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I. SUr-U,l1\RY 

NASA plans to incorporate_a rigi4, closed-cell foam into the 

walls of light aircraft cabins to increase their fire resis

tance. The research program described in this report was ur.5er

taken to evaluate the acoustic properties 6f a rigid, closed-

cell foam for use in improving the acoustic environment of 

light aircraft. '.rhe program consisted of three major phases 

including: 

1) Development of a suitable analytic model of sound trans-

mission into an aircraft· cabin. 

. 2) Identification of test procedures which appropriately 

rank order properties which affect sound transmission. 

~) Measurement of perfinent properties of materials or 

constructions which incorporate the foam. 

The proposed analytic moqel agrees well with available data, an~ 

rev~als tha~ the pertinent properties of an aircraft cabin for 

sound transmission include: stif:fness of cabin walls at;. 10 .. " 

frequencies (as this reflects ~n impedance of the walls) an~ 

cabin wall transmission loss and interior absorption at miG 

and high frequencies. It was found experimentally that belen, 

315 lIz the foam can contribute substantially to wall stiffness a:: 

and sound transmission loss of typical light aircraft cabii 

construction, and could pot~ntially reduce cabin noise levels 
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'. 

by 3-5 dD in this frequency range at a cost of about 

0:2 lb!sq. ft. of treated cabin area. Data on current aircraft 

reveal tha~ present ~ound levels in this frequency ~ange pro

duce hearing damage risk with long-term exposure. The foaJTl i"ras 
. .' 

found not to have significant sound absorhing properties, but 

this is not believed to detract significantly from total cabin 

absorption. 

-
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2. A review "of measurement techniques which may" be used to rank 

order the acoustic effectiveness of materials or co~structions 

.for the various parameters in the model. 

3. sections which present measured data on the NASA foam on 

constructions involving it and discussions of t~st methodology. 

4. Summary sections .... 'hich discuss the effectiveness of the NASA 

foam and suggestions for additional directions of exploration on 

this problem. 
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III. SOU~D TRANSHISSION INTO AN AIRCRAFT FUSI::LAGE 

There are three principle mechan~sms by which sound is trans

mitted into an aircraft cabin in cruise "flight. ~hese mechanisms 

include: 

a) Airborne sound transmitted from propulsive elements 

(engine inlet, casing and exhaust noise, propeller noise) 

through the cabin surfaces. 

b) Transmission of structure-borne noise from vibrating " 

components by splid paths to surfaces within the cabin 

which radiate sound. 

c) Pressure fluctuations on the cabin surface, due to the 

flow of turbulent air past the cabin, induce motion in 

the cabin walls which may then radiate sound. 

In modern light unpressurized airc~aft, relatively low fligh~ 

speeds, and good vibration isolation practices for propulsive ele

ments generally mitigate against the second and third noise mech-

anisms as being major sources, ~t cruise; so in the following 

discussions, only the first rnechanis~ will be discussed in detail. 

Some proof of the above generalizations may be had from consider

ations of some specific conditions where they are not true. For 

examnle, in a decent at idle power and cruise speed, iH'Fodynamic 

induced .noise is generally. clear] y audible, but at a s\\bs tun tii.lly 
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reduced cabin sound level in comparison with cruise conditions. 

A. An Analytical Hodel of Aircraft Cabin Noise Reduction 

The analytical model for airborne sound transmission into the cabin 
of a conventional liqht twin aircraft is based on the following 

hyp~theses: 

a) The sound field on the exterior of the cabin is essentially 

uniform in level and spectrum shape over all exterior 

surfaces, and when averaged over all surfaces, contains 

nearly all angles of incidence. 

b} The transmitting areas of the cabin surface can be 

modeled as ha~ing an average Transmission Loss (TL) 

which is determined only by the TL of the component sec-

tions weighted by their surface area S. 

c) 'l'he ef fecti ve acoustic absorntion of the interior of the 

aircraft is representable as the sum of the products of 

sabin absorption coefficient times surface area of each 

absorbing element. 

As a consequence of ihese assumptions, the noise reduction for 
frequencies \Olell above the first acoustic resonance of the cabin 
interior is given by 

NR = the larger of TL + 10 Log ~ or 0 (1) 
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,.,.here NR = Lp (out) - Lp (in) is the difference between the spa::e 

average sound pressure level (SP~: 

, - outsi-de- the cabin (!=orrected for 

pressure doubling at the cabin st:.=face: 

and the space avqrage SPL inside the 

cabin. 

'l'L 
= 10 Log S - 10 Log E S.T. is the area weighted average 

i .1. l. 

field incidence transmission 

loss of the cabin. 

A = E S.a. is the total sabin absorption in the interior. 
j J J 

S is the total transmitting surface area of the cabin. 

It is claimed that Eq. 1 represents an engineering approximation 

of a lower bound for NR in all frequency ranges above the first 

acoustic resonance of the cabin interior. Experimental justi-

fication for this claim will be oresented later in this section. . , 

Below the first acoustic resonance of the ctlbin interior (t~tFical:::· 

f < c/2 L:\olhere c is the velocity of ~ound in air (at cabin altit~::~} 

L is the cabin length) , this prediction scheme 

is, not relevan1.., since this scheme assumes that the, volume is 

mull timodal. Another mode l, which is appropriate at very 10\': 
. 

frequencies below both the first acoustic resonance of ~he c;:;..;;in, 

and' the first resonance of subpane1s (or ,-.'indO\o1s) is given b •• . . . 1 

lR .11. Lyon, 'I,oisc RE:duction of a Hcctnncmlar Enclosure wi th (,int, 

Flc)~ib'l<? \\.::J.J 1", Jl\Sl\; 35 (19G3), P. 179l. 
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NH > 2U Log Z\villls 
1 + 

ZN'olume 

where ~R is as defined above. 

and 

Z is the acoustic impedance of the walls which for , ... alls 

frequenCies well below the first acoustic resonance 

,is qiven by (N-sec/mS ) 

1 < 
"'-s-/-, 2 
L. • 0 • wII i i l. Sl. , 

4 
1T 

-r 4 CAl 

(2a) 

Z~olume is the acoustic impedance of the volume given by 

(\-lell bel(;~' the first volume resonance) (N-sec/m5) -
Zvolume :: E~~ (21)) . 

wV 

, 
, :1 ~ ,I,,' f: .' 
r 

I.:J is the (radian) frequency of interest (Hz) 

Si;S are the are the area of the i element and total cabin, 

respectivelv (m2 ) 

°5,i:os are the area'mass density of the ith element, and 
J' 

