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FOREWORD ‘ F
This report piesents the results of a study pefformed for tﬂe ‘ i
Marshall Space Flight Center under Contract NAS8-31912. This work E
was a continuation of previous studies whiéh’indic%ted that practical, %
lightweight, acoustic shrouds could pfovide noise érofection for a E
high percentage of the totalvéﬁpgrimentrfopulatidn for Sbace Shuttle. é |
Specifically, this study WasAdirected téwérds investigating the - i :
3 effects of a helium filléd liner to reduce shroud weight and in- % ’ %
crease noise reduction, E
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INTRODUCTION

This report presents a description and reéﬁlts of acoustic tests
peéformed on an STS payload shroud simulator to determine the effects
of a helium filled liner cn the ﬁoise reduction characteristics. The
basic teétipfcgram included the followiﬁg'configurations:

1. Bare Shroud (baseline configuration);

2, Shroud with empty liner;

3. Shroud with liner filled with air; and

4. Shroud with liner filled with helium.
Thé results of this tesé séries indicated negligible éffects from
the he;ium;and twq’addiéional configurations were tested to provide
additié%hl‘information..

1., Liner filled with air;?and

2. Liner filled,with helium,

The data from these configurations indicated increased noise re-

duction from the use of helium,
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TEST DESCRIPTION

Shroud/Test Configurations

Tests were conducted on two shroud configurations. The first

configuration consisted of a composite fiberglass shroud and mylar

videésupport to the gas bag liner so that the gas layer could be
maintained at a relatively uniform thiékness of 5 cm (2 inches).
A sketch of the shroud configuration is shown in Figurg l; Double
walled mylar liners were also installed on the cylinder end caps
(not.shown‘in the sketch) to eliminate possible flanking paths.
The shroud was approximately 0.9 meters in diameter and 1.8 meters
long.
For the second configuration, the mylar liner was removed from

the composite shroud and the outer surfaéé was restrained by a
wire mesh screen as shown in Figure 2.

The shroud was suspended on nylon rope within the acoustic

H chamber and exposed to a simulated Shuttle payload bay acoustic
f : environment produced by two Wyle WAS 3000 noise generators coupléd
to the chamber at top and bottom,
Tests were conducted on the fdliowing configurations:
1. Empty shroud (baseline configuration);
» 2. Shroud with empty liner;

3. Shroud with liner fiiled with air;

s linet restrained by a metal screen and ring frame stiffemers to pro-
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4, Shroud with liner filled with helium;
5. Screen enclosed liner filled with air; and
6. Screen enclosed liner filled with heiium,
A small vacuum pump was used to collapse the liner prior to filling

with helium. For all configurations in which the liner was filled

with either air or helium, only a sufficient gas pressure (nominally 3
é 3448 N/m?, or 0.5 psi) was used to expand the enclosed liner to the
5 cm wall spacing., i

The weighté of the shroud configurations tested are given in

Table 1. '
TABLE 1, SHROUD WEIGHTS |
' Total Weight " Effective |
Including End Caps Surface Weight g 1
Configuration Kg (1bs) Kg/mz (1bs/sq ft) ; !
: Composite Foam 2 i i
b Shroud . 42.2 kg (93.0 1b) 4.64 kg/m” (0.95 1b/ft?) |
; Composite Foam | “7: o
Shroud with ‘
: Mylar Liner 45.2 kg (99.75 1b) 5.32 kg/m* (1.09 1b/ft2) 1
X 1 :
; Screen Enclosed ‘ e O
: Liner Only 6.1 kg (13.5 1b) 0.93 kg/m® (0.19 1b/ft2) ]
The effective surface wzights indicated in Table 1 are based : | ﬂ

on weights and surface areas relating only to thejcylindrical
portibns of the shrouds;.'The composite foam/mylar liner shroud

included one layer of protective mylar between the liner and screen

iy

surface. The wire screen/mylar liner shroud included two layers of

protective mylar, one on each side of the liner, )
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Instrumentation and Data Reduction

Each test configuration was instrumented with six external and
six internal microphones at locations shown in Figure 3. An interior
view of the liner showing internal microphone locations is shown in
Figure 4. Control of the external acoustic spectrum was accomplished
by électronically averaging the output signals of the six external
microphones utilizing a General Radio equalizer/analyzer system,

