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Robust finite element models are utilised for their ability to predict simple to complex mechanical behaviour under
certain conditions at a very low cost compared to experimental studies, as this reduces the need for physical

prototypes while allowing for the optimisation of components.

crashworthiness composites FEA LS-DYNA

| 1. Introduction

Two classes of finite element methods are available: either the implicit or explicit method . The implicit method is
widely available and used in a broad range of problems, including nonlinear stress analysis and static. The explicit
method is widely used in highly nonlinear stress analysis and dynamics with contact-dominated problems. A car

crash, for instance, or metal stamping simulations are applications well suited for the explicit method.

Due to the high cost of conducting experimental studies, there is a need for reliable computational models capable
of predicting the crushing response of composite structures. There have been various attempts to develop explicit
finite element models (FEMs), with different degrees of precision, for circular tubes REI4IBIE] square tubes HEIEI]
[BIRIL0ILLIIA2][13] angle-stiffeners (8], C-channels [ and hat-stiffeners 4. The classification of structural FEM can be
divided into two groups. The first group is the micro-mechanical one RII8IL7ILSILNEZ0] | this group, the finite
element models try to simulate the composite crushing phenomenon through a detailed modelling of its
micromechanical behaviour. A very fine solid mesh is developed to accurately capture the micro-mechanics matrix
crack propagation phenomenon. The computational effort demanded by this kind of model is very high, which
makes it unpractical for engineering crash analysis. This approach is used mainly to perform simulations
concerning the delamination phenomenon, in which the growth behaviour of a single crack is studied in a very
detailed way . The second group is the macro-mechanical one Bl This type of model provides a macro-
mechanical description of the material collapse. It is much more computationally effective, and consequently, it is a
suitable choice for engineering crash analysis. However, it is not capable of precisely modelling all the main

collapse modes that occur simultaneously during a crush event.

The FE modelling of composite structures can be either shell or solid elements. Solid element models require more
computation time and are less widely used compared with shell elements used in the axial crushing of composite
structures as mentioned above. A single layer L21122]23124] or mytiple layers Bl2Y of shell elements can be used

to model a laminate. In the single-layer model, this can be modelled as a single layer of shell elements, with each
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ply being represented by the thickness integration point, also referred to as the integration point in the thickness
direction. This kind of model is not capable of modelling the interlaminar collapse modes shown by composites
under crushing in an accurate way. However, it is useful if a detailed representation of the failure physics is not
required and only load and energy level predictions are required. The main advantages are its simplicity and
computational effectiveness, so for that point, they are highly suitable for practical engineering crash analysis. On
the other hand, they have a notably lower level of robustness due to the large amount of parameter calibration

required to obtain acceptable global results for a given test configuration [,

| 2. LS-DYNA Software

A commonly used piece of software for crashworthiness application by industry and academics is LS-DYNA, which

was developed by LSTC and is suited for highly nonlinear transient dynamic finite element analysis.

LS-DYNA, within the past decade, has added many new features such as new material types, contact algorithms,
element formulation, etc. LSTC has gradually expanded to develop a universal tool for most implicit and most
vastly used explicit coding for aerospace, automotive, military and construction. LS-DYNA has its own pre-

processor called LS-PrePost.

| 3. Simulation Setup

For the simulations, an Explicit FE LS-DYNA code is used with a multi-layered shell configuration to reduce
numerical costs. Composite tubes were modelled as multi-layers of Belytschko—Tsay circular shell elements with
one integration point in the element plane to represent the direction of the stacking sequence. In double-shell
configuration, the GFRP innermost shell has six integration points, with another six integration points being
assigned to the outermost shell to represent all twelve UD layers. In a GFRP tube, each individual layer has a
thickness of 0.25 mm. The total thickness of both shells is 3 mm. Each fibre orientation is assigned with insertion of
an integration point with respect to the stacking sequence used with its associated thickness. The material

properties are obtained from [28127](28]

| 4. Finite Element Modelling
4.1. Delamination Interface

Many researchers have used friction to simulate delamination, e.g., [281223(271[28] Friction influences the energy
absorption capability; however, using friction influences the SEA value, increases friction between the shells, and
causes a higher SEA value, and this compared with experimental data cannot be considered as a correct FEM.
Due to this, a different approach was considered. Tiebreak option 8 was utilised instead of friction to model
delamination as this contact card can define the Mode-l and Mode-ll energy release rate, which simulates

