PRoFESSIONAL 

(J)APIJROACH: Analytical and empirical methods will be employed to evaluate and modify 
previously developed techniques to predict axial shock response of mass loaded 
cylindrical shell structures subjected to various shock pulses. Program will consist 
of 3 phases: (1) Analytical investigation, (2) Experimental investigation, and 
(3) Comparison, evaluation, modification. 

@~ROGRESS : Analytical and empirical results have been compared on five models, 
including an orthotropic shell and an orthotropic shell with the subsequent addition 
of ring frames, stringers, bulkheads, mass, and liquid loading. Good agreement on 
frequency and amplitude has been obtained on the simple shell model with prediction/ 
test correlation decreasing with increase in model complexity. However, correlation 
has been well within expected tolerances. 
PUBLICATIONS: "Axial Transmissibility Characteristics' for Typical Rocket Vehicle 
Structures" SID GS-1435 

N/A I 
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4 .  D A T E  OF HESUME 15. KIN0  OF tlCSUME 1 6. SECURITY 1 7 .  REGRADING 1 8. RELEASE LIMITATION 1 9. LEVCL OF RESUME I 

1. 

RESEARCH A N D  TECHNOLOGY RESUME I 2. GOVT ACCESSION 

15 03 67 I 1 ) .  Clinngc (19 10 64)l ,JT & 1 NIA I 6A 

3. AGENCY ACCESSION 

A. Work Unit 

( L l  1 
Study of U-Linear Dynamic Behavior of Liquids in Cylindrical Elastic Container 

1 AmRE-. 
~untsville, Alabama 35812 I AoDREss: S an Antonio , Texas I 

101 CURHLNT NUMBERICUOE I lob. PRIOR NUMBER/CODE 

12 SCIENTIFIC OR TECH AREA 

006400 Fluid Mechanics 
16 PROCURE METHOD 

B. Contract 

Liquid behavior, vibrations 
24. 
OBJECTIVE (U) The response of a liquid under longitudinal vibrations is pronouncedly 

nonlinear. This leads to a complex pressure distribution within the liquid. In an 
elastic container, shell vibrations will be excited which in turn will interact with 
the liquid vibrations in a way not yet clarified. The objective of this investigation 
is to clarify the situation at least semi-quantatively to discern the possible 
reprecussions of such complicated pressure distributions to the propellant feed system 
of a large booster vehicle like Saturn V. 
25.APPROACH (U) Longitudinally excited liquids in rigid flat bottomed containers have 
been investigated so far, and work with flexible tanks, but rigid flat bottom is being 
carried out. 

19. GOVT LAE/ lNSfALLATl~/ACTlVI lY 1 20. PO*PQRMINf3 ORGANIZATION 
- - - -- - . 

NAME Marshall Space Flight Center NAME Southwest Resea~ch Ins t . 

17 CONTRACTIGRANT 

b. NUMBER NAS8-11043. OAT' 06 63 
C. TYPE M. CPFF d. A M W N T ~ ~ ~ ~ ,  196 

RFSP. INOIV. 

26,PROGRESS (U) Experiments confirm that axisymmetric models are very difficu'lt to 
obtain for they are most frequently superimposed by nonasixynunetric response. In 
addition to that, experimental data reveal that the non-axisymmetric response is 
definitely originated by dynamic instability effects of the tank wall. A linear 
asixynunetric response has been obtained only with considerably stiff containers such 
as tube-like steel shells, brass shells, or strongly ring-stiffened shells of elastic 
materials (mylar). A separate report which presently is in the process for publication 
will combine all the results obtained from this portion of the contract work. 

15. FUNDING AGENCY 

N/A 1 
13. START DATE 

06 63 

IwEsrrcrTonf 
PRlNclrAr: Abramson, Dr. H. Norman 

14. CRIT. COMPL. DATE 
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18. RESOURCES EST 
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CURRENT FY - 68 
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TEL: ASSOCIATE: 
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22. COORDINATION 
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23. KEYWORDS 

- - . - - -. - - - - - - - - - - - 
103-11 

~I.SPECIAL EQUIPMENT 32 FIJNU5 (S K) IN t l 1 , l  (C~NlltAt I 

PRIOR FY 67 - - 
-- 
33 UNIOUE PROJECT 

34. sue PROGRAM -- 
35. TASK AREA 

Spas@ Vehicle Systems, SRT CURRENT FY 68 - - 
Launch vehicle Structures 

- 
NEXTFY- 69 - - 

A 

Structural Dynamics 

i ASA FORM 1122 (RW. NOV. 65) 147 Q us GOVERNMENT PRIMTI Ilrma I to 26 rdorlrral tu DD Form 1498 1965 0 795 0 4 8  



( U )  Objective: ( a )  Problem:  Analyze a space vehicle system in th ree  dimensions 
including she l l  degrees  of f reedom. (b) Application: Lauich  vehicle and space  
vehicle sys t em vibrat ions .  ( c )  Vehicle motion out-of-plane excitation has  become 
increasingly impor tan t ,  a s  have shel l  modes ,  a s  vehicle flexibility has  increased.  
These effects mus t  be descr ibed fully to a s s u r e  control  stability of launch vehicles  
a s  well  a s  future space vehicles .  

125. 

( U )  Approach: The vibration cha rac t e r i s t i c s  of stiffened she l l  s t r u c t u r e s ,  will be 

RESEARCH AND TECHNOLOGY RESUME 

ldctcrmined emphasizing those configurations used in Saturn type launch vehicles.    his( 

1.  

6. SECURITY 

RTJ W$" 

4 DATE OF RESUME 

15 0 3  67 

is  done by two methods.  F i r s t ,  the differential  equations of motion for  the curved 
shcc ts  and the*stiffening elements  and the difference equations for  the s t ruc tu re  a r e  
farmulated.  A c i rcumferen t ia l  lumping of the m a s s  i s  retaining,  however,  continliou 
d ~ s t r i h u t i o n  in thc longitudinal direction.  In thr: sccond method, the. t 1 i f f c . r c . n ~ ~ - d i i f e r c r d i a l  I 

101. CURRENT NUMBERlCODE 

1 2 4 -  1 1 - 05- 1 2 - 6 2  

5. KIND OF RESUME 

D.  Change1 5 08 66  

uf motion of thr: stiffc~nc~d c i r cu l a r  cylindcr arcs solvcd for thc frc*qr~c.ncies o l  
a r c  then compared with existing approximate. solutions repor  

Report  in ternal  1 July 66 to 1 Jan 67.  A computer  p rogram for 
shel l  frequencies has  been completed. The c-ffc-ct of pararnetf-r  

a r ia t ions  i s  now bcing investigated. 
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No chan~e  
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13. START DATE 
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124-11-05-13-62 I No Change 
1 I. TITLE: 

(U) Nonlinear Dynamic Analysis of Structures 
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRll. COMPL. DATE 1 15. FUNDING AGENCY 

