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Numerical Modeling Of Fretting Fatigue In Heterogeneity Material

Keywords: fretting fatigue, heterogeneity, critical plane method, finite element method

Promoter: Prof. Magd Abdel Wahab

Student:  Can Wang
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Numerical Simulation of Fretting Fatigue Behaviours of Titanium Alloy Treated by Ultrasonic
Surface Rolling Process

Keywords: fretting fatigue, ultrasonic surface rolling, compressive residual stress, finite
element Method

Promoter: Prof. Magd Abdel Wahab
Student: Kaifa Fan

Air Pressure

Objectives: USRP can introduce compressive residual

stress (CRS), surface hardening, grain refinement to the surface

of titanium alloy, which are beneficial to improve the

fretting fatigue (FF) resistance. v

e

Ultrasonic
Generator

WC ball

Methods: Finite element methods are effective in predicting Sample
the FF life combined with critical plane model (CP) or
continuum damage model (CDM).

e Task: Investigate the effect of USRP on FF behaviors and predict

il ) . . -

—_— the FF life under various working conditions. Ug
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Numerical Modeling of Fretting Fatigue Behavior at Elevated Temperatures

Keywords: fretting fatigue, elevated temperatures, crack nucleation, critical plane

Promoter: Prof. Magd Abdel Wahab
Student: Bilal Ahmed
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Finite Element Analysis Of Fretting Fatigue In Dovetail Joints

Keywords: fretting fatigue; dovetail joints; critical plane method; crack initiation
Promoter: Prof. Magd Abdel Wahab
Student:  Qigi Xiao
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Effect Of Shot-peening On Fretting Fatigue Behavior

Keywords: fretting fatigue, crack initiation, crack propagation, shot-peening
Promotors: Prof Magd Abdel Wahab
Student: Can Wang

o RE
= WFF

Predicted total life (cycle)
o

Residual stress distribution

Experimental life (cycle)

Initiation behavior

. |
10° 10' 10° 10°

A 75 simuLIA
Y ITABAQUS

+
fortran
DKl

v

SR
CP +TCD [0 Initiation life V; }
—

A

= 7
LEFM: E - MTS
A [. Propagation life N, ]
—

@ Crack path

® Crack orientation 6;

v

\ Paris’ law )
I I I I I I I Residual stress in model

GHENT
UNIVERSITY

SOETE
LABORATORY

7



h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Investigate the fretting fatigue behavior combing with numerical modeling and deep
learning

Keywords: fretting fatigue, deep learning, finite element model

Promoter: Prof. Magd Abdel Wahab

Post-doc: Sutao Han
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Fretting Fatigue Crack Propagation Analysis Under Non-Proportional Loading

Keywords: fretting fatigue, crack propagation, Linear elastic fracture mechanics, MTS

Promoter: Prof. Magd Abdel Wahab
Student: Can Wang
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Finite Element Study Of Fretting Wear Of Steel Wires

Keywords: fretting wear, wires, FEM
Promoter: Prof. Magd Abdel Wahab

Student: Muhammad Imran
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Finite Element Study Of Fretting Wear Properties Between UNSM-treated And As-printed
Alloy 718

Keywords: UNSM process, FEM, fretting wear

Promoter: Prof. Magd Abdel Wahab
Student: Chao Li
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Finite Element Analysis Of The Influence Of Residual Stress Distribution On Fretting Wear

Keywords: fretting wear, finite element method (FEM), residual stress
Promotors: Professor Magd Abdel Wahab
Student: Chao Li
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Effect Of Corrosion And Fretting On Wear Morphology And Mechanical Behavior Of Wire

Keywords:

corrosion, fretting wear, wire

Promotors: Prof. Magd Abdel Wahab

Student: Gaofang Wang

Indicate tasks

® The influence of corrosion time
(T) and the number of fretting
cycles on steel wire wear was
studied.

