








712

H12%

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

1996, 13 (4): 385-397. (ZHANG Suochun. Smoothed
particle hydrodynamics (sph) method (a review)[]].
Chinese Journal of Computational Physics+1996,13
(4) :385-397. (in Chinese))

Mu D R,Qu H G,Zeng Y S,et al. An improved SPH
method for simulating crack propagation and coales-
cence in rocks with pre-existing cracks[]J]. Enginee
ring Fracture Mechanics ,2023,282:109148.

Silling S A, Epton M, Weckner O, et al. Peridynamic
states and constitutive modeling[J]. Journal o f Elas-
ticity ,2007,88(2) :151-184.

Silling S A. Reformulation of elasticity theory for dis-
continuities and long-range forces[J 1. Jowrnal of the
Mechanics and Physics of Solids, 2000, 48 (1)
175-209.

kK Bk B AZEEBHIAFEHENFHR
By A R[] A 5 # &, 2022,52(4):852-873.
(ZHANG Heng,ZHANG Xiong, QIAO Pizhong. Ad-
vances of peridynamics in fracture mechanics[J]. Ad-
vances in Mechanics » 2022,52(4) ; 852-873. (in Chi-
nese))

Li X L, Hao Z M. On deformation and fracture of
PBX simulant employing modified three-body poten-
tial peridynamics model with deformation-based fai-
lure criterial J]. Applied Mathematical Modelling ,
2023,115:100-126.

Chen Y J, Yang Y, Liu Y J. Fatigue crack growth
analysis of hydrogel by using peridynamics[ J]. Inter-
national Jowrnal of Fracture ,2023,244(1):113-123.
Han F,Li Z B. A peridynamics-based finite element
method (PeriFEM) for quasi-static fracture analysis
LJ]. Acta Mechanica Solida Sinica 2022 ,35(3) :446-
460.

Li Z B, Han F . The peridynamics-based finite ele-
ment method (PeriFEM) with adaptive continuous/
discrete element implementation for fracture simula-
tion[ J 1. Engineering Analysis with Boundary Ele-
ments 2023 ,146:56-65.

Tamur C,Li S F. A bond-based peridynamics mode-
ling of polymeric material fracture under finite de-
formation [ J ]. Computer Methods in Applied Me-
chanics and Engineering ,2023,414:116132.

Zhou S W, Zhuang X Y,Zhu H H,et al. Phase field
modelling of crack propagation,branching and coales-
cence in rocks[J]. Theoretical and Applied Fracture
Mechanics ,2018,96:174-192.

Zheng H.Yang Y T,Shi G H. Reformulation of dy-
namic crack propagation using the numerical manifold
method [ J ]. Engineering Analysis with Boundary
Elements ,2019,105:279-295.

Kou M M, Lian Y J,Wang Y T. Numerical investiga-

[65]

[66]

[67]

[68]

[69]

(70]

[71]

72]

(73]

[74]

[75]

[76]

tions on crack propagation and crack branching in
brittle solids under dynamic loading using bond-parti-
cle model [ J]. Engineering Fracture Mechanics ,
2019,212:41-56.
Hussein A, Aldakheel F, Hudobivnik B,et al. A com-
putational framework for brittle crack-propagation
based on efficient virtual element method[J]. Finite
Elements in Analysis and Design ,2019,159:15-32.
Xiao G Z,Wen L F,Tian R, et al. Improved XFEM
(IXFEM) : 3D dynamic crack propagation under im-
pact loading[ J]. Computer Methods in Applied Me-
chanics and Engineering »2023,405 115844,
Gairola S,Jayaganthan R. XFEM simulation of tensile
and fracture behavior of ultrafine-grained Al6061 al-
loy[J]. Metals,2021,11(11):1761.
Mukhtar F, Qayyum F. Elahi H, et al. Studying the
effect of thermal fatigue on multiple cracks propaga-
ting in an SS316L thin flange on a shaft specimen
using a multi-physics numerical simulation model[ J].
Strojniski Vestnik-Journal of Mechanical Enginee-
ring »2019(10) :565-573.
Das S, Hoffarth C,REN B,et al. Simulating the frac-
ture of notched mortar beams through extended fi-
nite-element method and peridynamics [ ] ]. Journal
of Engineering Mechanics +2019,145(7) :04019049.
Wu ] Y.Huang Y L. Comprehensive implementations
of phase-field damage models in Abaqus[]J]. Theoretical
and Applied Fracture Mechanics 2020,106 : 102440,
Navidtehrani Y, Betegon C, Martinez-Paneda E. A
unified Abaqus implementation of the phase field
fracture method using only a user material subroutine
LJ]. Materials,2021,14(8) :1913.
Bie Y H,Liu Z M, Yang H,et al. Abaqus implemen-
tation of dual peridynamics for brittle fracture[]].
Com puter Methods in Applied Mechanics and Engi-
neering »2020,372:113398.
Cruz F,Roehl D,do Amaral Vargas E. An XFEM im-
plementation in Abaqus to model intersections be-
tween fractures in porous rocks[J]. Computers and
Geotechnics s2019,112:135-146.
Bashiri A H. 2D and 3D numerical simulation of fa-
tigue crack growth path and life predictions of a line-
ar elastic[ J]. Materials Science Poland ,2021,39(2) .
285-297.
Alshoaibi A M, Ali Fageehi Y. 3D modelling of fa-
tigue crack growth and life predictions using ANSYS
[J1. Ain Shams Engineering Journal, 2022, 13
(4):101636.
Zhang Y N, Madenci E. A coupled peridynamic and
finite element approach in ANSYS framework for fa-