RESEARCH AND TECHNOLOGY RESUME 
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4.  DATE OF RESUME 
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21. TECHNOLOGY UTILIZATION 1 22. COORDINATION 

6. SECURITY 
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5. KIND OF RESUME 
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nonlinear, large deflections 
X I 

7. REGRADING 
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01 67 
18. RESOURCES EST. 

PRIOR FY- 67 
CURRENTFY- 68 

16. PROCURE. METHOD. 

B Contract 

24. (U) Objective: (a) Problem: Develop methods of analysis of large extremely 
flexible structures which will include the effects of nonlinearities which have 
been identified but for which no adequate description has been obtained and no 
analytical techniques are available. (b) Application: Launch vehicle systems, 
particularly extremely large and flexible structures considered for advanced 
configurations of upper propulsive stages and payloads. (c) The solution of the two 

,main nonlinearity problems, nonlinear structural joints and slightly nonlinear overall 
vehicle dynamic characteristics, leads directly to the problem of highly nonlinear 
structures which require techniques of analysis which depart radically from linear 
elastic analysis. This study will explore available techniques. 

17. CONTRACTIGRANT 

a. DATE 
b. W M ~  

c. TIPC Pending d. AM- 

25. (U) Approach: Several well-known mathematical techniques are available for 
analysis of highly nonlinear systems but each requires certain assumptions. How 
closely the assumptions fit thz structures of space and launch vehicles will be 
investigated and trial application will be made. 
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20. PERFORMING ORGANIZATION I I 
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RUP. INDIV. McDonough, George F . , R-AERO-D 

2(11 
26. (U) Progress: The basic problems of nonlinear joints havc bcen identified 
and an analysis technique developed to handle such behavior. Also a computer program 
has been developed for this problem and for that of a multi-stage vehicle with one 
or more stages exhibiting nonlinear behavior. Contract NAS8 -20387 with L(,r,khcr: tl 
was completed January 7, 1967. This work will continue in a ncw contrilct. 
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11. TITLE: 
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(U) Response of an E l a s t i c  Space Vehicle t o  Random Disturbances 
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRlT. COMPL DATE 115. FUNDING AGENCY 

7. REGRADING 8.  RELEASE LIMITATION 

N /A G A A Work Unit - 
lob. PRIOR NUMBERICOOE 
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4 .  DATE OF RESUME 
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CRINCICAL: 

ASSOC.1A~: 

5. KIND OF RESUME 6. SECURITY 
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21. TECHNOLOGY UTILIZATION 1 22. COORDINATION I 
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101. CURRENT NUMBERICOOE 
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23. KEYWORDS 
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18. RESOURCES EST. 
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16. PROCURE. METHOD 

B Contract  

dynamic s t a b i l i t y ,  random inpu t s  
24. I 

17..CONTRACT/GRANT 

a. DATE 
b. N u M s m  

c. TI*= Pend ing  d. AM- 

24. (U) Object ive:  (a)  Problem: Analyze s t a b i l i t y  of veh ic le  system response t o  
random e x c i t a t i o n .  (b) Application: Dynamics of launch vehic les ,  payloads, and 
space and o r b i t i n g  vehic les .  (c)  Sinusoidal  inputs ,  which a r e  now being used i n  t h e  
analyses  of v e h i c l e  s t a b i l i t y  f o r  con t ro l  system design, a r e  inadequate f o r  complete 
understanding of veh ic le  response t o  general ized disturbances.  This  s tudy w i l l  
examine the  e f f e c t s  of nondeterminist ic  inpu t s  on launch veh ic le  s t a b i l i t y  and 

s o n t r o l  and extend these  r e s u l t s  t o  payload and space v e h i c l e  appl ica t ions .  

20. PERFORMING ORGANIZATION I 
MMEt Not S e l e c t e d  
ADMLSS: 

10 68 
1. P ~ ~ ~ ~ , " ~ ~ ~ ~ A L  

0 e l  

0.1 
19. GOVT LAB/lHSTAUATlON/ACTIVlTV I I 

M M ~  Marshall Space F l i g h t  Center 
ADQOCSS. Huntsvi l le ,  Alabama 35812 

25. (U) Approach: System s t u d i e s  w i l l  begin with beam-columns, p l a t e s ,  c y l i n d r i c a l  
s h e l l s ,  and con ica l  s h e l l s  and increase  i n  d i f f i c u l t y  of ana lys i s  t o  r e a l i s t i c  r ing-  
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SUBJECT: (U) Aerodynamic Forces on F lu t t e r ing  Cyl indr ica l  and/or 
Planar S t ruc tu res  

CODE: 124-11-05-38-62 

BASIS OF NEED: Current technology has not  provided an accura te  and r a t i o n a l  
design c r i t e r i a  fo r  e s t ab l i sh ing  s t i f f n e s s  requirements f o r  both the i s o t r o p i c  
and complex an i so t rop ic  s t ruc tu res .  Data t rends ind ica te  t h a t  the  t ransonic  and 
low supersonic speed regime imposes the  most severe design requirement. The 
aerodynamic boundary l aye r ,  neglected i n  t h e  pas t ,  i s  suspected of having a 
pronounced e f f e c t  on the  f l u t t e r  behavior of outer  sk in  s t r u c t u r e s  i n  t h i s  
regime. Present  approximations of the  e f f e c t  of the  boundary l a y e r  on the  
f l u t t e r  of panels ,  f l a t  and curved, and t h i n  c y l i n d r i c a l  s h e l l s ,  appear t o  be 
inadequate. 

APPLICATION: The f i n a l  r e s u l t  of t h i s  program would be a workable method by 
which the  f l u t t e r  behavior of miss i l e  s k i n  s t r u c t u r e s  can be analyzed i n  the  
design s tage .  I n  t h i s  manner, optimum panel and s h e l l  designs can be accomplished 
from s t i f f n e s s  and weight view points.  

SPIN OFFS AND APPLICATION: !I'hese r e s u l t s  may a l s o  be applied i n  a i r c r a f t  
development projec ts .  (SST, e tc . )  

TOTAL TIME AND EFFORT: 2 years ,  $75,000 
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Subject: Usc ~f Scale  Models to Determine the S t ruc tura l  Dynamic 
Cha rac t e r i s t i c s  of Spacecraf t  

Bas i s  of Need: Many proposed spacecraf t  cannot be adequately tes ted  
for  vibration response  in  the ea r th  environment  and cannot 
be fitted into specia l  t e s t  facil i t ies such a s  vacuum chamber s  of 
a reasonable  s ize .  Each of the a l te rna t ives  of s ca l e  model  
tes t ing,  pu re  ana lys i s ,  o r  possibly making measu remen t s  
on a full s ca l e  c r a f t  in  o rb i t  m u s t  be investigated. 

