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Introduction

Traffic accidents are one of the leading causes of mortality in modern society. Therefore, while it is desirable to retain the convenience and social functions afforded by automobiles, it is essential to reduce the number of deaths on the road. Hence, manufacturers now incorporate a wide range of safety devices and features into their vehicles, including airbags, energy-absorbing steering columns, side door beams, etc. [START_REF] Canaple | Impact model development for the reconstruction of current motorcycle accidents[END_REF][START_REF] Gabauer | The effects of airbags and seatbelts on occupant injury in longitudinal barrier crashes[END_REF][START_REF] Soongu | A Study on the Modeling Technique of Airbag Cushion Fabric[END_REF]. The seat belt is designed to restrain the occupant in the vehicle and prevent the occupant from having harsh contacts with interior surfaces of the vehicles. The airbag acts to cushion any impact with vehicle structure and has positive internal pressure, which can exert distributed restraining forces over the head and face [START_REF] Audrey | Determination of pre-impact occupant postures and analysis of consequences on injury outcome. Part: a driving simulator study[END_REF][START_REF] Freesmeier | Analysis of a hybrid dualcombustion-chamber solid propellant gas generator[END_REF][START_REF] Canaple | Impact model development for the reconstruction of current motorcycle accidents[END_REF][START_REF] Yoganandan | Lateral impact injuries with side airbag deploymentsa descriptive study[END_REF]. Evaluating the effectiveness of these protective devices involves investigating the dynamic response of these devices in a traffic accident situation [START_REF] Gabauer | The effects of airbags and seatbelts on occupant injury in longitudinal barrier crashes[END_REF]. The information provided by such investigations enables vehicle manufacturers to modify their designs appropriately in order to enhance the occupant's safety. Airbag has been widely used in the automotive industry to protect occupants in the events of side impact and rollover [START_REF] Braver | Efficacy of side airbags in reducing driver deaths in driver-side collisions[END_REF][START_REF] Crandall | Mortality reduction with air bag and seat belt use in head-on passenger car collisions[END_REF][START_REF] Teng | Development and validation of side-impact crash and sled testing finite-element models[END_REF][START_REF] Teru | The Effect of Occupant Protection by Controlling Airbag and Seatbelt[END_REF][START_REF] Vadlamudi | A multi-body systems approach to simulate helicopter occupant protection systems[END_REF]. There are various types of airbags: frontal, side-impact and curtain airbags. In the vehicle, airbag is folded and installed on the cantrail behind roof headliner. When the collision occurs, the airbag is deployed, pushes the headliner out of the way and positions itself between occupant and side windows of the vehicle to protect the occupant (see Figure 1).

In the process of the deployment, different phases can be observed. First, the generator starts to inject gas into the bag. At this stage the airbag is contained by its housing and cover, which prevent it from deploying freely. At a certain moment the pressure grows enough so as to burst the seam that maintains the cover closed. Then, the bag starts to protrude, being able at this point to increase its volume. At the beginning of this stage the pressure is still high, and the bag is propelled violently. When the pressure inside the airbag has become closer to the atmospheric pressure, the bag keeps on developing until there is no more folded fabric in the case. At this point we can consider that the deployment has finished and that the airbag is ready to receive the occupant (see Figure 2).

Generally, air bags are designed to deploy in a crash that is equivalent to a vehicle crashing into a solid wall at 8 to 14 miles per hour. Air bags most often deploy when a vehicle collides with another vehicle or with a solid object like a tree. The performance of the airbag is greatly influenced by the mechanical properties of the fabric.

