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This paper presents representative examples of vibration and 
acoustic data from %his of the Saturn V launch vehicle and static 
firings of Saturn V launch vehicle etageg. The purpose of the paper 
is to provide vibration and acoustic environment characteristics 
which are pertinent to the design of launch vehicles. 

Comparisons a€ vibration spectra are presented whiah illus- 
trate differences between flight and static firing environments, effect8 
of mass loading on the vibration environment, vibration transmission 
through structure, and the effects of fluid flow rate on vibration level. 

Comparisons of acoustic data are presented which indicate 
differences between static firing and flight acoustic environments, 
differences in the acoustic environment internal and external to the 
vehicle, and variations in sound pressure level due to engine exhaust 
direction. 

Flight vibration and acoustic tfme histuries are presented. 
The time histories are compared with.time histories of dynamic 
pressure and Mach number to illustrate the correlation between these 
parameters and the vibration and acoustic environment. 

The Saturn V launch vehicle consist. of three 
m a ,  the S-IC, S-IE, and S-IVB (Figure 1). To 
date there have been appmximately 30 static flrlaga 
of the flight stages. Over 3000 vibration measure- 
ments have been made during these static fLrings. 
In addition about 400 vib-on measurements were 
taken &ring the first two flights of the Saturn V ve- 
hicle. This paper presents representative examples 
of vibration and acoustic data from fiigl~ts of the 
Saturn V launch vehicle and static firings of Gaturn V 
lauach vehicle stages. The purpose of the paper is 
to provide vibration and acoustic environment charao- 
teristics which are pertinent to the design of launch 
vehicles. 

STATIC FIRING AND FLIGHT VIBRATION 
ENvlRONMENTS 

The vibratton environment of a 8- during 
static firing and fli&t can M e r  radLcally as illus- 
trated in Figure 2. This figure ahowe the spectrum 
of a typical measurement taken during S-IVB static 
firfng as compared wlth a apeatrum of the same 
measurement during the Wff period of the Satunn V. 
Note the large level difference between 10 and 500 
hertz. This dffference Is attributed bo the structure 
response to dissimilar acoustic noise fields produced 
by the engines of the s t .  and the launch vehicle. 
The S-IVB has one engine producing over 200,000 
pounds thrust while the S I C  has flve engines pro- 
ducing over 7.5 W o n  pour& of thrust. 
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Figure 1: SATURN V SPACE VEHICLE 

Figure 2: COMPARISON OF S-IVB VIBRATION 
ENVIRONMENT DURING S-IVB STATIC 
FIRING AND SATURN V LIFTOFF 

Figure 3 illuatfates the wmparlaon of epeotra 
from the same measurement for S-IVB static firings, 
Saturn V launch, and flight at Max q (Maximum 
D m c  Pressure). This figure ahows that the 
vibration environment during Max q flight differs 
from both the static firlng and W f f  environments. 

Figure 3: COMPARISON OF S-IVB VIBRATION 
ENVIRONMENT WRING S-IVB STATIC 
FIRING, SATURN V LIFTOFF AND 
SATURN V MAX Q 

MASS LOADING EFFECTS 

Mase  loading has a d m c a n t  effect on the 
vibration envimnment as illustrated in Figure 4. 
The figure ahows the Werenee between two meas- 
urements located on the S-IC LOX trullrhentd. The 
Qtted spectrum is a measurement located on a por- 
tion of the bulkhead which i s  one-fourth inch thick 
and of uniform mass distribution. The solid spec- 
tnnn is from a measurement located next to @ 

maaaive fitting (approximately 54 pounds) on the 
bulkhead. The overall vibration level for the mat36 
loaded bulkhead is approximately om-third of that 
for the unloaded bulkhead. 