Application: A l a rge  number  of manned and unmanned space  s ta t ions ,  
r e f l e c t o r s ,  and rad io  te lescopes  have been proposed.  F o r  the 
A A P  program a lone ,  eleven miss ions  involve "orbital  a s s e m b l y  
of l a rgc  s t ruc tu re s "  and thi r teen involve "observator ies  and 
space  labora tor ies .  " Struc tura l  dynamic data will  be requi red  
to p red ic t  dynamic stabil i ty and response  for  m o s t  of these  
spac ecra f t .  

Spin Offs and  Applications: If a n  exper imental  p r o g r a m  i s  c a r r i e d  out,  
the exper ience  and technology requi red  to manufacture  the 
thin sect ions  should improve manufacturing techniques. 

Total  T imc and Effort: T h e ~ r e t i c a l  study could be accomplished in  two 
y e a r s  and would c o s t  $60,000. A follow-on exper imental  e f f o r t ,  

* if de s i r ed ,  would probably r equ i r e  two m o r e  y e a r s  and  a n  
addit ional $200,000. 
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Subject: Sensitivity Analysis of Saturn V Elastic Boosters 

Code: 124-11-05-42-62 

Basis of Need: More powerful tools are needed in the field of sensitivity 
analysis than those presently existing. As the literature in this 
field has recently mushroomed, the work unit is needed at first to 
review these publications and then to continue research in new 
techniques, especially that of sensitivity coefficients. 

Application: Techniques for sensitivity analysis would prove invaluable 
in many different phases of the Saturn V program. The final result 
of immediate interest is the determination of the parameter variation 
effects on bending moments, an outcome of prime importance in an 
elastic booster. Design engineers could use such a technique to 
determine which parameters should receive greater attention in a 
given frequency range. 

Spin Offs and Application: The method of sensitivity coefficients in 
sensitivity analysis promises to be of wide spread importance. 
The problem: "given a system expressed as a function of several 
parameters, what is the effect on system behavior caused by 
parameter variation$', is a universal one. Frequently, engineers 
are faced dith the problem of synthesizing a system which would 
minimize the control system sensitivity with respect to the para- 
meters, The development of such a technique would prove valuable 
in feedback system synthesis and filter design. It would also be 
directly applicable in the study of any phenomena (e.g. space 
vehicle dynamics) which could be described by a system of linear 
ordinary differential equations. 

Total Tgme and Effort: Such a study would take two years at an estimated 
total expenditure of $70,000. NASA intends to work closely with 
Phoenix Associates and expects to use .5 in-house man-years per 
year. 
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and engine geometry variations; and deflection geometries on these characteristics. 
Use both cold and hot jets. b. Application: - The development of an adequate method 
for estimating the adverse acoustic forcing function created by rocket exhaust flows 
logically has to be based on a detailed analyses of the basic flow field. In order 
to compute realistic structural dynamics effects an adequate description for the 

,,.intense acoustic input energy has to be achieved. 
(U) APPROACH - Utilizing the recently developed cross beam remote flow field 
measuring system and the R-AERO-A jet facility define the basic flow field character. 
istics of both cold and hot (~eliumlair) supersonic clustered, deflected and unde. 
flected flows. Perform this experiment for the following conditibns: (a) Three 
different c:uster arrangements, undeflected;(b) Three different spacings for each 
arrangement;(c) For the condition exhibiting the most sensitivity for spacing varia- 
tion run underexpanded and overexpanded nozzle conditions;(d) Repeat (a) and (b) 
for three different flat plate deflector spacings;(e) Repeat (d) for three different 

,,.deflectors inclination angles. Evaluate, analyze,and present the experimental , 

results. 
(U) PROGRESS - A unique remote flow measuring tool and a special jet flow facility 
has just recently become operational at MSFC. These were designed for the specific 
type of experiments described above. The cross beam flow apparatus coupled with 
the acoustic jet facility provides an unequaled opportunity to obtain data vital to 
jet noise(analyses3 generation mechanisms. 
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SUBJECT: (U) Cross Beam Analyses of Free (Undeflected) Clustered 
Supersonic J e t s  

CODE: 124-11-05-43-62 

BASIS OF NEED: The above work u n i t  i s  required t o  provide a f i rm b a s i s  
upon which-an adequate acoust ic  near f i e l d  predic t ion  model can be generated. 
This model i s  necessary before r e a l i s t i c  s t r u c t u r a l  design and q u a l i f i c a t i o n  
(both veh ic le  and ground support equipment) c r i t e r i a  can evolve f o r  cu r ren t  
and f u t u r e  acous t i c  environments crea ted  by space vehicles.  

APPLICATION: Based upon a d e t a i l e d  desc r ip t ion  of the  bas ic  flow f i e l d  
c h a r a c t e r i s t i c s  of appropr ia te  experimental models a near f i e l d  physical  
model w i l l  evolve from which the  in tense  adverse acoust ic  environment can 
be est imated i n  f u l l  d e t a i l .  This environment induces severe and dangerous 
s t r u c t u r a l  dynamic loads. Adequate design and q u a l i f i c a t i o n  c r i t e r i a  can 
then be generated f o r  these  loads. 

SPIN OFF AND APPLICATION: This information w i l l  a l s o  con t r ibu te  t o :  

a. Supersonic t r anspor t  design and q u a l i f i c a t i o n  c r i t e r i a  
b. The FAA a i r p o r t  noise  abatement problem. 

TOTAL TIME AND EFFORT: This work u n i t  should take  approximately two years 
and $115,000. 
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Sub-iiect: Dynamic Stability of a Fuel  Tank Subjected to Steady Loading 
and Oscillational Excitation 

Cod@: 124-11-05-44 -62  

Bas is  of Need: Pa ramet r i c  responses a r i s ing  f rom the coupled shell  
s t ruc ture  and fuel interact  to cause amplified displacements 
and s t r e s s e s  in the shell. In addition, the p res su re  response 
in the liquid i s  amplified. These effects a r e  significant 
and must  be known in o r d e r  to cor rec t ly  predict  stability 
boundaries for launch vehicles. 

Application: A three-dimensional analysis of the complete shell-liquid 
sys tem will  be obtained. .. 

Spin Off s and Application : None 

Total Time and Effort: Two yea r s ,  $135,000 
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Subjvct: Slosh Damping in  Low g 

Bas i s  for  Nced:  Studies under high g conditions have indicated that  
.slosh damping by f la t  r ing baffles may  be strongly dependent 
upon Reynolds number .  Since ex t remely  low Reynolds number  
a r e  expected to accompany sma l l  longitudinal acce le ra t ion  
leve ls ,  i t  s e e m s  logical to p r e sume  that  damping will  be s t rongly 
influenced by vehicle accelerat ion.  F u r t h e r  ana lys i s  and 
ver i f icat ion of this t rend i s  neces sa ry  for  evaluation of 
s losh  damping under low g. 

Application: Design of space  vehicle control  s y s t e m s  and venting 
procedures under low g eilvironments. 

