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Introduction

The complex problem of interaction between vibrating structures and an enclosed cavity has been of great attentions for scientists in different domains such as automobile compartments, airplane cabins, etc. The knowledge of acoustic resonances is an essential task in the study of this problem in order to determine the resulting sound pressure level. An excellent benchmark was given by [START_REF] Peretti | Asymptotic modal-analysis of a rectangular acoustic cavity excited by wall vibration[END_REF][START_REF] Sum | On acoustic and structural modal cross-couplings in plate-cavity systems[END_REF] to evaluate the vibro-acoustic behavior of such systems. In [START_REF] Redonnet | An advanced hybrid method for the acoustic prediction[END_REF], the authors proposed an advanced methodology, called acoustic hybrid approach, for numerically simulating complex noise problems. Craggs [START_REF] Craggs | An acoustic finite element approach for studying boundary flexibility and sound transmission between irregular enclosures[END_REF] presented a verification of finite element predictions of acoustic resonances of a vehicle cabin, while in [START_REF] Nefske | Structural-acoustic finite element analysis of the automobile passenger compartment: a review of current practice[END_REF], an experimental verification of the finite element method was presented by Nefsk et al. in order to predict the noise reduction in an automobile passenger. The coupled acoustic-structural problem is analyzed by combining the structural data from modal testing with the acoustic data from the finite element method. Dammak et al. [START_REF] Dammak | Numerical modelling of vibro-acoustic problem in presence of uncertainty: Application to a vehicle cabin[END_REF] investigated the vibro-acoustic response of a vehicle passenger compartment with taking into account uncertainties.

Traditional deterministic design optimization (DDO) of the structural-acoustic coupled system does not take into account the presence of uncertainties in the system. As a result, the optimum point could easily violate the imposed constraints and cause unreliable solution. In [START_REF] Christensen | On analysis and optimization in structural acousticspart i: Problem formulation and solution techniques[END_REF] the author investigated the coupled structural-acoustic sensitivity analysis and optimization problem. Denli et al, [START_REF] Denli | Optimization of boundary supports for sound radiation reduction of vibrating structures[END_REF], studied the acoustic radiation and structural vibration by optimizing the boundary conditions. In order to take the effects of these uncertainties, the reliability-based design optimization (RBDO) was introduced and has drawn increasing attention recently. Compared with DDO, RBDO aims to obtain a reliable optimum by converting the deterministic constraints into probabilistic constarints, in which probability of failure is restricted to a target level. In this context, several methods have been developed to solve the RBDO problem. Aoues and Chateauneuf [START_REF] Aoues | Benchmark study of numerical methods for reliability-based design optimization[END_REF], presented a benchmark study to give clear ideas about the capabilities and limitations of different approaches. In order to reduce the computational cost of the classical approach of the RBDO problem, Kharmanda et al. [START_REF] Kharmanda | Efficient reliability-based design optimization using hybrid space with application to finite element analysis[END_REF][START_REF] Kharmanda | Reliability-based design optimization using semi-numerical strategies for structural engineering applications[END_REF] developed an efficient approach called Hybrid Method (HM). In [START_REF] Mohsine | Improved method as a robust toll for reliability-based design optimization[END_REF][START_REF] Mohsine | A robust study of reliability-based optimisation methods under eigenfrequency[END_REF] the authors developed an extension of the HM, called the Improved Hybrid Method (IHM), to improve the optimum value of the objective function. This technique has successfully reduced the huge calculation time but the optimization problem become more complex because of the big number of the design variables. In [START_REF] Dammak | Reliability based design optimization of coupled acoustic-structure system using generalized polynomial chaos[END_REF], the authors integrated the optimum safety factor OSF combined with the generalized polynomial chaos in the acoustic-structural system. Yaich et al. [START_REF] Yaich | Reliability based design optimization for multiaxial fatigue damage analysis using robust hybrid method[END_REF] and Dammak et al. [START_REF] Dammak | An efficient optimization based on the robust hybrid method for the coupled acoustic-structural system[END_REF] presented a new extension of the hybrid method called Robust Hybrid Method (RHM) applied in an example of structure submitted to multi-axial random vibrations and coupled acoustic-structural system, respectively.