® The tribological properties of
steel wire surface under different
corrosion T values  were
evaluated by comparing the
fretting wear simulation results
and test results

® The surface mechanical
properties of wire after fretting
wear damage were analyzed.
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Indicate objectives

FIG. 1 Schematic diagram of
cross-reciprocating fretting wear
of steel wire (a) test diagram;
(b)) Simulation 3D modeling
diagram

Indicate method

..

FIG. 3 Wear characteristics (a) and wear volume (b) extraction path

—

()

FIG. 2 Modeling diagram of steel wire surface under
different corrosion time: (‘a) Corrosion time Oh;
('b) Corrosion time 120h; (¢ ) Corrosion time 480h

EEEE

B4sid

(b)T120
FIG. 4 Surface wear profile curve of steel wire under different corrosion time:
(a) corrosion time is 0; (b) Corrosion time is 120h; (c) Corrosion time is @Oh
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Experimental investigation and constitutive material modelling of low cycle fatigue of
EUROFER97 for fusion applications

Keywords: asymmetric cyclic loading, fusion materials, Chaboche viscoplasticity model,
strain memory effect

Promoter: Prof. Magd Abdel Wahab
Student: Hussein Zahran

e

Tasks

Method Conduct LCF experiments on EUROFER97-3 at RT and 350 °C
Chaboche viscoplasticity model with strain memory i Modify Chaboche viscoplasticity model to account for different strain
effect ranges

Verify model with experimental results
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Model the behaviour of EUROFER97-3 under
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Prediction of low cycle fatigue life for neutron-irradiated and nonirradiated RAFM steels
using their tensile properties

Keywords: EUROFER97, F82H, JLF-1, ARAA, In-RAFM, CLAM, Universal slope equation, ANOVA

Promoter: Prof. Magd Abdel Wahab
Student: Hussein Zahran

Objective Method Tasks
propose a prediction of fatigue life of (alculating Manson-Coffin-Basquin equation . Gather LCF database from literature
irradiated RAFM steels including EUROFER97 parameters using tensile data . Find the best method to calculate the equation parameters
at irradiation conditions for which the LCF Apply scaling factors to account for the effect of specimen size and test
tests have not been done yet medium
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FACULTY OF ENGINEERING
AND ARCHITECTURE

.|Ih

Simulation Of Mechanical Behavior Of Nuclear Materials In Irradiated Environment

Keywords:

Promoter:

Student:

Prof. Magd Abdel Wahab

Jianxin Liu

viscoplasticity, crystal plasticity, irradiation, nuclear materials, low cycle fatigue
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Non-linear Kinematic Hardening Equation

£ =g el
e
. #=a 3|
&'=D":o 3
o [y L I R [ ETET
2" s

wp)=1+A1-e™)y  w(p)=rlp+1-ge]

. <£ y

p= Z Isotropic Hardening Equation
3

£ =5 6-P):(s-B) k-0,

R=b(Q(1)-R)p
o(r)= A1+ B(1-7) ]

Resolved shear stress

i_r-“i= (m*“@s%):0

Taylor cumulative shear strain

il e
{ :=ZJ [y<lde
mm L,

Canchy stress_Back stress
o ya)” 1% _5 Initial hardening modulus
I PR L
11.CPFEM Average grain size ¥E=vd 7" sgn( 7 ) e
Generate two-dimensional grain Generate random orientations Slip resistance

[

map using matlab program

J |

using matlab program

] Reference strain rate

Strain hardening (neglect the Bauschinger effect )

#=-=-7—= Slip hardening moduli

l/ Dozens of material parameters

Z _‘:_fl‘.':b" d

Initial hardening modulus

[

Run the script program in abaqus to
model the generated file information

-~
%4

a=f

Constitutive equations

J hoa = h(y) = hysech? ——
S 0
heg=ah(p)a=p ) 7}

Saturation stress  Yield stress.

1l Irradiation hardening merl

Mechanical Property
Testing i

Fracture Mechanics

Continuum Mechanics

Dislocation Dynamics

Rate/Field Theory

Time scale

ns-ps  ps-s  s-year decades

Monte Carlo Methods

Molecular Dynamics .
= Void

— Formulations of Irradiation-Dependent
Hardening Kinetics:

— Irradiation Hardening Factor.