Spin Offs and Application: None 

Total  T ime and Effort: Two y e a r s  effor t  a t  approximately $20,000 pe r  
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25.(U) APPROACH - A knowledge of earth atmosphere environmental parameters is necessary 
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Such data are required to define the design condition for fabrication, storage, transpol- 
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* 
c r i t e r i a  becomes a v a i l a b l e .  
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modify existing methods and develop new methods of statistical analysis for dealing 
with atmospheric variables correlated both in time and space. Classical statistical 
methods are based on the assumptions that data samples consist of random observations 
which are independent (uncorrelated). Since atmospheric data seldom meet these criteri 
statistical methods must be modified or developed to allow meaningful analysis of such 
data for use in space vehicle design criteria. 
'5.(U) APPROACH- Most atmospheric statistical analysis is approached using empirical 
statistics rather than theoritical functions because of the inherent difficulties in 
obtaining the prerequisite random sample. One alternative is to take advantage of the 
lack of stochastic independence of the sample through the use of advanced statistical 
techniques foupd in dynamic statistical analysis of time series, and correlation tech- 
niques to derive statistics for vehicle design and mission analysis. Results from this 
task will be published for the scientific interest in the techniques and will serve as 
inputs for the task "Environmental Design Criteria Studies." 
26.(U) PROGRESS- Several technical reports have been prepared relative to this task: 
(1) Estimation of Parameters in Compound Weibull Distributions, (2) The Probability of 
Extending an Observation, (3) On The Distribution of the Sum of Independent Doubly 
Truncated Gamma Variables. Work in progress includes (1) conditional probability 
estimates, (2) estimation of exposure time probabilities, and (3) estimation in 
truncated Weibull distributions. 

f .  

6. SECURITY 

(U) Advance Statistical Techniques to Establish Aerospace Vehicle Design Criteria 

27. 128. REQUESTING AGENCY 1 29. PROJEC r CI~O','~ CC>DT ( 30 I c,l*~)‘.~. f ( >ol 1 
1 - - - 933-50 -- 

31. SPECIAL EQUIPMENT t 1 32. r- U N D ~  I (s r )  1 IN IIOO'JI 1 CON ~ H A C ~  I 

2. GOVT. ACCESSION 

7 .  REGRADING 

12. SCIENTIFIC OR TECH. AREA009700 Mathematics and 
Statistics 016000 Spacecraft Launch Vehicle 

--- - -- - - - 
- . - - -- -- - - - 

34. sue PROGRAM Space Vehicle Design Criteria - --- - - - .- 65 
35. TASK AREA Environment Criteria A 

13. START DATE 

10 61 
18. RESOURCES EST. 

PRIOR FY- 67- 
CL~RRENT FY 

16. PROCURE. METHOD 

B. Contract 

I 
N A S A  FORM 1112 (Rev. Nev. fi5) 
( ~ t r r n a  I 10 tdr r t t tco~  IO [ ) I )  ~ o r m  1408 . 185 

3. AGENCY ACCESSION 

NR 007005 
8. RELEASE LIMITATION 

17. CONTRACTIGRANT 

b.  NUMB^ NAS~-11175 "' O3 64 
C.WPLJ.C. d. AM- p 20, 950 

9. LEVEL OF RESUME 

20. PERFoRMtk! omANlmTtoN 1 I 
M"~: University of Georgia 

Department of Statistics 
Athens, Georgia 30601 

IWESTIOATORS 
PRINCIPAL. 

ASSOC1ATE: 
Cohen, Dr. A. C., Jr. 

TEL'404 542-2911 WPEI 

22. COORDINATION 

14. CRIT. COMPL DATE 

N/A 

a. p ~ ~ ~ ~ ~ ~ h ~ . A L  
0.1 
0.1 

19. GOVT. LABIINSTALUTIONIACTIVI~Y I I 
M Marshall Space Flight Center 
~0on-s. Huntsville, Alabama 35812 

R-P.~N~I~. Smith, 0. E., R-AERO-YT 
I-- 205 876-7580 (FTS) 
121. TECHNOLOGY UTILIZATION 

15. FUNDING AGEhCY ~~ 

I N/A 
b. FUNDS ( In lboum~~dr)  - - 



1 

1 15 03 67 1 D Change 15 03 66 I T  & 
101. CURRENT NUMRERICOCE 

(U) Environmental Design C r i t e r i a  S tud ie s  (Space) 
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

2 GOVT ACCESblON 

N /A I GA A- 
lob .  PRIOR NUMBERICODE 

124- 12-03- 15-62 

3 r G l N C Y  ACCESSION 9 

No change 

4 UAl t ~e HtbUMt.  15 K I N D  OF HEbUME 1 6 SECURITY 1 7 REGRADING 

1 1 .  TITLE: 

Space Vehic le ,  Design C r i t e r i a ,  Space Environment 

24. (U) OBJECTIVE - a .  Problem: To e s t a b l i s h  space environment c r i t e r i a  f o r  s p a c e c r a f t  
de s ign .  b .  Appl ica t ion :  Spacec ra f t  des ign  c r i t e r i a  based on l a t e s t  space environ-  
ment. c. To compile ,  ana lyze ,  and i n t e r p r e t  n a t u r a l  environmental d a t a  f o r  a p p l i -  
c a t i o n  t o  g e n e r a l  space v e h i c l e  c o n t r o l ,  s t r u c t u r a l ,  and mission des ign  problems. 
To provide  environmental  parameters  f o r  s p e c i f i c  de s ign  problems. 
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26. (U) PROGRESS: A con t inu ing  l i t e r a t u r e  survey combined wi th  i n d i v i d u a l  r e sea rch  i n  
models of the e a r t h ' s  upper atmosphere,  p l a n e t a r y  environment,  r a d i a t i a n  environments 
and ionospher ic  models has  produced TM X-53521, "Space Enuironrnent C r i t e r i a  Guide- 
l i n e s  f o r  Use i n  Space Vehicle  Development (1967 Revision)," da ted  1 February 1967. 
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RESEARC1: AND TECHNOLOGY RESUME 
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A Work Unit 
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16. PROCURE. METHOD. 
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Model Surfaces,  Ter ra in  C l a s s i f i c a t i o n s .  Mobility D e s i ~ n  C r i t e r i a  
2 4 . ( U )  OBJECTIVE - a .  Problem: To determine the  s o i l  c h a r a c t e r i s t i c s  and roughness of 

a t e r r a i n  f o r  use a s  mobi l i ty  design c r i t e r i a .  b. Application: The c r i t e r i a  a s  
developed w i l l  provide input  t o  a computer program which w i l l  determine the  energy 
requirements t o  opera te  a roving veh ic le  over t h e  t e r r a i n  model. 