tigue life prediction based on the kinetic theory of



H

wl

# ERTF % BMBG 5 R A F 257 CAE &t X R ILK

713

[77]

(78]

(79

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

fracturelJ]. Journal of Peridynamics and Nonlocal
Modeling ,2022,4(1) :51-87.

Zhang Y N,Madenci E,Zhang Q. ANSYS implemen-
tation of a coupled 3D peridynamic and finite element
analysis for crack propagation under quasi-static loa-
ding[J]. Engineering Fracture Mechanics +2022 260 ;
108179.

Jeong H, Jeon B, Choi S, et al. Fracturing behavior
around a blasthole in a brittle material under blasting
loading[ J]. International Journal of Impact Engi-
neering »2020,140:103562.

Tabiei A,Zhang W. A zero thickness Cohesive Ele-
ment Approach for dynamic crack propagation using
LS-DYNA[AT. 15" International Ls-dyna Conference
[C]. 2018.

Tabiei A, Zhang W. Evaluation of various numerical
methods in LS-DYNA for 3d crack propagation[ A]J.
Proceedings of the 14" International LS-DYNA Us-
ers Conference[ C]. 2016.

Su H M, Zhu Z W, Wang L. Experimental and nu-
merical analysis of dynamic splitting mechanical
properties and crack propagation for {rozen sandstone
[J1. International Journal of Rock Mechanics and
Mining Sciences ,2023,163:105325.

Zanichelli A,Colpo A,Friedrich L,et al. A novel im-
plementation of the LDEM in the ansys LS-DYNA fi-
nite element code[ ] ]. Materials,2021,14(24) :7792.
Xue L, Wierzbicki T. Verification of a new fracture
criterion using LS-DYNA[C]. 9" International LS-
DYNA Users Conference[ C]J. 2013.

Pan C,Li X,Li J C,et al. Numerical investigation of
blast-induced fractures in granite:Insights from a hy-
brid LS-DYNA and UDEC grain-based discrete ele-
ment method[ ] ]. Geomechanics and Geophysics for
Geo-Energy and Geo-Resources ,2021,7(2) :49.

Zhou S W, Rabczuk T, Zhuang X Y. Phase field mo-
deling of quasi-static and dynamic crack propagation:
COMSOL implementation and case studies[]J]. Ad-
vances in Engineering So ftware ,2018,122:31-49.
Araque O, Arzola N, Varon O. Computational mode-
ling of fatigue crack propagation in butt welded joints
subjected to axial load [J]. PLoS One, 2019, 14
(6):0218973.

Ik IR B INGR L B S E 57 BT LR
B B[], #E ¥R, 2021,42(5): 524791, (SUN
Xiasheng, SU Shaopu, SUN Hanbin, et al. Current
status and prospect of overseas research on aeronauti-
cal fatigue[ J]. Acta Aeronautica et Astronautica Sin-

ica »2021,42(5):524791. (in Chinese))

[88] Ludwig C, Rabold F, Kuna M. PROCRACK-a soft-

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

(98]

ware tool for [inite element simulation of three-di-
mensional fatigue crack growth[ J]. PAMM, 2014, 14
(1):177-178.

Rabold F,Kuna M, Leibelt T. Procrack:A Software
for Simulating Three-dimensional Fatigue Crack
Growth[ M]. Berlin, Heidelberg: Springer Berlin Hei-
delberg,2013.

EWEEE RDEF LM S CAE &
PR IIR 5 AR B[] A2 5. 2022.43(6)
527272. (WANG Binwen, DUAN Shihui, NIE Xiao-
hua,et al. Development situation and f{uture challen-
ges of CAE software used in aeronautical structural
analysis[ J ]. Acta Aeronautica et Astronautica Sini-
ca»2022,43(6) :527272. (in Chinese))

AV, S A &L ] AR T A F IR, 2022, 58
(21):225-242. (GUO Dongming. High performance
manufacturing[ J |. Jowrnal of Mechanical Enginee-
ring »2022,58(21) :225-242. (in Chinese))

AiD H.Zhao Y C,Wang Q F,et al. Experimental and
numerical investigation of crack propagation and dy-
namic properties of rock in SHPB indirect tension
test[ J]. International Journal of Impact Enginee
ring »2019,126:135-146.

