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The main issue for the materials (solids) used in the target systems (targets,

beam windows, beam dumps, the pipes for contained liquid/powder jets, etc.)

is the magnitude and the rate of change of deposited energy density.

Thermal Stress ~ ααααE∆∆∆∆T/(1-νννν) ∆∆∆∆T=EDD/Cp



As the beam power increases, and the beam pulse length decreases, the estimate of material

strength and corresponding lifetime based on simple, quasi-static equations is no longer

accurate. In these cases the materials are tested dynamically and they behave differently than

under quasi-static loading.

In order to address this problem the fundamental material properties and corresponding

strength have to be measured under dynamic conditions.
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LDV = Laser Doppler Vibrometer

3 different decoders: 
VD-02 for longitudinal, 
DD-300 and VD-05 
for radial oscillations
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Current pulse – wire tests at RAL





Optical pyrometer

Hole

Wire: in other room

Characteristic 

frequencyCurrent pulse

Surface velocity

(LDV)

Characteristic frequency of the wire vibration can be used to directly

measure Young’s modulus of material as a function of temperature.
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35 kV 45 kV

~ 1000 ºC

Direct measurements of material strength
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35 kV 45 kV

~ 1400 ºC

Direct measurements of material strength



35 kV 45 kV

~ 1800 ºC

Direct measurements of material strength



35 kV 45 kV

~ 2100 ºC

Started bending here; same temperature 

but higher stress per pulse

Direct measurements of material strength



35 kV 45 kV

Plastic deformation: stress is bigger than yield strength of tantalum

LS-DYNA was used to calculate stress in the wire per pulse…

reduced temperature

Direct measurements of material strength

















Application(s):

Solid  (W) Neutrino 
Factory target
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OR...



Follansbee plot for W & Ta

(our experimental data included)

Fitting function:

y = a••••exp(-bx)

x

y

Parameters:

W Ta

2822

9.6x10-5

800

9.6x10-5

a

b



OR...



High temperature, high stress, high strain-rate applications

…not only high power targets 

tungsten

- new generation of `kinetic energy penetrators` (tungsten alloys)…

OR...

Contact us and we would be happy to test your 
sample !


