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Abstract— A finite element numerical investigation was carried 

out to evaluate the reaction and energy absorbing capability of 

composite energy absorber blocks positioned under a the floor of 

helicopter. A finite element explicit dynamic analysis module 

incorporated ANSYS/LS-DYNA computer software put into 

practice to simulate crashworthy behaviour and energy absorp-

tion characteristics of a new economic crushable composite triple 

layer sandwich structure. In a previous paper, the authors devel-

oped the concept of the triple layer thin wall foam-filled block 

structure and submitted experimental results of the crash behav-

iour and crashworthiness characteristics of such structure. The 

achieved finite element data of axial compression simulation of 

composite crushable structure are compared with actual experi-

mental results of total absorbed energy, force-displacement dia-

gram and crush region features, showing very good conformity. 

Numerical data and experimental results showed good correla-

tions in pre-crush and post crush loads, average load and ab-

sorbed crush energy with two different types of triggering modi-

fications.   

Keywords— Composite sandwich structure; crashworthy; finite 

element analysis; explicit dynamic; Polyurethane foam; Energy 

absorption; trigger; ANSYS/LS-DYNA. 

I. INTRODUCTION 

Collapsible impact energy absorbers made of fibre rein-

forced composite materials are structural elements used in a 

broad range of automotive and aerospace applications. The 

energy absorption capability of an exposed crashworthy ele-

ment or system is greatly affected by its structural design and 

material properties. There are a number of potential economic 

and functional benefits to be derived from the use of fibre 

reinforced plastic (FRP) composite materials in automobile 

and aircraft construction. The gains arise through increased 

strength and durability features to weight reduction and lower 

fuel consumption [1, 2].  

Crash energy management is one of the primary design re-

quirements that the body structure must meet. In particular, 

researcher’s attention has been directed towards the improve-

ment of structural vehicle crashworthiness by using FRP com-

posites in specific vehicle parts as collapsible absorbers of 

crash energy i.e. as structural members that are able to absorb 

large amounts of impact energy, while collapsing progres-

sively in a controlled manner [3, 4] . 

Nowadays most of the research on the energy absorption of 

composite materials has been limited to the axial compression 

of tubular structures and most of the research done has been 

experimental [5]. With no doubt, the validation of analytical 

and numerical tools for accurate simulation of structural re-

sponse to crash impacts is an important aspect of crashworthi-

ness research. 

Conventional sandwich panel under high energy impact 

loading, often collapse in a brittle and somewhat unpredictable 

manner. Using everting devises to control failure of sandwich 

panel has been reported previously by Taher et al. [6]. A set of  

designs are based on the concept of the ‘‘tied-core’’ sandwich, 

i.e. the use of additional core reinforcements that act to tie the 

opposing facings of a sandwich together had been tested by 

Pitarresi et al. [7]. 

 In a previous paper, the authors developed the concept of 

the ‘‘triple-layered” foam-filled block and submitted experi-

mental results of the crash behaviour and crashworthiness 

characteristics of such structure.  

The main objective of this present investigation is dealing 

with the implementation of the finite element explicit dynamic 

analysis code module incorporated ANSYS/LS-DYNA com-

puter software to the simulation of the crash behaviour and 

energy absorption characteristics of a novel triple-cell cost-

effective crashworthy composite sandwich structure. The 

obtained numerical results are compared with actual experi-

mental data. 

II. FINITE ELEMENT MODEL 

A. Model size 

The model comprised two types of finite elements: shell and brick 

elements. The composite faceplates and internal laminates were 

modelled with four-node thin shell elements, while the hollow com-

posite shell structure has a uniform thickness of 0.2 mm all over its 

cross-section. Moreover, eight-node brick elements were employed in 
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the modelling of the sandwich material foam core. An overall picture 

of the shape and the dimensions of the test specimens are given in 

Fig. 1a. Finite element model of this structure is depicted in Fig. 1b. 

  

 
Figure1. General layout of specimens and finite element models; (a) Gen-

eral layout and dimensions of the sandwich energy absorbing tested speci-

mens, (b) finite element model of specimen. 

B. Trigger Modelling 

As reported by Thornton [3], composite structures generally 

require a collapse trigger mechanism to promote stable, pro-

gressive crushing. Otherwise, sudden catastrophic failure can 

occur. Generally, collapse trigger mechanisms create a region 

of locally elevated stress at one end of the block from which 

failure initiates and then propagates. Two types of collapse 

trigger mechanism were investigated: 

Two straight cut-outs with width and depth 3 and 5 mm re-

spectively to one end of the specimen that trim internal fibre-

glass laminates (also called groove trigger or I type trigger that 

simulated by trimming internal composite shell laminates as 

shown in Fig. 2a. 

Two chamfer cut-out (5×5 mm) to two opposite corners of one 

end of the specimen perpendicular to intermediate fibreglass 

reinforcements in the name of bevel trigger or “V” trigger that 

simulated by two step cut-out on corners of model as depicted 

in Fig. 2b. 

III. FINITE ELEMENT DISCRETIZATION 

The specimen model cross-section geometric configuration 

and the necessary dimensions are shown in Fig. 1a. Both the 

upper moving and the lower stationary head of the press used 

in the experimental testing works were modelled using one 

eight-node brick element for each of them without any further 

discretization since the material model assigned to these parts 

was the rigid one. The mesh of finite elements was not uni-

form along the specimen axis and was featured by a space 

ratio during meshing. Therefore, sizes of mesh increases from 

frontal crushing face toward base of block as depicted in Fig. 

