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PREFACE 

Various portions of this Report were prepared for presentation at 
the 67th meeting of the Acoustical Society of America, held in New 
York City, May 1964. 
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ABSTRACT 
33m 

It has been observed that the maximum vibration levels experienced 
by a launch vehicle occur in the regions of q,,,, and transonic flight. 
Flight vibration data from Ranger spacecraft launches 1 through 6 
have been correlated with available wind-tunnel fluctuating pressure 
data at transonic speeds in order to develop a technique for vibration 
prediction for types of vehicles that have not previously been flown. 
Statistical analysis of the wide-band vibration data suggests a linear 
correlation with the wind-tunnel wide-band fluctuating pressure data. 
Correlation is also explored between the average vibration response 
spectra calculated by using the empirical method suggested by 

level obtained by spectral analysis of the flight data. 
P. Franken and the 50-percentile log-normal acceleration 

1. INTRODUCTION 

In general, vibration test specifications for spacecraft 
are based on conservative estimates of the expected flight 
environment. In-flight vibration data then become in- 
valuable for refining these estimates, thereby making 
them more representative of actual flight. In addition, 
these data provide a basis for the development of tech- 
niques for predicting the vibration environments for simi- 
lar launch systems. 

It has been observed that the maximum vibration levels 
experienced by a launch vehicle occur in the regions of 
q,,, and transonic flight. These strong vibrations are 
generated in part by the unsteady aerodynamic loads 
associated with transonic buffeting. Fluctuating pressures 
associated with transonic buffeting have been investi- 

The present investigation is intended to show that a 
favorable correlation has been observed between the 
transonic wind-tunnel fluctuating pressure data obtained 
for the Ranger configuration Atlas-Agenu launch vehicle 
(Fig. 1) and the in-flight vibration data recorded for 
Ranger launches 1 through 6. 

gated for a large number of launch vehicle configurations, 
as reported in Ref. 15. 

Fig. 1. Wind-tunnel model of the Ranger configuration 
Atlas-Agena vehicle 
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II. FLUCTUATING 

- 
PRESENTED IN NONDIMENSIONAL 
FORM TO AVOID CLASSIFICATION 

I I 

A series of wind-tunnel tests was conducted at the 
Ames Research Center of the National Aeronautics and 
Space Administration to investigate the fluctuating pres- 
sures at transonic speeds along the surface of a '/lo-scale 
model of the Ranger configuration Atlas-Agena launch 
vehicle. The results of these tests are reported in Ref. 3. 
The test model was instrumented with a series of strain- 
gage-type pressure transducers located along the longi- 
tudinal axis of the model and at various peripheral angles. 
A detailed description of the data-acquisition instru- 
mentation is presented in Ref. 1. Runs were made at 
selected incremental transonic Mach numbers from 0.70 
to 1.17, for angles of attack of 0, 4, and 8 deg. Since the 
significant flow disturbances occur in the vicinity of the 
spacecraft shroud boattail at zero angle of attack, the 
pressure fluctuation data in this region only were con- 
sidered for correlation with the vibration data. Figure 2 

The vibration data recorded for Ranger 1 through 4 
have been reduced to one form of wide-band acceleration- 
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111. VIBRATION DATA 

MACH NUMBER 

Fig. 2. ACp l.m,s vs Mach number for the Ranger 
configuration Atlas-Agena vehicle model 

time history plots. In each case the accelerometer was 
mounted to the transition section between the Ranger 
spacecraft and the Agenu vehicle. The accelerometer 
location and mounting configuration are shown in Fig. 3. 
The nns acceleration-time histories for transonic flight 
are presented in Fig. 4. 
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Fig. 4. Acceleration-time history for Ranger spacecraft 
launches 
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IV. DATA CORRELATION 

4 
v) 

