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Introduction

Thermomechanical systems [1]

Nonlinear thermoelastic material models

Thermodynamically consistent formulation

Energy-momentum consistent integration schemes

Thermomechanical contact and isogeometric analysis [2]

Isogeometrical discretisation of bodies in contact

Transient isogeometric thermomechanical contact and

impact problems

Application of Mortar concepts

First law of thermodynamics

Lagrangian formulation of the first law

Ṫ + Ė = Pext + Q

Legendre transformation

E =

∫

B0

e(C, η) dV =

∫

B0

Ψ(C,Θ) + Θη dV

Energy balance equation
∫

B0

ϕ̇ · π̇ dV

︸ ︷︷ ︸

Ṫ

+

∫

B0

1

2
S : Ċ + Θη̇ dV

︸ ︷︷ ︸

Ė

=

∫

∂B0

ϕ̇ · T dA

︸ ︷︷ ︸
Pext

+

∫

∂B0

Q · N dA

︸ ︷︷ ︸
Q

Time dependent deformation field

ϕ(X , t) : B0 × I → R
n

Time dependent absolute temperature field

θ(X , t) : B0 × I → R

Virtual work of the multi-field system
∫

B0

δϕ · π̇ +
1

2
S : δC dV =

∫

∂BT
0

δϕ · T̄ dA +

∫

B0

δϕ · B̄ dV

∫

B0

δθθη̇ − Q · Grad(δθ) dV =

∫

∂BQ
0

δθQ̄ · N dA +

∫

B0

δθR̄ dV

Constitutive laws

Σ = 2
∂Ψ

∂C
, η = −

∂Ψ

∂θ
, Q = −K̂ (C, θ)∇X (θ)

Interface conditions

Virtual work of the contact contributions

Gc
ϕ =

∫

∂B
(1),c
0

tNδgN + tT · (δge
T + δgs

T ) dA

Gc
θ =

∫

∂B
(1),c
0

δθ(1)Q
(1)
c + δθ(2)Q

(2)
c dA

Normal contact
gN ≤ 0, tN ≥ 0, tNgN = 0

Tangential contact

φ̂c := ‖tT‖ − µ|tN| ≤ 0, ζ̇ ≥ 0, φ̂cζ̇ = 0, ġ
s
T = ζ̇

tT

‖tT‖

Thermal contact

Q
(1)
c = γ(1)tT · ġ

s
T − kθ|tN|ϑc, Q

(2)
c = γ(2)tT · ġ

s
T + kθ|tN|ϑc

Local entropy production rate

η̇c =
Q

(1)
c

θ
(1)
c

+
Q

(2)
c

θ
(2)
c

≥ 0

Mortar method

Lagrange multiplier field

Mh = {δt (1),h ∈ L2(∂B
(1),c
0 ∩ ∂B

(2),c
0 )}

Discrete contact contributions

Gc,h
ϕ = λN,An ·

[

nABδq
(1)
B − nACδq

(2)
C

]

+ λT ,A · (I − n ⊗ n)
[

nABδq
(1)
B − nACδq

(2)
C

]

G
c,h
θ = −δΘ

(1)
A

{

γ1λT ,B · (I − n ⊗ n)
[

mABCq̇
(1),s
C − mABDq̇

(2),s
D

]

− kθ|λN,B|
[

mABCΘ
(1)
C − mABDΘ

(2)
D

]}

−δΘ
(2)
A

{

γ2λT ,B · (I − n ⊗ n)
[

m̄ABCq̇
(1),s
C − m̄ABDq̇

(2),s
D

]

+ kθ|λN,B|
[

m̄ABCΘ
(1)
C − m̄ABDΘ

(2)
D

]}

Triple Mortar integrals

mABC =

∫

∂B
(1),c
0

RA(ξ(1))NB(ξ(1))RC(ξ(1)) dA

mABD =

∫

∂B
(1),c
0

RA(ξ(1))NB(ξ(1))RD(ξ(2)) dA

Numerical example

Non-linear and fully coupled Ogden material model

Ψ (λ1, λ2, λ3, θ) =
3∑

A=1

3∑

p=1

µp (θ0)
θ
θ0

αp

(

λ̃
αp

A − 1
)

+ κ (θ0)
θ

θ0
β−2

(
β ln(J) + J−β − 1

)

− 3α0 κ (θ0) γ
−1 (Jγ − 1) (θ − θ0) + c0 (θ − θ0 − θ ln (θ/θ0))

Impact simulation

Von Mises stresses (left) and temperature (right) distribution.
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Different energies for midpoint and endpoint rule.
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