Many studies, experimental and numerical, have examined different parameters to identify vehicle crash conditions [START_REF] Pyttel | Realistic Simulation Models for Airbags and Humans -New Possibilities and Limits of FE Simulation[END_REF][START_REF] Tay | A finite element analysis of high-energy absorption cellular materials in enhancing passive safety of road vehicles in side-impact accidents[END_REF]. [START_REF] Bankdak | An experimental airbag test system for the study of airbag deployment loads[END_REF] developed an experimental airbag test system to study airbag-occupant interactions during close proximity deployment [START_REF] Bankdak | An experimental airbag test system for the study of airbag deployment loads[END_REF]. The results provided insight for simulating the effect of inflation energy and mass flow on target response. [START_REF] Bedard | The independent contribution of driver, crash and vehicle characteristics to driver fatalities[END_REF] found that while left-side (driver-side) impacts accounted for only 13.5% of all crashes, the fatality rate among these crashes was 68.3% in comparison to front impact (48.3%), right-side impact (31.3%), and rear impact (38.4%) [START_REF] Bedard | The independent contribution of driver, crash and vehicle characteristics to driver fatalities[END_REF]. These studies underscore the importance of occupant safety during side impact collisions. In the last years, current market request to reduce the time and cost airbag development. Compared with the experiment, the numerical simulation has advantages on its cost, efficiency, flexibility and so on. With computational tools such as finite-element methods (FEMs) designed for dynamic contact problems, crashworthiness simulations can now be used with reliable accuracy to evaluate occupant protection in various collision conditions with safety metric/parameters such as acceleration, head injury criteria, intrusion distance, intrusion velocity, and neck forces (neck injury risk or whiplash). Therefore, the numerical simulation has been extended to many researching and engineering fields [START_REF] Cao | Numerical simulation of aerodynamic interactions among helicopter rotor, fuselage, engine and body of revolution[END_REF][START_REF] Ji | Numerical investigation of particle saltation in the bed-load regime[END_REF][START_REF] Pei | Numerical analysis of periodic flow unsteadiness in a single-blade centrifugal pump[END_REF]. In order to achieve this result, virtual simulations play an important role since they allow to minimise the number of experimental tests [START_REF] Cao | Numerical simulation of aerodynamic interactions among helicopter rotor, fuselage, engine and body of revolution[END_REF][START_REF] Pei | Numerical analysis of periodic flow unsteadiness in a single-blade centrifugal pump[END_REF]. Several simulation models of airbag were established [START_REF] Wang | Airbag cushion process simulation for cargo airdrop system[END_REF]. It's feasible to optimise the parameters of airbag deployment using simulation technology. Experimental and numerical studies have quantified injury risks to close-proximity occupants from deploying side airbags [START_REF] Khan | Multiphysics out of position airbag simulation[END_REF]. These studies have focused on the prevention of the most adverse effects of airbag deployment [START_REF] Duma | Upper extremity interaction with a deploying side airbag: a characterization of elbow joint loading[END_REF]. Other studies have proposed airbag characteristics to minimise particular biomechanical responses [START_REF] Haland | A parametric study of a side airbag system to meet deflection based criteria[END_REF]. In a more recent study, [START_REF] Marklund | Optimization of airbagc inflation parameters for the minimization of out of position occupant injury[END_REF] compared deformation patterns with experimental data as well as the computational costs associated with three different airbag deployment simulation methods; they concluded that the SPH method is relatively inexpensive and produces incremental deformation patterns that compare most closely to the experimental results [START_REF] Marklund | Optimization of airbagc inflation parameters for the minimization of out of position occupant injury[END_REF]. The process of inflation of an airbag is one of the determining factors in saving lives. The duration from the initial impact of the crash to the full inflation of an airbag is about 40 ms and during this time, the airbag goes from being in a folded state to a fully inflated state, with a high internal pressure. After achieving this state, the airbag begins to deflate, thus providing a nice cushion for the body impacting it. Ideally the person in the crash should come into contact with the airbag at this time. The airbag used in the simulations can be inflated using two different methods: either with uniform pressure or with smooth particle hydrodynamics. The first method used in this study has been widely used in crash simulations and airbag studies for the past 15 years [START_REF] Khan | Multiphysics out of position airbag simulation[END_REF][START_REF] Olovsson | On the arbitrary Lagrangian-Eulerian finite element method[END_REF][START_REF] Potula | Safety counter measures: a comprehensive crashworthiness study of out-of-position (OOP) airbag deployment and passenger impact[END_REF]. In the present study, a large volume passenger side airbag model is developed to handle different collision scenarios. The main aim of this study is evaluate the performance of deploying of passenger side airbag using FEMs.

Materials and experimental procedure

Samples of material have been tested using different airbags in tensile and squeezed tests at room temperature. Then these test data have been analysed and correlated in model to generate correct material cards in LS-DYNA in the model of airbag deployment.

Materials

The tensile specimens used in this work were made in different airbags (P: Peugeot, R: Renault and VW: Wolkswagen) with a length of 160 mm long and a width of 30 mm. The airbag cushion is composed of a woven fabric which is rapidly inflated during a car crash. Table 1 shows the mechanical properties of the airbag.

