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High Energy Lasers Initiate Fusion 
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Mixing of Fuel and Non-fuel Can 
Stop the Fusion Reaction 
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Experimental Package for Mixing 
Experiments 
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Three Types of Engineered 
Surfaces Needed 

• Specific Frequency Peak, i.e. Sine Wave 

• Flat Power Spectrum, Ra Specified 

• Flat Power Spectrum and Peak at Certain 
Frequency, Ra Specified 

/' 
" 

Los Alamos 
NATIONAL LABORATORY UNCLASSIFIED 
___ EST 1943 ·Slide 5 
Operated by Los Alamos National Security, LLC for NNSA WA • . " ItiIr" Q~" 

" V~~~~~ 





Air Bearing LVDT Used to Measure 
Sine Wave Profiles 
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Surface with Flat Power Spectrum 

- A simple model 
showed that a flat 
power spectrum 
can be generated 
by using a 
random number 
generator to drive 
the FTS tool bit 
position at 1 00 
Hz. 
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Fast Tool Servo with Diamond STM 
Tip used to Make Surface 

Surface as it is Being Generated 
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3.0 Volt Bias Applied Between Tip 
and Part to Remove Chips 

• Region 
Where 
Chips 
Removed 
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The Technique Successful Produced 
the Desired Surface 

SEM micrograph of random surface ·Power Spectrum of Surface 
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Band Thickness Measurement 

• The band thickness was nominally 18 tJm 
before roughening surface 

• The Ra value could be as high as 2 tJm 
• Surface roughness region is significant 

fraction of band thickness 

• So, band thickness measurement must be 
statistical 
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Bearing Area Ratio Plot of 
Generated Surface 
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Final Band Thickness Measurement 
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Effective Density Profile at Joints 
(two surfaces meet) 

• Surface roughness causes an effective density 
variation across a joint 

• Density profile difficult to measure because 
the gap is very small (x-ray techniques being 
investigated) 

• Resort to simulations to estimate profile 

• Bearing area ratio used to estimate profile 
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Simulated Surface - 1 

• To simulate the density variation when two surfaces 
come into contact, a representative surface is 
simulated 

• Must have a good simulation of the Bearing Area 
Ratio for the real surfaces of interest 

Bearing Ratio 
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Simulated Surface Used to Model 
Bearing Area Ratio for Foam Surfaces 
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Contact of Two Surfaces - 1 

• Assume both surfaces have same close-packed 
peak spacing 

• Surfaces can have different surface roughness 
heights 

• Surfaces nestle together in close-packed 
configuration 
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Contact of Two Surfaces - 2 

-Nesting pattern of upper surface 
on lower surface 

-Tilted view of mating surfaces 
/' 

""'" 

• Transparent grey 
paraboloids represent 
upper surface 

• Surface can be broken 
into unit cells for doing 
the analyses 

• The white rectangle is a 
unit cell 
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Calculated Density Profile for Aerogel 
and CH Foam Interface 
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Model Useful for Exploring Effect of 
Surface Finish on Density Profile 
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Better Surface Simulation 

• Model surface as intersection of circles 
1. Radius of tool 

2. Center spacing equal to feed/revolution 

• Add randomness about nominal position 
1. Effect of vibration 

2. Adds high frequency roughness 

• Add randomness about last pass 
1. Effect of machine-tool errors 

/i, 2. Adds low frequency roughness 
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Simulated Theoretical and Noisy 
Machined Surfaces 

Same feed/revolution and tool radius 
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Real Machined Surface and 
Simulated Machined Surface 
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Bearing Area Ratios Combined to 
Estimate Density Profile 
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Conclusions 

• Produced surfaces with specific Power Spectra 

• Bearing Area Ratio used to functionally characterize 
part thickness when surface roughness is significant 
portion of thickness 

• Simulation of surfaces helped estimate effective 
density profile at joints 

• Simulations useful to understand factors in 
producing surfaces 

• Continue simulation development, and 
measurement of effective density profiles 
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