Nguyen-Le D H.Tao Q B.Nguyen V H.,et al. A da-
ta-driven approach based on long short-term memory
and hidden Markov model for crack propagation pre-
diction[ J ]. Engineering Fracture Mechanics, 2020,
235.107085.

Bayar G, Bilir T. A novel study for the estimation of
crack propagation in concrete using machine learning
algorithms[ J . Construction and Building Materials ,
2019,215:670-685.

Cha Y J., Choi W, Biiytikéztiirk O. Deep learning-
based crack damage detection using convolutional
neural networks[J]. Computer-Aided Civil and In-
frastructure Engineering .2017,32(5) :361-378.
Wang ] X,Zheng Y J,Luo R,et al. Prediction method
of three-dimensional crack propagation path based on
deep learning application[J]. Advanced Engineering
Materials ,2021,23(4) :2001043.

Wang Y N,Oyen D,Guo W H,et al. StressNet-Deep
learning to predict stress with fracture propagation in
brittle materials [J]. NPJ Materials Degradation ,
2021,5:6.

F .G ATHELENNLZM S, RS
R b BRI # S AUA 5 ,2022,49(4) :254-262. (LI
Ye, CHEN Songcan. Physics-informed neural net-
works: Recent advances and prospects[ J]. Com puter

Science ,2022,49(4) :254-262. (in Chinese))
(%5 736 T1)



736 i E o % ¥ # £42%

Physics-informed neural networks algorithm for sloving
multi-point friction-induced stick-slip vibration problems

ZHANG Feifan', LI Zilin*?*, BAI Jinshuai®, WANG Wei’, WEI Hongtao®, WEI Ronghan'*’
(1. School of Cyber Science and Engineering, Zhengzhou University, Zhengzhou 450002, China;
2. School of Mechanics and Safety Engineering,Zhengzhou University,Zhengzhou 450001, China;
3. School of Aerospace Engineering, T'singhua University, Beijing 100084 , China)

Abstract: Addressing the challenge of accurately solving unstable stick-slip vibration problems in non-
smooth dynamics, this paper proposes a solution algorithm based on Physics-informed Neural Networks
(PINN). Firstly, the classical stick-slip vibration problem is dynamically modeled using the linear
complementarity theory under unilateral constraints. Then, the linear complementarity relationship is
designed as a loss function to guide the training of the neural network, constructing a PINN algorithm for
solving multi-point friction-induced stick-slip vibration problems. The accurate simulation of complex
responses of multiple sliders’ stick-slip vibrations in frictional systems is conducted. By comparing the
numerical results with the Switching Model method that includes event detection and the traditional
Time-Stepping method without event detection, the accuracy of the PINN algorithm is verified. The
proposed PINN algorithm transforms the traditional optimization problem calculation into network
training of the machine learning algorithm, making it suitable for stick-slip vibration analysis with
multiple contact points. This method achieves accurate nonsmooth state transitions and provides a
convenient and easy-to-use new approach for the accurate simulation of complex nonlinear vibration

responses in multi-degree-of-freedom frictional systems.

Key words: physical-informed neural networks;friction-induced vibration; nonsmooth dynamics;stick-slip

vibration;linear complementarity problem
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Development status of CAE software for structural damage and fracture analysis

REN Tianyu's, HAN Fei', ZHANG Ling"?, SUN Yunhou’, MEI Yong®, ZHANG Ao’
(1. State Key Laboratory of Structural Analysis,Optimization and CAE Software for Industrial Equipment,
Department of Engineering Mechanics, Dalian University of Technology,Dalian 116024 ,China;

2. School of Engineering, Hangzhou Normal University, Hangzhou 311121, China;

3. Defense Engineering Institute, AMS, Beijing 100850, China)

Abstract: Damage and fracture are the main causes of structural failure, which have a significant impact
on engineering safety. Crack propagation problem is also a fundamental scientific challenge that needs to
be solved urgently. In this paper,the relevant theoretical basis for simulating damage and fracture, such
as a fracture mechanics model, damage evolution model and numerical calculation methods, such as the
finite element method.boundary element method and peridynamics theory,are introduced in the form of
literature review. This paper also reviews the commonly used CAE software for structural damage and
fracture analysis, including general-purpose finite element programs such as the damage and fracture
analysis module that comes with ABAQUS, as well as specialized fracture analysis software, damage
tolerance tools, fatigue life analysis tools, etc. The development status of some autonomous CAE
software is also discussed. Finally, this paper analyzes some challenges faced by CAE software for
damage and fracture simulation,and looks forward to the future development direction of domestic CAE

software.

Key words: structure damage; fracture analysis; CAE software; crack propagation; finite element

method; peridynamics