delamination.
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The tiebreak contact definition implemented in LS-DYNA allows for the simulation of delamination at the interface
between adjacent shell element layers. Tiebreak Option 8 formulations were investigated for this study, namely,
tiebreaks with a bilinear traction-separation law. This requires interlaminar normal and shear strengths and a critical
distance to interface failure as input parameters to model delamination in crush simulations 19, However, the
optimal critical failure distance parameter selection has not been thoroughly studied in the open literature. The
formulation of required input parameters, such as interlaminar normal and shear strengths, fracture toughness
under pure Mode-l and Mode-Il loading, and interfacial stiffness for normal and shear modes. To determine the
energy rate of Mode-I and Mode-II, DCB and 3ENF tests were carried out.

4.2. Boundary Conditions and Contact Definitions

The loading striker was modelled as a rigid body. The tubes were placed in the Z-direction upright and the loading
striker at the chamfered end of the tube. The interaction between the loading striker and the tube was modelled
using a node-to-surface contact definition (automatic contact from node to surface). The tiebreak contact definition
between the shell layers not only facilitates the simulation of delamination but also prevents layers from penetrating
each other after the tiebreak has failed, as the contact definition would remain in effect. In summary,
Automatic_Node_To_Surface contact was defined for the striker and inner shell with striker being the master and
inner shell being the slave. The Automatic_Single_Surface contact algorithm was utilised. This prevents
penetration of the crushing tube by its own nodes, which is due to the sticker’s nodes potentially causing
disturbance to the model and the inner shell penetrating its own nodes and elements. All bottommost nodes of all

shell element layers are constrained in their translational degrees of freedom.

| 5. Model Sensitivity to Physical Parameters

A robust finite element model needs to tolerate small variations in modelling parameters and be able to capture the
differences.

5.1. Material Model

The following parameters from Mat_54-55 in LS-DYNA have been studied: stiffness, compressive strength, strain
to failure in compression and strain to failure in tension. The stiffness and strength have an influence on fibre and
matrix arrangements, and the strain to failure is a parameter that influences the experimental energy absorbed per
unit of crushed volume/mass. The developed model will be compared with the experimental data. The SEA value

from the experimental and numerical data should be around the error percentage, which is 5%.

5.2. Friction

The coefficient of friction is one of the physical parameters that influences the progression of the simulation. In the
literature, many values have been stated, varying from 0.1 to 0.3 for static and 0.1 to 0.2 for dynamic. The chosen

values for static friction coefficient is 0.3 and 0.2 for the dynamic friction coefficient BI4IBIEIZIE1IE21[27]128] - Both
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impactor to inner shell and inner shell to outer shell friction coefficients are set to 0.3 and 0.2 for static and
dynamic, respectively. This is based on trial and error and based on previous researchers BIAIBIEI7I31][32][27]28]

This combination enables a sensitive crushing performance.

5.3. Impact Velocity

Understanding how the model is robust with respect to the input kinetic energy would indicate the range of impact
conditions predicted by the model.

Figure 1 shows the extracted results from the simulations. The simulation results illustrate a similar value or up to
0.4% difference in initial peak value, and the specific energy absorption, which indicates the energy absorption per
crushed mass, is within 4% of the reference model. The mean crushing force is slightly affected, although the
highest difference from the reference model is 3.5%.

Impact velocity (Input KE)
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Figure 1. Impact velocity or kinetic energy input sensitivity data [,

| 6. Conclusions

Various shell configurations were studied, and a multi-layer shell element with double-shell configuration produced
accurate enough results with a difference of less than 5% with minimal computational costs compared with other
configurations. This configuration was used to predict energy absorption capability and specific energy abortion,
and other considerations were deformation and damage progression of the composite tubes. Each shell element or
layer can contain either a single ply or multiple plies. The layers were tied using tiebreak option 8 contact
definitions. This contact card has the capability of modelling delamination between the layers through an energy-
based approach. The material card of Mat_54 was used to represent each ply, and a few parameters in the

material cards were studied to find the optimum configurations to match the experimental studies. SOFT and

https://encyclopedia.pub/entry/18572 4/7



Developing a Finite Element Model through LS-DYNA | Encyclopedia.pub

DFAILC (compression failure strain) were the main parameters that affected the energy absorption capability, and
specific energy absorption was influenced by these parameters. The sensitivity of the model was studied against
the material model, delamination model, friction and impact velocity. The results show that the model is sensitive
towards minimal input change. The simulation results showed that the failure peak load, mean crushing force, and
SEA all compared very well with the experimental results.

