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Motivation

Dielectric elastomers are being considered for a wide variety of
applications, particularly artificial muscles. In order to predict the
behavior of these electronic components as accurately as possible,
it is essential to develop suitable simulation programs that take into
account the thermo-electro-mechanical processes occurring within
them.
In this work, a novel mixed formulation for these kind of coupled
problems is derived, which is both energy and momentum consis-
tent.

Design of the novel mixed framework

Fundamental equations

Tensor cross product

(A B)ij = εiαβεjabAαaBβb

Kinematics [1]

Cφ = FT
φFφ , Gφ =

1

2
Cφ Cφ , Cφ =

1

3
Gφ : Cφ

Momentum balance

ρ0v̇ − Div(FφSφ)− B̄ = 0

Energy balance [2]
d

dt
(θη)− θ̇η + DivQ− R̄ = 0

Gauss’s and Faraday’s law [2]

DivD0 − ρe0 = 0, E0 = −∇XΦ

Polyconvex inspired internal energy function [2]

Ŵ (C, G, C, D0, θ) −→ certain convexity criteria apply.

Constitutive equations [2]

η = −∂θŴ , E0 = ∂D0
Ŵ , Q = −k0C

−1G∇Xθ

Equivalent mixed formulation of the momentum balance

ρ0v̇ − Div
(
2FφΛ

C
)
− B̄ = 0

∂CŴ −ΛC +ΛG C +
1

3
ΛCG = 0

∂GŴ −ΛG +
1

3
ΛCC = 0

∂CŴ − ΛC = 0

FT
φFφ −C = 0

1

2
C C−G = 0

1

3
G : C− C = 0

−→ In the mixed framework the kinematic quantities C, G and C
as well as the Lagrange multipliers ΛC, ΛG and ΛC are con-
sidered to be independent variables.

Discrete derivatives [3]

Algorithmic or time-discrete counterparts of ∂CŴ , ∂GŴ , ∂CŴ ,
∂D0

Ŵ and ∂θŴ .
The so-called directionality property of the discrete derivatives
is substantially responsible for the energy consistency of the
formulation. In combination with a properly chosen time dis-
cretization of the underlying equations, they lead to an energy-
momentum scheme.

Numerical example: Flying L-shaped block

An L-shaped block is subjected to various external loads during
t ≤ 5 s. Afterwards, the body tumbles freely through space.
Snapshots of the temperature distribution at t = 0 s and t = 40 s

Evolution of the total angular momentum and the total energy for
the energy-momentum scheme (EM) and the midpoint rule (MP)
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