I the panel with the lowest resonant freouency, r-

. . ' 

respectivelv (kq/m2 ) 

wIl,i;~11 are th~ (radian) frequencies of the first panel 

resonance of the ith element and tbe element ,.lith 

the lowest natural frequency, respecti vel:,. 
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pc is the characteristic resistance of the air'in the 

cabin (406 MRS ravls at STP, 290 MRS r~yls at 10,000 ft., 

std. atrno~phere) .--

c is the velocity of sound for air in the cabin (340 nt/sec 

at STP, 328 m/s~c @ 10,000 ft. std. atmosphere) 

V is the volume occupied by the air in the cabin (m3) 

Unfortunately, in typical aircraft constructions, the, frequency 

of the first resonance of a typical subpanel is substantially less 

than the frequency of the first volume resonance, so that there 

is a frequency regime where the above relationship cannot be use~, 

since the impedance of the walls cannot be simply estimated. In. 

this range, hm"ever, motion of the subpanels of the walls is resonant, 

rather than stiffness controlled, so that statistical techniques 

may be used to find a first order anproximation. The acoustic 

impedance of the cabin walls may be estimated from the relation-

ship bet\Oleen mean square panel velocity and mean square !'ressure 

. . t' d'" 2 1n an eX1S 1ng soun r1eld: 

2Noise and Vibration Control, L.L. Beranek, Ed:: D. 301~2 note the 
chanqes due to the fact that the panel is assU!.'.ed to 1.>e excited 
from one side only. 
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Izwalll 
1 = t~~ <v~-;--J.; 

/, ~ l. 

i" " 2 
2<p > " 

1 
s PC 

4,.,sw 
2 J.; 

1 + nswn 
--~--- .. 

-2,.,Co;ad lI' Wc orad 

where 2<p2) is the mean square pres-s"u"rcon the surface of the 

fuselage 

<v~> is the mean square velocity of the ith panel l. 

we ·is the critical frequency of ~he resonant subpanels 
Orad is the radiation efficiency of a subpanel 

and other terms are as defined above. 

The impedance of the volume should also be modified by a reso-
nance term so that 

-
Z' volume = Zvolume 

2 . 
wI 
--2~ 

w -w 1 

(where wI is the frequency of the first volume resonance) for 
frequencies approaching the first volume resonance. 

(3) 

Forming the ratio of wall impedance to volume -impedance, we find 

Z"rall z---
volume 

:: 2VW2 
--~-. 

Spc 

~ (' -'1~ . 2 2', ! pc~ 1 + pswn _ jl{ w1-w \ 
r 'TrW (J d 2pco d J I; 2 ,c ra, ra . j " \ wI . 

(4) 

for w11<w<wl (i.e., above first subpanel r~sonance but below 
the first acoustic resonance of ~he cabin). 
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As will be seen in a later example, this exnression predicts a 

substanti~l reduction in wall imnedance, as compared with below 

the first subpanel resonance, as_phould be expected, resulting 

in a very low value of cabin noise reduction. 

,-
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13. Limitations of the r10del 

It is appronriate to also note somci of the anticipated notential 

limitations of the model and sketch routes for improvement as 
. , 

appropriate. The'principle anticipated problems are associated 

with assuminq a spatially uniform acoustic excitation, neglecting 

flow noise, and determinin~ an apnropriate cabin transmission loss. 

The fact that structureborne noise has been neglected is not 

~onsiaered a severe limitation, since this path is independent of 

airborne transmission, and techniques, are available for predicting 

this component of 'noise transmission into an enclo~ed space. 3 

.-
'l'he uniform excitation assumption interacts with the 'I'L difficult,ies 

in that locally hiqh exterior SPL's may be arranaed with locally 

poor 'I'L to produce an actual NR \'Jhich may be sorne\lJhat lower than 

the Im'.'er bound estimate., This difficulty may be correctable if 

the spatial distribution of SPL can be anticipated, so that this ;may 

be paired with the appropriate local TL so that partial power 

transmission from different areas may be computed and summed. 

An additional difficulty with TL is associated with the distri-

bu tion of souT1d ... ,oi th ang Ie of inc idence . Common 'I:L calcula tioa 

35e~ the literature on statistical energy analysis, a brief 
intrOtiuction to which is .pre~-;ented in I. L. Ver and c. I. holmer, 
"Interaction of Sound and Solid Structures" I Chanter 11, IJoise 
~!19_'yjb!~"t!-.~~1_S:"~~~E?_!' (L.L. 'tieranek, cu.), t-1CGraw-llill, 1971-:-
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and test procedures yield a value which is appropriate for a 

reverberant field excitation. Fortunately, in many cases 

where mass law controls the' "l'L, this- also approximates the 'l'L at 

_60 0 angle of incidence, \'lhich also nearly corresponds to an 

area .. weighted principle. angle of incidence on a light twin, where 

the major sources are probably propeller and engine exhaust noise. 

Pending more detailed understanding of a particular situation, ·i t 

is suggested that the field incidence 'rL represents an appropriate 

(rather than a conservative) .TL.estimat~. 

Neglecting flow noise in the analytic model is the last major 

hurdle. This was justified on the basis that acoustic sources. are -expected to dominate the transmission through the. hull. As 

vehicle speeds increase, beyond some point, this cannot be 

expected to continue to be the case. In commercial jet aircraft, 

for example, the reverse is believed to be the case. 4 A more' 

complete mode 1 including this phenof!1enon, hO\.,rever, is beyond the 

scope of this work. 

4. J.F. \'1ilby, private communication. See for exarnple~ t\'.V. 
Bhat and J.F. Wilby "Interior Noise Radiated by an Airplane 
Fuselaqe SUbiected_to Turbulent Boundry Layer Excitation and 
Evaluation of Noise Reduction Treatments", Journal of Sound 
and ViiJrationUiSV) (1971) 18 (4) 449-464: J.F. Nilbv and 
r.L. GJo:,na "Vibration Heasurements of an Airplane Fuselage 
Structure" J.S .• V. (1972)· 23 (4), 443-466 alTd 467-486. 
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C. Experimental Verification of Cabin Noise Reduction Moriel 

h'e have available two differentsets-°of data \olhich may Le. used 

'to test the validity of the analytic model of cabin NR. 'l'he 

first set of data consists of some measurements of sound trans-

mission into and out of small rectangular enclosures, ,.,rhich 

prC?vide an opportunity to tes 1;. the analytic ~xp.ressions of the 

model directly. The second set of data was taken from a study 
, 

performed by. ~BN a number of years ago, on sound transmission 

into the cabin of a conventional light blin in cruise flight.' 