17. CONTRACTIGRANT 

a. DATE 
b. NUMsa 

c. N/A d. AMOVW 

,,. (U) APPROACH: L i t e r a t u r e  searches a r e  being performed. Poss ib le  s o i l  mechanic 
models a r e  being developed. A computer program i s  being developed which w i l l  use 
the  su r face  model da ta  and can provide energy requirements f o r  mobil i ty.  
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3.  A l i t e r a t u r e  survey f o r  The Environment of Mercury was a l s o  
completed and i s  ready f o r  publ ica t ion .  
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15 03 67 I D  Change 15 03 66 1.h ~~1 N /A I GA IA Work Unit 
101. CURRENT NUMOERICODE I lob. PRIOR NUMOER/CODE 
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7. REGRADING 

,ifjE14,3in At3 I-EI'HNOLOCY R E S U M E  
4 D A T L  OF RESUME 15. KIND OF RESUME 

- 

11 TITLE: 

(U) Fleteoroid Technology for Design Criteria 

N/ A I N/A 
23. KEYWORDS 

Meteoroid Design Criteria 

24.(~) OBJECTIVE: -a. Problem -To provide the most realistic meteoroid flux and puncture 
models for design criteria usage. b. Application -Space environment design criteria. 
c. Many meteoroid models today may or may not represent exactly the actual meteoroid 
environment in space; however, one model should be used for design criteria; therefore, 
these in-house studies are an attempt to establish statistical models which represent 
the more likely meteoroid environment. 
(U)APPROACH: Analysis of literature and other data will be used to develop statisti- 

25.cal models which represent the meteor flux and puncture possibility for use in design 
criteria. 

(U) PROGRESS: In-house efforts in this problem area were continued by Mr. C. C. 
Dalton who completed the following reports during FY-66: 
1. "Inferences from Photographic Meteors," presented 9-13 Aug. 1965, Symp. on Meteor 
Orbits and Dust, Smithsonian Ast. Obs. .. 
2. "Statistical Analysis of Photographic Meteor Data--Part I--Opikls Luminous Efficienc 
and Supplemented Whipple Weighting," NASA TM X-53325, Sept. 1965. 
3. "St. An. of Ph. Met. Data, Part 11: Verniani's Luminous Efficiency and Sup. Whipple 
26.  Weighting," NASA TM X-53360, Nov. 1965. 
4. "Theo. Relationships for Meteoroid Puncture Experiments," NASA TN D-3244, Fcxb. 1966. 
5. "Revised Meteoroid Flux and Puncture Models," In: Aero-Ast. Rcs. Rcv. No. 4, 
NASA 'Dl X-53462, April 1966. 
6. "Velocity Dependence of Meteor Luminous Efficiency and Consequent Statistical 
Results," A I M  Paper No. 66-515, 4th Aerospace Sciences Meet., Los Angcles, 27-29 
June 1966. 
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A ~ ~ O ~ ~ A T L :  

TR: TYPE: 

22. COORDINATION 

- 1 - -- . 

1 
I 

SPECIAL EQUIPMENT 

PHIOI* F Y 6 7 

14. CRIT. COMPL DATE 

N /A 

I. P ~ ~ ~ F ~ ~ ~ " , " , A L  
0.5 
0.5 

-- -- - 
CU~*I*I N I FY 68 - - 

- - -  
N C X I  FY 69 - - 

-- 
. ~ ~ . ~ A S K ? R E A  

J 
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13. START DATE 

02 62 
18. RESOURCES EST. 

PRIOR FY- 67 
C ~ R R E N T  FY- 68 

19. 60VT. LA8/INSTALUTION/ACTIVITY I I 
M"rs Marshall Space Flight Center 
*wm~~~Huntsville, Alabama 35812 

12. SCIENTIFIC OR TECH. AREA 

002100 Astrophysics 

3u. '>I#! <.lflJ's'~ C.f#lJl 

20. PERFORMING ORGANIZATION I 
M ~ E ,  

ADDRESS: 

Same as 19 

16. PROCURE. METHOD 

N/A 

29. PR0JE.C r CfeO'.'. <.fJl)E 27. 

17. CONTRACTIGRANT 

a. DATE 
b. MUM- 

C. TYPE N/A &. AuarN1- 

28. REQUESTING AGENCY 



124- 12-03-21-62 I No Change 
I I. TITLE: 1 

A Grant . Y. G. d. AMOUNT 36,172 ICLJRRENT FY- 68 0.3 I - 
(9 .  GOW. UB/INSrAUATlON/ACTIVlTY I I 120. PERFORMING ORGANIZATION I I 

3. AGENCY ACCESSION 

8. RELEASE LIMITATION 

G A 

2.  GOVT. ACCESSION 

7. REGRADING 

N/A 

RESEARCH AND TECHNOLOGY RESUME 
' 4 .  D A T E  OF RESUME 5. KIND OF RESUME 

15 03 67 D Change (15 08 66) 

--7 
1 1- - 

Marsha l l  Space ~11kt Center  WMB. Unive r s i t y  of  Arizona ..,,,, H u n t s v i l l e ,  Alabama 35812 .,,,,,: (Laboratory of Tree- r ing  Research) 
Tucson, Arizona 85721 -1 

9. LEVEL OF RESUME 

A Work Un i t  , 
1 0 8 .  CURREFi r NUMBERICOOE 

1 .  

6. SECURITY 

U u ,, WRN 

002100 Ast rophys ics  

lob. PRIOR NUMBERjCODE 

02 62 
18. RESOURCES EST. 

PRIOR FY- 6  7 
-16. PROCURE. METHOD. 

S o l a r  A c t i v i t y  
~ ~ . o B - J E c T I V E  - a .  Problem: - To f i n d  a  b i o l o g i c a l  o r  phys i ca l  growth o r  d e p o s i t i o n  
process  which r e t a i n s  i n  a  q u a n t i t a t i v e l y  a s c e r t a i n a b l e  form a  record  of t h e  impr in t s  
of annual  v a r i a t i o n s  i n  t h e  process  r a t e ,  c o l o r ,  o r  o t h e r  v a r i a t i o n s  g iv ing  a  t i m e  
s e r i e s  which may be  c o r r e l a t e d  w i th  t h e  Wolf (sunspot) number index of s o l a r  a c t i v i t y  
v a r i a t i o n s  c l o s e l y  enough f o r  e s t ima t ing  t h e  index f o r  many yea r s  p r i o r  t o  t h e  e s t a b l i s h -  
ed record  f o r  t h e  purpose of checking t h e  accuracy of a l t e r n a t i v e  mathematical models. 
b. App l i ca t i ons :  P r e d i c t i n g  mean annual  s o l a r  a c t i v i t y  i n  f u t u r e  yea r s  and decades 
f o r  i t s  e f f e c t  bo th  on i n t e r p l a n e t a r y  environment& s a t e l l i t e  l i f e t i m e s .  

17. CONTRACTIGRANT 

06 66 
b. N ~ ~ . F ~  NGR 03- 002-1961. 

