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FORCED RESPONSE PREDICTION METHODOLOGY FOR THE DESIGN OF HP COMPRESSORS BLADED DISKS

This paper presents a general approach related to bladed disk forced response prediction and a typical way to use it in the design process.

Firstly, a good confidence level in prediction tools must be reached. The first application is a highly instrumented HP compressor blisk representative of a real engine environment. Simulation of forced response is compared to measurements in order to check the accuracy of prediction. For this test case, the results obtained are in very good agreement with measurements. The good quality of prediction is due to the complete characterization performed on the test case: all the influent parameters were identified before testing. But during the design process, many important parameters are unknown and this level of accuracy can not be obtained. Nevertheless, forced response prediction in the early design process can provide interesting information even if uncertainties are high for some parameters.

As an illustration, a second application is proposed, based on the design experience of a new HP compressor of a known engine family. Some forced response predictions were performed during development and compared afterwards with measurements obtained during engine testing. This analysis has permitted to confirm some technical choices and to assess the High Cycle Fatigue risk associated to this new engine configuration.

INTRODUCTION

The forced response prediction of bladed disks is the main challenge to mitigate the risk of vibration of these structures. It is a way to avoid the late discovery of High Cycle Fatigue problems. Indeed, in the current design process, engine manufacturers know the vibration levels only at the very end of the development, during engine testing, or sometimes in operation (it is difficult to cover the entire flight domain with ground testing).

But forced response prediction is complex because much of the needed information is unknown at the early stages of the design process: -an accurate computation of the aerodynamic forcing function -the dynamic behavior of the structure that can be complex (high modes, mistuning, non linearity) -an estimation of the total damping, as a combination of mechanical and aeroelastic damping.

Many solutions have been proposed concerning the forced response simulation tools, both for unsteady aerodynamics and for the fluid/structure coupling. This paper does not describe a new computational method but tries to address the problem of the way to use forced response prediction in the design process. This paper 's objective is to propose a general methodology coherent with an industrial context, that is to say with many unknown parameters.

The use of forced response prediction in the design process implies a good level of confidence in the simulation tools. After a short presentation of the tools used, the first major part of the paper is dedicated to simulation / experiments comparison on a HP compressors isolated bladed disk. This test configuration is presented as well as the necessary characterizations performed. A very good agreement has been obtained between test and simulation due to a good understanding of the test environment.

But the comparison between test and simulation is much more confused on complete HP compressors (HP core testing or engine testing). A discussion is proposed to explain the sources of uncertainties that can occur in these real industrial cases.

The sources of uncertainties being identified, forced response prediction in the design process must be used with many precautions. The second part of the paper proposes a method to use prediction tools, in such a way that the robustness of computed response is accurate enough for design. The application proposed has been performed on a real HP compressor blisk, in real design conditions.

APPROACH USED FOR FORCED RESPONSE

During the past ten years, a strong effort has been performed by Snecma to develop the tools required for bladed disk forced response prediction. Moreover a 5 years French research program for aeroelasticity has just ended. Here follows some precisions related to the state of the art at Snecma in terms of forced response prediction.

CFD Tools

A specific effort has been paid to unsteady computations, both for forced response (determination of the forcing unsteady flow field) and the aeroelastic stability. This paper being oriented towards forced response prediction, forcing function estimation techniques are presented here. For the aeroelastic stability determination, the reader can refer to [START_REF] Chassaing | Compressor Flutter Analysis using time nonlinear and time linearized 3D Navier-Stokes Methods[END_REF], [START_REF] Crawley | Aeroelastic formulation for Tuned and Mistuned Rotors[END_REF] and [START_REF] Seinturier | A new method to predict flutter in presence of structural mistuning[END_REF]. It can be mentioned that the total damping of the structure must be known for the forced response analysis. This total damping is a combination of the structural damping and the aeroelastic damping. As a consequence, the aeroelastic damping prediction is necessary to determine flutter risk but also for the forced response analysis.

Tools for dynamic analysis

Dynamic analyses are performed with SAMCEF code, which is classic finite element software.

Standard design procedure is based on cyclically symmetric models of a bladed disk sector. It allows for significant computational cost reduction by avoiding a full 360° representation of the structure.

