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Stress = Y o, U/ Cy
Where Y = Material modulus
a; = Coefficient of Thermal Expansion
U = Energy deposition
C, = Material heat capacity

When the pressure wave amplitude exceeds material tensile
strength then target rupture can occur. This limit 1s material

dependant.
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%l%( E951: Graphite & Carbon-Carbon Targets

Muon Collaboration
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%’%{ E951: Strain Gauge Measurements
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24 GeV, 3 x 10'2 protons/pulse
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Target Material Examples

Muon Collaboration

Peter Thieberger, BNL
Consider the case of a 16 x 10'? | 3ns , 24 GeV proton pulses

Maximumi initial stress as % of yield stress for the 1 MW option.
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ﬂa Super-Invar Irradiation at BNL (2002)
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Thermal Expansion (dL), microns
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Super-Invar CTE measurements
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Irradiation at BNL (2004)
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%'\1( Material Test Matrix

Muon Collaboration

Carbon-Carbon composite: Low-Z, low CTE composite that may potentially
minimize thermal shock and survive high intensity pulses.

Graphite (IG43) : Different graphite grades respond differently to irradiation

Titanium Ti-6Al-4V alloy: Irradiation effects on fracture toughness of alloy that
combines good tensile strength and relatively low CTE are sought

Toyota’s “Gum” Metal : “Super” alloy exhibiting ultra-low elastic modulus, high
strength , super-elastic like nature and near-zero linear expansion coefficient for the
temperature range -200 C to +250 C

Vascomax: High-strength, high-Z alloy. Irradiation effects on CTE, fracture
toughness and ductility loss are sought.

Beryllium: Known material examined closer for irradiation damage
AlBeMet: Low-Z composite combining good properties of Be and Aluminum.

Nickel-plated Aluminum (NUMI horn) : Assess how bonding between the layer
and the substrate survive irradiation in the presence of water

Super-Invar: Re-examination of previously tested material for effects of temperature
induced annealing
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MWQ Carbon-Carbon Composite

Plane 2: Irradiated vs Non-irradiated
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Jé C-C Composite Thermal Cycles
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e CTE resetting of Super-Invar
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e Super-Invar thermal cylcles

Expansions of Super-Invar
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Gum metal Stress-Strain
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