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Stores carried on high performance military aircraft are exposed to severe 
vibroacoustic environments which are caused by several different sources. 
Two methods available for simulating the acoustic portion of this 
environment in the laboratory are reverberant chambers and progressive 

to each of these acoustic sources as a function of frequency for the same 
Sound Pressure Level. 

, wave tubes. The literature indicates that structures will respond differently 

Sandia National Laboratories participated in a test program that obtained 
acoustic data for a common store using both types of acoustic excitation. 
The purpose of this paper is to present the results from those tests in such a 
way so as to document the existence or absence of any significant 
differences in the coupling efficiencies for these acoustic sources. 

INTRODUCTION 

Stores carried on high performance military jet aircraft are exposed to severe vibroacoustic 
environments which are caused by several different sources. Two methods available for 
simulating the acoustic portion of this environment in the laboratory are reverberant chambers and 
progressive wave chambers. As a result of a recent test program sponsored by the Air Force's 
Wright Laboratory, Sandia National Laboratories performed a reverberant chamber acoustic test on 
a mass mock test article for which a similar test was conducted by Northrop Corporation using a 
progressive wave chamber. 

At the start of Sandia's participation in this program there was some debate as to whether these two 
sources would excite a structure in the same manner. Table I summarizes the information available 
in the literature [1.2] regarding this subject. The purpose of this paper is to present the results of 
these two test series so that a direct comparison of the coupling efficiency of the two acoustic fields 
can be made. 
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Table I: Predicted Response of a Structure to Both Reverberant and Progressive Wave Acoustic 
Sources 

Frequency Range 
< 1st Structural Resonance 
Between 1 st structural 
resonance and a few hundred 
Hz 
> a few hundred Hz 

Comparison of Sources Reference 

Progressive > Field Conversation with 
Wright Laboratory (4- 
6 

Reverberant = Progressive Conversation with 
Wright Laboratory 

Reverberant > Progressive [11 

Reverberant > Progressive [2] (10-15 dB) 

The frequency range between the 1st structural resonance and a few hundred Hz was the area of 
greatest concern for the test program. Wright Laboratory personnel had estimated that it would 
take as much as 4-6 dB of additional acoustic energy using a reverberant acoustic field to produce 
the same vibration response in the structure as would be produced by a progressive wave acoustic 
field. 

Gage Locatioflype Gage ID 
External Control/ MC1 
Micraphone MC2 

MC3 
Forward Section of MCS X 
Unit/ Accelerometer MCS Y 

MCS Z 

TEST SETUP 

The test article, designated DL-3, was a mass mock simulation of the TSSAM stand off missile. 
With regards to this study, it is important to note that DL-3 had a non-cylindrical cross section in 
keeping with its low observable design. This may bias these results with res ect to earlier studies. 

passing along the centerline of the unit, and lateral m) being perpendicular to Y and Z. 
DL-3's coordinate system is defined as vertical (Z) passing through the P ugs, longitudinal (Y) 

Gage Locatioflype Gage ID 
Middle Section of FLG X 
Unit/ Accelerometer FLG Y 

FLG Z 
Aft Section of Unit/ EMB X 
Accelerometer EMBY 

EMBZ 

Table II summarizes the instrumentation used for this paper. The same piezoelectric accelerometers 
were used for both tests. Figures 1 and 2 present generic schematics of DL-3 showing how the 
unit was mounted in each test chamber and approximately where the instrumentation was located 
on the unit. 

Table IT: Instrumentation List for Acoustic Testing of DL-3 I' 

The progressive wave chamber is a rectangular concrete structure with its acoustic horn at one end 
and an acoustic absorber (termination) at the other end. The unit is suspended in the chamber by 
its lugs from a pair of hydraulic shakers via spherical couplers. The shakers are in turn attached to 
a seismic mass. The acoustic spectrum is controlled with microphone MCl. 
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I I Seismic Mass 

EMB M'CS 

Figure 1: Schematic Showing the Orientation of DL-3 in the Progressive Wave Acoustic Chamber 

The reverberant chamber measures 21.6' x 24.6' x 30' and is driven by one Wyle WAS-3000 and 
two Ling EPT200 acoustic horns [3]. The unit was mounted on top of two electrodynamic shakers 
via flex webs. The shakers rest directly on the floor of the chamber. A shroud is used to shield 
the shakers from the acoustic environment. 
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Figure 2: Schematic Showing the Orientation of DL-3 in the Reverberant Acoustic Chamber 

RESULTS 

The raw acceleration and acoustic data for each test series were analyzed using linear bandwidth 
spectral density plots (g2Mz for the acceleration data and Pa2Mz for the acoustic data). Northrop 
and Sandia each analyzed their data using slightly different analysis parameters, which produced 
different linear frequency bandwidths and normalized variance errors. However, since all results 
were re-averaged into 1/3 octave bands, this is not considered to be an issue. 
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All results presented in this paper have been normalized. Acceleration Spectral Density curves 
were normalized by dividing them by the appropriate Acoustic Spectral Density curves. This was 
done to correct for variations in the nominal acoustic input level. The Acoustic Spectral Density 
curves were normalized by dividing them by their respective overall sound pressure level. 