Moreover, real-life engineering problems are typically characterized by more than one objective conflicting with each other. For this reason, an appropriate trade-off between these objective functions should be made using multi-objective optimization (MOO) [START_REF] Cho | Optimum design of run-flat tire insert rubber by genetic algorithm[END_REF][START_REF] Liao | Multiobjective optimization for crash safety design of vehicles using stepwise regression model[END_REF][START_REF] Bouazizi | Multi-objective optimization in dynamics of the structures with nonlinear behavior: Contributions of the metamodels[END_REF]. Many authors studied the multi-objective optimization of structural-acoustic problems [START_REF] He | Multi-objective structural-acoustic optimization of beams made of functionally graded materials[END_REF][START_REF] Jiu Jiu Chen | Multi-objective optimization of asymmetric acoustic transmission with periodical structure[END_REF][START_REF] Wang | Structural-borne acoustics analysis and multi-objective optimization by using panel acoustic participation and response surface methodology[END_REF][START_REF] Li | Multi-objective optimization of the layout of damping material for reducing the structure-borne noise of thin-walled structures[END_REF]. Classical approaches aim to convert these objectives into a problem of mono-objective optimization by combing all the objectives functions into a single one. The difficulty with these classical approaches is that they require engineering expertise and the adopted algorithm need to be applied many times to obtain sufficient Pareto optimal solutions. Over the last decade, evolutionary algorithms (EA) have been emphasized to solve MOO due to their ability that multiple Pareto optimal solutions can be obtained in a single run [START_REF] Kalyanmoy | Multi-objective optimization using evolutionary algorithms: An introduction[END_REF]. Many authors proposed performance based design using multi-objective genetic algorithm [START_REF] Liu | Multiobjective optimization for performance-based seismic design of steel moment frame structures[END_REF][START_REF] Kaveh | Performance-based multi-objective optimization of large steel structures[END_REF][START_REF] Saadat | Seismic performance-based design optimization considering direct economic loss and direct social loss[END_REF]. Evolutionary multi-objective optimization (EMO) has now become a popular research field whose utility has been validated in several industrial applications. Indeed, EA are based on the concept of population in which several solutions participate in an iteration and evolves a new population of solutions in each iteration. Due to the use of populations, the EMO can simultaneously find several non-dominated solutions, which represents a compromise between objectives, in a single run. To address such real-life MOO engineering problems with presence of uncertainties, Barakat et al. [START_REF] Barakat | Multi-objective reliability-based optimization of prestressed concrete beams[END_REF] presented a general approach for conducting multi-objective reliability based design optimization (MORBDO) of prestressed concrete beams. In [START_REF] Matthew J Daskilewicz | Effects of disciplinary uncertainty on multi-objective optimization in aircraft conceptual design[END_REF], the authors investigated the effects of uncertainty in MOO applied to the design of aircraft. Fang et al [START_REF] Fang | Multiobjective robust design optimization of fatigue life for a truck cab[END_REF] proposed a multi-objective optimization to enhance both the performance and robustness of the fatigue life of a truck cab. Sun et al. [START_REF] Sun | Multiobjective reliabilitybased optimization for crashworthy structures coupled with metal forming process[END_REF] proposed a MORBDO of a double-hat thin-walled structure, in which meta-modelling techniques were used with MCS in order to perform the optimum design. Zhang et al. [START_REF] Zhang | Nondeterministic optimization of tapered sandwich column for crashworthiness[END_REF] studied the crashworthiness optimization for a foam-filled tapered structure by considering RBDO. In [START_REF] Deb | Reliability-based multi-objective optimization using evolutionary algorithms[END_REF], the authors combined traditional reliability optimization approaches with evolutionary multi-objective optimization (EMO) to better manage uncertainties of a vehicle design example.

This paper deals with both MOO and RBDO and presents a methodology of MORBDO in order to obtain the optimum solutions of a coupled acoustic-structural system. This system consists in two flexible plates coupled with an acoustic rectangular cavity, in which an analytical formulation was developed to investigate the acoustic pressure inside the cavity as well as the plates displacements. In this work, the proposed methodology, namely MOGA-HM, was successfully verified in a coupled acoustic-structural application.

Governing equations of the vibro-acoustic problem

For an enclosed cavity, Ω f , and for the case of a harmonic variation, the acoustic Helmholtz equation that governs the acoustic pressure p i is is given us [START_REF] Kinsler | Fundamental of Acoustics[END_REF]:

∆p i + k 2 p i = 0 , in Ω f ( 1 
)
where k = ω c is the wave number, c is the speed of sound in the environment and ∆ is the Laplacian operator. At the interface between the fluid and the structure (Σ), the pressure p i , on the grid points of the fluid domain excites the structural part and the acceleration u s , on of the structure domain excites the particles of the air in the fluid, and us shown in figure 1. 