Tensile tests

To determine the mechanical properties of the material of airbag used in the test pieces tensile tests were performed on Lloyd EZ20 universal testing machine in the laboratory of Mechanical Testing of the University Constantine. These tests were conducted using rectangular samples. The axial force and axial displacement acquired during a test are converted the stress and the strain in order to be used for the fabric material model. The continuous recording of the stress-strain data was performed during both the load and unload phases. A minimum of five samples were made in order to check the repeatability of the measurements. All the data were collected by using a PC-based data acquisition system, and analysed by commercial software. The picture frame test device that is made for this study is shown in Figure 3.

Figure 4 shows the stress-strain relationship of the airbag sample under axial tensile loads. The results are showing a linear increase in extension with the increasing stresses (see Figure 4). This is an expected output and it confirms with the theoretical behaviour of a sample subjected to tensile stress. The rupture strain values for different airbags (R/P/VW) were 0.322, 0.441 and 0.472, respectively. The measured elastic parameters (i.e. Young's modulus E and initial yield strength; while Poisson's ratio, are summarised in Table 2. The tensile tests of the woven fabrics can show differences on mechanical properties, because woven fabrics can resist in-plane shear loads once the yarn lock-up angle has been reached. The differences of material property on material direction can affect the shape of fully deployed bag (see Figure 4(b)).

The impactor geometry and property

The impactor is a rectangular plate with size of 650 mm in length, 350 mm in width, and 10 mm in thickness.

Table 3 shows the physical and mechanical properties of the impactor. In the experiment, the plate was released from a certain height varied from 200 mm to 500 mm.

To study the effect of an impact, the initial velocity of the rigid wall was kept at 27.77 m/s. For each impactor height, five specimens were tested, and acceleration/ deceleration of the impactor was recorded in each test (see Figure 5).

Finite element model of airbag simulation

Theoretical background

Numerical simulations of airbags use very complex and techniques such as, an orthotropic model to identify the mechanical behaviours during the airbag inflation, the fluid mechanics (gas flow) to describe the inflator gas flow (pressure gradient), and improve the representation of the pressures within the airbag. To model the airbag as an orthotropic model, three material constants have to be provided. Assuming a plane stress condition, the material constitutive equations are given by [START_REF] Balis Crema | Damping characteristics of fabric and laminated Kevlar composites[END_REF] 
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where s is the normal stress and t is the shear stress; the subscript refers to the principal material directions, i.e. the fill and warp directions. Also e and g are the strain components. The material elastic constants Q ij are given by the following equations:
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where E 1 and E 2 are the Young's modulus in the fill and wrap directions and G 12 is the shear modulus of the fabric material. n ij is the Poisson ratio of the material.

The gas exerts a pressure load on the airbag causing it to expand. This expansion puts the airbag under tensile stress lowering the expansion rate (see Figure 6). In this study, heat conduction and heat transfer is not taken into account. In the deployment of an airbag an inflator supplies high velocity gas into an airbag causing it to expand rapidly.

The gas inside the airbag is assumed to be ideal, to be of constant entropy and to satisfy the equation of state: p D ðg ¡ 1Þ:r:e:

(

Here p, r and e are, respectively, the pressure, density, specific internal energy and g is the ratio of the heat capacities of the gas. The gas flow is described by the conservation laws for mass, momentum and energy that read:
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Here V is a volume, A is the boundary of this volume, n is the normal vector along the surface A and u denotes the velocity vector in the volume. Applying Bernoulli's equation in the case of an ideal gas with constant entropy gives
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Here the subscript ex denotes quantities at the throat of the tube.Furthermore,u,pandr denote the quantities inside that part of the tube that is supplying mass. This gives

u 2 ex D 2g g ¡ 1 p r ¡ p ex r ex : (6) 

Materials and boundary conditions

The airbag system mainly consists of three parts: the airbag itself, the inflator unit and the crash sensor or diagnostic unit. Thus, to study the behaviour of the airbag using FE simulations, we need to have an FE model of the airbag in the folded position. A FE model of the airbag was used to simulate the test condition as shown in Figure 7. LS-DYNA Ò material model FABRIC (MAT_34) is used to simulate the airbag material. It is a variation of the layered orthotropic material model. Additionally in the LS-DYNA Ò material model, fabric leakage can be accounted for. However, for this DAB material, the leakage is almost negligible and therefore no leakage is specified. The mechanical properties were determined from the physical test. These properties are used to simulate inflation process of airbag (see Table 4). The car dashboard is modelled as the rectangular thin plate using a MAT_RIGID material and the degrees of freedom are constrained in all the directions. It is assigned the similar properties of thermoplastic polymer for contact purposes. The porosity of the fabric is assumed zero. The Nitrogen gas is taken for inflating the airbag. Properties of nitrogen gas and initial bag conditions are shown in Table 5. The example on which we perform the study is a typical passenger side airbag.