ESimilarly, the average internal acoustic spectrum was obtained
for‘the six internal microphones. In addition to the average ex-
ternal and internal spectra, one-third-octave band analyses were
rerformed for each of the individual micrOthnes for each test
configuration, These data are presented in the appendix to this

report.
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DATA ANALYSIS

External Acoustic Levels

The external acoustic environment was controlled to a spectrum
approximating the Shuttle payload bay environment by electronically
dveraging the output signals of the six external microphones., A
typical plot of the levels at individual microphone locations gnd
of the control average showing the variations in one-third-octave
bands is shown in Figure 5. A comparison of eleqtrénic averages

of the external level for all four tests which used the composite

" shroud is presented in Figure 6. Ihesé'data indicate that control

of the external environment was very repeatable for the different

test configurations utilizing the composite shroud. -

A

Internal Acoustic Levels

The‘average internal levels from the fourrtests of the composite
shréud’cénfigurations a?e shown in Figure 7. Internal levels from
t@égtwp screen enclosed liner tests are presented in Figure 8
andlcompared to the measured levels obtained from the shroud/

liner filled with helium,

Noise Reduction

Noise reduction plots for the six test configurations are
shown in Figures 9 through 14. In each case the noise reduction

values vere obtained from the difference between the average ex~-

ternal and internal dne-third—octave band levels.
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A comparison of the noise reduction plots for the fdur tests
which utilized the composite shroud is shown in Figure 15, The
noise reductions obtained from the screen enclosed liner filled.
with air and helium are shown in Figure 16.

Indgdditioh to the individual noise reduction data presenteé
in the preéeding figures, a direct .comparison of the effects ofithe
air and helium is shown in Figure 17. The ploté in Figure 17 rep-
resent the differenée’in noise reduction for helium versus air,
for the liner in the composite shroud and in the wire screen
shroud. | ‘

Figure 18 shows the noise reduction plots for the six tests
performed in this study and the amount of noise reduction provided

by each configuration.
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CONCLUSIONS AND RECOMMENDATIONS

Conclusions

A comparison of helium versus air in the screen enclosed liner
indicated that the hglipm provided an increase in noise reduction
of approximately 3 dB in one-third-octave bands above 800 Hz,
There was ho?significant éhange in noise redpction below 800 Hz,
The 1inér inStalled in the composite shroud &réduced an increase
of 8 to‘iO dﬁ in nqise reduction at fréquencies above 400 Hz,
However, at frequencies above the second acqpstic mode of the
cylinder, there was no significant differéncé in the noise re—‘
duction achieved ﬁith the liner empty, filled with air, or
filled with helium.

At the first and second acoustic modes of the cylinder (approxi-
mateiyVIOO and 200 Hz, respectively)a the increased absorption

provided by the gas filled liner produced an 8 to 10 dB improve~

‘ment in noise reduction compared to the empty composite shroud.

The éésulps of this study indicate that the use of helium in
Shuttle?p;yléa& shrouds would not provide a significant improve-
ment in noise reduction compared to more conventional config-
urations, at least for the thickness (5 cm) of gas layer investi-
gated. Furthermore, we believe that the problems in design and
fabrication associatedhwith containing the helium would signifi-~
cantly increase shroud cosfs compared to conventional config-

urations.
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Recommenda;ions

The results of this and previous studies indicate that light-
weight shrouds can be developed which can reduce the payload bay
acoustic environment to levels which will allow the use of components
previously quelified and flown on other boosters. The cost savings
associated with eiimination of the requalification program and teef
and flighf failures could be significant.‘

It is recommended that a full-scale prototype shroud‘be develop-
ed to determine the noise reduction achievable and the potential cost

savings estimated from previousanalyses performed under contract

- NAS8-31535. 1In addition, analyses should be conducted to assess the

thermal control impact of acoustic shrouds during the various phases
of the Shuttle missions. Shroud deployment design conceﬁts should

also be investigated.
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Comparison of Average Internal Sound Pressure Levels
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FPRODUCIBILITY OF THE

1/3 OCTAVE BAND FREQUENCIES,(Hz)

Noise Reduction From Composite Shroud With Liner Filled With Helium,

Figure 12,
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1/3 OCTAVE BAND FREQUENCIES, (Hz )

Noise Reduction From Screen Enclosed Liner Filled With Air,

Figure 13,
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1/3 OCTAVE BAND FREQUENCIES, (Hz)

Noise Reduction From Screen Enclosed Liner Filled With Helium,

Figure 14,




o
i~

5

—O- 3448 N/M2(0.5 PSI) HELIUM

=
«
~
—
n
=%
J gleeeeteatese aoepetsae . “ ¥
i 3 e
1 i & - o a o P . P & & aadsalecos - a a u b N
2 > - *o0s-o i .o O O e -
- o g~
; - ssotlessel sseeiseoelsoss|roselosselocee - “m £ QQQO:M
3 1 = i
: s eeeote bbﬂm tvselcsssisedsioses st eres L t’flm
| e & & =
s . —ote e D wmu _.m ™ .o.o.obuum
- Sk et cesalaeaasba ol ool oo o 1
s - e eo.oea ' .o
3 1t eesriostse sl crer 2054 . 854 - vese 0o ! rQQQ’im
! ~
" - ~
s esissoor0sssvos {Hoooo 300 s 9e bl reee . sees soealeses M
»
= o b BT B o e s TOTE RSN TR m
= L