,,,. ,,,, ,. Dalton,  C.  C . ,  R-AERO-Y - 205 876-0865 (FTS) 
21. TECHNOLOGY UTILIZATION 

I 5.(U) APPROACH: Make a p p r o p r i a t e  mathematical a n a l y s i s  of t h e  e x i s t i n g  o r  supplemented 
U n i v e r s i t y  of  Arizona d a t a  f o r  t h e  annual  growth r i n g s  i n  trees, make a p p r o p r i a t e  
s t a t i s t i c a l  comparisons w i t h  s o l a r  a c t i v i t y  d a t a ,  and t r y  t o  e s t a b l i s h  a  s u p e r i o r  
mathematical  b a s i s  f o r  p r e d i c t i n g  mean annual  s o l a r  a c t j v i t y .  

N/A 
a. P~~~~<,"h",",AL 

0.3 

INVESTIGATORS CRINC1,AL: F r i t t s ,  Harold C., Assoc. p ro f .  of  

AS-IATE: Dendrochronology 
"': 602 792-6011 ext .884- 2223' (FTS) 
22. COORDINATION 

6 .  (U) PROGRESS': I n  December 1965, t h e  u n i v e r s i t y  of Arizona proposed a  2.5-year e f f o r t  
a t  $192,553 f o r  t h i s  r e sea rch  w i t h  t r e e - r i n g  and s o l a r  a c t i v i t y  d a t a .  Although t h e r e  
was no funding suppor t  f o r  t h a t  l e v e l  of  e f f o r t ,  t hey  accepted Grant NGR 03-002-101 f o r  
$36,172 i n  June 1966 t o  suppor t  a  lower l e v e l  of  e f f o r t .  I n  September 1966 MSFC 
reques ted  $100K of  FY-67 funds toward t h e  support  of t h i s  e f f o r t ,  bu t  go t  none. The 
semi-annual r e p o r t  of January  1967 i s  q u i t e  encouraging; bu t  i t  i s  not  a n t i c i p a t e d  t h a t  
a  s u b s t a n t i a l  s o l u t i o n  could be found be fo re  t h e  p re sen t  funds i n  t h e  g r a n t  a r e  expand- 
ed i n  FY-67. FY-68 funds were n o t  reques ted  because of funding gu ide l ines .  

N/A 1 
b. FUNDS (ItZlh~"kl,ld#) - - - 

27. 28. REQUESTING AGENCY 29. PROJEC 1 CRO'.', C C > U k  30. ' d t  I r;I+(v,*, 1 . 1  JOI 

- . - . -- -. - .- - - -. . - -  
31. SPECIAL EQUIPMENT 

. . .. . - -- -. .- -. - - - .  . . _ -. - - - -. . . -  

33. UNIQUE P R O J E C T ~  Space Vehicle  .Sysfe.ms~_-S_?.T . - . - . . ~  -- . . .. 

$2. I ,  ( ) IN IIoII*.I C~1Nll4Af.l 

~>I+IOI( PY 67 
, - - 

CUI+I+I N I FY f j8 - - 
34. sue PROGRAM Space Vehic le  Design C r i t e r i a  NEXI FY 69 - _ _ .. . . --- 100 , 
35. TASK AREA Environment C r i t e r i a  

N A S A  FOItM 1122 ( R e v .  Snv. 65) 189 
( / f t rn$ 1 1" P6 1dfrt1,cttl 10 / J l J  Vl#rrn l$'IN . 



(U) Environment Design C r i t e r i a  S tud ie s  (Space) - Sunspot P r e d i c t i o n s  
12. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRIT. COMPL. DATE ( 15. FUNDING AGEhCY 

1 
RESEARCH AND TECHNOLOGY RESUME 

4 .  DATE OF RESUME 5. KIND OF RESUME 

1 5 0 3 6 7  I~DChange -. ..---- 1 2 0 1 6 7  --..-- 

3.  AGENCY ACCESSIOH 

8. RELEASE LIMITATION 

G A 

016000 Space Vehicle  Design C r i t e r i a  
16. PROCURE. METHOD. 17. CONTRACTIGRANT 

I Al te rna t e :  Scissum, J. A , ,  R-AERO-YS 
205 876-0975 (FTS) 

lo*. CURRENT NUMBER/CODE 

124- 12-03- 2 2 6 2  

1. 

6. SECURITY 

& 

d 

9. LEVEL OF RESUME 

A Work Unit 

N/ A 

I Same a s  19. 
INVESTIGATORS 
PRlmlPAL: 

lob. PRIOR NUMBERlCODE 

N /A 

2. GOVT. ACCESSION 

7. REGRADING 

N/A 

s nlrr i 4 

11 66 
18. RESOURCES EST: 

11. TITLE: 

- . . - 
b. NUMem 

C. ,*e N/A d. AMOUNT 

l i f e t i m e .  communications I N /A 

N/A 
a. P ~ ~ ~ ~ y " ~ ~ " , , A L  

PRIOR FY- 67 1 0.6 1 - 
CIJRRENT FY- 68 1.5 - 

19. COW. LA0/lNSTAUTlON/ACTIVlTY I I 
Marshal l  Space F l i g h t  Center  

ADDRUS: H u n t s v i l l e ,  Alabama 35812 

n a p .  INDIV.. Dickey , L. R.,  R-AERO-Y 
m. 205 876-0975 (FTS) 
21. TECHNOLOGY UTILIZATION 

T w e n t i e t h  S n l z  
'" (U) OBJECTIVE - Y p r o b l e r n :  To produce a t echn ica l  r e p o r t  conta in ing  a more accu- 

P 

r a t e  p r e d i c t i o n  of t h e  annual sunspot  va lues  dur ing  t h e  twen t i e th  s o l a r  cyc le .  
b. Appl ica t ion :  To be employed i n  o r b i t a l  l i f e t i m e  p r e d i c t i o n  programs e s s e n t i a l  
t o  t h e  des ign  of s a t e l l i t e s  and space veh ic l e s .  c. Provide environmental parameter 
f o r  des ign  problems involv ing  d e n s i t y  v a r i a t i o n s  of upper atmosphere a s  a f f e c t e d  by 
s o l a r  a c t i v i t y .  

N/A I 
b. FUNDS ( In 1Aoulcltrd,) 

20. PERFORMING ORGANIZATION I 
NAMC: 

ADDRILSS: 

nswc~r-rr: 
TR: NPE: 

22. COORDINATION 

2s. (U) APPROACH: Analyze a v a i l a b l e  d a t a  on sunspot  v a r i a t i o n s  throughout t h e  per iod  of 
record  us ing  s tandard  m u l t i p l e  r e g r e s s i o n  methods. Study a v a i l a b l e  l i t e r a t u r e  t o  
determine any phys i ca l  cons ide ra t ions  which can a l s o  be employed i n  t h i s  ana lys i s .  
Use t h e  r e s u l t s  of t h e  a n a l y s i s  t o  p r e d i c t  annual sunspot va lues  f o r  t h e  twen t i e th  
s o l a r  cyc l e .  