The effect of mistuning is taken into account by the way of modal synthesis techniques in order to reduce the model size. The technique used in [START_REF] Bladh | Component mode based reduced order modeling techniques for mistuned bladed disks -Part I & II[END_REF] to [START_REF] Castanier | A reduced order Modeling Technique for Mistuned Bladed Disks[END_REF] has been assessed on different test cases and experimental results [START_REF] Seinturier | Turbine Mistuned Forced Response Prediction -Comparison With Experimental Results[END_REF]. The mistuned prediction accuracy is acceptable for design and the costs of the simulation is reduced so that statistical approaches are possible.

The non linear dynamic behavior due to under-platform dampers or contacts between shrouded blades is also modeled. The structure is represented on a linear projection basis and the non linear contact problem is solved by a multi-harmonic balance method. Different formulations have been proposed depending on the studied configuration.

Moreover, it can be said that it makes no sense to perform expensive aeroelastic computations if the accuracy of the structural models has not been checked. A particular effort has been made regarding FE modes quality assessment. For instance, efficient tools have been developed to compare displacement fields obtained by holographic interferometry and computed modes, in order to quantify the model accuracy [START_REF] Lombard | Modal Characterization Of Turbomachinery Bladed Disks By Optical Measurements[END_REF]. A specific method has also been developed for blisks modes characterization and mistuning identification [START_REF] Pichot | Mistuning Parameters Identification Of A Blisk[END_REF].

Aeroelastic coupling techniques

Different coupling techniques are possible for the aeroelastic analysis. We can define 3 categories currently proposed in a simplified way: -Low level coupling: the light fluid assumption is made, implying that the fluid has no effect on the mechanical conservative behavior. The effect of the structural modes on the fluid is that of an imposed motion on the flow field. The fluid's effect is an external force (forced response) or an aeroelastic damping (stability analysis) applied on the structure. These approaches allow separate computation of the fluid and the structure, reducing the analysis cost [START_REF] Seinturier | A new method to predict flutter in presence of structural mistuning[END_REF]. -Strong level coupling: this coupling is interesting when the structure or the fluid behavior are strongly non linear. Structural motion is projected on a modal basis. The fluid and the structure equations are solved separately but an iterative coupling allows to balance the two domains. -Multi-physics coupling, for which structural and fluid equations are solved at the same time step. These approaches are of course expensive but can provide interesting results for strongly non linear cases.

For the forced response application performed in this paper, the low level coupling is used due to its reduced cost. The accuracy of results will be checked in next chapter.

METHODS ASSESSMENT

The first application proposed is a highly instrumented component test, allowing for an assessment of the methods accuracy in a representative but known configuration.

Presentation of the test case

The test case is a transonic 23 blade HP compressor blisk. The 3 rd blade mode (2 nd bending) around 30000 rpm is excited by 9 struts upstream of the rotor. The upstream stator has a pitch angle optimized to produce a significant forcing level on the rotor. A meridional view of the test case is shown in figure 2. 

Mechanical data

Different mechanical data has been characterized before testing, such as the blisk first modes (used to update the FE model) and the mistuning pattern around the rotor. In the case of a blisk, a specific method has been used to identify mistuning (since the blades can not be characterized alone). The mistuning pattern, identified for the 3 rd blade mode is visible on figure 3. The mistuning is given as the frequency deviation (in percent) between each blade 3 rd mode frequency and the mean value of the 23 blades. The maximum deviation to mean value is 2.4% for blade n°4. Views of the mesh used on one sector and the 3 rd blade mode are given on figure 4. 

Aerodynamic data

The detailed experimental investigation of the steady flow field has been performed over 3 blade channels in 8 radial positions, upstream and downstream of the rotor. 5-hole pressure probes were used. As a complement, Particle Image Velocity (PIV) measurements were performed to complete the understanding of the operating point. Figure 5 shows the measured total pressure contour plot downstream of the struts. 

Test results and comparison with prediction

The experimental results are the response level for each blade within a rotational speed range around the studied crossing. In order to compare the predicted results with the experimental ones, it is proposed to compute the mistuned forced response of the blisk. The response prediction has been performed in the following steps. 

Studied crossing

Forcing function estimation

The unsteady forces due to the struts wake passage on the rotor has been computed by the two techniques presented in introduction.