∂p i ∂n = ρ f ω 2 u s , on Σ (2)
Where the mass density of the fluid is denoted by ρ f . For the case of a rigid surface, ∂p i ∂n = 0. The structure is supposed to be elastic and the local equations can be used to described it response [START_REF] Larbi | Vibroacoustic analysis of double-wall sandwich panels with viscoelastic core[END_REF]:

divσ(u s ) + ρ s ω 2 u s = 0 , in Ω s (3) 
with ρ s denotes the mass density of the structure and σ(u s ) means the stress tensor.

σ(u s ).n = p i , on Γ s (4) 
u s = u 0 , on Γ 0 (5) 
The natural frequencies of the cavity can then be obtained from the eigenvalues, while the eigenfunctions are simply the acoustic modes. In most practical cases, the finite element method is used in order to solved numerically the equation (eq.1). We are talking about a coupled problem between the internal acoustic pressure and the vibration of the structure.

The finite element discretization of the structural part and that of the fluid leads to the equations of motion corresponding to each part as follow [START_REF] Dammak | Reliability based design optimization of coupled acoustic-structure system using generalized polynomial chaos[END_REF][START_REF] Larbi | Vibroacoustic analysis of double-wall sandwich panels with viscoelastic core[END_REF]:

[M s ] Ü + [B s ] U + [K s ] {U } = {F s } + {F sf } (6) 
[M f ] P + [B f ] Ṗ + [K f ] {P } = {F f } + {F f s } (7) 
where [M s ] is the mass matrix of the structure part, [K s ] is the equivalent rigidity matrix of the structure, {F s } denotes a vector of external forces applied to the structure and {U } represents a vector of nodal displacements. [M f ] denotes the mass matrix of the fluid, [K f ] represents the equivalent stiffness matrix of the fluid, {F f } is a vector of the external forces applied to the fluid, and {P } denotes a vector of acoustic nodal pressures,.

{F sf } = -[A]
. {P } is the vector of forces from the fluid portion that acting on the structural part when [A] represents the acoustic-structure coupling matrix at the boundary surfaces. {F f s } = [A] T Ü is the vector of forces from the structure part that acting on the fluid portion.

The differential equations of motion for the coupled fluid-structure system can be written in the following matrix form [START_REF] Dammak | An efficient optimization based on the robust hybrid method for the coupled acoustic-structural system[END_REF][START_REF] Larbi | Vibroacoustic analysis of double-wall sandwich panels with viscoelastic core[END_REF]:

M s 0 -A T M f • üs p + B s 0 0 B f • us ṗ + K s A 0 K f • u s p = F s F f (8)
3. Multi-objective design optimization

Deterministic multi-objective design optimization (DMOO)

A deterministic multi-objective design optimization problem consists in minimizing a number of M objective functions f m (x) (cost, mass or volume, etc.) subjected to physical, geometrical, or functional constraints in the following form:

min x f m (x), m = 1, .., M s.t. g k (x) ≤ 0, k = 1, .., K h j (x) = 0, j = 1, .., J x lb ≤ x ≤ x ub ( 9 
)
where x is the vector of deterministic design variables, x lb and x ub are the lower and upper bounds respectively, g k (x) are the inequality constraints and h j (x) denote the equality constraints.

In the multi-objective design optimization, the objective functions constitute a multidimensional space called objective space, in addition to the variable design space compared with the standard mono-objective optimization. Figure 2 shows a transformation from the physical space of design variables to the objective function space. The aim in solving a multi-objective design optimization is to get the set of optimal solutions on the Pareto front. After that, the designer can use higher-level qualitative considerations to make a choice between these solutions. Since (EMO) approaches deal with a population of solutions in each iteration, it makes them intuitive to be applied in order to find a set of non-dominated solutions [START_REF] Kalyanmoy | Multi-objective optimization using evolutionary algorithms: An introduction[END_REF]. An EMO based procedure is based on two steps in handling multi-objective optimization problems as presented in figure 3: Step1: Find multiple non-dominated points as close to the Pareto-optimal front as possible, with a wide trade-off among objectives.