Figure 5 also illustrates mass loading ei?& 
resalting from liquid level variations in a tanlr. 
When considerlag vibration levele on a tank, it le 
very important that the vibration levela be con- 
sidered as a function of liquid level. The solid k 
on Figure 5 shows the ~pectnun level when liqtdd b 
above the memrement while the dotted spectram fs- 
the vibration level with liquid below the measure- 
ment. The liquid maas attenuates the overall v i b  
tion level by a factor of appmximately four. 
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Figure 4: COMPARISON OF LOADED AND UNLOADED 
STRUCTURE VIBRATION ENVIRONMENTS 
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Figure 5: EFFECTS OF LIQUID LEVEL IN A TANK ON 
THE VlBRAT ION ENVIRONMENT DURING 
STATIC FIRING 

VIBRATION TRANSMISSION THROUGH THE 
STRUCTURE 

Vibration transmission through a structure 
is illustrated in Figure 6. The figure shows the 
vibration spectrum for various locations, along the 
S-I1 thrust cone. A measurement (A) located about 
28 inches up the thrust cone from where the englnes 

are mounted indfcates a level of 6.5 Gnns. An- 
other mearturement (C) about 60 inches further up 
the thnrst cone shows a level of 1.6 Gnns. A third 
measurement (B) located between measurements A 
and C shows a level of 2.4 Grms. The B spectnun 
is mt plotted, but i t  falls between the two. The 
vibration souroe for this example is considered to 
be the J-2 engines since the measm'ements were 
taken during S-I1 powered flight. Dutin@; S-II 
powered flight, acoustic noise levels are low and 
hence vibration due to acoustic noise is insignificant. 

Figure 6: VIBRATION TRANSMISSION THROUGH 
STRUCTURE 

FLUID FLOW EFFECTS 

Figure 7 shows the effect of &uld flow rates 
on the vibration environment. The data shown in this 
figure were obtained by recording the vibration level 
resulting from LOX flowlng through a 6-inch diam- 
eter line. Note that the vibration level increases 
exponentially wfth an increase in flow rate. A me- 
talic bellows in this line failed while LOX was being 
pumped through the line. The failure was close to 
the vibration measurement point shown in Figure 7. 

STATIC FIRING AND FLIGHT ACOUSTIC 
ENVIRONMENTS 

The characteristics of the acoustic environ- 
ment associated with a large launch vehicle can vary 
widely, The acoustic environment differences be- 
tween a stage static firing and launch vehiole liftoff 
are shown in Figure 8. The emrlronment differences, 
as discussed previously, are the result of dissimi- 
larities in the size and number of engines on the 
S-IVB stage and the Saturn V launch vehiale. The 
difference in the overall sound pressure level i s  



approximately 6 db with the significant level differ- 
ences wcurrIng below 500 hertz. 
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Figure 7: VARIATION IN VIBRATION LEVEL DUE TO 
FLUID FLOW RATE 

' Figure 8: COMPARISON OF ACOUSTIC ENVIRONMENT 
DURING S-IVB STATIC FIRING AND 
SATURN V LIFTOFF 

Other interesting ch&~&~LristScs of the 
8coustLc environment are shown fn Figures 9 and 10. 
Figure 9 shows the typical variation in the acoustic 
sound pressure level due to the shadowing effect of 
the stage. The overall sound pressure level drop 
d m  to the shadowing effect of the stage is generally 
8 to 10 .db. Two acoystic measurements taken 
during a static firing of the S I C  stage are shown in 
Figure 9. The measurements were located ex- 
ternally, one on the same side to which the englne 
exhaust was deflected and the other 180 degrees 
away. The solid spectrum is the one of the exhaust 
side and the dotted spectrum is the one taken on the 
opposite side. 

Figare 10 shows the variation in the acmtic  
spectrum from measurements internal and external 
to the launch vehicle. A typical variation fn overall 
sound pressum level is 8 to 10 db.. 
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Figure 9: EFFECT OF STAGE SHADOWING ON THE 
ACOUSTIC ENVIRONMENT 

Figure 10: COMPARISON OF INTERNAL AND 
EXTERNAL ACOUSTIC ENVIRONMENTS 

FLIGHT VIBRATION AND ACOUSTIC 
TIME ~STOFfIES 

The acoustic environment d a lauach vehicle 
is time variant as fflustrated in Figure 11. The data 
shown in this figure came from a microphone moun- 
ted extenrally near the top of the S-I1 atage. The 
sound pressure level tlme history for &is partfc* 
location has three dfstfnctive features. First, the 
sound pressure level near time zero fncreaaes 
rapidly and then decreases a s  tlie vehicle speed in- 