References

1. Cook, R.D.; Malkus, D.S.; Plesha, M.E. Concepts and Applications of Finite Element Analysis;
Wiley Publishing: Hoboken, NJ, USA, 1989.

2. Bisagni, C.; Pietro, G.P.; Fraschini, L.; Terletti, D. Progressive crushing of fiber-reinforced
composite structural components of a Formula One racing car. Compos. Struct. 2005, 68, 491—
503.

3. Huang, J.; Wang, X. Numerical and experimental investigations on the axial crushing response of
composite tubes. Compos. Struct. 2009, 91, 222-228.

4. Fu, J.; Liu, Q.; Ma, Y.; Zhang, Z.A. A comparative study on energy absorption of flat sides and
corner elements in CFRP square tube under axial compression. Thin-Walled. Struct. 2021, 166,
108080.

5. Palanivelu, S.; Paepegem, W.; Degrieck, J.; Kakogiannis, D.; Ackeren, J.; Hemelrijck, D.
Parametric study of crushing parameters and failure patterns of pultruded composite tubes using
cohesive elements and seam. Part I: Central delamination and triggering modelling. Polym. Test
2010, 29, 729-741.

6. Palanivelu, S.; Paepegem, W.; Degrieck, J.; Kakogiannis, D.; Ackeren, J.; Hemelrijck, D.
Parametric study of crushing parameters and failure patterns of pultruded composite tubes using
cohesive elements and seam. Part Il: Multiple delaminations and initial geometric imperfections.
Polym. Test 2010, 29, 803-814.

7. Bussadori, B.P.; Schuffenhauer, K.; Scattina, A. Modelling of CFRP crushing structures in explicit
crash analysis. Compos. Part B-Eng. 2014, 60, 725-735.

8. Deleo, F.; Wade, B.; Feraboli, P.; Rassaian, M. Crashworthiness of Composite Structures:
Experiment and Simulation. In Proceedings of the 50th AIAA Conference, Palm Springs, CA,
USA, 4 May 2009.

9. Wang, Y.J.; Zhang, Z.J.; Xue, X.W.; Zhou, J.; Song, Z.X. Axial and lateral crushing performance of
plate-lattice filled square sandwich tubes. Compos. Struct. 2021, 274, 114404.

https://encyclopedia.pub/entry/18572 5/7



Developing a Finite Element Model through LS-DYNA | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

McGregor, C.; Vaziri, R.; Xiao, X. Finite element modelling of the progressive crushing of braided
composite tubes under axial impact. Int. J. Impact. Eng. 2010, 37, 662—-672.

McGregor, C.; Zobeiry, N.; Vaziri, R.; Poursartip, A. A constitutive model for progressive
compressive failure of composites. J. Compos. Mater. 2008, 42, 2687—-2716.

Xiao, X. Modeling energy absorption with a damage mechanics based composite material model.
J. Compos. Mater. 2009, 43, 427-444.

Oshkovr, S.A.; Taher, S.T.; Oshkour, A.A.; Ariffin, A.K.; Azhari, C.H. Finite element modeling of
axially crushed silk/epoxy composite square tubes. J. Compos. Struct. 2010, 95, 411-418.

Kim, G.H.; Choi, J.H.; Kweon, J.H. Manufacture and performance evaluation of the composite
hat-stiffened panel. Compos. Struct. 2010, 92, 2276-2286.

Chatiri, M.; Gull, T.; Matzenmiller, A. An assessment of the new LS-DYNA layered solid element:
Basics, patch simulation and its potential for thick composite structures analysis. In Proceedings
of the 7th European LS-DYNA Conference, Salzburg, Austria, 14-15 May 2009.