The geometric details have been measured from a commercially available airbag. The initial state of the airbag is a closed rectangular whose sides are to be finished to 482 £ 635 mm 2 , and is shown in Figure 7. Inthesesimulations,wealsosupposednoheattransfer and that the inflating gas behaves as an ideal gas with constant specific heats. The pressure generated by the gas is then uniformly applied to the internal surface of the airbag fabric. Airbag mesh is generated in Ansys Ò Finite Element Software. It is consists of 2832 elements and 2875 nodes in the airbag mesh. Quadrilateral elements are used for airbag mesh. The airbag mesh is exported to Lsdyna Ò software (see Figure 7). All the simulations of the airbag deployment mesh are done in this software. Contact type 37 of Lsdyna Ò software is used for defining the contact between airbag mesh and rigid plates. This contact type is between node and surface. Airbag mesh is treated as nodes and rigid plates are taken as surface. In the simulation, the pressure generated by the is then uniformly applied to the internal surface of the airbag fabric. In the simulation there will be an airbag surface and gas that fills up the inside of this surface. The airbag surface consists of flexible membrane elements that deform under tensile stresses and cannot carry compressive loads. The airbag control volume in LS-DYNA Ò is the airbag control volume in LS-DYNA Ò is modelled as an AIRBAG_SIMPLE_AIRBAG_MODEL to simulate the air test condition. A baseline model of the airbag is run using AIRBAG_LOAD_CURVE option. This gives an estimate of the volume of the airbag (see Figure 8).

Numerical results and discussions

Simulation of airbag deployment

Figure 9 shows results for this deploying airbag halfway and at the end of the analysis. Due to the fact that only 11ms are simulated, the airbag is fully inflated as can be seen in Figure 9. From the figures, it can be seen that the airbag module cover opens fully, as close to reality. The increasing of volume is coming mainly from the gas flow.

Figure 10 shows the displacements result during the airbag deployment versus time values. Initially, the both surfaces of the airbag are close and parallel, then as the maximum displacement estimated is the same one with low values recorded near the corners of the structure. Then there are concentrated little by little towards the centre of the airbag. The final results of the swelling contours are characterised by a symmetric displacement.

The final x-x effective strain contours computed are plotted in Figure 11. As shown this figure, a state of deployment and swelling of passenger airbag with highly non-uniform deformation is detected around the bag. In the present analysis, the localised elastic strains reach values far below the rupture strain that can be measured in the tensile test [START_REF] Wu | Theoretical simulation of combustion and inflation processed of two-stage airbag inflators[END_REF]. Nevertheless, according to the global material response, the constitutive model is found to be still valid at such high deformation levels. Moreover, the development of plaice can clearly be seen during the swelling of passenger airbag.

The airbag result displaces and average pressure distribution inside the three different airbag is depicted in Figure 12. They represent the end of swelling of passenger airbag, the final geometry of the bag and the contour of pressure of the gas inside the bag. We can observe how not only the development of plaice of airbag, but also the distribution of pressure is quite different from one case to another. In particular, we can see how the configuration 3 deploys much less aggressively than, for instance, the configuration 1. In this case, there is a quick evolution of the volume and the pressure at the same time [START_REF] Bedard | The independent contribution of driver, crash and vehicle characteristics to driver fatalities[END_REF].

The resulting pressure curves versus time of swelling airbag are plotted in Figure 13 where the computed responses of different critical zones are apparent. As expected, during the swelling airbag phase, the maximum pressure values are saved at middle of the structure. Moreover, we have also seen after 30ms, the ratio between the maximum pressure differences is around 28%. This difference is significantly dependent of the geometric form of airbag [START_REF] Bedard | The independent contribution of driver, crash and vehicle characteristics to driver fatalities[END_REF][START_REF] Chawla | Mesh generation for folded airbags[END_REF]. Figure 14 shows the energy total of the system vs. time history during the deploying of the airbag. Maximum value observed at time 30ms. They increase significantly with the gas injection pressure in bag. The total energy during the swelling airbag can be used to absorb the collision during crash, by the cushioning effect provided by the airbag, and by the deflation of the inflated airbag, which occurs due to the holes provided in the airbag fabric.

