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Outline

> State-of-the-art

»Why do we need Multiscale Modeling?

»Bridging the Gaps Between the Modelling Activities at Different Scales
(M3-2S Project)

»Summery

State-of-the-art

From the
mathematical point of view:
Big dimensional problem

2.6 Mio DOF

Source: Oosterling; van den Berg; Renevier, Meisel; Leopold: ICMCTF 2002
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‘Source: Th. Bertram; PhD ThesisTU Freiberg 2001

State-of-the-art

B MoST (130 GPa) 1.2 pm
B MoST (147 GPa) 1.4 pm
B ZrCN (420 GPa) 2.5 pm
[ TiN (401 GPa) 2.4 um

[ AI203 (360 GPa) 3.0 pm
[ AI203 (390GPs) 3.5 pm
B TIiCN (515 GPa) 7.0 pm
B TiN (580 GPA) 1.5 pm
B CMC (600 GPa) 5§ mm

Source: Oosterling; van den Berg; Renavier, Meisel; Leopold: ICMCTF 2002
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2 [ w3 State-of-the-art

. R State-of-the-art
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3D—EE-model . State-of-the-art

element
size
250nm
square

Crack Initiation in Coating-Substrate-Systems

State-of-the-art
FE-Simulation )
-2, - Sigma 11 Pm2] i SEM - Experiment
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‘Source: DFG Lo 7481224 Source: ENPA
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State-of-the-art
Ball - cratering test imprint on the applied coating and the FEM simulation of its structure.

: coating

7
i
i

S

2.2 uym

| substrate

Substrate: 100Cré, HRC,,,=62, E=210 GPa

‘Source: KD, Bouzakis , A Asimakopoulos, M. Batsiolas: Surface & Coatings Technology 202 (2008) 5629-5935

State-of-the-art

Coating (BE
RERRRTTR R
Interface W | w2 T2

S S
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State-of-the-art

Macro-Level Damage Module

FE model for a single layer
coating system under
indentation

SEM analysis of the circular cracks
observed after the 50N indentation on
samples coated with TiN

3 FengiY. Koodakal and 1. M

Feng: Y.Qin R R
A NEW TECHNIQUE TO INVESTIGATE THE LOAD-BEARING CAPACITY OF A COATING
ONTOOL STEEL

Load Bearing Capacity for Multi-layered Surface System

State-of-the-art

Crack occurs in the
coating surface when the
load reaches 11N

Yield initiated in the
substrate when the load
reaches 0.086N
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Chip Formation Simulation to determine

the loads at the coatings

State-of-the-art

Temperature

Mises-Stress
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Pressure

Why do we need Multiscale Modeling?

_ Cutting Tool
- FEM
utting Insert + Coating
AAFEM
Coating

CPM+AFEM
+ [

~100mm 12 mm - ~ pm

‘Source: hp:icommons wikimedia orghwikiFile- THES,_Arch_of_Galerus._E face jpg
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State-of-the-art

Coating 1
T1 / f—p—
1 S w2 Fe C°h§‘f S . Gc Tmax 50
.~ zon A . 2
~ e
Interface Se T2 The bilinear cohesive layer model (3 gitical Energy-release rate
c
PR 2 T T ax maximum traction
- Substrate T3 Submode max
PR ! 6‘ is the characteristic
Max  cohesive-zone length

ration- separasion relatisnbip

Why do we need Multiscale Modeling?

Microstructure

TiN/CrN ML

e
(a) Mises stress; (b) Damage coefficient; (c) Traction-separation relationship for a cohesive element in the coating.
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Mistorical development

Classical methods Finite Elsment
Methods T
¢ i

Material parameters
necessary

Time scal
=]

ab initic methods

MBCESSACY

Indentor is a (invisible) hard ball
Higher panel: small penetrate depth
Lower panel: high penetrate depth

Source: matcalc

Multiscale problem

TiN - Coating

SiO,-Substrate

Demonstrator : Indentation

GEEE
T T g T
7

103 indentor
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layer of substrate’ point force
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0001 001 01 1 10 100
Normalized layer thickness h/R 3 M, €. slank

“Thin Sold Films 381 (2001) 119-134
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Initial cutting inserts
SPMR 120308 (hard metal without coating)

(
!""' N a'i
T

S Multicapa
TiN/ CrN

ml . 'lﬂ‘

Machining Process:

TURNING (internal)

Internal Diameter: @98 mm goes to
External Diameter: @103 mm
Advance Speed: 0.4 mmirpm

w: 76 pm

Length: 60 mm

Electromagnetic Brake
-270

Demonstrator : Cutting

4

Cutting Tool

Different structures

Source: Fundicones del Estanda SA,
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Crack patterns: 5mm & WC sphere

