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LANSCE Highlights - Feb. 2011 

Colleagues, 

The proton radiography facility is one of LANSCE's unique capabilities. This month 
we will feature a science highlight related to materials behavior under extremes 
utilizing the Proton Radiography Facility 

Proton Radiography studies the strength of materials at very high strain
rates 

A series of proton radiographs showing the evolution of instability in two copper samples 
manufactured with different processing techniques. The data are multiple frames from a 
single event taken at 1 microsecond intervals using proton radiography at LANSCE 

Proton radiography provides an ideal probe to diagnose dynamic materials under extreme 
pressures, strains, and strain rates. The depicted experimental series, utilizes a flat metal 
plate with perturbations of known wavelength and amplitude machined into one side of 
the plate. The detonation products from high explosives (HE) rapidly accelerate the 
sample, generating shock-free, planar loading on the perturbed side of the plate. This 
sinusoid acts as a seed for the onset of Raleigh-Taylor (RT) instability growth as the 
sample accelerates. The perturbation growth rate is directly related to the dynamic yield 
strength of the metal. The growth of the RT fmgers depends sensitively on the initial 
conditions of the material, which vary with processing. Thus, the slower-growing fingers 
in the pre-strained (stronger) sample reveal that it resists high strain-rate deformation 
more than the annealed (softer) sample. The amplitude of the RT unstable perturbations 
are measured from radiographs aqcuired as a function of time. These experiments provide 
data to validate the calculations that model such behaviors under extreme conditions. 
This technique has been used to investigate the high strain-rate strength of different 
metals manufactured under various processing techniques. 