Simulation of squeezed airbag

The triggering time of airbag is crucial to evaluate an overall performance of the airbag in a crash event.

Figure 15 shows both simulation states of squeezed airbag. Examining of numerical results shown in Figure 15, the airbag was less protective when occupant distance was below 40 cm. At these distances, compression with airbag was approximately 80% higher than first case. An ideal scenario of a rigid plate getting impacted into an airbag after it gets fully inflated could not be achieved in the second configuration of the airbag. In fact, in the second case, it was found that the airbag could not get sufficient space to inflate properly. This can unfortunately render the airbag ineffective, as shown in Figure 15.

Figure 16 shows the 3D simulation for squeezed airbag in two situations: airbag fully or partially inflated. The results of first configuration were encouraging compared to the second configuration of the airbag module. A very high internal operating pressure will lead to rebound of the occupant, whereas a small pressure will render the airbag ineffective in restraining the passenger. Figure 16 shows also that the airbag in the first case absorbed maximum of 84% kinetic energy of the rigid plate, i.e. the rider's head whereas in the second case, airbag absorbed only 25%.

Figure 17 shows the pressure results in the squeezed airbag in the frontal impact scenario. It can be seen from the snap shots that the airbag got sufficient space to inflate properly. The airbag did not come in contact with the rigid plate till more than 12 ms. However, the rigid plate continued to move with very less restraining from the airbag. In this case since the rigid plate when it hit the airbag, the reduction in kinetic Energy of the system was just 83.6%.

Experimental validation

Figure 18 shows the comparison of numerical and experimental results During 0-20 ms, airbag is at the stage of inflating and deforming under the action of gas flow. At 20 ms, the rigid plate impacts with the top of airbag, and the impact time of numerical result is coincident with the experimental results. In addition, it is also observed that the airbag can reduce kinetic energy of the rigid plate, i.e. the passenger head by 93.75%. The reference tests carried out allowed us to validate the model developed using finite elements, allowing us to carry out, in future works, a great number of different configurations which would have been impossible using real experiments.

Figure 19 shows the comparison of the rigid plate acceleration for the airbag simulations. For this model, the acceleration history as well as the airbag deployment correlates reasonably well with the experiment. The initial peak as well as the maxi mum peak acceleration is more accurately captured in the simulations. The above correlation between the experiment and the FE method demonstrates that LsDyna/Explicit is capable of predicting realistic results even in the early stages of the airbag deployment; hence, this method can be successfully used for the out-of-position load cases. The gas pressure peak inside airbag appears at 1.75ms. The pressure peak is mainly caused by that the gas can't escape out of the airbag from the opened bottom vents. And the pressure goes down when the vents of airbag are fully open.

The time history of numerical and experimental pressure inside airbag is shown in Figure 20(a). With regards to the measurements taken by the load cells under the cover, Figure 20(b) shows the curves measured experimentally and the corresponding ones obtained by simulation. They show the impact force between airbag and the rigid plate. At 21 ms, the impact between airbag and the rigid plate occurs. However, the impact peak doesn't appear until 26 ms. After the first impact, airbag is rebounded downwards to prepare for the second impact, and the impact force begins to decrease. These studies made possible the validation of model of airbags, which can be allowed us to increase the predictability achieved in later steps.

Conclusions

This study has employed the FE method to explore collision phenomena. Specifically, this study has investigated the dynamic response of the rigid plate in a crash event. The vehicle occupant's head replaced by rigid plate has been assessed numerically. The studies presented have been performed using a commercial airbag. The experimental results obtained from these tests and numerical data lead us to draw various conclusions:

(1) The results first has allowed us to shown that airbag has been modelled correctly with a proper filling of the gas flow. As a result of this, simulation has proved to be a valuable tool to be taken into account in tasks related to airbag deployment. (2) Predictions for pressures are similar once the airbag has deployed. In fact, the results indicate that the interior pressure and impact force coincide with the test data, and the method in this paper is capable of capturing airbag deploying process of the passenger side airbags accurately. (3) The numerical results of the squeezed airbag deployment shown that the FE method is also a promising method for simulating of impacted airbag during crash test. (4) Through comparison of numerical and experimental results, the FEM is validated. The experimental tests and simulations have both shown that they can seriously interfere in the correct deployment of the airbag.

