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Initial Boundary Value Problem

Mechanical
Load

Thermal
“Load”

∂Ω1

∂ΩT 1x3

x2
x1

CM ∂ρ
∂t + (ρui),i = 0

CLM ∂
∂t

(ρui) +
(
ρuiuj

)
,j

= σji,j + ρfi

CE ∂
∂t

(ρh)+(ρhui),i = σjiDij−qi,i+ρr+ dp
dt +pui,i

Dij = 1

2

(
vi,j + vj,i

)
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θ (xk, t) = 0
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σij (xk, t) = 0
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Classical Plasticity

4 Parts: (1) stress-strain relationship, (2) yield criterion, (3) flow rule, (4) hardening rule
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Fifteen input parameters:p, θ0, κ, γ, α, G0, Tm, M , S0, S∞, y0, y∞, β, y1, y2



Model Parameters

Ta 175 m/s



Strain Rate in Taylor Cylinder
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Perturbation Method

Classical Rayleigh-Taylor Instability Perturbation Method
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Taylor Cylinder vs Perturbation Method

4.2E04
4.2E05

3.5E04
8.7E05



Comparison of Prediction to Data (LANL Baseline Models)



Comparison of Prediction to Data (VNIIEF Model)
λ = 2 mm, A0 = 0.07 mm



Comparison of Prediction to Data (VNIIEF Model)
λ = 2 mm, A0 = 0.11 mm



Comparison of Prediction to Data (VNIIEF Model)
λ = 2 mm, A0 = 0.15 mm



Johnson-Cook
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Steinberg-Guinan
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MTS
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Thirteen plus 5N input parameters: N , σ̂a, ε̇i, gi, pi, qi, σ̂i0 , b0, b1, b2, σ̂s0, ε̇s0, A, b, a0,
a1, a2, α.



PTW
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VNIIEF Models -1

Relaxation Model
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Special Cases:

(a) if τ d ln Yd
dt << 1 the model simplifies to:

Yd = Ys + 3 g τ ε̇i

(b) if ε̇i = 0:
Yd = Ys



VNIIEF Models -2

Heterogeneous Deformation Model (Two-Temperature Model)
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Conclusions

• Typically employed methodology results in model validation to strain rates of 104 ∼ 105

• Some problems of interest see higher strain rates

• Application of models validated using the typically employed methodology to such prob-
lems results in extrapolation beyond the validated strain rate regime

• Perturbation Method enables validation of models to strain rates of 106 ∼ 107

• Such validation will improve our predictive capability


