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History of Simucrack Club Project

FATIGUELESSHARDMETAL

European Project Proposal

(Stage 1  Pass [16%] / Stage 2 Fail [7%])

2009 – 2010

Leo PRAKASH
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History of Simucrack Club Project – Phase I

Utku ÖZDEN (Phases I and II)

Nowadays Lead Specialist in Simulation 

Technology - Advanced Material Technology, 

Velux A/S
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History of Simucrack Club Project – Phase II
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History of Simucrack Club Project – Phase III

Keng JIANG,

(Phases 2 and 3),

PhD Thesis:

“Computational 

Characterization of

Fatigue in WC-Co 

Hardmetals”, to be 

defended next 

November 17, 2023

Simucrack III Project Meeting in Barcelona, June 2018  
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History of Simucrack Club Project – Phase IV

Donat RUDENSKIY

(Phases IV and V)

Alexander BEZOLD

(All phases!)
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Experimental insights on FCG mechanism

▪ FCG mechanisms in low carbon (LC) and high carbon (HC) are not affected by C-content

▪ Lower fatigue life and higher scatter in HC samples apparently caused by hcp-Co in binder

▪ Fractography hasn’t pointed out a clear distinction between short and long cracks in LC and HC

What does it mean for numerical modelling?

▪ Mesoscale RVE simulations cover the both stages of crack growth (stable and unstable)

▪ The model parameters should be adjusted to produce more pronounced main cracks (secondary 

cracks and crack branching is less relevant)

▪ An hcp-Co model is required to understand the causes of scatter in experiments

Advances in numerical modelling

▪ Validation of the numerical model based on SimuCRACK III modelling techniques

▪ Introducing new features like cohesive zones and orientation dependent damage in WC

SimuCRACK Phase IV – Relevant Outcomes
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SimuCRACK V – Goals

Overarching goal SimuCRACK

▪ An all-encompassing simulation-experiment combined methodology for 

studying, analyzing and understanding FCG behaviour in WC-Co 

hardmetals.

Expectations towards numerical model

▪ Improved representation of crack growth kinetics at mesoscale (WP1)

▪ Mapping the fracture mechanisms instead of merely statistically valid results 

(WP4)

▪ Usability and applicability of simulation models in industrial environment 

(WP5)

Expectations towards deeper experimental understanding

▪ Extension of reliability assessment approach introduced in Simucrack IV, by 

taking into consideration service-like induced damage (WP2)

▪ Assessment of residual strength of hardmetals, as a function of C content, 

linked to induced damage introduced during previous cyclic loading (WP2)

▪ Microstructural characterization of service-like damage prior to crack 

development (WP2 + WP3)
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WP0 Sample preparation (industrial partners)

WP1 Parametric study of binder 

properties & final validation of local 

strength model (IWM)

WP4 Simulation study of residual 

strength of notched and unnotched 

specimens (IWM)

WP5 Realization of a modular and 

extendable numerical model 

repository (IWM)

WP6 Project management and reporting (EPMA/UPC/NPL/IWM)

Simucrack IV numerical models

Flowchart SIMUCRACK V

WP2.1 Fracture and fatigue 

characterization – unnotched 

specimens (t = 0) (UPC)

WP2.2 Residual strength 

characterization (t = t’, t’’, t’’’) on 

“damaged” unnotched specimens 

and fractography (UPC)

WP3.1 Limited fatigue testing of 

notched specimens (t = 0) (NPL)

WP2.3 Reliability (Weibull) analysis                    

(t = 0 vs t ≠ 0) (UPC)

WP3.2 SEM/EBSD 

characterization of damage 

induced by fatigue on notched 

specimens (NPL)
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Experiment / Simulation Interaction

Flow chart describing the data exchange

UPC
Measuring the residual 

strengths of prefatigued 

specimen

NPL
Investigating fatigue damage 

effects and possible 

mechanisms

Experiment

SEM/EBSD data

Test data

Simulation

IWM
Adjusting the material 

properties to match the 

typical crack trajectories for 

LC & HC

IWM
Validation of simulation 

models 

Proof of weakest link 

assumption simulated cracks

Weibull distribution data

Updated model 

parameters
Fractography 

data

Predictions of residual 

strength for LC & HC

Crack path predictions 
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SimuCRACK V – Timeline
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