Step2: Choose one of the obtained points using higher-level information. 

Multi-objective reliability based-design optimization (MORBDO)

Different from the deterministic design optimization, reliability based design optimization (RBDO) looks for the best compromise between cost and safety when considering the uncertainty in the design variables and parameters, thereby ensuring that desirable performance is met under a certain probability. A MORBDO problem can be thus formulated as [START_REF] Aoues | Benchmark study of numerical methods for reliability-based design optimization[END_REF][START_REF] Fang | Multiobjective reliability-based optimization for design of a vehicledoor[END_REF]:

min x f m (x), m = 1, .., M s.t. P r [G k (x, y) ≤ 0] ≤ P T k , k = 1, .., K h j (x) ≤ 0, j = 1, .., J (10) 
Where x is the vector of deterministic design variables, y is the vector of random variables, P r [.] represents the probability operator, P T i denotes the target failure probability, G i (x, y) are the probabilistic constraints and h j (x) are the deterministic constraints. Generally, the RBDO procedure is solved by the classical approach in two spaces: the physical space of design variables and the normalized space of random variables [START_REF] Yaich | Reliability based design optimization for multiaxial fatigue damage analysis using robust hybrid method[END_REF][START_REF] Dammak | An efficient optimization based on the robust hybrid method for the coupled acoustic-structural system[END_REF]. It has been proved that the classical approach requires a high computational time by the reason of the important number of numerical calculation in the two spaces. So the need of an efficient approach, called hybrid method [START_REF] Kharmanda | Efficient reliability-based design optimization using hybrid space with application to finite element analysis[END_REF][START_REF] Yaich | Reliability based design optimization for multiaxial fatigue damage analysis using robust hybrid method[END_REF][START_REF] Dammak | An efficient optimization based on the robust hybrid method for the coupled acoustic-structural system[END_REF], in order to reduce the effects of this problem. The basic idea of this approach, in the context of mono-objective function, consists in minimising a new form of the objective function subject to the performance function G(x, y), the deterministic constraints g k (x) and the reliability constraint. The transformation of this method to the context of multi-objective functions leads to the optimization problem described by: min

x,y

F m (x, y) = f m (x).d β (x, y), m = 1, .., M s.t. G(x, y) ≤ 0 g k (x, y) ≤ 0, k = 1, .., K d β (x, y) ≥ β t (11) 
Where, d β (x, y) denotes the distance between the optimal solutions and the design points and β t is the reliability cible.

The optimization problem is solved using the multi-objective genetic algorithms (MOGA) tool in MATLAB software (gamultiobj).

Numerical results

In this section, an analytical formulation of a coupled acoustic-structural system is proposed and applied to the deterministic case. Then a multi-objective reliability based design optimization is addressed in order to get the optimal reliable design of the system.

Two flexible plates coupled with a rectangular cavity

The problem presented in figure 4 consists in a coupled acoustic-structure system in which two flexible aluminium plates are attached to a rectangular acoustic box at the top (z = L z ) and the bottom (z = 0). A harmonic point force acts on the plate 1 that providing vibration. The vibrating plate generates acoustic pressure inside the cavity. The dimensions and properties of the coupled system are listed in table 1. The analytical formulation was developed in our previous work [START_REF] Dammak | An efficient optimization based on the robust hybrid method for the coupled acoustic-structural system[END_REF]. The equations of motion of the two plates and the acoustic cavity can be rearranged into a matrix form as shown in eq.12 as:

  Λ 1,m ω 2 1,m -ω 2 1 [0] -S 1 [C 1,nm ] T [0] Λ 2,m ω 2 2,m -ω 2 2 -S 2 [C 2,nm ] T (-ω 2 1 ) S 1 [C 1,nm ] (-ω 2 2 ) S 2 [C 2,nm ] Λn ρ 0 c 2 0 (2ω 2 n -ω 2 1 -ω 2 2 )   •   u 1,m u 2,m p n   =   F m 0 0   (12) 
where ω i,m is the natural frequency of a simply supported rectangular plate, Λ i,m is the modal mass of the simply supported plate, S i is the surface area and i is the plate number. C 1,nm and C 2,nm are the dimensionless coupling coefficients between acoustic modes and structural modes, Λ n is the modal volume of the rectangular cavity. F m is the modal force acting on the plate 1, p n are the acoustic modal participation factors and u i,m are the structural modal participation factors. 