Wagner, W. FE—Modeling of fiber reinforced polymer structures. In Proceedings of the 5th World
Congress on Computational Mechanics, Vienna, Austria, 7-12 July 2002.

Feraboli, P. Development of a corrugated test specimen for composite material energy absorption.
J. Compos. Mater. 2008, 42, 229-256.

Greco, F.; Luciano, R. A theoretical and numerical stability analysis for composite micro-structures
by using homogenization theory. Compos. Part B Eng. 2011, 42, 382-401.

Sun, H.; Di, S.; Zhang, N.; Pan, N.; Wu, C. Micromechanics of braided composites via
multivariable FEM. Comput. Struct. 2003, 81, 2021-2027.

Tabiei, A.; Aminjikarai, B.S. A strain-rate dependent micro-mechanical model with progressive
post-failure behavior for predicting impact response of unidirectional composite laminates.
Compos. Struct. 2009, 88, 65-82.

Crashworthiness Working Group of the CMH-17. Simulation of the quasi-static crushing of a fabric
composite plate. Abaqus Technol. Brief 2011. Available online:
https://imechanica.org/files/Automotive-SIMULIA-Tech-Brief-11-Simulation-Quasi-static-Crushing-
Full.pdf (accessed on 1 December 2021).

Feindler, N.; Drechsler, K.; Doll, J. Test method to analyse the energy absorption of composite
material using flat coupon testing. In Proceedings of the 5th International Conference on
Composites Testing and Model Identification, Lausanne, Switzerland, 14-16 February 2011.

Borovkov, A.; Palmoy, V.; Banichuk, N.; Saurin, V.; Barthold, F.; Stein, E. Macro-failure criterion for
the theory of laminated composite structures with free edge delaminations. Comput. Struct. 2000,
76, 195-204.

https://encyclopedia.pub/entry/18572 6/7



Developing a Finite Element Model through LS-DYNA | Encyclopedia.pub

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Johnson, A.; Pickett, A. Impact and crash modelling of composite structures: A challenge for
damage mechanics. In Proceedings of the 9th User Conference EURO-PAM, Darmstadt,
Germany, 7-8 October 1999.

Greve, L.; Andrieux, F. Deformation and failure modelling of high strength adhesives for crash
simulation. Int. J. Fract. 2007, 143, 143-160.

Matzenmiller, A.; Lubliner, J.; Taylor, R.L. A constitutive model for anisotropic damage in fiber
composites. Mech. Mater. 1995, 20, 125-152.

Ghasemnejad, H.; Blackman, B.R.K.; Hadavinia, H.; Sudall, B. Experimental studies on fracture
characterisation and energy absorption of GFRP composite box structure. Compos. Struct. 2008,
88, 253-261.

Ghasemnejad, H.; Hadavinia, H. Off-axis crashworthiness characteristic of woven glass/epoxy
composite box structures. J. Reinf. Plast. Comp. 2010, 29, 2306—-2330.

Bala, S.; Day, J. Tie-Break Contacts in Ls-Dyna, Livemore Software Technology Corporation.
2010. Available online:
https://ftp.Istc.com/anonymous/outgoing/support/PRESENTATIONS/Crash_Guidelines.pdf
(accessed on 1 December 2021).

Jayasinghe, P.D.N. New Development on Mode-I Delamination Failure of FRP Composites.
Bachelor’s Thesis, Kingston University, London, UK, 2016.

Siromani, D.; Awerbuch, J.; Tan, T.-M. Finite element modeling of the crushing behavior of thin-
walled CFRP tubes under axial compression. Compos. B Eng. 2014, 64, 50-58.

Reuter, C.; Troster, T. Crashworthiness and numerical simulation of hybrid aluminium-CFRP tubes
under axial impact. Thin-Walled. Struct. 2017, 117, 1-9.

Rabiee, A. Lightweight Design of Multi-Stitched Composite Crash Absorbers to Improve Specific
Energy Absorption Capability under Quasi-Static and Impact Loading. Ph.D. Thesis, Cranfield
University, Cranfield, UK, 2018.

Retrieved from https://encyclopedia.pub/entry/history/show/50515

https://encyclopedia.pub/entry/18572 717