— Irradiation-Dependent Plasticity.

— Damage Kinetics of Irradiated Polycrystalline
Materials: Embrittlement:

First-Principles
Calculations

= Void growth

ps-ns

GHENT
UNIVERSITY

atomic-nm nm-pm Hm-mm
Space scale

mm-m

ion — Irradiation depend

~ Thenucleated and grown voids coalesce further
— Thetotal damage

—— CP simulation
j—— VP simulation
——— ANN

O Experimental data from literature

The rate of decline

Material parameters:

]'/5', n, hy, 75, 70,6, C, D,
C11,C12,Cay

Elastic moduli of cubic crystals|

Stress (MPa)

400

[

=3

=l
T

0F

=200

400}

-600

0.000 0.004 0.008

Strain

-0.008  -0.004

SOETE
LABORATORY

16



hFACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Microstructural Fatigue Crack Propagation Analysis

Keywords: crystal plasticity, crack propagation, extended finite element, MTS

Promoter: Prof. Magd Abdel Wahaby Prof. Xiaowei Wang/ Prof. Jianming Gong

Student:  Dewen Zhou
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Finite element ANALYSIS OF functionally graded adhesive joint

Keywords:  adhesive bonding, single lap joint, FEM, functionally graded adhesive
joints
Promotors: Prof Magd Abdel Wahab
Student:  Yanan Zhang
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Degradation And Failure Analysis Of Bolted Joints

Keywords: tightening process; Initial loss; Force-displacement curve; Evolution of dynamic

performance
Promoter: Prof. Magd Abdel Wahab
Student: Mingpo Zheng

Evaluation on friction coefficient of threaded fastener
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Development Of The Simulation Platform For WAAM Processing

Keywords: simulation, WAAM, FEM

Promoter. Prof. Magd Abdel Wahab
Post-doc: Yong Ling

@Ctive: vTo rch | \

* Build the platform is for WAAM parameters inputs. New layer g

\ Molten pool

« Connect Abaqus, Matlab, Python and Fortran ”°"°'_’I'j: W =

subroutines

Substr/ate

Method: T-M-M FEA by Abaqus, Matlab and subroutines.
Tasks:
* develop the platform by using .NET.

* simulate WAAM process for the experiment part
é * validate the thermo- mechanical modelling.
I
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Experimental And Finite Element Analyses Of Backward Flow Forming Process Of AlSI 5140 Steel

Keywords: flowforming, metal forming, FEA
Promotor. Prof. Magd Abdel Wahab
Student:  Acar Can. Kocabicak
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h FACULTY OF ENGINEERING
Al | AND ARCHITECTURE

Predict the fatigue life of irradiated RAFM steels as candidates for structural materials in
fusion reactors

Keywords: fatigue, FEM, nuclear materials

Promoter: Prof. Magd Abdel Wahab
Student:  Hussein Zahran

Yield strength

Specimen

diameter
Test temperature Fatigue life
Irradiation dose

Test medium
Strain range

Different ML models to predict [ e M R
fatigue life of RAFM steels |
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Numerical and Deep Neural Network Method for Flowforming Process

Keywords: flowforming, metal forming, deep neural network

Promotor: Prof. Magd Abdel Wahab
Student: Acar Can. Kocabicak

Objective

Finite element analysis (FEA) and
deep neural network (DNN) model to

simulate flowforming with defining
input parameters

v'Creating 3D Flowforming FE model

e
HHH

GHENT
UNIVERSITY

Method

FORGE NxT Finite Element Software
JMAT Pro software

DNN Model with Python coding

v'DNN Model

Input Hidden  Hidden Hidden  Output
layer layer 1 layer 2 layer 3 layer

Mandrel
(rpm) (n)

Wall thickness
(mm)

Mean inside
diameter (mm)

Loss function

Task

Validating the FEA and DNN results with
experimental results

v'Validation with experimental trials

Roller
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h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Numerical Simulation And Neural Network To Predict Cylindrical Cup Thickness In Deep
Drawing Process

Keywords: deep drawing, finite element method, thinning
Promotors: Prof. Magd Abdel Wahab
Student: Yingjian Guo

Obijectives: This study aims to investigate the i -
thickness distribution of cylindrical cups during the - v ][]

. 1 Punch Eluk T
deep drawing process. ; b
\ ™\
. N NN e
Methods: Finite element method and neural ™
network are used to obtain the thickness distribution. Deep drawing process Geometry of deep drawing FE

assembly model
Tasks: Validate the accuracy of prediction methods,

and explore the effects of punch radius, temperature
and blank holder force on thickness.