In conclusion, these technologies are able to be used not only as a tool to solve problems related to the airbag development, but also to help us arrive at a better understanding of the factors that influence the deployment of the airbag and its aggressiveness, and therefore get more efficient and safer designs.

After airbag component validation, the airbag model can be applied in the airbag restraint system level future simulations to evaluate the occupant performances. But nevertheless some improvements were needed in the modelling of the airbags (including the airbag thicknesses and mesh boundary conditions) and the tear seam (including the tear seam geometry…). The gas dynamic simulation method can be implemented to identify the potential failure modes of the airbag during deployment. It is also very important to model proper folding for airbag mesh for studying contact interaction of out-of-position users with an inflating airbag. Besides that, physical tests will also conduct and simulated to assess the different scenarios.

Further testing with real life airbags and comparison with experiments is required. It is also very important to model proper folding for airbag mesh for studying contact interaction of out-of-position users with an inflating airbag. These will be carried out in the near future.
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 1 Figure 1. (a) Frontal and side airbags and (b) oblique view of facet occupant model in sitting posture following airbag deployment [18].
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 2 Figure 2. Typical evolution of the pressure and volume of an airbag during the different stages of its deployment.
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 3 Figure 3. A photograph of Lloyd EZ20 universal testing.
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 4 Figure 4. Stress versus strain using Lloyd EZ20 machine for (a) three different airbags at 0 and 90 and (b) VW airbag test specimens at different angles.
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 5 Figure 5. Isometric view of squeezed airbag using a rigid impactor with Lloyd EZ20 machine.
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 6 Figure 6. Schematic diagram of the airbag deployment in out of position [21].
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 7 Figure 7. Finite element mesh of the airbag and the rigid wall.
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 8 Figure 8. Top view and isometric view of inflated airbag and rigid plate meshes.
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 9 Figure 9. Airbag deployment at t D 11ms.
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 10 Figure 10. Airbag result displaces.
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 11 Figure 11. Airbag result of strain x-x.
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 12 Figure 12. Airbag result displaces and pressure using different airbags.
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 13 Figure 13. Pressure evolution versus time.
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 14 Figure 14. Total energy versus time during the swelling airbag.
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 15 Figure 15. Simulation states of the squeezed of the airbag.
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 16 Figure 16. Simulation of squeezed airbag: (a) airbag fully inflated and (b) airbag partially inflated.
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 17 Figure 17. Airbag result pressure.
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 18 Figure 18. Deployment and crushing of the airbag, experimental results and FE prediction.
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 19 Figure 19. Rigid plate acceleration for the deployment and crushing of the airbag.
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 20 Figure 20. Comparison of experimental and numerical results (a) of airbag inside pressure and (b) of airbag impact force.

Table 1 .

 1 Mechanical properties of the airbag.

Paramters

Values Density (kg/mm 3 ) -Young's modulus (GPa) 2.500 Poisson's ratio 0.345 Thickness (mm) 0.150

Table 2 .

 2 Physical and mechanical properties of the airbag.

				Airbag	
		Peugeot	Renault	Wolkswagen
	Properties	P0	P90	R0	R90	VW0 VW90
	Initial yield strength (MPa) 285	292	155	154	210	213
	Young's modulus (GPa)	2.43 2.46 2.51 2.53 2.48 2.52
	Poisson's ratio	0.341 0.346 0.349 0.342 0.345 0.346

Table 3 .

 3 Data of the impactor.

	Parameters	Values
	Material	Aluminium
	Density (kg/mm 3 )	2.690E-06
	Young's modulus (GPa)	70.3
	Poisson's ratio	0.3

Table 4 .

 4 Material properties of airbag and rigid plate used in FE simulations.

	Materials	Airbag	Rigid plate
	Density of fabric (kg/mm 3 )	-	2.690E-06
	Young's modulus (GPa)	2.5	70.30
	Poisson's ratio	0.345	0.30
	Shear modulus (GPa)	6.9	-

Table 5 .

 5 Initial values used for FE simulation of the swelling of passenger airbag[START_REF] Deery | Airbag technology in Australian passenger cars: preliminary results from real world crash investigations[END_REF].

	Pressure (Pa)	10 4
	Temperature ( C)	25
	Universal gas constant (kg/kmol.K)	8.314
	Initial pressure (Pa)	1.01£10 4
	Molecular weight (kg/mol)	0.02802
	Added initial volume (m 3 )	3.33£10 ¡4
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