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SUMMARY

Analytical and experimental studies of the noise signatures of various types of
turbofan and propeller driven aircraft with power augmented lift systems, such

as externally blown flaps, have shown that the noise is characterized by maximum -
intensity at low frequencies. Conventional type construction of aircraft cabins,

which principally depends on structural weight as the basis for noise attenuation,
cannot provide the reductions necessary to provide a tolerable acoustic environ--
ment for passengers. This report presents the results of an experimental study

of the noise attenuation characteristics of aircraft-type fuselage structures con-
structed so as to provide high stiffness and low weight. Of particular significance

and one of the main goals of the program was to determine both the feasibility and
practicability of providing increased noise attenuation at low frequencies. Test

data include the results of vibration and acoustic transmission loss tests on seven
types of isotropic and orthotropically stiffened panels, both flat and curved, com-
bining conventional aluminum alloy and high modulus-low density graphite/epoxy
composites. All test panels were flightweight structure for transport type aircraft . . !
in the 34 050 to 45 400 kg (75, 000 to 100, 00 pound) gross weight range. The trans- - | |
mission loss data on the test panels, when converted to cabin noise reduction by -
applying -available test data on the interior treatment of Convair 880 commercial

jet tfansport aircraft, show that significant increases in noise reduction can be
obtained (compared to the 880) at all frequencies below about 400 Hz, with

essentially no degradation of noise reduction characteristics above 400 Hz.

Because data in this study were obtained only on individual panels, recommendations
are made for further work involving incorporation of stiffness-controlled cabin

panels into an acoustically integrated aircraft cabin structure.



INTRODUCTION

Acoustical treatments for the interiors of passenger carrying aircraft, whether
today's large commercial jets or light propeller driven general aviation aircraft,
have historically been added after the fact. That is, airframe structures are
designed to carry required operational air and ground loads as efficiently as
possible, and acoustical treatment typically in the form of fiberglass blankets,
damping tape, etc. is added later., Further, since the weights of such materials
are entirely parasitic, detracting from aircraft payload capability and performance,
installation of these materials is under severe weight constraints. The net result
of this situation is that cabin interior noise levels are often higher than desired,
making speech communication difficult and accelerating physical fatigue.
The above situation has up to the present been tolerable, if not alwé.ys acceptable.
With the introduction of STOL aircraft using power augmented lift systems such as
various types of blown flap arrangements, the after-the-fact approach for installa-
tion of interior acoustical treatment can no longer provide adequate noise reduction,
There are several reasons for this. First, for aerodynamic reasons the engines
of blown flap STOL aircraft are tucked in close to the fuselage. Thus, neglecting
all other considerations, cabin noise levels of STOL aircraft have the potential for
being on the order of 20 dB higher than in conventional (CTOL) jet aircraft, Second,
the efficiency of a blown flap system in developing incremental lift is dependent on
the span over which the jet is entrained, The use of special, high aspect ratio
nozzles to increase the jet entrainment span, plus the spreading of the entrained
jet itself causes a shift in the peak of the noise spectrum towards lower frequencies
by an octave or more, Thus, the cabin noise problem in STOL aircraft is character-
ized by high noise levels at low frequencies, Reference 1, This type of environ-
ment is not generally amenable to alleviation by conventional aircraft acoustical
- treatments, which depend for the most part on structural weight and lightweight,
fiberglas blankets, Further, incorporation of sufficient additional weight into the
cabin walls for increased noise attenuation, whether added as structure or interior
trim, would most likely be prohibitive.
However, there is another option for the achievement of high noise reduction at low
frequencies, and that is by the use of "stiffness control, " Most "standard”
commercial aircraft cabin construction, that is, where the structure is designed
by operational loads, tends to have major resonances (from the acoustical stand-
point) in the 100~150 Hz range where noise due to powered lift augmentation may be
a maximum. In addition to the structure providing low values of "mass law" trans-
mission loss (TL) at these low frequencies, TL's decrease to nearly zero at the
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resonances despite some alleviation by the addition of parasitic damping treatments

to the structure. The term '"'stiffness control' implies the design of aircraft
structure. capable not only of carrying required operational loads but whose funda-
mental resonances are well above the frequency regime associated with maximum
noise intensity. The requirement for high resonant frequencies defines a structure
that is not only extremely stiff, but is also light. In short, there is described a
structure whose load carrying and acoustical properties are integrated into a cohesive
configuration for maximum efficiency.

It bas been only fairly recently (for some of the reasons described above) that

interest has developed in the aerospace industry with respect to the acoustic trans~
mission properties of structures bélow their fundamental resonances, There has
been some analytical work and a modicum of experimental work, mostly with models
of various types, as described in References 2, 3, 4, 5, 6, 7, and 8, which are by

no means exhaustive, Further, not all the work described in the references is
directly applicable to the basic design problem under consideration; that is, the des1gn
of a large, 11ghtwe1ght essentially cylindrical enclosure.

The work reported herein relates to the frequency regime where the ratio of funda-
mental structural resonant frequenmes to fundamental acoustic resonances of the

test facility is greater than 1,0, The test structures are all 76 2 % 101.6 cm panels
{whose construction and surface density are w1th1n a practical range to allow des1gn con-
sideration for future STOL and CTOL aircraft. Designs embody both conventional
aluminum alloy and graphite/epoxy composite construction, The intent was to obtain
parametric information for a range of structural resonant frequencies in the form

of acoustic transmission loss curves, from well below the fundamental resonances
(stiffness-controlled regime) to well above resonance (mass-controlled regime). The
full-scale frequency range which was investigated covers the center frequencies from
31.5 to 8000 Hz, ‘ '

Initial design analyses of the test panels and preliminary vibration test data provide
essentially uncoupled modes and resonant frequencies, Acoustic test data, however,
provide acoustic-structural coupled modes because of the finite size of the test
chamber, In addition to these basic data which are presented in this report,
additional TL and NR curves are presented wherein the ""room effects' have been
removed, leaving only the structural characteristics. These "refined" data show
that stiffness—control can provide effective, low~frequency noise reduction at
acceptable structural weights, However, because the data presented herein was
obtained on relatively small panels and was designed only to provide parametric
information, recommendations are made for follow-on work to investigate the

' feasibility of applying this information to a full-scale aircraft cabin design with its
attendant complexities related to dynamically matching the stiffness properties of



skins, ring frames and longitudinal stiffeners.