3. Regarding the specimen length, two types of specimens 

were tested: short and long blocks with length, L equal to 100 

and 150 mm respectively. The width, W of blocks was also 

variable, taking three distinct average values that were equal 

to 40, 60 and 80 mm. For specimens two different thickness, T 

was used approximately equal to 40 and 60 mm. Fibre orienta-

tion was ±45° to the block axis. 

A. Material Property 

This section refers to the material types used to model the 

distinct parts of the specimen, the moving platen and the sta-

tionary base. Three different types of material models were 

used from the library of the ANSYS/LS-DYNA code in the 

development of finite element analysis described in 

ANSYS/LS-DYNA user's guide:  

• Composite damage model material, 

• Crushable foam model, 

• Rigid model. 

1. For the fabric bidirectional laminated composite 

material modelling, the Composite damage model material 

was used, which is based on Material Model 22 in library of 

the LSDYNA code. Unfortunately Material Model 55 

‘‘mat_enhanced_composite_damage’’ is not available in 

ANSYS/LS-DYNA which considers more failure options than 

Material Model 22. 

2. Compressive and high strain rate properties of low 

density foams are widely studied in the published literature [8-

11]. For the foam core material modelling, Crushable foam 
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model was used, where the properties and the corresponding 

stress-strain curve under compression derived from experi-

mental test. 

3. The upper moving and down stationary platens were 

modelled using the material rigid model. In such a model, 

where a theoretically deformable body can be considered as a 

practically rigid due to its much higher mass and stiffness 

related with those it interacts, this modelling technique may be 

preferred. Elements, which are rigid, are bypassed in the ele-

ment processing and no storage is allocated for storing history 

variables (no stresses, no strains occur in a rigid body); conse-

quently, the rigid material type is very cost efficient. Addi-

tionally, meshing of a rigid body with a very simple shape is 

not necessary as it happens in the current model where the 

cubic rigid platens are modeled each with a single eight-node 

brick element. The appropriate properties, may be given as 

input, are the mass density, Young’s modulus and Poisson’s 

ratio (the corresponding values of a mild steel have been 

given). 

B. Contact interfaces modelling 

The treatment of sliding and impact along interfaces has al-

ways been very important in order to simulate a ‘‘physical’’ 

performance between interacting structural members being in 

contact, i.e., keeping geometric boundaries without models 

independent parts penetrating each other. Moreover, from 

contact treatment point of view, attention must be paid in 

special cases, as in the current one described herein, where 

self-contact may occur in an excessively buckled structural 

member and/or new material boundaries become apparent due 

to the applied element erosion/deletion modelling technique 

described above. The contact interface types required for the 

appropriate processing of any possible contact interaction 

among all parts of the model are defined below. Five in total 

different types of contact interface were used in the modelling 

of the sandwich block, namely in terms of the ANSYS/LS-

DYNA code: 

• The automatic general (AG) contact interface type, 

• The eroding single surface (ESS) type, 

• The tied surface to surface (TDSS) type, 

• The Eroding surface to surface (ESTS) type, and 

• The tiebreak surface to surface (TSTS) type, 

IV. RESULTS AND DISCUSSION 

The validation of the finite element model described so far is 

made by direct comparison to the results and visual observa-

tions of the experimental works pertaining to the quasi-static 

axial compression of the modeled sandwich blocks. The ge-

ometry and structure of the specimen, the properties of the 

construction materials and all other testing details used in the 

finite element model were exactly the same as the ones of the 

experimental works The only difference between the compres-

sive tests and the numerical simulation model, was that the 

actual crosshead speed during the tests was just 20 mm/min 

instead of the 30 mm/ms that was used in the modelling in 

order to reduce the calculation time and achieve a reasonable 

time step that would not give erroneous results in the explicit 

time integration. Load–displacement diagram including the 

experiment curve and the corresponding one produced by the 

numerical simulation and marking the characteristic points 

corresponding to the sequences of pictures of progressive 

specimen collapse have been included in Fig. 4. 

Finally, the peak load, mean crushing load and load-

displacement history calculated by means of the developed 

finite element model are almost identical to the corresponding 

values obtained by the experimental works. This feature of the 

model is of particular importance, since it proves that the 

simulation model can be effectively used to accurately calcu-

late some of the most significant parameters in the design of 

sandwich structures. 

V. CONCLUSION 

The obtained numerical results of axial compression model of 

composite blocks are compared with actual experimental data 

of crash energy absorption, load-displacement history and 

crush zone characteristics, showing very good agreement. 

Theoretical and experimental results showed good similarities 

in peak load, average load and energy absorption with and 

without use of two types collapse trigger mechanism. 
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Figure 2. Finite elements end modification as collapse triggering mechanism; (a) I type or groove trigger and (b) V type or bevel trigger. 

 

 

Figure 3. Discretization of the specimen. 
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Figure 4. Axial compression simulation of a block specimen without triggering modification: (a) views of the progressive failure of modelled specimen, (b) 

combined diagram of numerical and experimental loads P, which is included marking the characteristic points corresponding to the sequences of pictures of 

progressive specimen collapse. 
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