\'fui Ie the hull construction (in particular the interior trim 

and window configurations) i~ not necessarily typical of present-· 

day light aircraft, the.study is sufficiently well documented 

that it will be useful as a test of the model. 

1~e small enclosure evaluation5 was part of a nrogram to evaluate 

s6und transmission throuah enclosures, and as such \Vas concerned 

·with the transmission of sound out of, as well as into, an 

enclosure. Fi~ure 3 oresents measured TL data on 'the wall 

construction of the enclosure (compared with analytic estimates) • 

---_._' _._----
c; j 

. C. I. li01mer, "Hodel Tests for Verifvino Acoustic. Design of an 
Enclosure for the LM 2500 Modulo", rinNRenort 2343, April_1972. 
See also C. I. Holmer, "'l'ransmission of Bound Through Enclosures", 
,11\S1\, 53, (1973), p. 388 (A). 
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The enclo~ure consisted of a 1 ft. x 1 ft. x J ft. rectangular 
box of 0.1 in. aluminum walls mounted on a 1 in: x 1 in. box rib 
frame at all edges, \ ... i th stiffeners 9 in. o. c. -on the four long 

sides. Absorption in the enclosu~e was provided by layers of ; 

absorbent foam of various thickness. Table 1 provides a tabulation 
of absorption data within the enclosure measured by the reverbera
tion time technique, for various thicknes~es of foam; Figure 4 
presents computed noise reduction in accordance with the model. 
Figures 5' to 8 show a comp-arison of measured and calculated values 
of noise reduction and power insertion loss of the enclosure. 
Noise-reduction was measured as the difference between the space 
average exterior reverberant field SPL and the space average 

interior SPL. 

Power insertion loss of the enclosure ~s measured as the differen=e 
in radiated sound power of a source, "'i th and \vi thout the surround-
inq enclosure. The source for this later evaluation was an array 
of eight loudspeakers arranged on a cylindrica~ surface, with 
various phase ~elationships. The estimated first acoustic resonance 
of the enclosed v.olume is 180 HZ, \"hile the estimated first subpanel 
(9 in. ): 12 in.) resonance (with clamped edges) is 380 Hz, and the 
first side panel resonance (12 in. x 3 ft. with stiffeners) is 
apnrmdmately 300 Hz. Thu.s, ~ ... e do not expect to find a -frequency , 
region where the expression with resonant side panels and stiffness 
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controlled ai'rspace is appropriate. All other aspects of the 
. , 

analytic model are relevant, ~C?\-lever~~. ~md, thus, the model appears 

to be well justified. In particular, the model is'seen to be 

appropriate in highly absorbent spaces (c.f. tests with lin. 

lining (Fig. 8) where 0>0.8 at and above 1 kHz).' Ostensibly 

one might question using a "diffuse field u hypoth~sis in this 

case, bbt the experimental data suggest that the field i~ still 

sufficiently diffuse. 

The comparison of sound transmission from inside to' outside vs. 

transmission from outside to inside 'is also of significance. 

Onerationally, it would appear easier for test purnoses to measure 

fuselage noise reduction by excitation of the interior of the 

fuselage with a noise source and measure levels outside, than 

to try and envelope a complete aircraft in a homogeneous noise 

field. 

\'lith this experimental basis for justification of ,the an<;llytical 

model,under "ideal conditions", we turn nm., to an afmlication 

on some aircraft test data., This data6 was taken by BON, with 

r 6 L •N• Hiller, "Noise Evaluation and Control Recommendations-for 
Cessna ••• Aircraft·, BON Report 445, January 1957. .. 
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the sponsorship of Cessna Aircraft Co., under flight conditions on 

a prototype light twin aircraft. The data were taken at normal 

cruise (-150 kts lAS) at 10,000 ft. ms1 with unsynchronized engine~. 

Noise level data on the cabin exterior were taken with four flush 

mounted microphones (Altec BR 150) that incorporated a sintered 

metal winascreen. Data,were taken at four locations, including 

a) the front windshield, b) side window, c) cabin top (near mid-

cabin), and d) at cabin bottom near mid-cabin. Figure 9 shO\'1s tRe 

variations in exterior octave, band SPL vs.position (plotted as 

deviations from the mean,* for two different flights in the same 

aircraft. As can be seen, the spread in SPL on exterior cabin 

surfaces is generaL..:.' wi thin a ±5dB range except for the frcnlt 

windshield at high frequencies and the top of the cabin at 

mid-frequencies. For the former case, there is some suspicion of 

the data because of the improved local NR \o.Thich occurred when a 

double window was installed. In the latter case, it was identified 

that the 'principle noise 'source was' air flO\\1 over a roof mounted 

radio antenna fOD/lard of the microphone. In general, the hypothe-

~is of essentially uniform excitation level over the fuselage 

seems justifiable. 'In addition, it should be noted that narrow 

b~nd (4 Hz) analysis of the tape recorded data indicated that 

harmonics of engine firina rate 'and propeller blade rate were 
. . ... 

'clearly distinguishable from 1/2 order to tenth order afid con-

trolled the cctave band levels through the 300-600 cps ban~. 

* " ~.e., average of the four positions 
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Because of their tonal nature, the interference patterns produced 

at the surface are probably the p~inciple cause for variation of 

SPL \vi th position at low and mid freq-uencif!!s. 

Table 2 p~esents an estimate of cabin absorptioh. Figure 10 

provides a presentation of estimated values of TL plus 3 dB. 

'l'he three dB correcti-on is applied since the NR comparison \o,'ill 

be based on exterioiSPL at the cabin surface. TL is sho\Oln for 

the floor construction (.b25 AL exterior sheet, 4 in. airspace, 

.020 AL floor attached by stiffeners -16 in. o.c.), ~indows 

(1/8 ih. acrylic) and measured TL data for cabin walls with trim 

(see Figure 19). From this data, a composite TL is calculated, -
based on the area wei9h~ings indicated in the Figure ·captions. 

'fhe computed lower bound for cabin NR is also plotted. ]\.150 

shown in the figure are estimated values of 1m,? frequency NR based 

on l::quations 3 and 4. rigure 11 shows a comparison of ~alculated 

and measured calJin noise reduction. The comparison is quite 9"ood 

except in the reaion of 100-500 hz and above 2 kHz. The fact 

th~t experimental NR is high in th~ low frequency range is attribu

te~ to two factors, ~rin~ipally that the excitation is principally 

tonal in this range, and thus is unlikely to excite panel resonan-
. 

cas which limit the NR~ and also that the measurements are made 

in octave bands, so that narrow band dips in NR are more difficult 

i' to define. 'l'he disagreement at high frequencies ,is attributea to 
• . . 
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an air leak through an air circulation discharge duct in the aft 

cabin floor and transmission from the aft bagqage compartment, which 

were later identified' and treated-on other aircraft in this 

program. 