In the first case, the wake is extracted downstream to the stator from the steady viscous computation and injected as an upstream boundary condition for the Euler unsteady analysis of the rotor alone. As an illustration, the first harmonic modulus of the forcing unsteady pressures is given on figure 7 for the pressure and suction sides of the rotor blade. This technique has the advantage of reduced computational costs by avoiding an unsteady viscous computation. It is useful for catching trends during the design process. The main drawback of this approach is its accuracy. The unsteady Euler results are highly dependant on the wake's injection position and on the mesh refinement. In the second case, a full stage 3D NS unsteady (URANS) computation using the phase-lagged technique was performed. This technique should be more accurate than the previous one but at the cost of approximately 250 hours CPU on a Fujitsu VPP5000 computer. Figure 8 shows the unsteady entropy field and the interaction between the rotor and the upstream wake. The two forcing functions intensities can be compared by the aerodynamic generalized forces (AGF) generated on the blade. It is reminded that AGF are given as the product of the unsteady forces with the blade modal displacement and is a good indication of the excitability of the mode. In this test case, the full stage unsteady NS generates AGF twice higher than steady NS -unsteady Euler method.

Estimation of the total damping

The total damping can be defined as a sum of the structural damping and the aeroelastic damping. For this test case, the structural damping is due to material non linearity (small): since the studied case is a blisk, there is no geometric non linearity between the blade and the disk or between blades. A good estimation of the structural damping can be given by a measurement at rest. This value has been measured on the blisk before testing and is 0.17%, which is a standard value for a blisk.

For the aeroelastic damping, different stability computations has been performed on the 3 rd mode at 9 modal diameters, for the experimental operating point. The first approach used was a Euler unsteady computation of the vibrating rotor blade. This technique allows to account for non linear effects in case of strong modification of the flow field due to the blade vibration. The second analysis was performed with a linearized NS formulation. In this case, the flow unsteadiness is supposed linear around a mean state. Viscous effects are taken into account but not strongly non linear effects. The ideal approach is a non linear unsteady NS, but the associated cost is too high for industrial applications. The results obtained by both methods used are similar. 1 summarizes the damping estimation for the studied case. The estimation of damping values is always difficult. This parameter has a first order influence on the response level but is also associated with a high level of
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uncertainty. For this reason, it will be the parameter chosen for model update in the following.

Forced response levels

The two forcing functions have been used to compute forced response as well as the two values of damping. Since each blade strain gage signal is different from the others, it is difficult to compare simply global results without analyzing each blade response. Nevertheless, since mistuning has been accounted for in the prediction, a simple comparison is proposed, based on the average of each blade maximum response. The maximum vibration level for each blade is extracted from the experiment and averaged on the 23 blades, as well as for the computation. Table 2 shows that the unsteady Euler excitations' intensity is too weak: for this excitation, damping should be reduced to 0.17% (that is to say the structural damping alone) in order to correlate experimental results. As a consequence, it means that aeroelastic damping would be zero. For excitation 1, the conclusion is that the unsteady field looks consistent but its intensity should be twice greater to be credible.

For the NS excitation, predicted results are much closer to the experiment. Even though the excitation is a bit underestimated or the damping value is slightly too high, it can be said for this excitation that predicted results quality is quite good. Total damping being a parameter whose estimation is complex and uncertain, it is chosen here as an updating parameter. The NS excitation is assumed correct, and the total damping value retained is 0.35%.

The more detailed results presented hereafter are obtained with excitation 2 and a 0.35% total damping. To interpret these results, the effect of mistuning must be quantified. Figure 10 shows the response of each blade, the tuned response is in blue, the maximum mistuned response is in red and the minimum in green. It is shown on figure 10, that the amplification of the tuned response (normalized to 1) due to mistuning is small: the maximum mistuned response on one blade of the rotor is around 1.2 It can be seen that the prediction and test results compare well in regard to the complexity of the studied phenomenon. The global behavior of the structure is well represented. The response levels are close and the small discrepancies can be explained by the following remarks: -Small frequency scatter between the measured and computed peaks can be due to uncertainties in the mistuning pattern identification. Moreover, this parameter is performed at rest and is assumed constant under rotation. -Damping identification is difficult. It can be seen on figure 11 that mistuned modes are very close in terms of frequency. Peaks are not "pure" and total damping

Amplification factor

Rotating speed -Tuned response -Maximum response -Minimum response estimation is difficult. The updated value of 0.35% for total damping looks consistent. -The measurement under rotation at more than 30000 rpm is tricky. Some uncertainties can be associated to the experimental results. To illustrate this point, figure 12 shows 2 mistuning patterns with very small differences (patterns 2 & 3) compared to the initial one (pattern 1 presented on figure 3). A forced response computation was performed with these two new patterns. Figure 13 illustrates the effect of these small modifications in mistuning on the response of blade 23.

