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Otto von Guericke University Magdeburg ;%

9 Faculties
100 study programs
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https://www.youtube.com/watch?v=j1JLeK5I-xw&ab_channel=NikhileshDhureGermany
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Thermomechanical Interactions between ;%
Martensitic Phase Transformation and Crack Propagation

« Martensitic Materials are very popular because of their hardness | )

» They tend to crack due to their brittle properties

* Internal stresses due to martensitic transformation coupled to mechanical loadings significantly influence the crack
nucleation and propagation

Von Mises stress (Pa)
- 5.2e+09
l 4e+9

— 3e+9

[ 1e+9
0.0e+00

Micro cracks

[R. Miiller 2016] |
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Thermomechanical Interactions between
Martensitic Phase Transformation and Crack Propagation

Modelling of discontinuous interfaces by a continuous

phase field
typical fields of
application
) . (@ (b)
Solidification processes Phase transformations Crack propagation
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Thermomechanical Interactions between
Martensitic Phase Transformation and Crack Propagation

Free energy
qjtot - kIjel + qut + \ijr

Kl(c K(c
Uy = (5% +1n) (u(c) €. €. + 2( ) tr+(sel)2) + 2( ) tr_(sel)2
2
G, A B . C 1
Uy =15 (1 + 5 +E) - S+ )+ L+ c§)2)+§Gch; Vel
U = C5 (12 52 G|V
4L
with € =€ — €y Cel = € — €y
Basic equations P 9
O ot . tot . Wiot
di =0 . o = g ¢; = —M, ) § = —M;
ivo mit D, oc; 0s
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Thermomechanical Interactions between

Martensitic Phase Transformation and Crack Propagation
Free energy incl. temperature dependency

‘Ijtot - \Ijel + qut + \ijr

K K
b= ) (n0)ea s ea+ B e?) + Bl ey
G. A(T) B(T), , .. O 1 =

V= 3 (1 + S+ D - S )+ S AP 456 3|Vl

Ve = Gy (1—5)* +GL,||Vs|)?
fr 4Ls stis

mit €el =€ —Ept — Eth €l = € — € — €y

Basic equations 5 5
6\Ijtot . \Ijtot . \Ijtot
- = [ — 1 — T Ve ) — _MS
dive =0 mit o Je., C Ie. S s

pegT+divg=0 mit q=—(s"+n)kVT
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Thermomechanical Interactions between }%
Martensitic Phase Transformation and Crack Propagation
Bloc with a quadratic hole

u_t
¥ y Martensite orientation
£ | b 45°, -45°
o | /
& 6 8 um y NE = 160,000
v /] |e al | | 8um 5
A i
/] % Direction 1
/] /
3|7 /
© / % Direction 2
/ /
/] v
v {
NN N NN N NN NN NN N NN
- 5
| 100 pm
FE-Ni Alloy
Shear modulus of A // M Ha=0.28x10°MPa // py=11p,
Compression modulus of A // M Ka=1.027 x 10° MPa // Ky, = 1.1 K,
Length scale param. for PT // Crack L.=2pum Il Lg=2pm
Interface densitiy // Crack resistance G.=0.1J/m? Il Gg=1.0J/m?
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Thermomechanical Interactions between (

R/
[ ] [ ] [ ] [ ] uz
Martensitic Phase Transformation and Crack Propagation
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Thermomechanical Interactions between €8 ) dissshi
Martensitic Phase Transformatlon and Crack Propagation
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Viscoelastic Properties of Elastomer-Blends
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Viscoelastic Properties of Elastomer-Blends ;%

* Atomic Force Microscopy (AFM)
e Blend with NR50 and SBR50

* Idealization of the distribution of two phases

- Leveling of 50% “Black” and 50% “White”
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Viscoelastic Properties of Elastomer-Blends

* Phase field method to generate the diffuse interphase
e Scalableinterphase width
Model 1
IiQZlO'KJl R 2O

Model 2

1.0 i '.Eo%"’ .ﬂ'
[Eifi*é E(\;’?‘%“’ 7
[0.2 % 4

0.0

K1 X
Model 0 /
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Viscoelastic Properties of Elastomer-Blends :%
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Viscoelastic Properties of Elastomer-Blends [
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* Harmonic excitation leads to a phase shift =» viscoelastic properties
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Viscoelastic Properties of Elastomer-Blends
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Viscoelastic Properties of Elastomer-Blends [(\FE
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Simulation of the Placement of Flow-Diverters into Patient- §

Specific Blood Vessels

4
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Simulation of the Placement of Flow-Diverters into Patient-
Specific Blood Vessels

—> Use of Isogeometrc Analysis (IGA)
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Innovative Concepts for Vibration and Sound Reduction in [

Y,
Wind Turbines
|
Bundesministerium :
fir Bildung ¥ —
und Forschung - -

Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV
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IFAM

ENERGIE FUR DIE WELT

Leibniz Balti(o

Universitat GmbH
Hannover Composite Technology

Prof_. Dr.-Ing. Dam(_al . . Selected Research Topics of the
Chair of Computational Mechanics . . . 28

OVGU Magdeburg Chair of Computational Mechanics b



Innovative Concepts for Vibration and Sound Reduction in

1. Damping plate concept

Wind Turbines
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Innovative Concepts for Vibration and Sound Reduction in [

Y,
Impact
hammerhead
Force
sensor
Steel beam
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Innovative Concepts for Vibration and Sound Reduction in ;%
Wind Turbines

30

N
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o

=%
=

Acceleration [m/s]
o

-20 «
30 —Without Particle Damper||
— With Particle Damper
1000 1500 2000
Time [s]
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Innovative Concepts for Vibration and Sound Reduction in
Wind Turbines

Structure of arotor blade with

. Test specimen with GFRP layers
sandwich core 150 : pe T Ay
Shell made of resin &
Spar made of fiber laminate 140 - 132.3dB 141.2 dB =
resin and fiber
laminate // 130!
= 120/

124.3 dB

Structural

Core Material Adhesive
(Balsa Wood)

Shear Web
(Fibre & Core Material)

90 -

|—Balsa wood (BW)  (145.16 dB) |
—BW rubber coarse  (132.35 dB; 249.0 g; PR1)[|
===:Rubber coarse bag (133.89dB; 97.9 g)
‘—'Rubber coarse bag (135.71dB; 57.0 g)

Frequency response function [dB]
(Reference value: 0 dB = 1e-8 m/s/N)

Implementation strategies

----- Plastic balls bag (136.09 dB; 97.9 g)
‘ ‘ == Plasticballsbag __(139.01 dB; 57.0g) |
1.Strategy: Substituting the 2.Strategy: Modifying  the 3.Strategy: Attaching an 600' 5'0 160 150 200 250
original sandwich core by a original sandwich core. external cavity at the rotor blade. Frequency [Hz]
honeycomb shaped structure.
|

!

L:_:ﬁ" o~
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Numerical Investigation of Acoustic Metamaterials

Air
(BEM)

coupling

Structure
(FCM)
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Numerical Investigation of Acoustic Metamaterials €8) i

N
e Main idea: Combination of fictive decomposition methods with the p-FEM concept
[Parvizian et al. (2007)]
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e Weak form of the balance equation: e Indicator function
- 1, Ve e h
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Numerische Untersuchung von akustischen Metamaterialien ;%

<D o
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Numerische Untersuchung von akustischen Metamaterialien ;%

deformed shape: u,, color: |u,| ‘
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Numerische Untersuchung von akustischen Metamaterialien
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