10

30

o
~N

(=
4

(4p) wot3onpay astoy

-
)
o
o
Pt
&
«
2
o
[
(=4
5}
o
-]
=
<)
vl
o
n
En
g
)
o
" [
° Uy
Q g - ot O \U -l
- ¢ g = -
PO e EOSE TOORK. e $o- SRS FBEEL 1 TR SO Dowion By - 3
, ] w 8 5
1 Ol goe .o *osib o0t vess . b1 0000 ttees 00 cs coee m b o
; m = e
; M ST IR SR R e bl D T R I
E | ; e s ; £ -
“ <o - D e 3 > iﬁ e R S e e e Ve ee ew B m w
i " o
1 b o P DISTS O BN P o & W e D S ko oo otk o alacs o m
4 4 > - e - > --e S - ” =
< FeAsen SO SIS N Owen DUDON POUDN PUDUN FUPON SUDON PODN & = =S
; RS dore o O s sk it oo b d 8 B B
E | Q U DUUN Sox NSO POU o o8 ¥
} w LErh LB PR B 5w e s v R, SRT, PP TR DI e &
., ] et s oy gt s 3anae aaaes 2ean: « SNNE AN
i = akb. Sk T S T TR OW e PO ™ °
! & eerorvrat e o - .o .o 3 - < m = g
! O e lel -] o
i ~ 1 ? hn..
3
H P o ra —0-ti-0-0-00-1-00-00)-00e 00000000000t 0eete o o
| - . g
i PP D Sl Sl o aaa ol o o o o P o
1 i 2re b e - 3 )
: Z
w rlesvets soisese sses oo sseoleooslossstoose ) -
& = PR S s FEeY] e JSCY Py
) ¢ o
: S
“ - . . . & & UPNPNPAE EFNPSPNNS PN P . - u m;
= = E=SiS = PR LY ™ IR A ol P 8
L - g o
L speeeeteeenteentes o S SR SO S 4
! SRR & o
i “ & v
H Q

Figure 15,




BAND NUMBERS ————o=

10

I/3 OCTAVE BAND FREQUENCIES, (Hz)

s

. . . . V- o —— . . . el . . . - A - - . .
2 > 4_4 c-ot-oeosto +oe - - -
T SIS TS e S oy e o e de DD Y S £ i
> tesee . - e e
=% SIFESEE. BSETE e R RN RN SRR ST ok L e DO e
> >ve e e -
L
= S o AP G PAPAP W NPy B RPN P
o - B S o B S > -
& e 00 SORED PG T P P PPN -
”1 > - > e e >-re—e -> -
i oL P PODOE D ol Lo s iiaa Sl
u - - > - -> -
" o el P o RUEr Do FroEl Jeee s SRt oI Bl
nhe -oe >t - e S - - -~
P PRoT SN e B0 ©--0-1-0 FEREo o ntd R
u ¥ - - - - o B *> e - W [ o o o e
s P . &> Ol & PPN PP BN ~ ittt
- - - - - " _———— - - - - A pum——
" -l
G ey o e ot = Illlim
Sressciee 0-0-1-0-0-0-01-0-00-0-1-0000-1-0-0-00 0-0-1-0-0-0-0-1-0-0-00 _ Poupp
© PP RPN ©0-1-0-0-0-0-1-00-0-0-1-0-0-0-0-1-0-0-0 seettooees X a1
~
< FESES S BERE SRR SIS BRI T cooe | | soced—3
O - e e e e - R e v’.fim
P oot SR A S PSS B s PR € SOOTY PUwa b
” - - > > > B e B o >0
L 4 . - - PR . BB - . . . - . B
2 - - -~ > -
Q s SRR PRl waaep Rt (R bbbl adistsssslsnsst. B
*rioe ot e oo g - -
~
slee PP s APV, (e IC (e -05:0-1-0-06-00-00. Pl PPy POTPY EEew
Voo *toe - - .o - oo - -
7 o SRDAS SO SR 0 oo PO (PR 0-1-0-0-0-0- L0000
- B s e e Pserievee
~
~ m
Py PN > . O-0-0-0 - ks -0-0-t-0-0-0-0-1-0 - Py o
e > . e -4
b o ® il a P P NN DN PO, e
® - - - - - > > oo -3
- P PO ROl PR e bbs Libitl b 1600010000000
D R R S *es e e > ]
™ Sl > . P . PP RPN a—— P w
o i o e o SEPOPT BpERrY) oupe) S PO o .
=
” . . PP i P . & u
P ot-b SO P, S o, B b P
| PR PO PR - o > ™
o L b N

o -
o~ —

(4p) uot3Ionpay astoN

26

L g

©

S L LN i S B L S b

Comparison of Noise Reduction From Air and Helium Filled Liner.

Figure 16,
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