E 

The wind-tunnel test data were reported in non- 
dimensional form as 

I ' 3  ' I  I I I 1  I I /  1 

O O  
DATA FROM 2 FLIGHTS a 

For each wind-tunnel test Mach number, the time of 
flight and dynamic pressure were obtained from the 
actual Ranger launch trajectory-time histories. Corre- 
sponding rms accelerations were obtained from Fig. 4. 
The values for P,,, were determined as indicated in 
Table 1, where AP,,, = ACprms X qm. The equivalent 
acoustic sound pressure levels in decibels were then 
computed, using the relationship 

aprln, SPL = 2Ol0g1,- 
P r e f  

The results in Table 1 are illustrated in Fig. 5, which 
shows the relationship between the fluctuating pressures 
measured at the boattail of the launch vehicle shroud and 
the recorded wide-band vibration levels. A statistical 
analysis of the data was performed to determine whether 
a linear correlation exists between the fluctuating pressure 
and vibration data. A least-squares line was computed 
and a correlation coefficient of 0.93 obtained, considering 
32 data points. 

As reported in Ref. 3, the wide-band fluctuating pres- 
sure data were reduced to power spectral density (PSD) 
plots using a constant-bandwidth spectral analyzer. The 
results indicate the PSD to be essentially flat to 500 cps, 
which was the limit of the analysis. In applying these 
data to the full-scale vehicle, it was assumed that Strouhal- 
number and fluctuating pressure coefficient scaling are 
applicable. The pertinent PSD and frequency scaling 
parameters are developed in the Appendix. It was further 

Table 1. Determination of P,,, and S P L  

0.70 
0.79 
0.86 
0.90 
0.91 
1 .oo 
1.08 
1.17 

0.500 
0.734 
0.966 
0.833 
1 .ooo 
0.1 33 
0.133 
0.167 

7.5 
11.0 
14.0 
15.0 
15.5 
18.5 
20.5 
24.0 

200 
400 
630 
800 

1000 
1250 
1600 

5.85 
10.55 
15.95 
14.50 
18.30 
2.68 
2.84 
3.80 

46 160.4 157.0 
92 160.4 160.0 

146 160.4 162.0 
183 160.4 163.0 
230 160.4 164.0 
290 160.4 165.0 
370 160.4 167.0 

142.3 
147.5 
151.1 
150.2 
152.2 
135.6 
136.1 
138.6 

.Normalized to the maximum value 
bRef: O.OOO2 dynes/cm' 
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FLUCTUATING PRESSURE APrmS, l b / h 2  

Fig. 5. Correlation of launch vehicle fluctuating pressure 
and Ranger spacecraft vibration 

assumed that the PSD for the fluctuating pressures is 
flat throughout the frequency range of interest. Reynolds- 
number effects were neglected. Based on these assump- 
tions, the maximum wide-band SPL of 152.2 db from 
Table 1 was adjusted to the full-scale vehicle level of 
160.4 db and converted to %-octave bands (Table 2) 
using the following relationship: 

Afwb SPL,,, = SPL,I, - lolog,, - 
Af1,3. 

The average spacecraft transonic-vibration response spec- 
tra were estimated (Table 3), using the empirical proce- 
dure suggested by Franken (Ref. 6) as illustrated in Fig. 
6, where 

20 log g = SPL - 20 log w + TF 

The results in Table 3 were converted to 1 cps band- 
width and are illustrated in Fig. 7, which compares the 
estimated acceleration with the 50-percentile log-normal 
acceleration confidence levels measured during transonic 

Table 2. Conversion of S P L  to 1/3-octave bands 
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f Af SPL 

200 46 157.0 
400 92 160.0 
630 146 162.0 
800 183 163.0 

1000 230 164.0 
1250 290 165.0 
1600 370 166.3 

flight (Ref. 7 ) .  It should be noted that the flight-data re- 
duction was performed using 2-sec time samples during 
which the flow field changed significantly, whereas the 
wind-tunnel fluctuating pressure data were obtained 

Table 3. Estimated transonic vibration response spectra 

TF"  

- 137.5 
-131.0 
- 125.0 
- 122.0 
-121.0 
-121.5 
- 122.0 

0.050 0.028 
0.525 0.111 
0.925 0.486 
1.125 0.974 
1.175 0.980 

1.29 1.06 

I v) 3 
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BAND-CENTER FREQUENCY TIMES VEHICLE DIAMETER, cps-ft 

Fig. 6. Generalized relation between external noise and 
radial skin vibration 

under stationary flow conditions. This may account for 
some of the discrepancy between the estimated and flight 
vibration levels. 

