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Abstract 

While industry is adopting the use of carbon fiber reinforced 

plastics (CFRPs) at an increasing rate, the necessity for specially 

developed design and analysis methods increases likewise. More 

specifically, with the development of low-cost CFRP materials, 

a widening range of industries are interested in adopting the 

benefits of CFRPs at attainable costs. An application of 

particular note is aircraft interior structures, where structural 

requirements are less stringent and cost effectiveness is 

important. With the introduction of new composite materials, 

arises the need for the development of suitable modeling 

techniques to allow better capability in the design process. The 

material of interest in this work is long fiber prepreg sheet 

(LFPS), which is a low-cost, high-production CFRP material 

intended for use in the compression moulding process. Building 

on a modeling technique for the LFPS material developed by 

Kupchanko et al. [1], an explicit dynamic analysis was 

performed on an aircraft seat concept using the LFPS material 

previously designed by Kupchanko et al. [2]. The primary goal 

of this analysis was to investigate the applicability and 

performance of the LFPS modeling technique [1] on a large-

scale practical problem. The secondary goal is to evaluate the 

performance of the LFPS aircraft seat concept subject to 16 G 

and 14 G dynamic qualification tests. The analysis presented in 

this work has shown that the LFPS modeling technique is 

applicable to large-scale problems; however, several 

improvements to increase stability and accuracy are 

recommended for future use. Results show that the LFPS seat 

concept passes structural requirements in both dynamic 

qualification tests, providing validation for an LFPS seat concept 

which showed 8% weight reduction in comparison to an 

aluminum seat concept created with similar conceptual design 

techniques.  
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Introduction and Motivation 

As computational resources improve, it is becoming possible to 

create larger and higher fidelity finite element models to simulate 

dynamic qualification tests of structures such as aircraft seats. 

SAE International has published a variety of documentation 

containing guidelines and standards for the design and 

certification of aircraft seats. Of particular note for this work is 

the aerospace standard AS8049 [3], which outlines the 

performance standard for seats of various aircraft configurations. 

In addition, SAE released documents which outline guidelines/ 

requirements for analytical procedures based from qualification 

tests. A document of particular interest to this work is ARP5765 

titled “Analytical Methods for Aircraft Seat Design and 

Evaluation” [4]. ARP5765 contains various recommended 

practices for creating dynamic test simulation models and was 

used as the primary basis for this analysis. This aim of this work 

is to attempt to provide practical validation for a previously 

developed modeling method for a long fiber prepreg sheet 

(LFPS) material. The procedures and recommendations outlined 

in ARP5765 are used as guidelines for this study and this work 

is not intended as a certification procedure for the seat structure. 

The two qualification scenarios of interest for this work are 

designated in AS8049 as the dynamic qualification tests which 

represent two crash scenarios. These qualification tests, for 

transport aircraft and type A-T seats, are defined in Table 1.  

Several studies have been made using similar modeling 

techniques for composites subject to impact or crash loading. In 

particular, remarkable accuracy has been proved in predicting 

and modeling axial crushing of fiber composite tube profiles 

using a layered thick shell approach and the MAT054 material 

model [5,6]. Similarly, Boria et al. validated composite frontal 

crush structures through LS-DYNA modeling and found better 

detailed failure behavior when utilizing a layered approach [7]. 

To further performance of composite material models within LS-

DYNA, Feraboli et al. performed parameter tuning on the 

MAT054 material model with great success [8], similar to the 

work performed by Kupchanko et al. [1]. 

 
Figure 1: Full finite element model including ATD models 



Table 1: Load specification of dynamic qualification tests [6] 

 Test 1 Test 2 

Direction 

shown by 

arrow 

 
 

Min. V 10.67 m/s 13.41 m/s 

Min. G 14 16 

Max. tr 0.08 s 0.09 

Floor Roll - 10 degree 

Floor Pitch - 10 degree 

V – Initial velocity, G – deceleration, tr – pulse rise time 

 

 
 

Finite element modeling 

The geometry to be used in this work is derived from a three-

passenger aircraft seat concept developed by Kupchanko et al. 

[2]. This seat concept utilized a laminate optimization approach 

as a conceptual design tool for the main seat structure, which is 

constructed out of the LFPS composite material with aluminum 

inserts at critical fastening locations. A finite element model of 

this seat concept was created according to the LFPS modeling 

technique from Kupchanko et al. [1]. This model consists of the 

seat structure, additional secondary structural components, and 

three 50th percentile male anthropomorphic test devices (ATDs) 

in position. The additional secondary components include a seat 

pan and mounting brackets, foam seat cushion, and seatbelts. 

The exclusion of a backrest structure was justified as both 

loading scenarios include a forward motion and effects of a 

backrest would be negligible. The finite element model was 

created using LS-PrePost software and is shown in Figure 1. 

The LFPS modeling technique [1] consists of a layer of thick-

shell (TSHELL) elements for each ply of LFPS material joined 

together using a tiebreak contact algorithm. Each layer of LFPS 

material uses a MAT054 material model which is a progressive 

failure model specially developed for composites within LS-

DYNA. This model is capable of modeling the progression of 

failure within an element in three main in-plane failure modes: 

tension, compression, and shear. LFPS is considered to be near 

quasi-isotropic, indicating that mechanical properties are 

consistent in-plane of the fabric. This allows a simplified form 

of MAT054 to be used where longitudinal and transverse failure 

is modeled similarly. Elaborated details for the MAT054 

material model can be found in the Keyword User’s Manual 

Volume II and LS-DYNA Theory Manual [9,10]. The layered 

approach and use of tiebreak contact allows basic modeling of 

delamination failure. The tiebreak contact fails when a combined 

shear-normal stress criterion is reached. 