Deterministic model

The theoretical formulation described above was implemented in Matlab. Tables 2 and3 show, respectively, the natural frequencies of the acoustic cavity and one aluminium plate. It is clear that the theoretical formulation gives accurate results with the finite element analysis using Ansys in the frequency rang 0 -400Hz. It can be noted that a total of 4 acoustic modes and 2 structural have been found in the frequency band 0 -400Hz. It can be said that the frequency peaks of the calculated results coincide with the resonance frequencies of the acoustic box and the aluminum plate. The magnitude of the acoustic pressure inside the cavity is presented in figure 5. The validation of the proposed analytical formulation of the modified coupled acoustic-structural system has been verified and then we can process with the MORBDO problem in order to obtain the optimum reliable design.

Definition of the optimization problem

The optimization problem consists in minimizing both the total mass of the aluminium plates and the displacement of plate 1 subject to the acoustic constraint P max . The design variables are the thickness h1 and h2 of the plates. To perform the deterministic multiobjective optimization (DMOO), a safety factor S f = 1.2 is taken on the required target pressure P t = 60P a. Thus, the deterministic multi-objective optimization problem can be formulated as follow: min

x

F (x) = [f 1 (x), f 2 (x)] s.t. P max (x) ≤ P t S f = 50P a lb ≤ x ≤ ub (13) 
The corresponding multi-objective reliability-based design optimization (MORBDO) problem can be defined using the hybrid method (HM) by converting the deterministic constraints into reliability constraints (β t = 3) as:

min x,y F (x, y) = [f 1 (x), f 2 (x)].d β (x, y) s.t. P max (x, y) ≤ P t = 60P a d β (x, y) ≥ β t = 3 lb ≤ x ≤ ub lb ≤ y ≤ ub (14) 
We consider that the design points are associated to the thickness of the two plates. For the MORBDO, uncertainties should be introduced to these designs variables.

For this reason, they are considered as random parameters with a normal distribution as presented in table 4. 6 shows the Pareto frontier of the DMOO. It provides decision-makers with a set of solutions over the Pareto space for design selection. The minimum distance selection method (MDSM) [START_REF] Barakat | Multi-objective reliability-based optimization of prestressed concrete beams[END_REF] is used here to select the best optimum, namely knee point [START_REF] Sun | Crashworthiness design of vehicle by using multiobjective robust optimization[END_REF], as illustrated in figure 7. This special point in a Pareto front usually presents a good tradeoff between the competing objectives, and it has the least distance from the utopia point. The discontinuity of the Pareto front arises due to a concave section of the objective front, leading to regions of the objective front that are dominated. Also, this means that the optimizer cannot find non-dominated solutions (or Pareto-optimal) in the gaps that can satisfy the constrain boundary. Compared with the initial design, it is clear that the MOO knee point can well provide an optimum design by decreasing the mass and the plate displacement and simultaneously satisfy the deterministic acoustic constraint as shown in table 5. On the other hand, it should be noted that uncertainties of vibro-acoustic problems would have influence on the efficiency of the final design. For this reason, the MORBDO is used in order to take into account these uncertainties in the model.

Results of MORBDO

To compare MORBDO with the DMOO, the corresponding Pareto front are plotted in figure 8, where the reliability level for MORBDO is set as β = 3 which corresponds to a probability of failure 10%. Similarly to the DMOO, MORBDO presents a set of solutions over the Pareto space. However, as the design variables are related with uncertainties, the MORBDO Pareto front significantly differs from MOO's. To obtain the reliable design of parameters, the MORBDO was performed at different reliability levels from β t = 3 to β t = 3.35 and the design results were plotted in figure 9. It is obvious that the Pareto fronts under different reliability levels took a similar shape, but their positions and ranges differ evidently. As the reliability level increases, the Pareto front moves further inward the feasible region in the Pareto space. This means that the performances drop as a result of improvement of reliability. Practically, a compromise should be made between the objective performances and the desired reliability level. To obtain the most satisfactory solution from the Pareto sets, the minimum distance selection method was used and the optimal results were summarized in table 6. Compared with the baseline design, it can be seen that the deterministic optimization generated the best vibro-acoustic design, but the reliability of the deterministic optimum was the worst. Thus a trade-off needs to be made between the desired reliability level and objective performance. It should be noted that with the MORBDO for the coupled vibro-acoustic problem, a great improvement in the design has been found. In summary, a compromise should be made not only between the manufacturing cost and reliability level but also between the objective performances and the reliability target.