The transonic vibration spectra for Ranger 6 are also 
shown in Fig. 7 to demonstrate the effect of altering the 
location of the vibration transducer. For this flight, the 
accelerometer was repositioned within 3 in. of the original 
location, shown in Fig, 3. 
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Fig. 7. Comparison of estimated and measured 
transonic vibration 
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V. ACOUSTIC SUSCEPTIBILITY TESTS 

To study the effects of the repositioning of the accel- 
erometer on Ranger 6, a series of acoustic susceptibility 
tests was performed in the 12-ft acoustic reverberation 
chamber at the Jet Propulsion Laboratory. An Agenu 
forward structure was supported on rubber isolator pads 
on the chamber floor. Spacecraft adaptor sections having 
Ranger 4 and Ranger 6 flight accelerometer mounting 
configurations were attached and subjected to a 142-db 
acoustic field. For each configuration, the forward end of 
the adaptor was covered with 1-in. plywood board. The 
acoustic susceptance at the flight accelerometer location 
for each configuration was determined by calculating the 
ratio of the measured vibration excited by the acoustic 
field to the sound pressure level measured at the external 
microphone nearest the accelerometer. The ratio of the 
acoustic susceptance spectra for Ranger 4 to Ranger 6 is 
presented in Fig. 8. 

I I I I 

0 

-5 
n u 

-IO 

-15 

-20 
200 500 1000 2000 

FREQUENCY, cps 

Fig. 8. Ratio of acoustic susceptance, Ranger 4 to 
Ranger 6 

VI. CONCLUSIONS 

The existence of a good correlation has been demon- 
strated between the recorded in-&ght wide-band vibra- 
tion data and the measured wind-tunnel fluctuating 
pressure data for the Ranger configuration Atlas-Agenu 
launch vehicle at transonic speeds. This correlation sug- 
gests that wide-band vibration levels can possibly be 
predicted for accelerometers mounted on similar types of 
structures for a variety of launch vehicles. 

However, the extremely localized nature of the validity 
of the flight vibration measurements near the vehicle skin 

must be recognized. The nature of the flight vibration 
data from Ranger 6 and the results of the acoustic sus- 
ceptibility tests at the Jet Propulsion Laboratory give 
evidence of the necessity for first measuring the struc- 
tural acoustic susceptance and then using that data and 
the estimates of the sound pressure spectrum to predict 
vibration levels. The predicted wide-band levels and 
spectral scale based on previous flight data from similar 
vehicles, wind-tunnel AC, data, and acoustic susceptance 
data may provide a somewhat realistic basis for vibration 
test definition for types of vehicles which have not 
previously been flown. 
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pressure coefficient, ( P  - P , ) / q ,  

change in pressure coefficient, (Cpl  

vehicle diameter, ft 

frequency, cps 

full-scale vehicle 

model 

free-stream Mach number 

local static pressure, 1b/ft2 

dynamic pressure, lb/ft' 

power spectral density, psf'jcps 

sound pressure level, db 

NOMENCLATURE 

TF acoustic transfer function 

V velocity, ftjsec 

w 

a angle of attack, deg 

y ratio of specific heats 

0 

shroud unit skin weight, lb/ft' 

pressure fluctuation, ( P  - Pm),,LLs 

Subscripts 

1/3 one-third octave band 

m freestream 

rms root mean square 

wideband 
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Strouhal number 

Pressure coefficient 

APPENDIX 
Scaling of Wind-Tunnel Data 

(A-1) 

The power spectral density of the pressure fluctuation 
is defined as 

S = f  
4 

or 

and 

From Eq. A-2, 

substituting Eq. A-1, the full-scale power spectral density 
is expressed as 

u = (SAf)'h 

The frequency is scaled by virtue of Eq. A-1, resulting in 

( sAf)% 

4 
ICp = - 
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