ANALYSES

Limitations were set on the configurations of the 76.2 X 101. 6 cm test panels so that
they would be representative of flightweight fuselage structures applicable to transport
type aircraft in the 34 050 to 45 400 kg weight class. The trend in structural weight
for a wide range of aircraft gross weights is shown in Figure 1. The test panels
varied in surface density from 6.44 to 11.08 kg/m2 (1.32 to 2.27 Ibs/ft2) with an
average density of 8,44 kg/m? (1.73 lbs/ft2),

Before establishing the design requirements for the test panels, room modes of the
acoustic test facility were calculated. Fundamental volume resonances of both the
reverberation and anechoic rooms of the acoustics laboratory, Figure 4A, were
calculated to be about 80 Hz. Details of these calculations and experimental -
corroboration are contained in Appendix D. For this reason, in order to assure that
the ratio of f17 (structural)fyy1 (acoustical) would be significantly greater than 1.0,
the minimum target panel design frequency was set at 200 Hz. Details of the panel
analyses are contained in Appendix A; panel drawings are contained in Appendix B.
Results of the preliminary vibration tests are contained in Appendix C. Differences
between estimated and measured resonant frequencies are attributed mainly to the
fact that the panels were analyzed as be1ng simply supported, which was not attained
when the actual panels were installed in the test frame, as shown in Figure 2A.

All test panels had a common aluminum alloy skin 1.524 mm (0. 60 in) thick, with the
exception of the honeycomb sandwich panels which had faces each 0.762 mm (0. 030 in)
thick for a total thickness of 1.524 mm (. 060 in). Stiffnesses and natural frequencies
were varied by the types of construction, e.g., sheet-frame and honeycomb sandwich,
and by application of low density ~ high modulus graphite/epoxy composites; also some
panels were flat while others were curved, as described in Appendices A and B.

- VIBRATION TESTS

After fabrication, all panels were vibration tested to establish the resonant frequen-
cies of major modes, with one exception. Panel a (Appendix A) was originally
fabricated as Configuration a.l. After Panel a.1 had undergone vibration and
acoustic transmission loss tests it was returned to the factory where the graphite/
epoxy strips which had been scabbed onto the frames were removed, thus converting
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it into Configuration a, By this time, however, the vibration test setup had been
dismantled because of other laboratory commitments and it was not possible to
accomplish a vibration survey on the re-worked panel,

The test panels are shown in Figures 2 through 6. The vibration test setup is
shown in Figures 1A and 3A. Details of the test procedure and data are contained in
Appendix C, The vibration tests were carried out under essentially free-space
conditions and were required for two reasons, The first reason was that the
frequencies estimated for design, rank-ordering purposes, were based on the
assumption that the panels were simply supported and it was known that the actual
restraints would be some combination of simply supported, clamped and free-free,
as may be inferred from Figure 2A. Secondly, when undergoing transmission loss
- tests in the acoustics laboratory the effects of any acoustic-mechanical coupling
between the test panels and the relatively small volumes of the reverberation and
anechoic chambers could be isolated.

ACOUSTIC TESTS

After completion of the vibration tests, the panels were moved to the acoustics
laboratory for transmission loss tests. Before the panels were tested, both the
reverberant and anechoic rooms were surveyed to determine room modes and
frequencies, and also to determine the optimum locations for the TL microphones
in both rooms,

A "standard" TL panel, 2.54 mm (0. 1 inch) aluminum sheet, for which verified TL
data were available was first re-calibrated to assure the adequacy of test proceudres.
Finally, all contract panels were tested. The data which were obtained were in the
form of noise reduction (NR), facility related. These NR data were corrected to

TL values by adjusting for the lumped parameters (K) of the facility obtained from
previous "standard panel" tests conducted at Convair and Armour Research
Laboratories.

Detail descriptions of the acoustic test facility, instrumentation and procedures are
contained in Appendix D, This appendix also contains both the original and re-
calibration data for the "standard panel, " Figure 9A, and a plot of the lumped
parameter for the facility (K) versus frequency, Figure 10A,



RESUL’fS AND DISC USSION

Table 1 summarizes the experimentally determined physical and dynamical properties
of all the test panels, Detail descriptions are contained in Appendices A and B. It is
noted that the fundamental resonant frequencies of the panels, as installed in the test
fixture, meet the targeted design frequencies. Plots of acoustic transmission loss
(TL) for the panels, as installed, are shown in Figures 7 through 13, It is noted that
these basic plots represent data for the coupled, acousti-mechanical systems of the
test chamber and panels and that the TL properties of the panels, per se, have not
yet been isolated, The discussions in the following paragraphs relate to removal of
the test chamber effects from the data, presentation of panel TL data (sans room
effects) and commentary on the finalized data.

Considering a panel as a single degree-of-freedom system, that is, assuming that it
‘can resonate only in its fundamental (f11) mode, an analogy between acoustic trans-
mission loss and mechanical transmissibility of a single degree-of-freedom system
can be established. If it is assumed that an oscillatory force (pressure) is directly
applied to a lightly damped spring-mass system, then at frequencies an octave or

more above resonance, the transmissibility may be expressed as T = 1/( Bz—l),
where B is the ratio of driving frequency to resonant frequency (Reference 9). By

inspection it is noted as B becomes large, then T~ 1/[32. That is, the response of
the mass is effectively inertial and decreases at 6 dB/octave as B increases; hence,
"mass law, "' Below resonance, for a mechanical system, as 8decreases,
T=1/(1- 32 ). Thatis, at 8=0, T=1,0, (Note: Sign convention has been ignored
for the sake of simplicity). This is only true, however, if the coypling efficiency
between the driving force and the mass is maintained at all frequencies as, for
example, by a rigid mechanical connection, '

In the case of an oscillatory (acoustic) pressure acting on a panel, however, as the
frequency of the pressure becomes lower the wavelength increases. As the wave-
length become large with respect to the finite dimensions of the panel, coupling
efficiency between the applied pressure and the panel decreases. At zero frequency,
the wavelength is infinitely large and the coupling efficiency is zero. Thus, at

zero frequency, or B=0, T= 0, For this system, then, below resonance T= /32
The response is effectively a function of the stiffness of the system and decreases at
6 dB/octave as B decreases; hence, 'stiffness control,' If the transmissibility, T,
is'zero (at B = 0 and B=w) the panel must undergo.no motion; hence its acoustic
transmission loss must be infinitely large., At resonance, panel motion is controlled
- by its damping, The above discussion is illustrated by Figure 14, which is a plot

of mechanical transmissibility (T') and acoustic transmission loss (TL) for a panel
with an arbitrarily selected resonant frequency of 400 Hz, and 2 percent critical
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damping, excited by ""white noise'" and radiating into "free space. "