Conclusion

This first part of the paper leads to the conclusion that numerical tools allow predictions of the mistuned forced response with a good level of accuracy. This status is confirmed by various other publications (references [START_REF] Berthillier | Réponse forcée aéroélastique des aubes de turbomachines[END_REF], [START_REF] Ning | Blade Forced Response Prediction For Industrial Gas Turbines -Part 2: verification and application[END_REF], [START_REF] Sayma | Overview Of Shaft Driven Lift Fan Forced Response Analyses[END_REF] and [START_REF] Seinturier | Turbine Mistuned Forced Response Prediction -Comparison With Experimental Results[END_REF] ). To reach this level of accuracy, a good estimation of the forcing function is required. Unsteady NS give a better prediction of the forcing function intensity than Euler methods, although unsteady fields are globally similar. Mistuning has a strong effect on the forced response level and this parameter is difficult to estimate on blisks. Finally, the most uncertain parameter is total damping. Characterization at rest can provide a good evaluation of structural damping while unsteady computations give an estimate of the aeroelastic damping. These are interesting elements to determine total damping but this parameter remains uncertain.

DESIGN APPLICATION CASE

The methods for forced response prediction are available with a level of accuracy which is sufficient for design. But it has been shown in the previous application that even with a fully characterized test case, uncertainties can pollute the prediction quality. In a design environment, there are many more uncertainties, and the analy sis cost must be as low as possible. In this second part, the methods assessed previously are used in the design context.

Engine case presentation and context

The application case is a vibration level assessment for the design of a HP compressor bladed disk. The study was carried out in one week by two people.

The rotor has 28 blades and is located downstream to a variable stator vane. Two versions of the engine were studied. The first version of the engine was tested a few years ago and test results were available. During the design of the engine version 2, a risk assessment for HCF was performed. One of the main points was to estimate the response level of the new version of the bladed disk.

It was decided that a forced response analysis would be performed on version 1 in order to update the aeroelastic model of the bladed disk. Then the same kind of structural and CFD model are used for engine version 2, with the damping value identified during version 1. An estimation of forced response is then possible on engine version 2. Raw results are presented, as they were predicted. Some time later, the engine version 2 was tested, allowing for a comparison with predicted results. An analysis of the compared results is proposed here as well as a method to use forced response prediction during design, when many parameters are unknown. The limitations of this approach is discussed.

Model and mechanical data

The Campbell diagram of the bladed disk for engine version 1 is given on figure 14. Green lines are the computed modes frequencies (modes 15 to 20), the blue line corresponds to the upstream variable stator vane excitation harmonics. Pink and dashed lines correspond respectively to computed aerodynamic and computed static load speeds. Red dots are the crossing frequencies measured during engine testing. This is done by comparing the predicted modeshapes with holographic interferometry measurements. Figure 16 shows the compared frequencies and modeshapes: frequency deviations are given as well as MAC values. A 0.56/0.59 MAC value for these high modes shows a good agreement between the simulated and experimental modeshapes. For such higher modes, these MAC values are acceptable although local discrepancies are still visible.

Model and aerodynamic data

The geometry of the stage is given on figure 17, with the variable stator vane (VSV) and the rotor. Wakes are extracted at the position materialized by the red line on figure 17. A steady NS computation is performed for each crossing speed of interest (88%, 94%, 95% of nominal speed).

Figure 17: Meridional view of the compressor

Figure 18 shows the entropy fields at 70% of blade height and a view of the total pressure downstream of the VSV at 88%, 94% and 95% of the nominal speed.

Mode 19 crossing @ 95% of nominal speed Mode 18 crossing @ 94% of nominal speed Mode 16 crossing @ 88% of nominal speed These rotational speeds correspond to the crossing speeds identified in Figure 14. The color scale varies from the red (low pressure & entropy) to the purple (high pressure & entropy). At lower speeds, the incidence of the VSV having increased, flow separation on the VSV appears giving thicker wakes. For 94 and 95% of nominal speed, the wakes intensity is weaker.