The finite element model of the LFPS structure consists of layers 

of TSHELL elements to represent each ply of LFPS material. 

These layers have a 0.7 mm thickness which corresponds to the 

average thickness of the LFPS fabric. The finite element models 

for the seat arm and seat leg can be seen in Figure 2. The mesh 

consists of 5 mm 8-node hexahedral TSHELL elements.  

 

 
Figure 2: Finite element mesh of the LFPS arm component (left) and 

leg component (right) 

Figure 3 shows a detailed view of the layered shell structure on 

the LFPS seat arm component. 

 
Figure 3: Detailed view of layered TSHELL structure 
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 Figure 4: Progression through dynamic qualification test 1 (14 G) 

Results 

Results from qualification Test 1 show an initial downward 

force application from the ATDs until 80 ms where the motion 

of the ATD’s upper-bodies transitions to a forward rotation 

nearing the end of the simulation. This produces a varying 

load condition of the seat structure and creates difficulty in 

defining a global instance of maximum loading. However, the 

maximum compressive stress in the seat leg structures occurs 

92 ms into the simulation. Maximum seatbelt loads were 

achieved significantly later at 143 ms. The simulation does 

not show any meaningful areas of structural failure during 

Test 1. This can be expected as generally the 14 G inertial load 

found in Test 1 is less severe than the 16 G load found in Test 

2. Snapshots of the model behaviour are shown in Figure 4 for 

reference. 

The simulation for qualification Test 2 has an additional stage 

designated for the floor deformation procedure. AS8048C 

denotes that each floor track must be rotated by 10 degrees, 

one in pitch and the other in roll, prior to the 16 G deceleration 

pulse [3]. This is to ensure that any deformation on the floor 

structure does not excessively damage or dislodge the seat in 

the event of a crash. The deformation of the floor is simulated 

by rotating two rigid beams connected to the seat legs to 

preload the seat structure. This procedure is performed over 

the first 100 ms of the simulation. The final deformed state of 

the seat after 100ms is shown in Figure 5. The 16 G 

deceleration pulse begins at 100 ms following the floor 

deformation procedure. The forward extension and folding 

behaviour of the ATDs is consistent with well known 

experimental footage. The peak seat structure loading occurs 

at 253 ms (153 ms into deceleration pulse) which corresponds 

with peak loading of the seatbelts. 
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Figure 5: Progression through dynamic qualification test 2 (16 G)  
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b) c) d) 

Figure 6: Example of failure modes following dynamic qualification test 2 (16 G), failure shown in blue. a) Tensile failure mode, b) 

compressive failure mode, c) in-plane shear failure mode, and d) delamination failure (visual inspection only) 

Through the use of the LFPS modeling technique [1], failure 

of the LFPS material was predicted and modeled throughout 

the simulations. The MAT054 material model used can output 

plot data for tensile, compressive, and in-plane shear failure. 

The current modeling technique does not allow interlaminar 

failure to be plotted or visually isolated, however the physical 

effects of delamination can be visually inspected. Figure 6 

shows the most severe failure in the model remaining after 

qualification Test 2. This area is located at the rear of the leg 

where attached to the floor. The failure shown in blue in 

Figures 6a-6c represents elements that have reached the 

failure criterion for the corresponding node. Note that there 

are two stages of failure within the MAT054 material model, 

failure criterion being reached, and element erosion. When 

each failure criterion is met, mechanical properties in that 

respective mode and direction are reduced by a predetermined 

amount. When a failed element reaches a predetermined strain 

value, the element is deleted completely to remove its effect 

on the calculation. This can be seen in Figure 6 where a 

fracture has occurred at the fastener connection hole. Figure 

6a and 6b show tensile and compressive failure on opposing 

faces of the seat leg which is subject to a bending mode induce 

largely by the 10 degrees of prescribed roll of the floor beam. 

A visual inspection of Figure 6d reveals that there is 

significant delamination surrounding the fastener hole 

locations.  

Conclusion   

This study has shown that the LFPS modeling technique [1] 

can successfully be used to model a macro-scale practical 

problem. The MAT054 material model was able to predict 

and model the progression of failure in various common 

modes.  

Delamination was captured physically through the use of a 

basic tiebreak contact algorithm and the layered modeling 

approach. Several issues with the contact algorithm were 

determined through this study. The most apparent issue was 

some local areas of instability which resulted in local 

premature failure of the contact definition. These local areas 

were situated in thin sections near edges and corners as 

highlighted in Figure 7. This issue had negligible effect on the 

results of this study, however future improvements should be 

made to increase robustness. This could be remedied with the 

use of a more advanced tiebreak contact algorithm, utilizing a 

traction-separation law. This improvement is highly 

recommended; however, requires additional material 

experimentation to determine unknown parameters. Another 

shortcoming of the current contact modeling deals with post-

processing where visualization of failed contact is difficult. 

Using an advanced tiebreak algorithm would also enable 

better plotting and visualization of the state of delamination 

within the composite.  

This study also proved to be preliminary validation for the 

LFPS aircraft seat concept, as the primary structure withstood 

the dynamic qualification testing. The most critical failure of 

the structure could be mitigated by allowing a more compliant 

design, reducing stresses induced by the floor deformation. 

Many aspects of the qualification modeling procedure were 

simplified or omitted for this study, and future adaption of this 

work would provide higher quality model validation and 

passenger safety insight.  

 

 
Figure 7: Unstable contact occurring at edges of thin sections 
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