If a panel comprised an element of the skin of an aircraft fuselage, the external side
(on which noise is generated) would be exposed to free space. The internal side
would be exposed to the interior volume of the cabin, which would have some nominal
amount of acoustic absorption. The frequency for the coupled acousti-mechanical
modes is derived in Reference 3. The equation as presented in Reference 8, is

1 o - €1
2 2 232

2
w 2
|/1- 927\ 1- — J'{'QR o_m pe® ; (__m)=o
\ 2 / Q2 nt c Q2 M2 B 2
Wmn “mn "~
where
. Q = frequency of coupled modes
®m = frequency of acoustic (organ pipe) modes
M‘*’?nn = modal stiffness of fuselage shell
R = shell radius
p, ¢ = density and speed of sound of interior volume
th | | . ) . -
J =n order Bessel function (prime denotes differentiation)

Considering Panel a. 1, for example, with a surface density of 11. 08 kg/m2

(2. 27 lbs/ftz) and a fundamental frequency of 500 Hz, it is seen that the ratio of the
acoustic impedance of the air volume to the modal stiffness of the panel, p c/Mw zmn‘ =
3.81x 106, That is, the ratio approaches zero. This essentially eliminates the

last term in the above equation and yeilds the uncoupled frequencies of the room-
panel system. o
In the acoustic test facility, however, the noise is generated in a constrained volume
(rather than in free space) and the transmitted noise (through the panel) is also
measured in a constrained volume. At the resonant frequencies of the reverberation
room, in which the noise is generated, there is large amplification of acoustic
pressures, With an average absorption coefficient (@) of about 0. 02 (Reference 10)
across the frequency spectrum, the Q of the reverberation room at fg991 = 125 Hz,
for example, is about 54.5 dB. Comparative Q's for room and panel modes are
shown in Figure 15. Again, at fy97 = 125 Hz, the amplified acoustic pressure in the
reverberation room causes an amplified, driven response of the test panel, e.g.,



Panel a. 1 which has its fundamental resonanceiat 500 Hz, This amplified, driven
response of the test panel is evidenced by measurement of essentially uniform, non-
modal sound pressure levels across the anechoic side of the panel determined by the
use of fixed and roving microphones as described in Appendix D, '

Because of the amplified panel response at the room resonant frequency, the TL of
the panel decreases from the nominal value it would have at that frequency if the
panel were not overdriven, just as if the panel itself were at resonance. Slightly
below the room resonance there is an abrupt decrease in the acoustic driving pressure
because of the very low damping (high Q), as shown in Figure 15. When this occurs
the panel amplitude decreases, more slowly due to its higher damping, and the TL
reverts to the level it would have had if the room resonance were nonexistent, Using
actual values of Q from Figure 15 involving only two modes, i,e,, Panel a.1 at

500 Hz and the 125 Hz room mode, and considering that excitation is provided by
“one-third octave band white noise; and further that the transmitted noise is measured
through a one~third octave band filter which has a much greater bandwidth than either
the room or panel, Reference 2, the following two degree-of-freedom construction

is obtained as shown in Figure 16, A comparison between this construction and
actual TL fest data is shown in Figure 17. The agreement between the construction
and actual test data is excellent around and below the resonant frequencies, con-
sidering that only one room mode and one panel mode were used in the construction,
It is considered that the two curves would also coalesce in the high frequency regime
if higher frequency room and panel modes were included in the construction, This
demonstrates that reverberation room effects can be removed from the test data.
Because the test panels were undamped, the high frequency TL's are strongly
influenced byithe high modal density at the high frequencies, It is considered that if
these higher modes were damped, the TL curves would move towards the mass law
idealization., Figure 18 shows a family of TL curves for the test panels, wherein
room effects have been removed and it has been assumed that high frequency modes
have been highly damped. Because the transmission loss concept does not apply

to panels whose dimensions are smaller than one-half an acoustic wavelength,
Reference 4, then at frequencies less than about 200 Hz (for the 30 x40 inch test
panels), the transmission loss,(T'L)ymust really be considered as de facto noise
reduction (NR).

CONCLUSIONS

1, When operating below the fundamental resonance of a structural panel, regard—
less of the panel surface density or the fundamental frequency, the slopes of all
transmission loss (or noise reduction) curves must be parallel at -6 dB/octave, -



For a given panel surface density, as its construction is varied in order to
raise or lower its fundamental frequency, at any frequency an octave or more
below resonance the transmission loss or noise reduction will increase with
anincrease in the fundamental frequency and will decrease with a decrease
in that frequency.

For a given fundamental frequency of a panel, as the surface density is varied, -
the transmission loss or noise reduction at a given frequency below resonance
will increase with surface density at 6 dB per weight doubling, This agrees
with the theory of E. H, Dowell, Reference 16.

To obtain the maximum noise reduction across the total frequency spectrum,
the structural configuration should be designed to optimize the tradeoff between
maximizing the fundamental frequency and maximizing its weight including
added damping treatment. Additional weight in the form of absorptive blankets
and interior trim which will provide added noise reduction shouid be isolated
from the structure insofar as is practicable.

As shown in Figure 19, a stiffness controlled-acoustically integrated structure -

can provide very high noise reductions at low frequencies, without significantly
affecting its high frequency noise reduction capability,

RECOMMENDATIONS

It is recommended that, in order to resolve design problems related to the inter-
relationship between skin, frame and longitudinal members of a full-scale aircraft
‘cabin and to demonstrate the feasibility of constructing such a cabin with a stiffness
controlled-acoustically integrated structure, that the following work be undertaken:

1,

Carry out a detail design study for the cabin of specific category of aircraft
(or other aerospace vehicle) where the acoustic problems are known and
where loads and limiting structural weights can be precisely defined. This
study should provide a flight weight and flightworthy structural concept.

Fabricate a full-scale segment of the aircraft cabin according to the results
of the above design study. This segment should have a minimum length which
includes at least five major frames.

Conduct vibration tests on the cabin segment to validate éttainment of stiff-
ness goals. During this test program any deficiencies should be corrected by
progressively incorporating design changes into the structure. Vibration tests
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should then be re-run on the modified structure, This procedure should be
repeated as required to obtain the optimum acoustically integrated structure
within program guidelines,

Conduct acoustic noise reduction tests on the optimized cabin structure in a
reverberant environment with progressively applied interior treatment to

demonstrate achievable noise reduction re required reduction,

Finally, demonstrate noise reduction and interior noise levels of the fully |

treated cabin segment when exposed to thernoise generated by actual propulsion-

and powered lift systems.
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Figure 3.