CrN: 2400 N

TiN: 2400 N TiN/CrN: 2400 N

Mechanical Material Properties

Total [y |Eg |y GEFE
Layer | Coatin " dl
Layer | Material | Thickne g haaciiabit s 13
Type s sses Thickn
(nm) ess | (GPa) |-
(nm) y
2Z
TiN 646 175' 4.7 g
% 3
Mono 17. i
layer CrN 1069 7 5;1
2
NBN 780 321040 Total Number | peposition
1 2 thickness of temperature
TiNNb | 1666/ | oo [15.] |1 [nm] periods 1°cl
N 16.28 05 |%°|8
mutt | Tinver [ 18037 o 15| 70 TiN 1800 1 500
ayer N 17.52 72 & o 2000 1 150
NbN/Cr | 19.61/ 765 18. 7
N 18.65 9 és TiN/CIN 2000 200 420
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Three typically test methods
Table 1. List of M325 case studics Gats GEEE
Anplication Selected Requested Coating | Candidate
Partner | Business case i components ‘Functionalities coatings Ll;_ Hardness Test Load-bearing Test
Rough tuming | Automotive Si N based /\
of cast inan (bars, brake ad . Hard coatings Indanaor
DIAD h " ceramic cutling Antiwear . madius, R
{grey castiron | discs, cylinder (TIAICN) ]
Gi2s) block. ¢te.) Yol N
Catodic arc
Tuming of OVD coated PV with
guenched and Casting dies Hard metal Antiwear asd i -
FDE tempered steel for rilway 4 axidation resistance. Lol
(15CrMoVS. | application Increase of ool I|fn<
10) i
L '
. . - N . Increase of wear 1
Cold rolling of CrvoV alloyed resistance of the i
precious Jewels, steel roller lerwith % cos | Coeto i L LD
POLITO | metals, Cu biomedical. | mounted ona | "I pen !
alloys or Al food sector | cold rolling 60 | TSRO suggestions !
alloy sheets tons mill B &2t solmtion Pant Contact Line Contact Machamng
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Bridging the Gaps Between the
Modelling Activities at Different Scales

Atomic Finite Element Method
S temericter

AAFEM Module for Super Lattice Coatings

»
; _~

New approach for
Multiscale Problems in
Coating-Substrate- Systems

100 several 50 nm layers
simulated starting with TiN
and finished with CrN at
the interface from coating
to substrate

f—
T *
!
Crystal Plasticity Finite Element Method ] model with highest number
Irperial Coege ] of elements (superlattice —
TINCrN_170) with 889105
elements
4. Sepesbitics
P
Advanced .
Adaptive 1mm Macro submodelling to export
Einite displacements to CPFE subdomain
B by
Element fom emplasted sone
Method Sebare ﬁ
Source: Heller, Wohigemuth; Meyer. Leopold — CIRP CMMO 2011
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Macroscopic and lower
Continuum FE refinement The Solver: PCGM
example: hierarchical basis
preconditioner

very cheap and quick

- I PR
coarse mesh sk infos DL
PRXXDERE
e
mesh |y, <
refincment
£ !
z
g new element| (5
E| matrices. | (=)
|
Wi
H solver (3}
=
errar
estimator | 4

‘Sources: Holler_Wohigemuth_Meyer_Leopold: Journal of Muliscale Modeling 2011

Micro-Mechanics Modelling based on Crystal Plasticity FE refinement

[T

PV ailyain

‘Source: Journal of Muliscale Modeling Vol. 1, No. 1 (2009) 107-124
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Simulation of the TiN film growth on TiN(001)

MD-Simulation

Potentials |Interaction MEAM Potential |
Ti-N Ours
N-N Lee'st!
Ti-Ti Kim'stol

Parameters of MD model

ode escription term alue
1X1,x1, Nyo  [100]x[010][001] 1100
Ores 3ML
Arree 3ML
Tieo 4ar/100adatoms
~ T 300-700 K
direction normal to substrate
E. 2-10eV
Incident: H 20 A, move up at r,
atom Riep 1 atom/ps
Neep 500 Schematic of Ihe MD model of
o atomic d
Virtual wall h 4.8 A move up at r,
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Atomic FEM

Inter-atomic potential - Lennard-Jones potential

U (X Xp ey Xy ) =

Validity of the potential

Thermal linear expansion coefficient

MD-Simulation

N \Alnm nucleus (FE Nodes) oy
=2 U(x-x) "' \Va Simulation  9.31X109 K-1 . . . .
AVAYSaVA f: §
= . : Simulation
Experiment  9.35X 106 K1 - 4 .
30nm Bonding force (FE Elemerts p Lingar fitting
DO 5 S F sl ) |
Atoms = FE nodes (several sets § 1
depending on type in the MD model) H )
Automatic generation of CBUSH @ ozr - 1
elements (user selected max. length) § :
Limitations: gor . = 1
] s o
AFEM < 100,000 nodes E - —
(Max. AFEM domain size: 0.03umx0.03 ym) Thermal linear expansion of TiN. oLk el TL: o "
Min. element edge size in CPFEM: 1.. 100 A B . S . A
00 400 500 600 Too
[T e Temparature (K} -@
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Project Partner:

University of Birmingham (UK)
Asociacion De La Industria Navarra (ES)
DIAD (IT)

Fundiciones Del Estanda (ES)

Wilde FEA Ltd (UK)

TBZ-PARIV GmbH (DE)

Swiss Federal Laboratories for
Materials Testing & Research (CH)
Fraunhofer IWU (DE)

Harbin Institute of Technology (PRC)
Politecnico di Torino (IT)

University of Strathclyde (UK)
Imperial College of Science,
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»,Conventionally” Finite Element Simulation can be applied for SUMMARY

deformation and stability analysis of coating-substrate-systems
That's “state-of-the-art”

»>“Virtual” Cutting Tool Design and “Virtual” Machining is an important
topic in manufacturing

»New workpiece materials are responsible for new demands in
coating-substrate-structures

»In addition to “homogeneous” coatings — more and more structured
coatings are developed

»This new type of coatings are “non-homogeneous” and “non-isotropic”

»Subdomain techniques : Continuum-mechanically methods + ab-initio methods
can be used in the near future

Thank you for your Attention!
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