Thickness measurement Construction of the artificial Thickness
" locations for simulation results neural network comparison

" S
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lh FACULTY OF ENGINEERING
|

AND ARCHITECTURE

A Sinh Cosh Optimizer

Keywords: Meta-heuristic, Sinh Cosh Optimizer (SCHO), Engineering design problems

Promoter: Prof. Magd Abdel Wahab
Student: Jianfu Bai
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lh FACULTY OF ENGINEERING
1

AND ARCHITECTURE

A Gradient Spiral Mathematical Optimization Algorithm (GSMOA)

Keywords:

Promoter:
Student:

meta-heuristic; exploration; exploitation; spiral and gradient search; mathematics-
based optimizer, structural design; speed reducer

Prof. Magd Abdel Wahab
Usama Hamid

Metaheuristic

> Genetic algorithm
> Differential evolution
> Evolution strategy

Evolutionary

> Muktiverse optimizer
> Equilibrium optimizer
> Big Bang-Big Crunch

> Particle swarm optimization
> Bee colony optimization
> Grey wolf optimization

> Teacher learning based optimization
> Political optimizer
> Social group optimization

> Arithmetic optimization algorithm

> Sine cosine algorithm
» Tangent search optimization

Mathematical model of GSMOA

xt+1 X{ X MOP x (2 x €°5"s) x (UB — LB) X p + LB, r,>0.5
{ X!+ MOP X (2% e ") x (UB— LB) X u+ LB, otherwise
X1 = X!+ W xcosO x| X1 —xt |, r,> 0.5
X — W xsino x | X1 — x4, otherwise
X+ = X! —MOP x (UB — LB) x n+ LB, r3 > 0.5
{ X! + MOP x (UB — LB) x pi + LB, otherwise
xet = JXE AW x grad(D) x| X{"! - X |, ry> 0.5
Xt — W x grad(F) < | Xi*1 — xt |, otherwise
A:ux(lx Cim)+7' xef(f'ifimr;)
B Mg 8

Categories of meta-heuristic algorithms
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Flow chart of GSMOA
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Comparison of sum of ranks
for various Algorithms

mSCA mAOA ®=PSO »GSA ®"MVO =GSMOA

5

SOETE
LABORATORY

26




h FACULTY OF ENGINEERING
Al 1 AND ARCHITECTURE

Damage Assessment in Laminated Composite Plates using Model Strain Energy and YUKI-
ANN algorithm

Keywords: artificial neural network, modal strain energy, yuki algorithm, damage in
laminated composite plates

Promoter: Prof. Magd Abdel Wahab
Student: Irfan Shirazi

Composite plates are now widely used in aerospace, naval and military applications Dar'n'age'
Structural health monitoring of these structures is crucial to detect presence and location of damage Quantification
and compute damage severity

Damage Locatio

miscellaneous

53%

Composite

(d) ©)
Regression fits for YUKI algorithm for (a) Scenario 1, (b) Scenario 2, (c) Scenario 3,
(d) Scenario 4 and (e) Scenario 5

Damage indices for different optimization
Source: Bachmann et al. Science China

Technological Sciences. 60, 2017

techniques compared with YUKI algorithm

— —
“ rediction Error
II""I "::‘ = S == S % Ecror BYUKI @PSO BAOA BBCMO
—_— == == "
=< | S

GHENT a :
UNIVERSITY Identification of damage location for ..lH il _|_H _IIH || | ABORATORY

different damage scenarios using FEM- DT boeteme 27
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A Surrogate-assisted Stochastic Optimization Inversion Algorithm For Parameter
|dentification Of Dams

