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Algorithmic aspects of computation of design derivatives for explicit dynamics w.r.t. constitutive param-
eters are considered, see [1], [2]. The explicit dynamics algorithm is formulated for finite-rotation shells,
and the Huber-Mises deviatoric plasticity with non-linear isotropic/kinematic hardening is a constitutive
model. A description of the DSA algorithm includes the following parts:

• Update of design derivatives of the constitutive state variables s = {Σ, ēp, αp
R, εp, ε33, ψR},

where Σ is the back-rotated Kirchhoff stress, and ψR are rotational parameters for shell laminas.

• Design derivative of stress update algorithm for finite rotation shells. Constitutive equations are
written for the back-rotated Kirchhoff stress Σ, and the plane stress constraints are directly incor-
porated. The yield surface is ellipsoidal, and a Newton loop is used on the constitutive level.

• Design derivative of explicit dynamics algorithm, which is complicated due to the rotational inertia
term and a parametrization of rotations.

Several examples are presented, in which the design derivatives are computed analytically and by the
Finite Difference method. They show that despite a great complexity of the solution algorithm for the
finite-rotation elastic-plastic shells, it is feasible to compute analytical design derivative of this algorithm,
and the yielded sensitivities are of very good accuracy, see Fig.1.

P

x

x

x

2

1

3

-0.0001

 0

 0.0001

 0.0002

 0.0003

 0.0004

 0.0005

 0  0.5  1  1.5  2

d(
ph

i2
)/

d(
si

gm
a_

y0
)

time

Analytical
Finite Difference

Figure 1: Elastic-plastic dynamic compression of rail. Derivative of rotation at P w.r.t. yield stress.
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