I 26. (U) PROGRESS: NASA TM X-53593, I1Survey of So la r  Cycle P r e d i c t i o n  Models ," 
March 30,  1967, i s  be ing  prepared f o r  pub l i ca t ion .  

( FY- 68 funds were no t  reques ted  because of funding guide1 ine l i m i t a t i o n s .  

i I- -- 
31. SPECIAL EQUIPMENT 

- . - - - - -- - - -- -- - 15 
33. UNIQUE PROJECT space  Vehicle  Systems, SRT - -- -- -- -. 
34. sue PROGRAM Space Vehicle  Design C r i t e r i a  -- - 75 
35. TASK AREA Environment C r i t e r i a  
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30. ',I+ I c, I+ (# '~* ,  C.,JIBI. 29. PHOJECI C1+0','i CODt; 27. 28. REQUEST1 NG AGENCY 



I .  
RESEARCH A N D  TECHNOLOGY RESUME I 

124-12-03-23-62 
1 1  TITLE. 

N/A I 
( U )  A Const ruc t ion  of  P r o b a b i l i t y  Envelopes f o r  Flux-Energy Spec t ra  

12. SCIENTIFIC OR TECH AREA 1 13. START DATE 1 14. CRlT COMPL DATE 1 15. FUNDING AGFNLY 

2. GOVT ACCEbblON 

4.  DATE OF RESUME 

3. AGENCY ACCESSION 

6. SECURITY 5 KIND OF RESUME 

HIME Marshal l  Space 
~ o o ~ = s  H u n t s v i l l e ,  Alabama 35812 A D O R ~ S :  

N / A  c% A Wor-i t 
lob. PRIOR NCIMBERICODE 

7. REGRADING 

Ql3800 Radia t ion  

1 N/A GSFC, MSC 
23. KEYWORDS 

mu !,, 
8. RELEASE LIMITATION 9. LEVEL OF RESUME 

15 03 67 

03 66 
18. RESOURCES EST. 

PRIOR FY- 67 
CURRENT FY - 6 8 

1 b PROClJRt MCrHOD 

N /A 

INoIV Do1 lrnan, T. S . , R-AERO-YS 
205 876-2047 (FTS) 

21. TECHNOLOGY UTILIZATION 

S o l a r  f l a r e ,  t y p i c a l  models, p r o b a b i l i t y  envelopes 
2 4  OBJECTIVE: (Ul a .  Problem: To e s t a b l i s h  p r o b a b i l i t y  of occurrence envelopes 

5 .  Appl i ca t i on : ,  For t y p i c a l  models of  t h e  s o l a r  f l a r e  f lux-energy s p e c t r a .  

101 CURHCNT NUhr BERICODE 
A New Iproposed) 

N /A N/A I 
a. 1 b. FUNDS (11a;~oum,1~ -- MAN-YEARS - 0.5 A - -- --- 

0.5 - 
17. CONTRACTIGRANT 

a. DATE 
b. NUMBtR 

N/A 
6.  TYPE d. AMOUNT 

INVESTIGATOR$ 
Same a s  19 

PRINCIPAL. 

ASSOCIATE. 

TEL: TYPE: 

22. COORDINATION 

,,.APPROACH: (U) Examine f lux-energy  s p e c t r a  of  e s t a b l i s h e d  models of  s o l a r  f l a r e s  and 
c a l c u l a t e  p r o b a b i l i t y  envelopes through s t a t i s t i c a l  a n a l y s i s  of  t h e s e  da t a .  

20. PERFORMING ORGANIZATION I I I I 19. GOVT UBllNSTALLATlONlACTlVITY 

,,.PROGRESS: (U)  March 1, 1966 - March 1, 1967 
(a) Pre l imina ry  r e p o r t s  i s sued  on p r o b a b i l i t y  va lues .  
(b) Study *if extreme va lue  envelopes is  now i n  progress .  

27. 

. - - 1  -- - 1  - 
31. SPECIAL EQUIPMENT 

I 
'52 t I INV'r ($ K) IN IIOIPBI CONlltACI 

- 
- - - --- - - - - ---- -- - -. -- - - PI?IC>I1 F V  6 7 - 
33 UNIQUE PROJECT'~~C~ Vehicle  SYS terns , SRT--- CUHItf N I FY 68 - - 

28. REQUESTING AGENCY 

- 
34. sue PROGRAM 

-35:~~s K-A-REA----'--- 

29. PHOJEL 1 C I f O ' s ' r  fA>l>l  

N A S A  FORM 1122 ( H r v .  hov. 65) 191 
f ltfm* 1 10 P6 tdtrt/~cal 1 , ~  hvrm 1498 

---- ---- ----- - 

Space Vehicle  Design C r i t e r i a  -- -- -- - -- 

30. .,It I f l i t  I..., I 1,131 

- 
NCX1 CY 69' - - 

Environment C r i t e r i a  



(U) Design C r i t e r i a  f o r  Cont ro l  of Space Vehicles  During Launch Phase of F l i g h t  
I?.. SCIENTIFIC OR TECH. AREA 1 13. START DATE 1 14. CRIT. COMPL. DATE 1 15. FUNDING AGENCY 

RESEARCH AND TECHNOLOGY RESUME 
' 4  DATE OF ACSUME 5 .  KIND OF RESUME 

l i  03 (>7  D Change (15-08-66) 

016000 Spacec ra f t  Launch Vehic les  1 06 65 1 06 67 
- - - 

INTRACTIGRANT - -  - -  I 18. RESOURCES EST. d. P . F f ? ~ E ~ ! ? , ~ '  

1 .  

6. SECURITY 

RE w$K 
101. CURRENT NUMBERICOD6. 

12L-12-04-01-62 
lob. PRIOR NUMBERICODE 

No Change 

2. GOVT. ACCESSION 

7. REGRADING 

N /  A 

I 1 1 I 

Process Cont ro l  I 
23. KEYWORDS I- N/ A I 

11. TITLE: 

PROCURE. METHOD. 

C o n t r n c  

L 1 
Flarshnll  Space F l i g h t  Center  

I 

A W ~ U E  H u n t s v i l l e ,  Alabama - 35812 
A1 t: S w i f t ,  Fred W. , R-AERO-DCA 
T e l :  205 876-6917 

RCSC. INDIV. Lewis , Robert C. , R-AERO-DCA 
TFL 205 876-6917 (FTS) 
2 1 .  TECHNOLOGY UTILIZATION 

Design c r i t e r i a ,  Control ,  Space Vehic les  
24. 

(U) OBJECTIVE - a. Problem: To document a "Standard Procedure" o u t l i n e  and guide 
f o r  t h e  development of  t h e  c o n t r o l  of space v e h i c l e s  f o r  t h e  
launch phase of  f l i g h t .  