Panel b - 10.16 cm (4.0 in) Graphite Frames - Flat
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Figure 4. Panel e - Honeycomb -~ Flat
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Figure 5.

Panel ¢, 10.16 cm (4.0 in) Graphite Frames - Curved
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Figure 6. Panel d - 5.08 cm (2.0 in) Graphite Corrugation - Curved
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Table 1. 76.2 X 101.6 cm (30 X 40 inch) Test Panels

Surface
Description Density
Panel No. (Note: All frames are along 76.2 cm Dimensions) kg/m2 f11 Hz c/cq *
a Flat, 1,524 mm al skin, 10,16 cm deep al hat frames at 16.56 cm | 10, 74 410 est.| .020 est.
spacing ‘
a.1l Same as a, but also has 0.762 mm graphite/epbxy strips on al 11.08 500 . 020
frame caps
b Same as a, except frames all graphite/epoxy 8.00 820 .018
c Same as b, except panel has 317.5 cm radius of curvature along 8..00 815 . 005
76.2 cm dimension
d 317.5 e¢m radius along 0.762 mm dimension, 1.524 mm al sl;in, 8.30 465 .013
5.08 cm deep graphite/epoxy corrugations at 8.26 cm spacing:
e Flat, al honeycomb sandwich, 19.05 mm thick core, 6. 44 225 . 040
0.762 mm faces
¥ Same as e, except panel has 317.5 c¢m radius of curvature dlong 6.44 420 . 082

76.2 cm dimension

*c/c, obtained from half-power frequencies during vibration frequency sweeps at 2 min. octave.




<
.
8
z
)
z
£

BAND MO,
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 34 37 38 39 40 41 42
. T -T

- =1 4 | L 4
< 5 W i | 1
§ —t i i
E f
== -
8 50 : : i ]
$ 3 '
8 , : 1.524 mm (. 060 in) AL SHEET +—
2 7 } RANDOM MASS LAW =
S 3 40 : APPROX 4.5 dB/OCT =,
< % NI = ]
7 —— N
T ] v
v ~—_ z
et ' -
& 30 o T—
Z - ——i— -
< 1\ Z ;j
[ast 1_\Y A
= X i — ©
57 3 | as !
% 20 I e - T ‘
< I ; - Z N ;'6; 1 o
/m t f ]
= — b I i
<
= s
O 10 ; -
(? P t i J; 7 =]
Q T Ha— T i \[
£ r ! ; —
= : ] -
= A
0
! :
¥ T
32 - 40— 50— 3—£0—100-125 -1 £0-200~250~3 5- 400500630 -500~ 100~ 125150~ 200-250~ 31 5— 400~ 50 - 630- 80— 100~ 125 —]
1) 5[ LU -; 5 3 L 5 ¥ L B ; é ] 1 T 5 oa b ¥ ‘ .
100 1000 ‘ 10 000

FREQUENCY IN HERTZ

panel a - Flat, 1.524 mm (. 060 in) Al Skin, 10.16 cm (4 in)

Figure 7. ;
Deep Al Hat Frames on 16.94 cm (6.67 in) Centers
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APPENDIX A

SUMMARY OF PANEL ANALYSES
FOR DETERMINATION OF NATURAL FREQUENCIES

NOEE: Panels are nominally 30x40 inches and are as noted in Paragraph 2 of the
éantractual statement of work, and as detailed in Paragraph 3 of Monthly Progress
Report No, 1, T-SC-5-01, dated 9 July 1975, Analyses assume panels are simply

supported, Dimensions are in lb-in. units. For conversion to metric units, see
page 39,
Panel a: Al, alloy, flat sheet - frame construction (Ref. Dwg. No. 72C0546,

Appendix B),

Actual wt= 18, 3 lbs; surface density = 2,20 lbs/ftz. Based on al, alloy density =
0.1 1b/i.n3, surface density of 0,060 sheet = 0, 006 lb/inz. (Note: All panel skins
are 0, 060 inch thick).

- 2 3
Let M = skin mass surface density = 0, 006/386 = 1,554 x 10 3 Ib sec /in
3
D = gkin flexural rigidity = Eh /12 (1 -sz), where

E = Young's modulus, lbs/in2
h = skin thickness, inches
g = Poisson's ratio

D=197,81b in,

For an orthotropic, stiffened panel, let DX and Dy be the flexural rigidities along
the X (about Y) and along the Y (about X) axes, The stiffeners provide little
additional rigidity along the X (about Yj axis, Thus, DX =D=197.81b in, and
Dy =D +:(EIX/ a) (flexural rigidity per unit panel width) where IX/ a is the running

moment of inertia of the stiffeners,

Ix/a = 0,221 in4/in, and

D, = 197.8+ 107 x 0,221 ~2.21 x 10° Ib in,
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Let km and kn be panel wave numbers in X and Y directions, where m and n are the
mode numbers, i.e,, number of 1/2 wavelengths, For the fundamental mode, m and

n=1,
k =mn/40, and k =n7/30
m n
k =7/40, andk =7/30form=n=1
m n
The total flexural stiffness of the structure is, then,

T 1/2 2 1/2 21 2
KT = L (DX) km + (Dy) kn _l (Reference 11)

For the fundamental mode,

2

/ /

2 (7r/4:0,)>2 + (2,21 x 106)1 2 (7r/~30)2

K _ = l—(197 8)1
T L '

K, = 268.4 (Ib/in)/in>

2
The total panel surface density (est,)= 0,014 lbs/in";

-5 2. 3
Mass Density = 3.627 x 10 ~ Ib sec” /in

-5 1/2
w 1 = (268. 4/3.627 x 10 ) /2 2720 rad/sec

fll = 433 Hz (est)
Note: The panel as fabricated had six stiffeners rather than five, as originally
conceived, Thus, Dy = 6/5 x 2.21 x 10° = 2.652 x 10° Ib in.,
(Thus Ky = 322 (1b/in)/in%.)

: = 2980 rad/sec
211 v

*f_ = 474 Hz (final est)
g 11

Panel a, 1; Same as Panel a, except that graphite/epoxy composite material is
scabbed onto cap of stiffeners, G/E thickness - 0. 030 in, (Ref, Dwg. No. 72C0546,
Appendix B).

34




Modulus of G/E, E= 2,5 x 107 lbs/in2
Density of G/E = 0, 06 lbs/in3

As calculated for Panel a,
D =197.81b in.
x 6
D =4.06x10" b in,
K, =492 (Ib /in) /in2

M_=3.731x 10 ° 1b secz/m3

T —5)1/2

w ;= (492/3.73 x 10 = 3631 rad/sec.