Given the time available for this study, the choice of the unsteady Euler method for computing the aerodynamic forcing function was made (first approach used in the first part of the article).

Engine testing results -comparison with predictions

Both engine versions were instrumented with onboard strain gages. For version 1, measurements were available on four onboard strain gages but only two of them were sensitive enough to provide a significant level on the studied modes. For version 2, three gages are available. All available measured data are presented showing a maximum of 3 relevant crossings compared to six computed ones.

Version 1

The forced response computation is first performed on engine version 1. The forcing function is computed for 88%, 94% and 95% of nominal speed and applied to the relevant frequency ranges for the 5 modes. The damping value is arbitrarily equal to 0.2% for all the modes. Figure 19 shows the predicted response (blue line) and the measured one (Red dots for the mean value, green crosses shows the dispersion) on the first strain gage. The measured points correspond to modes 17 and 19. A factor 6 in terms of the first harmonic of static pressure is observed between the two approaches (Euler and NS results are presented with the same color scale). This can explain why mode 17's predicted forced response correlates better with the results than modes 19 and 20. Indeed, the steady flows are very different with very thick wakes for the lowest rotational speed giving a high level of response. The constant damping value of 0.2% for all the modes could also partly responsible of the underestimation on modes 19 and 20.

Version 2

The same approach is now applied to the engine version 2. Total damping value is taken at 0.2% and the same mechanical model as before is used. For the aerodynamics, the unsteady Euler method is used. It is reminded here that the results were predicted in a very short time and blindly (no test results available).

Considering the previous results, steady flows were analyzed in order to assess the quality of the unsteady Euler computation. For this version, less variation of the intensity of the wakes were obtained by steady NS computations compared to version 1, due to the aerodynamic compressor operating conditions being closer to each other for all the crossings involved. Figure 22 shows the Campbell diagram on engine version 2 (green lines are modes 14 to 18). The following figures 23 to 25 show the measured response level (obtained a few months after prediction) and the predicted stress levels. Some significant deviation on the modes frequencies can be observed between prediction and testing. The purple arrows connect each measured response to the predicted one.

Firstly, the engine version 2 predicted results are of the same order of magnitude as for version 1. It was a first interesting conclusion regarding the HCF risk on this new version compared to the initial design. The experimental data obtained after the engine testing confirmed this. Going deeper in the results, some important deviations can be observed in terms of absolute response level on almost each mode.

As in version 1, the unsteady Euler approach underestimates the absolute level. The scatter is the same for the crossings at low speeds and higher ones (it was not the case for engine version 1). But this time the proposed approach catch's the relative response of each crossing pretty well. Except for mode 15 on figure 25, the measured relative responses are consistent with the predicted relative responses. This is an interesting information for identifying each relative level, allowing the designer to focus on the mode with the most important response level.

Figures 23 and25 show an important deviation between the 15 th mode predicted and measured responses. However the measured values are associated with a large scatter (figure 23). Figure 25 shows the relative response for modes 17 and 18 are in agreement but not for mode 15. The absolute value of mode 18's predicted response is close to the gage 3 measurement. The same modes predicted response was highly underestimated compared to gage 1 measurement. A possible cause is that gage 1 has only 1% of the sensitivity of gage 3 to mode 18.

Conclusion

The application on engine version 2 has allowed the identification of the maximum response level with quite a good level of accuracy. It has shown tha t this engine configuration has approximately the same HCF margins as the previous version. This has been confirmed after engine testing. It can be said that the indication in terms of relative response level of each crossing is reliable but the absolute level prediction is not accurate enough. This is mainly due to the damping estimation which is uncertain (and taken constant for all regimes) and to the Euler formulation which underestimates the forcing. Unfortunately, it was the only approach possible in the given time for this bladed disk response evaluation. The difference of behavior with version 1 is due to, the excitation functions (aerodynamic conditions at the crossings studied). In version 2, the aerodynamic conditions at the crossing studied are closer to each other compared to version 1. This can explain the nearly constant deviation between measures and predictions in version 2.