I creases. This is characterlstlo of the Wff en- 
( vironment. Sewnd, the sound pmssurure level 
I increases and decreases at a rate coincident d t h  
i the variation in dynamic pressure. Third, the 

1 sound preswre level increases rather abruptly at the 
, critical Mach Number (MCR = 0.8). This increase 
I is attributed to the presence of a normal shock wave 

near the microphone location. Figure 12 shows data 
from a vlbration transducer at a locatlon sLmilar to 
the microphone location. The vibration environment 
has the same distinctive features as the acoustic 
environment with one exception. The structure re- 
sponds more readily to the liftoff acoustio environ- 
ment than to the flight acoustic environment. 

Figure 11: CORRELATION BETWEEN ACOUSTIC 
ENVIRONMENT AND AERODYNAMIC 
PARAMETERS 

into how the envirolimental characteristics are iu- 
fluenced by operating conditions. The reader should 
reallee that the data presented represents a mall 
sample of the available data. However, the examples 
discussed are characteristic of the larger body of 
data. These cbaracterfstics should be considered in 
the design of launch vehicles and equipment. An 
exteneive bibliography has been included with this 
paper to provide a list of documents which contain 
a majority of the Saturn V data. 
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Mr. Bendat (Measurement Analysis Corp.): 
I hope you will accept my comments objectively, 
but there a r e  many maqy questions that your 
paper raises  which a r e  typical of other ques- 
tions I have heard. There a r e  s o  many open 
ended areas which would lead one to feel that 
these results a r e  only a s tar t  and in many cases 
misleading. You show that the data is non- 
stationary in some of the later slides, and yet 
in the earlier slides you were doing spectral 
analysis as if the data had been entirely sta- 
tionary. There is just no way to reconcile those 
two matters. If the data is non-stationary, all 
your spectral results a r e  wrong. There is no 
way to interpret the results properly. You are  
interested in variations which are  dependent on 
time and you have removed time from co~wid- 
eration by the ordinary spectral analysis. Fur- 
thermore, as the chairman has mentioned a 
couple times earlier,  there is nothing noted 
here about any amplitude properties, and fre- 
quently amplitude properties will reveal com- 
pletely separate and distinct information. You 
have amplitude fluctuations which are  also a 
function of time and cannot be handled in the 
usual way. But even when the data is station- 
ary, which you may be able to justify in certain 
specialized cases, even there, if the data is not 
Gaussian the amplitude information reveals 
further properties that a r e  not revealed in t h i ~  
spectral density information. Here you have a 
case of lift-off and dynamic pressures and 
rapidly changing dynamic environments which 
a r e  not stationary, and you cannot use sta- 
tionary methods to describe the environment. 
The fact that you compare something that was 
done in the past incorrectly with something 
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that is being done incorrectly 'today still does 
not make a good comparison. 

Mr. Caba: The measurements which you 
spoke of a s  being done in the past incorrectly 
were made on a static firing, and were quite 
stationary, and those that were compared to 
flight data were chosen during the lift-off perioc 
a t  a portion on the oscillograms that appeared 
to be stationary in the data reduction which 
showed data distribution which appeared to 
have a Gaussian distribution. 

Mr. Woolam (Southwest Research Insti- 
tute): One problem which you touched on a& - 
passed over rather rapidly is the failure of the 
metal bellows used inpip&. This seems to 
me to be a very serious problem. We have 
done some work a t  Southwest Research Insti- 
tute on vibration frequencies of bellows, which 
is exactly the same problem - they a r e  pre- 
dictable. The problem is the cryogenic tem- 
peratures. Failures a r e  quite rapid and there 
is a good case for a good application of some 
sort of damper or damping material. Cryogenic 
temperatures a r e  not favorable for most typical 
damping materials. It is quite a serious prob- 
lem and, I think, one which should be considered 
at this time. You might make some comments 
further on the work on the failures of flexible 
baffles. 

Mr. C a k  The baffles themselvee caused 
the turbulence, and we applied the telescoping 
sleeve to cut dawn the turbulence and this seeme 
to solve our problem. 
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