On the whole, however, the agreement is considered to be sufficient 

so as to justify further use of .the analytic' model~ The pertinent 

properties of a material or construction, base.d on the model, are 

seen to be:' 

a) At low frequencies (below first cabin resonance) The 

contribution of the material to the impedance of a wall 

construction. 

b) . At mid and high frequencies (above first cabin resonance) -

The contribution of the material to the absorption or 

transmission loss of a wall construction. 

The following section will discuss the merits of small sample test 

procedures which may be useful for rank ordering performance of 

materials. 

19 
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IV. HEASUREHENT TECHNIQUES FOR RANK ()RDBRING ACOU[-)TICAL 

PROPERTIES 

There is surprisingly little information in the puhlished 
literature uncovered in our search of English language liter
ature which discusses the usefulness of sampling or small 
scale measurement procedures. Because of this, our discussion 
in this sec~ion will be. limited in terms of our ability to 

, . reach quantitative conclusions regarding thea~plicabilitv of 
the test data. 

In general, testing o~less than full scale components or svstems 
can be broken into two discrete types, naMely, small sample 
tests which expose a portion of an other,~ise full scale COM-
p~nent to a tes~ environMent, and scale model tests which 
expose the test model of a complete component or systeM to a 
scaled test environment. The test program used in this eval-
uation relies completely.on sample tests, hut for completeness, 
we ,.,ill also briefly consider scale model evaluations. The 
acoustic properties to be evaluated include contributions to 
absorption, transmission loss an,,1 impedance of constructions. 

20 
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Sample absorption test procedures are relatively well documented.' 

The two techniques, i.e., tube ~~.reverberation room, qive 

r~spectively, normal incidence and Sahine absorption coefficients. 

The coefficient derived from reverberation room measurements i~ 

the one ,.,hich provides data ,.,.hich is anpropriate for the analytic 

model. The normal incidence coefficient, ,·,hile not proviping . 

data which is directly correlated to sabine coefficient, does 

in factS provide a convenient means for rank orderinq performance 

of similar materials. On this basis, ahsorption coefficients 

were measured for small sam?les of varying density, ann compared 

with measured data on polyurethane foams. -
There is one major accepted U.S. standard on laboratory measure

ment of transmission 10ss.9 As its name implies, it was written 

for application to full scale building components (walls, doors, 

etc.) and as such is not directly applicable to this problem. 

Because of this fact, and because there is no substantial litera-

ture on this topic of ' small sample TL measurements, it is 

appropriate to provide some comment on the expected validity of 

this type of measurement. The principal problem of small sample 

TL imeasurement is ~ssociated with the size of the sample with 
1 

7ASTM C 334-58 "Standard Method of Test for Imoedance and Ahsorp- -
tion of Acoustical Materials bv the Tube Method" 
ASTM C 423-56 '"Standard ~etho~-of Test for Sound Abscrntion 
of ACO.'lstical ~1aterial~ in Hc>ver'heration ~oom~" 

3 Standllrds aVililable from' lI.S'l'r'1~ i~n6 Race Street, Philac'telphia, 1'.7\. 
C 384-58, n~nendix AI. 

9J\STH E 90-70' "Standard Recommended Practice for'r.aborcitorv 
Measurement of Airborne Sound Transmission Loss of nuildi~g 
Partitionc". . 
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respect to a wavelength of sound, and a bending wavelength in 

the sample at the 10\·,es~ frequency of. interest. The first 

'consideration arises since the sample is invariahlv mounted in 

an aperture in a re.latively thick wall in the test facility, 

which acts as a spatial filter lO , prohibiting the transmission 

of sound at a number of angles of incidence, denendinq on 

frequency, aperture size and depth and saMple placement. 

11 Recent theoretical work orr the TL of apertures has been re-

stricted to considerations of a normal incidence sound field. 

Unfortunately, much of the sound transmitten throuqh a panel 

arrives at high angle~ of incidence, which Mav be severe IV -restricted in comparison ,<lith energy transmitted at, normal 

incidence. This may be 'accommodated by invoking the restriction 

that normal incidence TL is changed by say no !'10re than 

±ldD. Using the computations of Wilson and Soroka, this cri-
. 

terion is satisfied by ~ll aoerture denths for ka = 2 (where . ,. 
d a is the aperture radius). For ka = 1.5, however, - must 
a 

be less than I Cd is aperture depth) and for ka = I.G, ~ Must 

be in the range ,0.5-0.75. Wilson12 shows'data on field incidence 

TL of a circular aperture with : = 0.5 whidh indicates + 2 dB TL 

at ka ~ 2.0 and + 4 dB at ka ~ I.Q. On th~ basis of these data 

IOC.I. Holmer, "Factors Affectinq the Comoarison of Theoretical 
and Exnerimental sound Transmission Loss of Panels" .1.TJ..S'\ 49 
(1971), p. 88 (A) • 

IlG. P. Nilson & t,] .tv. Soro}~u, "Appro::im.:'l ticn to the Diffruction of 
Sound by a Circular AoeTtu~e in a Riqin Wall of Pinite Thickness" 
JASA 37.(19G5), P. 2D6-2~7. 

lLc;.p. WIlson, "Heasurement of the Transr.,is~ion Loss of a pinitc-
Depth Aperture", JASA 37 (l9()S), p. 2£)[,-307. ORIGINAL PAG~ IS 
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it woul~ appear prudent to limit lowest frequency of interest 

to fi ~ l~ BL ~ (\olhere L is a typical panel lenqth) and 

d S 4L, if the TL ii intended to be representative of "Field 

incidence". 

The consideration of bending wavelength in the sample is simply 

to insure that both the sample panel and the full size ~tructure 

are controlled by similar phenomena in the frequency ranqe of 

measureme!nt. This applies principally to tests of stiff ma

terials, where it is possible that'the sample panel is stiff-

ness controlled at the lowest frequency of interest (i.e., 

below its first PL~.-::-;::,l resonance) while a full size sample could 

be several bending wavelengths in dimension at this frequel'lcy, 

and thus be resonant or mass controlled. 

Measurements of acoustic' impedance of panel constructions have 

not been described previously in the literature, so that the ~ 

experience base is not sufficient for us to generalize upon. 