3. AGENCY ACCESSION 

Mi 007012 
8. RELEASE LIMITATION 

G A 

1 
NAME. General ~ ~ n a r n i c s l ~ ~ n v a i r  
A D D R E S B : D ~ P ~ .  585-3, P.0. BOX 1128 

San Diego, C a l i f o r n i a  - 92112 
INVESTIGA~RS Greens i te , Arthur  

ASSOCIATL: 

"L'714 277-8900, Ext. 218SYPE: 
22. COORDINATION 

b, Applicat ion:  To be used by c o n t r o l  engineers  f o r  a l l  phases of 
c o n t r o l  work i n  t h e  des ign  o f  boos te r  and space veh ic l e s .  I 

9. LEVEL OF RESUME 

A Work Unit  

17. CO 
m..,v- r m n =  

4L 

b. N U M B - N A S ~ -  11494 
. 06 b5 

PRIOR FY- 67 0 .1  
C. ,,EM. CPFF d. AM-$125,000 CURRENT FY-- 68 0 . 1  

c. Descr ip t ion :  The documentation must encompass a l l  phases of 
t he  c o n t r o l  problem and s p e c i f y  t h e  most p r a c t i c a l  and e f f i c i e z l t  
approach f o r  a n a l y s i s  and des ign  s t u d i e s .  

b. FUNDS (Inlhoumtrdr) - - 
GOVT. LAB/INSTALUTION/ACTlVlTY I I 

(U) APPROACH - A s e r i e s  of  e igh t een  monographs w i l l  be prepared ,  which taken to-  
g e t h e r  w i l l  c o n s t i t u t e  a comprehensive des ign  manual f o r  t h e  c o n t r o l  of 
boos t e r  and space veh ic l e s .  Each monograph must be an independent e n t i t y  an 
should func t ion  a s  a complete s tudy  a r t i c l e  when sepa ra t ed  from the  o t h e r  
monographs. 

20. PERFORMING ORGANIZATION I I 

(U) PROGRESS - D r a f t  copies  of  each monograph w i l l  he submi Ltc!d to MSPC f o r  
approval .  A f t e r  a monograph i s  r ev i sed  i t  is  puhl jshed i t 1  f i n a l  form nnd 
submit ted t o  MSFC. Cur ren t ly ,  t h e r e  have heen t en  publ ished i n  f i nn l  l o rn .  
The o t h e r s  o r e  i n  t h e  process  of  being prepared. 

30. 'dl I <.lfc>a.*.  ( 4 >IN 

I - - - - -- _-I_ _ _  _ 1 + 

29. PROJEC I Cf+C>' - ' r  r,Ol>t 27. 28. REQUESTING AGENCY 

CONlllACl - 
- 
- 

31. SPECIAL EQUIPMENT 32 t IJNV', (S K) 

PRIOIl F Y  67 
C U R I ~ I N I F Y - 6 8  
NEXI I-Y 69 

---- 
33. UNlQUEPROJECT - -- 
34 .suePRoGRAM 

~ ~ . T A s K T R E A  

IN IlOll',l 

- 
- -  - - - 

-- -- - - - - 

Space Vehic le  Sys tern, SRT - -- --- -- - -- - 
S p a c e v e h i c l e  Design C r i t e r i a  - - -- -- - - - - 1 

S t a b i l i t y ,  Guidance and Cont ro l  Design C r i t e r i a  
N A S A  FORM 1122 ( H F Y  Yo". 65) 
f f l r m a  I IQ 26 idrrrfrrnl 10 1111 korrn l p 8  . 19 2 



- - - -  

1 TITLE: 

(U) Dcsirn  Cr i t e r i a  F o r  Flipht E v a u o n  
12. S C I E N T I F ~ ~ O R  TECH.  AREA 1 13. S T A R T  DATE 1 14. CRIT. COMPL. DATE 1 15. FUNDING AGEhCY 

RESEARCH AND TECHNOLOGY RESUME 

i -  < ,  , ? t  

L ci j L) Ci~rrrlu,e 1 5  O S  6 6  ,,, 
101 C U H H L N l  NUMBERICODE 

124- 12-04-02-62 

2 GOVT ACCESSION 

7 R E G W A D I N G  

1 .  

N / A  I GA I A. Work Unit 
lob. PRIOR NUMBERICODE 

N/A 

D c s i ~ n  C r i t e r i a  F . Eva- 
24' (U) Objective: T z o v i d e  Aero-Astrodynamick Labora tory ' s  Design Cr i t e r i a  for  
flight Evaluation a s  input into the "NASA Design Cr i t e r i a  Handbook. " The objective 
of th is  con t rac t  i s  to es tab l i sh  the "Design Cr i t e r i a  fo r  Flight Evaluation" which will 
deta i l  the re l iabi l i ty  a s s e s s m e n t ,  product improvement ,  and design ver i f icat ion and 
ref inement  that  r e su l t  f r o m  the post  flight engineering evaluation of the informat ion 
r ece ived  f rom each  flight. 

3. AGENCY ACCESSION 

. - - "  1 

L- - . - - - .. .,. . . t ( t .  ,.. l r  .. r c I.$.. . I -  ( l i  ). .. i p. S.!:. Qi't 

25. (U) Approach: Assemble  monographs containing a l l  of the l a t e s t  "state-of-the-art" 
informat ion avai lable  i n  the a r e a s  of Design Cr i t e r i a  fo r  Flight Evaluation. 

Spacecraf t  Launch Vehicle 016000 

26. ( U )  P r o g r e s s :  a .  This  report ing per iod cove r s  f rom the date  of the  l a s t  r e sume ,  
September  15, 1966, to the date  of this r e s u m e  Feb rua ry  15, 1967. b. Rough d ra f t s  
of the Orb i t  Asa lys i s  and Tra j ec to ry  Analysis  monographs have been rece ived  and 
reviewed. The final  vers ion  of the Orb i t  Analysis monograph h a s  been rec ieved  and 
i s  being dis t r ibuted.  Rough d ra f t s  of the Guidance Evaluation Monograph is in  printir  
The schedule  of complction da tes  is general ly  being adhcrcd  to. c .  Publications: 

%'RW Sys t cms  Repor t  06671 -6001 -R000, Design C r i t e r i a  For Flight Evaluation 
Monograph 1 - Orbi t  Analysis ,  January  31, 1967. 

8 PLLfkSE L I W I T I T I 3  

06 66 
18. RESOURCES EST. 

PRIOR FY- 67 
CURRENT FY- 68 

16. PROCURE. METHOD. 

B, Contract  

9 LELEL 3r DE.5. W E  

RA"ggy6Y?TNT 06 66 
b. NtJMspr, 

c. ,PC M.CPFF d. AMmw$139, 75C 

( Stability, Guidance & Control  Design Criteria j h- ohlw( 
. S A \ A  FORM 1121 ( H r r  \ o v .  65) 193 

lrtrrd*,  :a a d d  ' tf ' f *  f o r m  14'W - I I  .I t,r)vI IWMI ~r PHINIING n I I%% o 10.m 

20. P E R F O R M I N G  ORGANIZATION I 
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