Conclusion

This work seeks to present a method to design the vibro-acoustic phenomena for a coupled acoustic-structural system. The optimized reliable design was obtained by taking into account uncertainties of the design variables. To make a trade-off between the structural mass, the plate displacement and the acoustic pressure, the multi-objective optimization (MOO) and multi-objective reliability-based design optimization (MORBDO) procedures are adopted. The latter aims to improve the structural performance of the coupled problem under probabilistic constraints related to the interior acoustic pressure. In order to minimize both the mass and the displacement of the structure while satisfying the probabilistic constraints that represent the reliability problem and the acoustic pressure, a multi-objective genetic algorithm (MOGA) using the gamultiobj matlab toolbox is adopted to generate Pareto optimal fronts. The minimum distance selection method (MDSM) was used to find the optimal mass and displacement from Pareto front with regard to the acoustic pressure and reliability target. This method is efficient to confirm optimal solution for multi-objective problem. Results show that the MORBDO generates a Pareto front which is placed inside the pareto front of the deterministic MOO, indicating that a compromise should be made between the performances and the reliability level.
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 1 Figure 1: Schematic presentation of the vibro-acoustic system
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 2 Figure 2: Mapping from parameter space to objective function space
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 3 Figure 3: Flowchart of evolutionary multi-objective optimization procedure
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 4 Figure 4: Schematic of two flexible plates attached to the end of a rigid-walled rectangular cavity
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 5 Figure 5: Acoustic pressure inside the rectangular cavity
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 6 Figure 6: Pareto optimal front of DMMO Figure 7: Knee point generated by MDSM
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 8 Figure 8: Comparison of MORBDO and DMOO results
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 9 Figure 9: Pareto optimal fronts for different reliability targets

Table 1 :

 1 Dimensions and properties of the coupled system

	Description	Parameters	Value
	Cavity width	L x	0.5m
	Cavity height	L y	0.3m
	Cavity depth	L z	1.1m
	Speed of sound	c 0	344(m/s)
	Density of air	ρ 0	1.21(kg/m 3 )
	Output location	-	(0.125m, 0.15m, 0.875m)
	Plate width	L x	0.5m
	Plate height	L y	0.3m
	Plate thickness	h	3mm
	Plate density	ρ	2700(kg/m 3 )
	Plate Young's modulus	E	70(GP a)
	Plate Poisson's ratio	ν	0.3
	Magnitude of force	F z	1(N )
	Force location	-	(0.1m, 0.075m, 0m)

Table 2 :

 2 Natural frequencies of the rectangular acoustic cavity

	Modes Analytical (Hz) Ansys-FE (Hz)
	1	156.36	156.53
	2	312.73	313.51
	3	344	347.40
	4	377.87	378.96

Table 3 :

 3 Natural frequencies of a flexible aluminium plate

	Modes Analytical (Hz) Ansys-FE (Hz)
	1	220.85	221.14
	2	396.23	399.73

Table 4 :

 4 Characteristics of design variables

	Design variables Lower bounds (mm) Upper bounds (mm) Mean value (mm) Cov
	h1	3	9	5.8	10%
	h2	3	9	4.4	10%
	4.1.3. Results of DMOO				
	Figure				

Table 5 :

 5 DMOO results 

	Description		Baseline MOO results
	Design variables	h1 (mm) h2 (mm)	7 5	5.2 3.5
	Objectives functions	f 1 (x) (kg) f 2 (x) (m) 3.64e -4 4.86	3.54 4.54e -5
	Constraint	P max (P a)	97.52	29.89

Table 6 :

 6 Different reliability levels for MORBDO resultsDescriptionBaseline Deterministic β t = 3 β t = 3.2 β t = 3.35

	Design variables	h1 (mm) h2 (mm)	7 5	5.2 3.5	5.7 3.5	5.1 3.6	4.5 4.3
	Objective functions	f 1 (x) (kg) f 2 (x) (m) 3.64e -4 4.86	3.54 4.54 -5	3.73 3.76e -5 4.98e -5 3.61	3.57 9.26e -5
	Optimization constraint P max (P a)	97.52	29.89	34.23	46.76	44.89