Keywords: Concrete dams, Surrogate model, Stochastic optimization algorithm, Model update

Promoter: Prof. Magd Abdel Wahab
Student:  Yifei. Li

raditional method: Surrogate modelling vs.
call the model at least machine learning [1]
hundreds of times
Features Supervised learning Surrogate modelling
Computational model M
X v
Probabilistic model of the input X ~ fx
X v
Training data: X = {(z;.y:),i=1, ... ,n}
v v
Training data set
(big data) (small data
Prediction goal: foranew z ¢ X, y(z) ? iy.l\'(z‘.z)+b Zy" Yalz)
Validation (resp. cross-validation) - :
v v
H ig h - p rec i Si on Validation set Leave-one-out CV

Ef\il (M () — Mmetai (m(,-)))z
it (M(2) - fiv)”

Errpoo =

Optimization algotithom

_ O

FE models Stress field
I

xtremely hi
computational cost
Model update .
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Applications Of Novel Bio-inspired Metaheuristic Algorithms On Damage Assessment Of A

Truss Bridge

Keywords: structural health monitoring, optimization, damage assessment

Promoter: Prof. Magd Abdel Wahab

Student:

Nguyen Ngoc Lan

Slime Mold
Algorithm

.\"
w’
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Hummingbird
Algorithm
>%
P o
33 f/ E%mwm
-

Mode 5~ 5.47 Hz

Damage level
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A
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Application of novel Bio-
inspired metaheuristic
algorithms

Vibration Measurement +
Model updating of Chuong
Duong truss bridge

Single and multiple damage
scenarios to validate
damage detection method

Optimal damage detection
capability of proposed
methods are proven versus
traditional optimization
algorithms
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Damage Detection Of Bridges Using Neural Networks And Optimization Algorithm

Keywords: damage detection, machine learning, optimization algorithm
Promotors: Prof. Magd Abdel Wahab
Student:  Nguyen Ngoc Lan

Objectives Methodology Tasks-results

» Design bridge structure

Update weights
and bias with
EVARO using
Eq.(1).4).8).11)

using Finite Element
» Design Enhanced neural

networks using :
optimization algorithms
b

» Detect location & severity (e

Initiali

cights
of structural damages of s

bridge using proposed
method

Damage percentage (%)
- N v s oa @ N

GFNT SOETE
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Optimization Of Auxetic Honeycomb Cell Parameters In Sandwich Nanoplates For High
Energy Absorption

Keywords: auxetic honeycomb cell, sandwich nanoplates, negative poisson’s ratio, energy
absorption, optimization

Promoter: Prof. Magd Abdel Wahab
Student:  Usama Hamid

Elastic Properties of Honeycomb core layer v ahearntinn anale;
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Numerical Analysis Of Korteweg-de Vries (Kdv) Equations

Keywords: radial basis collocation method, kdv equations, high accuracy, super-convergence

Promoter: Prof. Magd Abdel Wahab
Student:  Zhiyuan Xue

______________________________________________________________________________________________________________________________________

Radial basis function approximations and its derivatives Discrete format K} = 25 E®(p)a, +Z§E @, (p)a,.
Ns
n = 3 h . = . N;
’ Vi(X)i'Z:}gl (X u " (X) Zlglvu (X)dl Knan+1 FFH-]. +Z§iE3®,xxx pi an+ +Z§E¢’ ‘)a +Z§iE5(D,xzz(ﬁi)an+
MQ-RBF (£=1,¢=0.9) MQ-RBF (£=1,¢=0.9) i=1 i=1

[ =
gX X))
e o
- ._
T =
B b
: s N2
] o
b}
‘X

U +alu, +KU i, + P, in O

"

GHENT
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A'u(xy,z,t)=7(xy,z,t) on T
‘u(x,y,z,t)=g(x,y,z,t) onll

l
Generalized third order nonlinear KdV :
u(x,y,z,t) =ty (x,y,2,t), t=0inQ !
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