* =
f11 578 Hz (est),

Panel b: Same as Panel a, except that frames are all graphite/epoxy construction,

(Ref, Dwg. No, 72C0546, Appendix B), As before,
D = 197,8 1b in,
X
6 :
Dy = 5,525 x 10 1b in,

K_= 668.4 (Ib/in)/in>
2 5. O
M = 2.8 x 10—5 1b sec” /in

-5 1/2
w = (668.4/2.85 x10 ) / = 4843 rad/sec.

f11= 770 Hz (est)

Correcting for six frames,

* = 843 H
11 3 Hz (est)

Panel ¢: Same as Panel b, except that panel has single curvature (R=125 inches)
along major axis of frames, (Ref. Dwg. 72C0547, Appendix B). The following
equation shows that the frequency of a curved panel is the frequency of a flat panel

plus the curvature effect. Thus,
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Em4

2 2 .
fll (curved) = f11 (flat) + p (simply supported)

4x pR2 [m2+ n2 (a/b)2 ]2

For the fundamental,

E

2 2
1 (curved) = f11 (flat) +

f1 (Reference 12)

2" B [1+@/m)2]2

where, P = mass density and m, n, a and b are as before, First, consider an

isotropic panel between frames,

fll (flat) = 329 Hz

(2.5 x 107)(386)

i?l (curved) = 3292 + 5 )
47" x0,1x125" 1+[(4.17/30)" ]

fil (curved) = 108,241 + 120,572
*fll (curved) = 478 Hz
Next, consider the complete orthotropic panel, (Note: The nominal value of E
is pro-rated on the basis of the moments of inertia of aluminum alloy and graphite/

epoxy elements, The nominal value of # is pro-rated on the basis of the volumes

of aluminum alloy and graphite/epoxy). Hence,

7 2
2.065 x 10 lbs/in

Il

Nominal E

- 2
Nominal £ = 1,99 x 10 . 1b sec /i114

7
fil (curved) = 7702 + g, 06?4x 10 — ;
4.9x1.99x10 - [1+ (40/30)" ] “ x 125

2
fll (curved) = 592,900 + 21,802 = 614,702

*fll (curved) = 784 Hz (est)
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Correcting for six frames,

"‘f11 (curved) = 859 Hz (est)

Note: It appears that if an orthotropic panel is very stiff to start with, shallow
curvature does not significantly increase its stiffness, e.g., from 843 Hz (flat)
to 859 Hz (curved). However, the stiffness of the single isotropic bays between

frames is greatly increased, e.g., from 329 Hz (flat) to 478 Hz (curved).

Panel d@ Aluminum alloy curved skin (R= 125 in, ) with stiffening provided by uni-

directional, graphite/epoxy corrugations, (Ref, Dwg. No., 72C05417, Appendix B).

Note: If pure flexure is considered and all torsion neglected, the overall flexural
stiffness of the built-up panel can be taken as merely the effect of the flat panel
plust the corrugation stiffnesses plac'ed in parallel, This assumption is generally
only applicable to the fundamental mode where all the stiffening corrugations can

be assumed to be in flexure.

Il

D

» 197. 8 1b in. (as before)

6
D 3.556x 10 1b in,

y
The total flexural stiffness of the flat orthotropic panel is, then,

/2

1 1 212
Ko [(@97.8) (rr/40)2+ (3.55 x 106) /2 (r/30)° ]

KT = 430,18 (1b/'m)/in2

-5
MT =3,94x10 " 1Ib secz/in3

-5.1
wyq = (430, 18/3.94 x 10 °) 2 _ 3,304 rad/sec.
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fl1 = 526 Hz (flat panel, est)

Now, including ' the effects of curvature as before,
] 7 L2
Nominal E = 2,08 x 10 Ib/in
-4
Nominal p = 1,844 x10 " 1b sec'?'/in4

2.08 x 10"

2
fil (curved) = 526 + 2 2 2492
47°x1.844 x10 - x 125° [1+ 40/30)"]

*fll (curved) = 548 Hz (est)

Panel e; Aluminum alloy flat honeycomb sandwich construction; panel-no frames.
(Ref. Dwg. No, 72C0544, Appendix B).

Core Density = 4.5 lbs/‘ft3 = 0, 0026 lbs/in3

Core thickness, tc = 0,75 in,

Both facing sheets, tf = 0.030 inch; density = 0.1 lb/in3

Panel flexural rigidity,
_Et. bt

D f ¢, wheret= total thickness of sandwich
1,82
7
10 0.030 x 0, 0.81
D= = el zo.dax =1,00x 105 1b in. ([Reference 13)

1, 82
Surface density of sandwich,
w = (0. 0026)(0,75) + (2) (0.030)(0.1) = 0,00795 1b/in2 =1,15 1b/ft2

Mass per pnit area,

M = 0. 00795/386 = 2. 06 x 107° 1b secz/in3

= X , where K relates to b/a = 40/30

27ra2 (M/D)l/z

f11
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14, 88

f._= 2 _ 1
11 27 x 30" [(2.06 x 10 5)/(1 . 105)] /2 (Reference 4)

=1
11 83 Hz (est)

Panel f: Same as Panel e, except for single curvature with R = 125 inches.

(Ref, Dwg., No. 72C0545). Panel density, # = (2,06 x 10_5)/0. 8l=2.54x
-5 2 2

10 " b sec / in .

As before,

7
10
fil (curved) = 1832 +

1]

-5 2 242
471x2.54x10 ~ x 125 [1+ (40/30)" ]

2
f11 (curved) = 33,489 + 82,716 = 116,205
*fll (curved) = 341 Hz (est).

Conversion Factors - English to Metric Units

Multiply By To obtain

Pounds (wt) 0.454 kilograms (kg)

pounds /foot 4,882 lcilogram/metre2 (kg/m?)
(Surface density)

inches 2.54 centimetres (cm)

inches 2.54 millimetres (mm)

39




"Page missing from available version”

) page o




Dwg.
Dwg.
Dwg.
Dwg.

No.

No.
No.