I 

The concept would appear to permit improved understanding of 

the response of structures to 10"" frequency sound. It should 

be noted that application of this technique to lightweight 
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structures iequires lightweight motion transducers which have 
onlv recently become available. Th~-technique consists of 

-measuring local exciting pressure and resultant panel velocity, 
so as to provide information for computing the ratio of 
Z = <;?~ormal> vs frequency. Application of the technique 
requires the knowledge that the measured velocity is in fact 
due to the local pressure (i.e., that the surface responds 
locally) in order for the results to be successfully inter
preted. Light skinned, ribbed structures, such as aircraft 
cabins, are expected to fulfill this requirement easily. 

Scale models are another useful technique for determining 
experimentally the answers to complex acoustical questions. 
The nrinciole of the scale model is that when a svstem is 

modeled with a scale factor S (i.e., Lmodel = S x Lfull scale) 
then all dy~amic characteristics are preserved at the frequen-

f =! v f cy, model S A full scale' The principal experimental problems 
are associated with modeling absorption (here flow resistance 
of the model porous absorber should equal the flow resistance 
in the full scale absorber) and system damping (i.e., system 
loss factor in model at scale frequency should equal system 
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loss factor of the full scale item at normal frequencies). 

The principal type of dif~_iculty _\':hich arises is that of finding 
r 

suita~le materials and construction techniques which permit 

simulation of thE\! a.bsorption and damping. An additional limi-
I 

tation of modeli~g lis that the model must remain sufficiently 

large to permit accurate constr~ction in detail. The advan

tages hf modeling are that gen~rally, testing of 'complex sys

tems can frequently be done more quickly and with less total 
, . 

cost that full scale tests, particularly if the subject does 

not already exist in full scale. 

~ . 
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V. RESULTS OF ABSORPTION HEASUREMEN'l.'S ON FOAM 

.Absorption measurements ' .... ere made on each of the samples pro-

vided by NASA usinq the B&K impedance' tube apparatus in 

accordance with ASTM C 384-58. A schematic sketch of this ap-

paratus is shown in Figure' 12. In operation, the loudspeaker 

is excited by a tone, which excites the tube. The sum of the 

direct sound wave from the speaker, with the first reflection 

. from the sample under test, produces a standing wave pattern 

in the tube. A plot of th~ sound pressure level (SPL) vs. po-

sition in the tube for some relatively high frequency is also 

shown in Figure 12. Ti~ difference between the peak and mini-

mum SPL (called the Standing Have Ratio -- SWR) is a dire.ct 

measure of the absorption coefficient of the sample. Absorp

tion coefficient was read directly from an appropriate scale 

of the spectrometer. The appropriat,e filter on the spectro-

meter was used to improve signal to noise ratio. Due to cross 

resonance interference, a single tube cannot adequately span 

the frequency range of interest. Two tubes, one 10 cm. in dia-

meter and one 3 cm. in diameter, are used. ,The larqe tube is 

useful over the range. of 125 Hz - 1600 Hz .. The small tube is 

useful for the range 1000 lIz -,6300 lIz. 
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As a check of the apparatus and technique, a test run was made 

onl a sample polyurethane foam, w~~ch has demonstrated good 

reproducibility. 'The data from this check are plotted in 

Fi~ure 13. The plot is of normal incidence absorption coef-

ficient vs. frequency; both on a log scale. Absorption is 

presented on a log scale since the performance of an absorp

tive material is proportional to 10 Log a. Also, errors in the 

measurement are more nearly of the form ±10Log6a than of the 

form ±6a. 

I 
I 

., I 

Th~ comparison indicates that the samples ,measured are norni-

na11y wi thin ±ldB .w,,c the manufacturer's data, indicating good 

absolute reproducibility of the test setup. 

Figures 14 and 15 shmo1 the measured abro rption of the samp1e~ 

provided by NASA. The samples provide substantially Jess ab

so~ption than a "good" absorptive material (such as the po1y-
I 

ur~thane foam), and there does not seem to be any discernible" 
I 

tr~nd from sample to sample over the entire frequency range. 
I 

Also shm'm in these figures is the lower limit of measurable 
i 
i 

absorption for this apparatus, ,,,hich ha~ been taken as the 

apparent measured absorption of the steel ter,.mination.alone. 

i 
i 

A ~etailed inspection. of the samples measured suggests that . 
the mid- and high-frequency absorption coefficients appeared 
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to correlate.with avera~e surface rouqhness or surface damage 

(i.e., sliaht crushinq of foam cells on sample surface). 

While there was little opportunity to quantify this conclusion, 

or to investiqate other mechanisms for this hehavior, the hypothe-

sis appears to be reasonable in view of the apparent closed cell 

nature of' the foam, and does proyide a mechanism for explaining 

the non-systematic variations \o,hich were observed. 
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VI. TP-ANSHISSlON LOSS HEASUREI,1ENTS ON TYPICAL CABIN ,CONSTRUCTION 

The TL measurements were undertaken .in a research test facility 

at BBN which has been described in detail elsewhere l3 • 

A. Experimental Procedure 

Figure 1 shows a plan vie", of the test suite, \Olhile Figure 2 
" , 

s hm'ls a schematic diagram of the TL test facility instrumenta

tion. For testinq', a samo1e was mounted in a 3 ft. x 3 ft. 

framed ooening in the modular filler wall with the '''exterior 

face" toward the source room (lab B). During a test, Lab B is 

exci ted ''lith a broad-band noise S'ignal (derived from an ampli

fied pink noise signal fed to an Acoustics 'Research LST loud-

speaker syste~). Level of this signal is determined to be 

sufficient so that the signal transmitted to Lab A is easily 

13.' C.l. Holmer and D.W. Andersen, "New Reverberant Room 
Acoustic Test Facility:'. JASA 5=~ (1973), p. 302 (A) 
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measured above the existinq ambje nt. The one- third octave' 

.band space average sound pressure level is determined from a 

four-microphone arrav in each Lab.--Prom these spectra, the 

Noise 'Reduction (NR) a s a function of frequency is determined 

accordinq to the eCTua tion : 

(5) 

~t this noint, the noise reduction for the sample is compared 

with the measured noise reductio~ for the solid filler wall to 

determine the maqnitude and correct for the transmission 

through the filler wall. No correcfion was made, unless the 

sample NR exceed the filler wall NR by at least 3 dB. (Data 

not meeting this criterion is not reported.) Corrections typi-

cally were only required in the last 2 or 3 one-third octave 

bands reported. The transmission loss 

the NR accordinq to the expression: 

where: 

s 
R(f) = NR(f) + 10 Log A({) 

R(f) is the transmission loss 

NR(f) is the noise reduction 

S is the sample surface area 

}\ (f) is the sabin absorption 

(Lah J\) 
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the frequency f 

the receiving room 
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determined from A(f) = (7) 

where: V is receiving room volume 

is the speed of sound 

is the room reverberation time 

A and S are in consistent units. This measuremen,t and analysis 

procedure corresponds explicitly to ASTM E90~·70 "Standard Prac ... :.. 

tice for Laboratory Measurement of Airborne Sound Transmission 

Loss", except for sample size. Figure 16 presents a comparison 

o'f TL data ge,ne.rated in this Lab of a 3 I x3' f.lample with TL 
, 14 

data generated in several other 1a.bs on a 22 gauge galvanized 

steel sample of various dimensions.. TL of this 'sample is es-

sentia11v determined by mass law over the entire frequency 

ranqe. The other 1aboratbries represence~ include: National 

Research Council, Otta\.,a ~ Riverbank Acoustical Laboratories, 

Owens-Corning Fiberglass Corp., National Gypsum Co., and ~ord 

Mahufacturing Co. All samples except that' from Lord Manufac~ 

turin9 Co. were subst'antial1y larger than the sampie used here. 