CONCLUSION

The forced response prediction for HP compressor design remains a complex approach. In a fully characterized configuration (damping, mistuning, modeshapes, steady state, etc …), it is possible to obtain a good correlation between predictions and measurements. It is shown that Euler approaches are not accurate enough and underestimate the forces applied on the blades. In most of the cases, they provide a coherent unsteady pressure distribution but not the right mean level. Consequently, the prediction of the response's absolute value is inaccurate but it is possible to use the relative response between various modes. For this, the steady flow structure must be similar for the modes to be compared (so as to have a similar level of error across the speed range). The identification of the relative response at various crossings of the Campbell diagram is interesting as it allows the designer to focus on the most loaded resonance.

URANS simulations allow for better predictions of the forcing function but an effort to reduce the computational costs is necessary if it is to be used for forced response prediction in the design process. Moreover the prediction of absolute response levels is dependant on total damping which is an uncertain parameter. The aeroelastic damping estimation can also be improved by using NS codes but, once again, the cost of the analysis is higher and not necessarily compatible with development timescales. Moreover, the aeroelastic damping must be estimated for various flow configurations at the same crossing, depending on the operating conditions, increasing costs.

As a conclusion, the prediction methods are still being improved but they can be used to provide a first estimation of the forced response prediction through a relative approach for comparison of one engine version to another, comparison between various modes of the same bladed disk.

  Figure 1. shows the Campbell diagram of the studied configuration.
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 5 Figure 5: Total pressure downstream to the struts Figure 6 shows the 3D RANS computation results obtained on a 3 millions point mesh, in terms of the entropy field at 90% span and a view of the total pressure downstream of the struts, in the measurement plan. Turbulence is modeled by the 2-equation Launder-Sharma k-ε model. A good agreement with the experimental results was obtained.
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 6 Figure 6: Steady NS computation results
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 7 Figure 7: Unsteady Euler total pressure (1 st harmonic modulus) on pressure (PS) and suction sides (SS)

Figure 8 :

 8 Figure 8: NS unsteady entropy field at 90% spanFigure9shows the total pressure first harmonic modulus on the blade pressure and suction side, from the unsteady NS computation. The unsteady pressures applied on the blade are globally similar to the Euler unsteady computation but with significant local discrepancies. Figures7 and 9have the same scales, showing higher local pressures in the second approach.
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 9 Figure 9: Unsteady NS total pressure (1 st harmonic modulus) on pressure (PS) and suction sides (SS)
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 1011 Figure 10 : Amplification of the tuned response Typical results are presented for blades 3, 6, 9 and 20. Experimental results for the blade dynamic response vs. rotating speed are plotted in red and prediction in blue on figure 11.
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 1213 Figure 12Figure13: Dynamic level Mistuning pattern vs. rotating speed blade
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 1416 Figure 14: Engine version 1 Campbell diagram
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 18 Figure 18: Steady entropy contours at the studied crossings (70% span) and injected wakes (total pressure)
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 19 Figure 19: prediction/test comparison -gage 1 Figure 20 shows the same kind of results as figure 19 for the second strain gage. The measured points correspond to modes 17, 19 and 20. Figures 19 and 20 show a good agreement between test and predictions for mode 17. Of course, the estimated damping value could be updated for a better correlation with test results. For modes 19 and 20, prediction underestimates the response level by a factor 10.At 94% and 95% of nominal speed, the wakes shown on figure18are very weak. Moreover, the Euler unsteady computation minimizes the excitation on the rotor blade by an important factor.
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 20 Figure 20: prediction/test comparison -gage 2 For illustration, figure 21 shows the unsteady pressures computed by the two previous techniques: unsteady Euler on the rotor or full stage unsteady NS.
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 22 Figure 22: Engine version 2 Campbell diagram
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 231 Figure 23: forced response levels -gage 1

Table 1 : damping estimation Table

 1 

	Damping (%) Euler Non Linear	NS linearized
	Structural	0.17	
	aeroelastic	0.26	0.31
	Total	0.41	0.47

table 1 .

 1 Table2summarizes the different results obtained (experimental results are normalized to 1). In this table, excitation 1 corresponds to the Unsteady Euler approach and excitation 2 refers to the unsteady NS approach. Damping values 0.41% and 0.47% are detailed in The 0.35% value corresponds to the updated damping value for which computed forced response for excitation 2 is equal to the measurement (averaged maximum values).

	Response levels	Damp.	Damp. 0.47%	Damp. 0.35%
		0.41%	(NS)	(updated)
		(Euler)		
	Excitation 1	0.44	0.39	0.52
	Excitation 2	0.85	0.74	1

Table 2 : averaged forced response results

 2 
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