The normalization was done in a manner dictated by the progressive wave testing. For the 
progressive wave chamber, there is a significant gradient along the unit for the acoustic levels, as 
shown in Figure 3. Therefore, each accelerometer was normalized using either the nearest 
microphone or an average of the nearest two microphones, as deemed appropriate. There is no 
such broadband gradient exhibited in the reverberant chamber, as shown in Figure 4. However, in 
order to be consistent, the same procedures were used to normalize the reverberant chamber 
responses. Table III identifies which microphones were used to normalize which accelerometer 
responses. 
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Figure 3: Spatial Variation in Normalized Progressive Wave Acoustic Field 
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Figure 4: Spatial Variation in Normalized Reverberant Acoustic Field 

Table III: Normalization Microphones for Vibration Response Data 



Figures 5-16 present comparisons of the normalized results for individual and groups of 
accelerometers. The groupings were used to look for overall trends in the data and to present a 
measure of the whole body response of the unit. Each grouping was created as a simple evenly 
weighted average of the selected accelerometers. The progressive wave results are denoted PW 
and reverberant wave results are denoted RV. NRMS denotes the normalized rms values. Figures 
5-13 present the results by gage location and axis (all 9 gages are shown for completeness). 
Figures 14 and 15 present the average responses for all the normal and tangential accelerometers 
respectively (as defined relative to their local mounting surface). Figure 16 presents the results for 
the average of all nine accelerometers. 
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Figure 5: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 
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Figure 6: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

Gage: MCS Longitudinal (Y) 
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Figure 7: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 
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Figure 8: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

Gage: FLG Lateral (X) 

101 L 82 103 

FREOLENCY IHZ 1 

- PV FLGY NRMS=0.89 
RV FLGY NRKx0.67 - - -  

Figure 9: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

Gage: FLG Longitudinal (Y) 
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Figure 10: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 
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Figure 11: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 
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Figure 12: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

Gage: EMB Longitudinal (Y) 
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Figure 13: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 
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Figure 14: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

All Normal (N) Gages 
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Figure 15: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

All Tangential (T) Gages 
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Figure 16: Comparison of Normalized Vibration Responses for 
Reverberant Versus Progressive Wave Acoustic Fields 

All Gages 

CONCLUSIONS 

The average responses seen in Figures 14-16 show excellent agreement between the whole body 
vibration responses for the two acoustic sources. Furthermore, the individual responses, as seen 
in Figures 5-13, show very little scatter from the averaged results. The following paragraphs 
present several trends and anomalies that were observed during this study. 

As predicted in Reference [2], the reverberant tests coupled better for frequencies above 3 kHz. 
However, unlike the predictions in Reference [ 13, the progressive wave and reverberant tests 
excited the unit almost identically over the frequency range from 100 Hz to 3 kHz. 

For frequencies below 100 Hz, the reverberant acoustic field appeared to excite the unit to 
significantly higher levels for locations near the rear of the unit, as seen in Figures 8-13. 
However, this is believed to be an anomaly of the normalization process. As can be seen in 
Figures 3 and 4, the spatial variation in the acoustic spectrum varies widely in this frequency 
range. This makes it likely that the simplistic method used to normalize the vibration responses 
could have introduced the discrepancies seen in the normalized vibration response curves. 

The longitudinal responses had the greatest broadband variation, as shown in Figures 6,9,- and 12. 
However, neither source produced a uniformly higher response for all locations. 

The groupings of gages into normal and tangential sets, as seen in Figures 14 and 15 respectively, 
showed that the progressive wave test excited the normal modes slightly better, while the 
reverberant chamber test excited the tangential modes slightly better. However, it should be noted 
that this trend is very subtle. 
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Since large discrepancies in the vibration responses to the different acoustic sources were expected 
when this project was started, the similarity of the results was certainly a pleasant surprise. By 
way of a possible explanation for the lack of variations in the vibration responses, it should be 
noted that the progressive wave chamber does not maintain a purely planer wave front above a few 
hundred Hz (Le., it starts to look more reverberant), while the reverberant chamber is not truly 
reverberant below about 100 Hz. Therefore, it is possible that the two acoustic sources are really 
not that different from each other for the frequency range of interest. 
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DECLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 