This suqgests that data ''lith this sample size and aperture 

. _.-._------,--_. 
14. C.I. Holmer, ~The Lord Acoustic Test Facility", JASA 44 

(1968), P. 359 (A) • 

." 
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depth is not-significantly affected above 200 Hz. This result 

is consistent \vith the suggest~0l1s of Section IV of this report. -

B. Experimental Data' 

The series of transmission'loss measurements included the fol-

lowing samples: 

1. .032 in. Aluninum She~t 

2. Basic panel no. 1 

3. Basic panel no~ 2 

4. Basic panel no. 3 with NASA applied foam (~3.5 lb/ft3 

-density l~ in. thick) 

5. Basic panel no. 1 plus glass fiber insulation 

6. Basic panel no. 1 plus glass fiber plus "interior 

trim" • (Three mountings for interior trim) 

7. Dasicpanel no. 3 with NASA foam plus "interior trim". 

Figures l7a to l7c depict the construction of the "basic panel". 

Figure 17d presents the TL data on_samples 1-4. 

Figure 18 shows the results of measurements on the conventional 

ribbed panel with several forms of simulated "interior trim". 

The addition of 1 in. 'of a lO\~ den~ity fine' fiber~lass mat 

(Owens Co~ning type 702, ~1~3 lb/cu.ft., density)· provides a 

progressively increasing attenuation at higher frequencies. 

It is expected that the· addit.ion of a thin covering such as 

• 
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solid or perforated vinyl film up to 4 mil thick will not sub

stantially change this result below 4 or 5 kHz. Discussion 

with Cessna indicated tha~ typical practice for interior trim 

below windows COJH~ists of a membr.ane of "ruggedized" aluminum 

sheet covered with a "leatherette" or other decorative facing 

(total weight 0.30-0.35 lb/ft2) attached to the fuselage when-

ever or however possible. To simulate this we attached an 

O~025 in. thick aluminum sheet to the interior of the panel 

either continuously along the top of the major.ribs (hat sec-

tions of Fiqure 16) or at points on the ribs ~l8 in. o.c. (three 

points per rib on these samples). Attachmer.t was by means of 

~ in. wide double. ~~ded scotch tape. While tape is not typi~ 

cal of cctual construction practice, it is believed to be dy-

namically representative of rigid attac.mnents 'such as rivets, 

snap fasteners, clips, etc. As can be ~'H~en, the improvement 

in TL is determined in part by the density of attachment points. 

The two test configurat.ions \-'lith attachments ,.,ere selected to 

be representative of the probably extremes'of possible installa

tion practicss. Thus, the TL of fuselage sections incorporating 

this style of single layer massive interior trim is expected to 

be bounded by these results. 

Fiqure 19 shows the results of measurements of the same "inter-

ior trim" c~nfigurations applied to the NASA treated panel. 
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Note that the foam completely filled the space betVeen major 
'ri~s so that no room was available for glassfibet. Of signifi-
6ance is that improvement in TL does not begin until 1250 Hz 
or so, and is independent of density of attachment points in 
the region of measurement. 

c. Discussion of Transmission Loss Data 

The addition 'of ribbing and rivets increased total panel ,.,eight 
, by approximately 100%, giving an expected 6 dB increase accord
ing to simple mass law expectations. Since the weight is con
centrated over'less than 50% of the panel area, this would 
lead to inferring a maximum TL increase of ~3 dB above a typi-
cal subpanel resonance. A straightforward calculation indicates 
(assuming simple supported edges along rivet lines) that 
the first resonance of most subpanels li~s in the 100 Hz one~ 
third octave band or lower. The principal role Qf the ribs is 
expected to be to increase the local mass in the area covered 
by ribs, reducing the effective transmitting area. A notable ex
ception occurs \.,hen the attachments undergo resonant deformation. 
Principal ribs, for example, have 1.6 in. side walls, corres-
ponding to a half bending , ... avelength a t ~l kHz. The unimproved 
TL at this f~equency is probably due to this ef£cct. The 
addition of the foam increases' both the mass and stiffness of 

.' 
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the subpanels, resulting in higher subpanel resonant frequen

cies. The resulting system has more uniform mass and stiffness 

leading to more uniform response to the SQundfield and response 

that is controlled by the total mass per unit area of the panel. 

This form of response is maintained up to the frequency regime 

where rib motion again controls the radiation (i.e., ~lOOO Hz). 

Figure 20 presents a comparison of calculated15 and measured 

improvement in TL due to the addition of simulated "interior 

trim" to the untreated and treated panels. The theory of 

this construction is that the initial frequency and slope is 

determined by a resonance· of the mass of the layer against the 

stiffness of the contained airspace. Theory predicts that 

23 
fo ~ I~ (8) 

where: 
. 2 

m is the mass/unit area of the attached layer (kg/m ~ 

d is the depth of the airspace between the basic ra

diating structure and the attached layer (m). 

The initial slope of the 6TL curve is 12 dB per octave. The 

maximum improvement is determined by reradiation from the at-

tachment areas. The discrepancy between theory and calculation 

15. Noise & Vibration Control, L.L. Beranek,· ed., McGra\~-Hi11, 
1971, pp. 320-325 
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in the vici~ity of 1 kHz is again attributable to the hypothe-

'sized large motion of the rib surfaces in this' frequency range. 

This is confirmed bv ·the data with no attachments. 