APPENDIX B

DETAIL DRAWINGS OF TEST PANELS

72C0544; Panel-Test, Honeycomb Core, Flat

. 72C0545; Panel-Test, Honeycomb Core, Curved

72C0546; Panel-Test, Bonded, Stiffened
72C0547; Panel-Test, Bonded, Stiffened, Curved

41




"Page missing from available version"

page L2






N
[y ;
it § 2
‘:z:.‘sr ’ L
\
A
t.\_. i
mm:tsﬁcsof

= M s

1T cors marsrsac 70 S&E 0~00377~3],

ot e

2
|

ITNIPETT DMLY

BRICATE P&l OrF7 I8 2 W ENCERT._LLIETE
7 _PARA 3. /4.2, BI85, SO T

x

Y0 S 01 %% 0 SO N N 39 5 100 0 0 K A W R I

TP *

=

O-TVBRI -] | BfERICAT 700 OF (DA E BoAlbED Hd ARl yCadid STReTRET
3 =3 SAAT (O30 29 FX 3.7 Z024 73 A(ACYoQA-250 /*
7 <2 CcoXe SEC Ao 2
L_Lm 1 | war Tf: Sof | maree e o PRt e : rmm:’“—
A D e Tl B N N T
* parrs iist
) €€ 070914 PO OIS OTEWSE SAERED [ [CONVAIR ASROSPACE DIVISION OF GENERAL DYNAWCS
' l _m.w;A\_Jazs// l % "PeoL RS me ‘“"‘."""“: Lizso Bl SAN DIEGO, CAUFORNIA .
- \7— 30 oo T S Ty [a PAMNEL -TES T AAIEVDTB: A
50 [ o X AND INSTALLATION . T CoRpIE e o
s “” ll”” H ” P STY WY WA COE AT PEQURDINTS - _CORE F2AT.. ..
i AASOCUTED LIST WoUeeD S| GO0 TRNT [CRAWRG .
- STE DOCUMONT SAME N
o R [ E\170 [ 7223 == ]
WOror vser st AR [SCALE  RELEASED [SHEET oF 7
(e [ =% 1 | i [ il el =




" 4 . 5 iy
ISR A R BAR SN BN & ]

b3

. F
% cr .
MITES: ; P
1) COLE MATEL/AL TD BE 0-00377-3|,
1.2 FABRICHTE ME€ O-T738 2| . EXCERPT DRLETE -
= AR S48, 3./85 4O ERCC = i
| SISl IS S rECT ONEV T
o 5 E
Vi v ) &
" a5
s 1250, # . .
- [1g]
c
B
=TI 3l =l _\Easbcazred ok ACNEYYY DardD A4 Ml tvedd SHETIACE, |
Fi = 7 2 F30x 177K 37.9 T T AT GA TS 7]
/ ~% coxe e :!__ 3 /..'q
L) FLL S L G " = T, i ¢
(e | B e | wmsan W PR Gbe fERd fesme
Searsusr
T (i ST
‘ w‘:wnu e | !______““m"_"“ ___'__Iwwmwwnit“mm u&gwmmng
farvaar
ﬁ \7-— L 8707z FOR o -?‘n“_';:i'u G FANEL = TES T HOMEYCOMS, A
Vaw Rd FLLOERAN coRE | cURVED
ASSCCUTLD LIST RIQUIED S| Coot GinT [GRAWRG WO,
. . LI DOCUMINT SAME
; p A EMINZcos4 5
o) ros viaoe LT [RSEEET C L) [yt / oF
* 4 k 3 l-w- [ L . |#oc :;

S

i
|




v

K s g Lo e & oy 0
8 ] 7 | [] | 5 ‘
" P . X " " BOacwTON \TE | Pvwovio
™. Wb o i 5 i 3
; . 4
-
e +H
v e, -
- .
-
-4
b |
-
s
..
4 -4
h : 3]
. ¢ 3
-
4G
-
-3
-
-
. NOTES: . e 4
. . . 4
' . b A . ’ _/]/ Y TO BE FABRICATED S TESTED Ae/ae ra B e -
. : . MBONOING OF -5 7O STIFFENERS, g
i - ; , ) 1.27\PEECOMPACT TYPEAS/ISO! M?‘fk/—" AT £5-50 PS5/
: - 2 I~ K | AT /GO° F FoR /&-280 MIM. e
? I s 1 P oahas é . i I c;ute'crsci':_’ak-s,-a, - e
2 * O - il e 5 . APLPPL - U o =
17 $ % B AT A tAre-or4 c'ﬁw«m/ F

. . 8 ”otoﬁr IESSE Fo8 /120 MIAN.
. < v .. COOL DOWN 70 /%O F,
! - ) i L'.Ié'zfl.ft PRESSURE .

. oo i 5 * e Ny T2, AEAT TO 275 °F
: ’ ' : i, =) TEMPERATUR) Lig’
2287 & & : “ \ : l Hoo 477 4»’1”_?” E Ok COMIN STARTING
. . ' AT HNEAT TO 365°F 22, AT A kare O -& K psnd.
; ) X |

' }—
# BOND « & STRAMF 70 - o STIFES B BOND -89 ST
2587 . i LRI 37/ 4 :A-iv{;r/fi:r, ;o-"é avp & U—-‘MJ'
1D:50RPEe-GO APHES IVE FER O-TI72T - 14 .
3 ’ : ‘
3
]
+ 4
o / / ‘
i /L A - |
T N S SRR
; G : ~EHAMEER: ¢ . |
. * g ; ' A aBO = : ]
(0(3) : *8987 = - - . L . L
(a¢e) / 18,4) B . . .
CEAMEER, . ’ ' :
N sy #) . . ;
—_ e /DG pmiii /5,04 *——6.52'——7800 e ) \
—7s | , /A\\
. , e i —
8

:{é |

Te R
<d s
| T |
‘ c
L:ts »
Ty JH= 1
i =l AssY. V4 23 A Y Y7 T L]
2 ASIY T B ﬁTZZ_M_g:w:
rz887 "I ASSYT ¥
(&)= Ed TVPE A3/l |7, e A OOT X 37 0% & WIDE TARL
See-NoTELE. $ - Fi -7 V27 l:L - s s
3 60, 2 = |57 mren/E L
-3 DR — e = B A SO ATEA 777 TT AT oA I
/‘ ¢ SEART P -3 M 37w EASEE 063X /0% 7024 T3 AL ALY GD-A-235D. |
L : Lz R
L 7]-&]- B e B -—v____’t_‘
Y e ) || e | e WU MEee (h RS
ba—/. -
rvers, [4) T PAUTS LT T
-"s'!é'qrAE-—//r:- ’;;-waznzyw o LS ‘:' e SAN XG0, CALFORMA
Eror= a e ,7 o ) .%._":u i { ok - 7ES 7 BorioE)
e -5 . B T WO OO | MmO [ e 8} o et fiep A
ISCAE Ll — T T )
. = -8,-9. . 2% -
. : TETAL -9 = | e el >0 s2¢
8 [ 7 | 6 | 5 + 4 | 3 e | o ) i




N

: !
- --‘..._-__..----_-.-\-L

——————]

———
1
—rererad

B
——
g
i

1

ey

B e

e

frm—————————

r
1

N
i e

S

§§ i
Rilini

. —

=B 87

el _asSy——
“5- assy.
ITSAME ASSLEXCCPTAS Siown/
-2

'-;724'& re”

\-@(.an:

szerions. N\ =N _rorat

£

L———'—:EG;EB ’.._...__A"/"s‘ ———— A T

—

STIFF LGS
OWN

(7)er

=ECTTON" [|§ il Dg FoR=s 5

[AePRones [zone] o  ooonenon

oA e _—
R:manwzp S P rces
753!0: %756

NOTES!

