Quantification in Integrated Computational
Materials Engineering (ICME)

Dr. Wel Chen

Editor, Journal of Mechanical Design
Wilson-Cook Professor in Engineering Design

Northwestern University @Efﬁf

Integrated DEsign Automation Laboratory (IDEAL) . 1ntﬂg:;?ted£hEsia:tn
MIOTnAT1on OYAtoryy

Student Collaborators: Ramin Bostanabad, Tianyu Huang, Anton ven Beek, Weizhao
Zhang, Biao Liang, Jiaying Gao
Faculty Collaborators: Jian Cao, Wing Kam Liu
Industry Collaborators (Ford): Danielle Zeng, Xuming Su, Hongyi Xu

Copyright © Integrated DEsign Automation Laboratory at
Northwestern University. All Rights Reserved.



ICME: Integrated Computational Materials

Engineering

ICME Focus: Integrating data science, materials modeling, and manufacturing to design and deploy
advanced materials systems
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Microstructure Variations in Multiscale Carbon

Fiber Reinforced Composites (CFRPs
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Jncertainty Quantitication in

Light-Weight Composites
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Outline of Research Topics

1. Statistical Microstructure
Characterization & Reconstruction

H. Xu, et al. IMD 135 (2013) 101010.
M.S. Green, et al. CMAME 254 (2013): 271-291.
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3. Bayesian Validation and Calibration

of Multiscale Simulators
Zhang, et al., Composite Technology, 2018
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2. Uncertainty Quantification and
Propagation in Multiscale Materials

Bostanabad, R., et. al. (2018) CMAME,

338, 506-532.
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Microstructure Characterization and

Reconstruction (MCR

Objective: Stochastically characterize and
subsequently reconstruct the microstructure to enable
automation of material design

Physical Descriptors

 Characterization via important structural

parameters
 Reconstruction via hierarchical optimization

Aim to Match

Xu, H. et. al. (2014) J Mech Design, 136, 051007.

Statistical Functions

« Spatial correlations characterized in a
probabilistic sense:
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Torquato. S., et al. J Chen Phys 77 (1982) 2071-2077.
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Model based MCR for Complex Morphology and

Dimension Reduction

Supervised Learning
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Spectral Density Function

Describes the structural spatial correlations in the frequency domain and enables
physics-aware dimension reduction.
Fourier spectrum
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Spatial frequency (10-3nm-1)

Yu, S., et.al. (2017) Scientific reports, 7, 3752.
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Integrating UQ & UP With ICME of Woven

»—I Bottom-up Modeling & Experimental Validation I—»
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: Microstructure-Mediated Analysis & Design :

Challenges:

« Computational expenses
 Existence of high dimensional, spatially correlated, multiscale coupled
uncertainty sources with different characteristics.
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