Fpr the case of the interior trim attached to the NASA treated 

sample, the calculated depth of airspace to'prqduce the observed 

fo is 1/32 in. This is consistent with the obse.rvation that 
. . 

the foam is closed cell, and that the foam was' applied ~o the 

height of the ribs leaving no substantial airspace between it 

and the trim panel •. 
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VII. RESULTS OF' IHPEDAltCE MEASUREMENTS ON TYPICAL CABIN 

CONSTRUCTIONS 

The specific acoustic impedance data reported here was tnken 
with the panel installed as for TL measurements. The measure-

, b d h 1 t' h' 16 ment 1S ase on t e re a 10ns.1p 

where Iz~1 is the magnitude of specific Acoustic Impedanc~ 
(N-sec/m3 ) 

16. 

\pl is the mean acousti~ pressure at the point of ob-

lui 

servation 

is the mean normal velocity of the panel at the 

point of observation 

p.A, Franken, "The Behavior of Sound Ivaves", Chapter 1 of '~oise and Vibration Control (L.L. Beranek, ed.) McGr~w-Hill (1971) p. 23. 
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'This impedance differs from that discussed in Section III by 

factor of (area)-l. For the measurement, a panel was excited 

by a sound field as for a TL measurement (with the panel "ex

terior" surface nominally flush with the filler \vall). SPL and 

acceleration level are sensed at a pOint on the panel with ca-

librated ~ in. microphone system and a calibrated accelerometer 

system, and analyzed in 1/3 octave bands usincr the instrumenta-

tion system of Figure 2. Impedance level is computed from 

20 Loq Z (f) = SPL(f)~ AL(f)+ 20 Loq f - 98 dB (9) . s " 

where Zs(f) is the specific acoustic impedance (N-sec/m3) 

SPL(f) is the sound pressure level (dB re 2.10-5 N/m2) 

AL (f) is the acceleration level (dB re 19) 

f(f) is the frequency of interest 

The results of such measurements are shown in Figures 21 and 

22- for the basic panel and the NASA treated panel. It is evi

dent that the NASA treated panel has a substantially higher im-
-

pedance (lower response to exciting sound fields) than the 

basic panel. The differences in response are on the order of . 

10 dB from 63 Hz - 125 Hz. Comparisons of the data below 

63 Hz are subiect to question since the first papel resonance 

30 
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for this size ribbed panel is on the order of 63 Hz, and would 

be expected to be 10\ver for lar_ger panels, which will alter the 

comparison. Figure 21 shows a calculated value of ~s for the 

largest subpane~ usin~ an appropriately modified form of 

equation, 3 (i.e., Zs = S Z~lall). The surprising result that 

the estimate based on eq. 3 is approximately 10 dB above ,the 

lowest observed values is not yet understcod. 

-

-
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VIII. DISCUSSION OF RESULTS 

The results of the absorption tests strongly indicate that the 

foam provides little useful absorption in the frequency range 

from 125 Hz - 2 kHz, in comparison t.O that provided by porous 

materials. This is attributed to the closed cell configuration 

-of the foa~, and is not likely to be altered' unless the-cell 

structure is changed to substantially open cell. configuration. 

1 - -This may ,or may not be feasible in light of the impact that 

this would have on principle non-acoustic properties! and will 

not be considered further. 

The dramatic im~rovement inTL and impedance which occurred 

when this material \-las combined with a conventional aircraft 

cabin construction is certainly worth further consideration. 
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Figure 23 presents a compilation of data17 on interior SPL at 

normal cruise from a number pf current model li~ht twin air-
. 

craft, compared with two hearingaamage criteria. 1\ second 

criterion, for speech interferenc.e should also be considered. 

The speech irlterference level (PSIL), consisting of the aritr:.-

metic average of the octave band levels at 500, 1000 and 200C Hz 

provides one such metric. A PSIL value of 77 dB, for example, • 

permits barely acceptable communication for distances of abou~ 

~ ft., using a raised voice. On these bases, the nois~ levels 

in the 125 and 250 Hz qctave bands are seen to be excessive 

because of potential hearing damage risk while the noise leve~s 

at mid-frequencies nenerate a need for high levels of voice 
, ..... 

effort to perroi t good communication in the cabin'. Problems 

with radio communication generated by these noise levels are 

much more difficult to assess in qeneral, due to the wide r~~e . - , 

of microphone and audio equipment used (i.e., throat or boom 

microphones vs. hand-held, and cabin loudspeaker vs. headset). 

Nevertheless, it is clear that techniques for providing up to 

5 or 8 dB of noise reduction at low frequencies and 3 to 5 dB 

at mid-frequencies should certainly be of interest. Cornpari-

son of fiqures 16 and 19 shows that the foam as applied can 

potentially provide an average 'of 4 dB increased TL (and thus 

l7-.---;r.v. To-bias-;-"Noise in Liaht T\·!in-Engine Aircraft~' S0unrJ 
and Vibration ~, 9 (September 1969) p. 16-19 Figure C) 
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potentially also in NR) in the frequency range of 100-250 Hz. 

This increase is corroborated by observed increases in panel 

impedance in this frequency range. The principal means by 

~lhich this was achieved is believed to be throuqh stiffening 

and mass addition to the larger subpanels so 'that the total 

weight of the panel, including the stiffeners, was active in 

producing the mass law.TL which was observed. This is inferred 

from a comparison of treated, and untreated panels (Figure 17),. 

where the increase in TL with the foam is substantially greater 

than ~he added weight alone would indicate. 

-It is believed that a. similar improvement can be obtained with 

thinner treatmen'!:s of higher density foams "'i th constant ad.ded 

weight. The principal reason for doing this is to create space 

between the foam surface and the interior trin so as to reduce 

the double wall resonance ·frequency. '"lith this tr'2atment, 

(i.e., foam, 3/4 in. airspace, glass fiber blanket, and interior 

trim) it is believed that a ~L curve which is comparable ~ith 

the basic panel plus standard trim can be achieved. In addition, 

filling the cavities behind the major ribs, 'could sufficiently con-

trol the rib resonanc~, so that an improven~nt of as ~uch a~ 5 dB 

in cabin NR at loon lIz could be achieved. ·h caution is in order 

at this point, since it is likely that the TL of typical 

"~ ~ 
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~hickness windows may limit the cabin NR in this frequency 

range, such that large inc~eases ~~ cabin wall 'TL will not 

produce significant changes in cabin NR. (See Figure 10.) 

At this point, the most appropriate next step would appear to 

lie in the direction of determining that construction which' 

optimizes cabin TL improvement vs. added 'weight. 
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IX. CONCLUSI()NS AND RECOMHENDATIONS 

A. Regardinq the NASA Foam. 

The absorption coefficient of the NASA foam is not significant 

enouqh so as to be of major interest as an acoustical material. 