/.4 PEEEOMMCTWP(A%MI MR TERIDL »47'
5 -z: 50 A3/ AT /80°F L£o@ /5- eaM

-3
=3 ==
1 ETCURE CYiE FOR -3, -4 -o 7.
TIUT 7 APPLY VACUMIE i
2. HEAT 7O €75°F 275 AT 4 RATE OERG KM,
ST HOLD AT TEMFERATURE F0€ GO MIN STARTING
AT BeS° AFrLY 85 P3,
.. HEAT. 7O sss'r_;.ArAmreaqv s'ﬁ/m‘z o
5 HDLO AT 365 °F FOR /20 MIN, . ..
B CO0L DOWN 7O I40° A, L
TI7 RELEASE PRESSURE ., B

T3 BOMNO -3 -4~ 6,7 7O ﬂ.n/ec:-///m' a»ooon-ao
Pt T ST N B e

_LHELO HORE THAN <A/ BE VT 7O
Rl AT TS srveaE

TAAN IR -.3,;&1::«9'

!

3 028 Y A A o 1 SO I 7 NG 8 RN A VT A N R U 9

T+

[I=

-

1

078739 - tE_|AONESI1#E Bo %
acoge-6a |AQNESIHIE

VoL, 0 onl rdym XY | | Meacon, (3.0%0r & MDE TAPE) . Dog rw A

I TRV praca :.xl s (BeaN md T AT AT m

S fmm' nt}"‘r. &l’rﬂ;g H‘* s

— S TIEREAIES
2 mﬁ{- rlﬂl!x TPPAIVP 3014 T3 A AV f- 263 T

et o
BLE 0-70%02 PN -
oo wwrscronna | o “vu srony”

ey UsT

shai
il

™St oorond Ton [ DIRARE STNRAL IRGED [CATT [CONVAIR AEROSPACE wmovomm OYNAMICS
AmoRCANTIOH, co0C WD | "CukiSios A W eHC ﬂ—“{‘_ SAN DIEGO, CALFORNIA

X
CuR R

— STIFEENED, coR/ED

ARIMEL - TEST, Borloss

>

B B— T

oE o e E|l410| Zz2e0 54 7
l

o0 | MOUDL 0. wie
oo ]




APPENDIX C

VIBRATION TEST INSTRUMENTATION AND PROCEDURES

Instrumentation used in this program, for both vibration and acoustic tests, is

shown in Table 1A,

Vibration resonance testing was accomplished on all but:Panel a of the seven
test panels., Panel a, Appendix A, was not vibration tested for the following
reason. It was orginally configured as Panel a,1, After it was vibration tested
and acoustic transmission loss data had been obtained, the panel was returned to
the factory where the graphite/epoxy strips were removed from the aluminum
frames. The panel was then returned directly to the Acoustics Laboratory for

additional TL tests, since it was not feasible to re-run vibration tests.

For the vibration tests, each panel was mounted in a frame which provided the
same edge restraints as would be obtained during the subsequent acoustic tests.
The frame (including panel), was installed on an electrodynamic shaker so that
the panel was subjected to inertial excitation, as shown in Figure 1A, Edge
restraints for both vibration and acoustic tests were essentially as shown in
Figure 2A. Each panel was subjected to a 0,25 grms sinusoidal vibration sweep

from 20 to 1000 Hz at a rate of 2 min/octave,

Accelerometers, as noted in Table 1A, suitably disposed on each test panel and
frame, as shown in Figure 3A, plus roving accelerometers, were used to determine
resonant frequencies and modes of vibration., All accelerometer data were recorded
on a strip chart recorder (Table 1A), Resonant frequencies were obtained from
amplitude maxima; modes were determined by observation of phase relationships
among the trasducers; and panel damping was obtained from the one-half power

point bandwiths, Data are contained in Table 2A,

51




Page Intentionally Left Blank



APPENDIX D

ACOUSTIC TEST CHAMBERS - INSTRUMENTATION AND PROCEDURES

Acoustic Test Chambers

The general arrangement of the reverberation and anechoic rooms of the General
Dynamics Acoustic Test Laboratory is shown in Figure 4A., The volume of the

3

reverberant room is approximately 56.63 m®*, and the average absorption coefficient

is about 0,02 (References 10 and 11), Nominal dimensions of the room are; length =

4.88 m, width =3.96 m, and height = 3.05 m. Using these dimensions, acoustic:

oflmodes: the room were calculated to be as follows:

f = 80 Hz f = 125 Hz

111 221
f?ézz = 160 Hz f442 = 250 Hz
f444=315Hz f884=500HZ
f888= 630 Hz etc,

The existence of these modes was confirmed experimentally by tests reported in
Reference 14, It is noted that only three dimensional modes of the room were
significant, linear modes were suppressed because of the corner locations of the

loundspeakers as shown in Figure 4A.

Significant modes of the anechoic room were found at 84, 115, 144, 206, etc.,, Hz.
The influence of the room acoustic modes on the panel test data are discussed in

the main body of the report,
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Instrumentation

Instrumentation used in the acoustic surveys of the test chambers (and test panels)
is shown in Figure 5A. The various fixed microphone positions, in addition to the
use of "roving'' microphones, are shown in Figure 6A. It is noted that during the
room modal surveys, the test panel window was occupied by a solid, 0.25 inch
aluminum plate which was backed and was heavily damped by compressed fiber-
glass blankets. The purpose of theheavy, damped plate was to assure that acoustic
modes which were exeited in one room would not couple significantly with modes

in the adjacent room,

The purpose of the room surveys was twofold; first, to determine the room modes
and frequencies in order that their effects could be removed from test panel trans-
mission loss data and; second, to find microphone locations for the actual panel
transmission loss tests which would assure uniform pressure distributions across
the panels. Roving microphones were used for determination of room modes, while
both roving and fixed microphones were used to establish optimum positions for the

panel transmission loss tests.

The following fixed microphone positions were finally selected for the transmission
loss tests on the contract panels:

Reverberation Room - On panel centerline at a distance of 0.90 m.
from panel.

Anechoic Room - On panel centerline at a distance of 0.25 m
from panel.

Test Procedures

Random noise generated in the reverberation room, Reference Figure 5A, was
on an octave band basis, Only the center one-third octave band of noise, however,
was used for obtaining transmission loss data, This procedure eliminated any

effects of filter roll-off on the generated noise and tended to minimize any
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synergistic effects which could result from the occurrence of an acoustic or

structural reasonance at the extreme edge of a filter bandwidth.

All test panels were installed, in sequence, in the window between the reverberation
and anechoic rooms, as shown in Figures 4A, 6A, 7TA and 8A. Before any trans-
mission data were obtained on a panel, a check was made for acoustic "leaks"
around the panel while an octave band of noise centered at 5000 Hz was being
generated in the reverberation room. Each panel was then subjected to octave
bands of noise, with the center one-third octaves being used for data purposes.
Center frequencies from 31.5 to 8000 Hz were covered in succession, At the
conclusion of a "run'" on a panel, microphones were interchanged between the
reverberation and anechoic rooms, and the ""run' was repeated. This obviated

the requirement for separate microphone calibrations and accounted for any

uncertainty related to changes in microphone sensitivity.

The data obtained during the procedures described above were ''noise reduction"
and not "transmission loss' data., Transmission loss is defined as the ratio
(expressed in decibels) of the acoustic energy transmitted through a panel to the
acoustic energy incident upon it (Reference 10), That is, transmission loss (TL)
is related only to the panel. Noise reduction (NR), however, is the difference in
sound pressure levels on the two sides of a panel where the primary side is in a
reverberant field and thermicrophone on the secondary side is near the panel
surface., It is obvious that the acoustic properties of the secondary enclosure,

i.e., anechoic room, are directly involved in the obtained panel data.

Transmission loss can be described by the equation TL = NR + K, where K is a
limped constant, The constant K will vary with frequency, directivity factor,

and to some extent with the properties of the panel under test, Selection of the
microphone positions for the test program was aimed at minimizing secondary

variables. The constant, K, was determined by first having a "standard'' panel
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tested in a qualified outside laboratory to obtain its transmission loss properties,
viz, the Riverbank Acoustics Laboratories of the Armour Research Foundation; the
standard panel was 0. 10 inch thick, alclad 2024-T3 aluminum alloy. The same panel
was then re-tested in the General Dynamics Acoustics Laboratory and the differences
between the noise reduction data (General Dynamics) and the transmission loss

data (Riverbank) were obtained as "K' vs frequency. These results, obtained in
1958, were reported in Reference 15, Before tests on the contract panels were
initiated, the standard panel was re-tested. This was done to assure that there

had been no change in the test chamber properties over the years, but primarily

to assure the competence of the test personnel. The results of these tests are

shown in Figure 9A; the lumped constant, K, is shown in Figure 10A,
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Table 1A. Test Facilities and Instrumentation

The test facilities and equipment used during the performance of this test are listed below.

TYPE MANUFACTURER MODEL | = S/N RANGE Accuracy | CAlibration
Interval
Vibration Sys. No. 4 M. B. C-200 202 5 Hz-3K Hz | Controlled -
Charge Amplifiers Endevco 2713 MA95 2 Hz-20K H4 5% 9 Months
Charge Amplifiers Endevco 2713 YB19 2 Hz-20K H4 6% 9 Months
Charge Amplifiers Endevco 2713 MA93 2 Hz-20K H7q 5% 9 Months.
Charge Amplifiers Endevco 2713 LC41 2 Hz-20K H4 5% 9 Months
Charge Amplifiers Endevco 2713 RB55 2 Hz-20K HZ 5% 9 Months
Charge Amplifiers Endevco 2713 MA94 2 Hz-20K H4 5% 9 Months
Accelerometers Endevco 2226 NC86 2 Hz-5K Hz | 6% Daily
Accelerometers Endevco 2226 NB35 2 Hz-5K Hz | 5% Daily
Accelerometers Endevco 2226 wQi11 2 Hz-5K Hz | 5% Daily
Accelerometers Endevco 2226 WQO05 2 Hz-5K Hz | 5% Daily
Accelerometers Endevco 2226 SB90 2 Hz-5K Hz | 5% Daily
Accelerometers Endevco 2226 MD33 2 Hz-5K Hz | 5% Daily
Recorder, Strip Hewlett-Packard | 7700 240409818 |5 Hz-100K Hz +1 dB 6 Months
Vibration Fixture Convair 833-1 - - - -
Noise Generator General Radio 1390B 3245 5 Hz-20K H7zl +1 dB 6 Months
Multifilter General Radio 1925 2726 25 Hz-20K Hiz +1 dB -
Amplifier McIntosh MI-200A 1074 1200 Watts - =
Speaker Altec Lansing 604C - - - =
Microphone Altec 21 BR-150 10764 5-11K Hz +1 dB Daily
Microphone Altec 21BR-150 10486 5-11K Hz +1 dB Daily
Analyzer Spectral Dynamics | 201 17 10 Hz-20K Hfz 2% 6 Months

LS




Figure 1A. Vibration Test Setup
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Figure 2A. Acoustic Test Setup
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Table 2A. Summation of Vibration Data

Transmission Factor p Pamp—
(Response To Input Accelerometer) Eg
- atio
Panel Freq. (HZ) #2 #3 #4 #5 #6 c / ce
a.1 500 +12.1 37.9 |+11.7 | +11.0 +8.6 0.020
(Between 240 H.4] 8.3 +2
- es) . . .6 +8. 3 +6.2
f 450 -12.8 2.4 |+10.0 -1.6 +2.2 0. 022
(Unsupported) :
(Supported)
c | 825 | +5.7| 21.7 | +5.4 | +17.4 | +16.0 |0.005

Note: (+) Indicates In-phase With Center (#3) Response Accel.
(-) Indicates Out-Of-Phase With Center (#3) Response Accel.
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Note: Dimensions are in inches. To convert to

metres, multiply by .025.
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Figure 7TA. Acoustic Test Setup (Reverberation Room Side)
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