However, other than the effective volume occupied displacing 

other materials,' the foam will not detract from cabin interior 

abSorption. The stiffness of the foam is significant enough 

so that constructions may be found whicih will provide a 3-5 dB 

improvement in cabin NR at low frequencies (63'- 250 Hz) and 

..... 
simultaneousl~ providef" a TL at mid and high frequenC?ies ,.,hieh 

is no less than that observed in oresent constructions, ,·Ii th a 

2 
weiaht cost of ahout 0.2 lb./ft.. It is suggested that the next 

anorooriate task'is an exoerimental study of potential construc-

tions "lhich could meet these requirements., prior to installation 

on an aircraft. 

B. Regarding Other Aspects of This Proqram. 

1\n analytic model of f'Uselaae noise reduction has been proposed 

whieh anoears ;ustified, based .on confirmation wi\h limited experi-

mental data. Based on this model, it apnears that the simple 
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archi tect·ural acoustics concepts of Transmission Loss and Sabine 
AbsorPtion are adequate for determining a 1m-fer bound of perfor
mance within enqineering accuracy. More complex descriptions '. 

have been oresented for the frequency regimes below the first 
cabin acoustic resonance, and first wall structural resonance. 
The descr'iption for the frequency range between first structural 
firs~ acoustic resonance is still subject to more 'rigorous experi
mental verification. 

We have noted that an important hypothesis of the proposed model 
for cabin NR i~ ·that the sound field is essentially uniform over 
the transmi tting ·arr~-,. An experimental model study to verify 
the aocuracy of this hypothesis for light aircraft, explore the 
role of diffraction in creating this situation, and study the 
implications of non-uniform excitation would be a useful contri- . ! 

butiQn to t~e state of the art in the general understanding of 
sqund transmission into enclosures in a free-field environment. 
This, of course, has much broader implications than the area of 
light aircra:ft. 

We have proposed a ,test procedure for evaluating specific acoustic 
impedance of structures. This approach may be. of more general 

-use in evaluating excitation of complex structures by sound. 
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miqht most favorably be advanced hy a study which qenerates a 

l~rger experimental base of experience yith the technique as 

well as additional analytic studies relating the experimental 

data which is developed. 

A final area of note which surfaced in this study is bas~d on the 

a~reernent bet .... 'een calculated and measured performance improvement 

in performance for some double wall constructions (see Fig. 20). 

This agreement is believed to justify an expanded experimental and" 

analytical study of TL of double wall. structures, which may pro-

vide a basis for a design guide for TL of double wall aerospace 

constructions. 

.' 
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TABLE 1 

MEASURED AND CALCULATED SAB INl~ 

ABSORPTION FOR ENCLOSURE MODEL 

Unlined Enclosure 

t4easured Sa 
125 

.5 

250 

.5 

Sabine Absorption (Sa) 
frequ,ency 

500 

.8 

lk 

.. 8 

2k 4k 8k 

.8 1.1 1.5 

16k 

1.8 

10Log, ~~as(dB) 11 10 -14.5 -14.5 -12.5 -12.5 --12.5 - - -9 

1/4 in. lining 

measured Sa 
calculated Sa 

1.3 

1.6 

10 Log 
A 

meas(dB) -10 
S . 

1/2 in. lining 

measured Sa 
ca1cu1qt'3d Sa 
10 Log 

A' 
meas(dB) 

S , 

1 in. lining 

measured Sa 
calculated Sa 

10 Log 

" 

A 
meas(dB) 

S 

,-

1.7 

1.9 

-9 

2.7 

2.6 

-7 

1.0 

2.3 

1.5 

3.4 

-lH~ -10' 
; 

1.7 

2;6 

-9 

1.1 

4.5 

-11 

3.0 4.0 5.1 9 

2.9 3.4 6.0 8.8 

-7 -s~ -4~ -2 

5 .. 0 6.1 9 14 

4.5 6.0 9.8 11.4 

-3~ -2 o 

9 

-2 

14 

o 

2.8 2.7 11 13 13 24 24 

4.5 5.8 

-7 -7 

• 

4.8 

7.0 11.5 12.7-14 

-1 -~ -~ +2 +2 
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TABLE 2 

Estimate of absorption of a twin_~n~ine, unpressurized light 
aircraft. 

Cabin interior dimensions: 

I. 

a) 

b) 

c) 

d) 

-1.6 m.dia •. x 2.0 m. long. 

340 
fOOl = ~ = 85 Hz 

Absorption Estimate: 

Absorbing materials: 

1/2 in. glass fiber interior treatment .... 'i th impervious vinyl 
covering. 
Treatment covers 1/3 of interior surfaces. 

frequency 
ci* 

125 
~09 

250 
0.18 

50:0 
0.38 

lk 
0.9 

2k 
0.4 

Leather (or vinyl) covered seating (SlX seats occupying 
total of 2.8 sq. 'meters including leg roqm). 

frequency 
A ** seats 

125 
1.2 

250 
1.5 

500 
1.7 

1k 
1.7 

2k 
1.6 

(A essentially unchanged \vhether occupied or not.) 

11k 
0.2 

4k 
1.4 

Ceiling: 1 .. 6 m. x 2 m. 1/2 in'. glass fib.er covered with porous 
cloth. 

Floor: pile carpet with no pad -1.6 m. x 2 m. on .020 AL \odth 
4 in. airspace behind. 

* Based on scaling data fo'r 1 n AEROCORl:: covered with 4 mil. 
_ vinvl fi.lm - ------

** Dim~nsions of metric sabins 

II , 
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'llotal interior absorption. 

125 250 500 1k 
. . 

Awalls .36 .8 L-7 3.9 

Aseats 1.2 1.5 '1. 7 1.7 

Acei1ing .15 .5 .9 2.2 

}\'f1oor 1.0 .5 .4 .3 

Atota1 2.7 3.3 !!.7 8.1 

10 Log A/S ... 5.5 -4.5 -3 -1 

Total surface area '(exc1udinq floor aft area, 
compartmen t) bulkhead, and instrument panel) 
meters • 

• 

. ' 
50 

J_,," "" -r 
.. -.;=~ .. -....;~" __ ,:..:.~~~~~:...::::~_===='.::.;' ':.., . .::." ;:a;"~ji;;;';iI':':'~-"':"::-":....c.:;;.: ... ',t;;';;;,., ...;.-.:....;;"'OL.. _.1ii:I'?&k ..... __ "'--_.:..o...Jrc·~.o;;;'·:.;.; .. =-~..J..-..._ 

2k 4k 
1.6 .9 

1.6 1.4 

2.5 2.2 

.75 ,1.3 

6.5 5.8 

-2 -2 

(Lagqaqe 
-9.6 sq. 

ORIGINAL P A.GE IS 
OF P9QR QUALITY 
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