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commercially available sizes to obtain minimum weight.
Obviously, this is a function of the specific application.
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The free vibrations and random response to jet noise of an integrally stiffened five bay panel
have been studied both theoretically and experimentally. A finite element approach was used
to represent the panel for both parts of the study, and the predictions were verified by mea-

surements on a model panel integrally machined from solid Aluminum stock.

The compari-

son between predicted and measured vibration modes and frequencies revealed good correla-
tion of frequencies while the correlation of mode shapes was only fair, especially for higher

modes.

The predicted modes and frequencies were used in a modal analysis of the panel’s

response to jet noise with a consistent finite element method being introduced to calculate the
Quantitative agreement between predicted and
measured rms stresses and displacements was realized, whereas only qualitative agreement

required cross spectral modal foree terms.

was obtained for the associated spectra.
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aybye; = finite-element dimensions, Fig. 9
Co = speed of sound
eo{ E} = polynomial coefficients, Eq. (9)
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Filz,y) = jth mode shape

{F{gm)} column vector of polynomial terms, Eq. (7)
H j(w) complex admittance for jth mode

T i) modal force cross spectral matrix, Eq. (4)
m; generalized mass for jth mode

root mean square pressure
consistent finite-element load vectors

Do
{Pﬂ}r{Pl}i{P2}

I [ 1

[Q(w)] cross spectral matrix for generalized coor-
dinates, Eq. (17)

R(x,5,7) = noise correlation function, Eq. (2)

w = panel and finite-element displacement

Wrms = root mean square displacement

{w} = column vector of generalized displacements for

finite element, Eq. (8)
damping ratio for jth mode
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root mean square stress

Grms =

Gp(%,5,00) = noise cross spectral density function, Eq. (3)

Py - ) = response cross spectral density function, Eq.
5)

w = circular frequency

wj = natural frequency of jth mode

(¢ H* = complex conjugate of ( )

Introduction

HE response of aerospace structures to random pressure

fields as, for example, encountered in turbulent boundary
layers and adjacent to jet exhausts has been the subject of
considerable research work. (See Refs. 1-3 for extensive
bibliographies). Much of this work has concerned simple
panels, built-up rib stringer systems and more recently
integrally stiffened panels. The theoretical studies break
naturally into two parts, namely, free vibration predictions
and random response predictions for the structure. To pre-
dict the frequencies and modes of complex multibay panel
systems, several approximate techniques have been developed,
the most notable ones being the transfer matrix method*—®
and the finite element method.”~® The random response of
such structures has been calculated using the modal ap-
proach®—14 and more recently by a direét finite element
method.”915

On the experimental side, good quantitative response data
has only been available for relatively simple panels. Al-
though many tests on built-up stiffened panels have been car-
ried out, most of these have been for proof testing against
fatigue or for developing design chart criterialé and are there-
fore largely unsuitable for verifying theoretical response pre-
dictions. Response data for integrally stiffened panels is
virtually nonexistent (Ref. 6 is an exception).

In the present work, the dynamics of just such an integrally
stiffened panel were studied both theoretically and experi-
mentally. The purposes of the study were to verify the appli-
cation of the now well-known finite element method to such
structural configurations, and secondly, to gain an under-
standing of the random response of integrally stiffened plates.
The particular configuration of a five-bay panel with length
to width ratio of 5 to 2 was taken as a typical stiffened strue-
ture (Fig. 1). New refined triangular plate bending ele-
ments”® and refined beam bending and torsional elements
were employed in the panel analysis.

The free vibrations of the panel were predicted with the
foregoing finite elements, and these predictions were then
verified experimentally. The response of the panel to jet
noise excitation was, then considered. Theoretical calcula~
tions based on the well-known modal method%! were carried
out. However, the approach used was novel in that the mode

. ] BN

Fig.1 Five-bay integrally-stiffened panel geometry.
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shapes and frequencies predicted by the finite elements were
used, and a consistent finite element method for calculating
the modal force cross spectra matrix was developed. A model
cross spectral density function for the pressure excitation on
the panel was obtained from correlation measurements in the
jet noise field, and this model was used as input for the above
calculations. Finally, an experimental investigation of the
panel response in a freejet noise field was carried out to verify
the predictions. A preliminary and somewhat brief presenta-
tion of the following work was given in Ref. 19, and the full
details are available in Ref. 20.

Free Vibrations

Using the double symmetry available, only one quarter of
the panel was analyzed with the finite element gridwork shown
in Fig. 2. As shown, two nodes were used adjacent to the
stringers and the following special constraints were introduced
between the degrees of freedom at these nodes

we = wr + b(Ow/0x)r, Qw/dY)r = (dw/0y)1 +
b(0*w/0x0y)r (la,b)
(Q*w/0yHr = (Q*w/y?) 1, (Ow/O2)r = (Qw/dx)r (le,d)
(Q*w/0xdy)r = (O*w/dxdy) 1 (1e)

where subscripts B, L mean right, left. Note that curva-
tures 0%w/dz? were not constrained and hence, could take up
different values on either side of the stiffeners. The beam
bending and torsion degrees of freedom were equated to
averages of the corresponding plate degrees of freedom, i.e.,
wp = (wr -+ wr)/2, etc. After applying clamped boundary,
symmetry and constraint conditions, each subproblem had the
following net degrees of freedom: 1) symmetric in x and y,
58,2) antisymmetric in z and symmetric in y, 53, 3) symmetric
in z and antisymmetric in y, 45 and 4) antisymmetric in z
and y, 42. Some of the predicted frequencies are given in
Table 1, and corresponding mode shapes are shown in Figs.
3(a—c). The numbers in the symmetry columns of Table
1 refer to the number of half waves per bay in z and y.

The experimental panel model was integrally machined
from a 1 in. thick sheet of aluminum, and the measurements
were made by standard resonance testing. The panel was
excited with several (1-4) acoustic drivers which could be
driven either in or out of phase with each other. The re-
sponse was measured with strain gauges and inductance
probes, and the nodal patterns of Fig. 3 were obtained with
sugar crystals.

It is seen that the modes separate into definite groups con-
taining either five or four modes. The groups of five corre-
spond to panel modes, whereas the groups of four correspond
to stiffener modes. Within each group, the mode shapes
generally exhibit the same amount of waviness in either direc-
tion, but have different phase changes from peak to peak.
Only one stiffener mode group is shown here, but higher ones
involving torsion as well were obtained. The agreement be-
tween the predicted and measured frequencies was generally

yT STIFFENERS ¢

—

1

I— 10.5

h=0.50 b=0.25

Fig. 2 Finite element grid for detailed calculation of
vibration modes and frequencies.
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Fig. 3a Experimental and theoretical modes 1 to 5.

very good (the comparison is extended to a total of eighty
modes in Ref. 20), whereas some differences in mode shapes
were observed. The main differences were between relative
amplitudes from bay to bay. The measured amplitudes were
generally distributed more evenly across the panel than were
the predicted ones, especially for higher modes. This effect
seems to be a result of slight imperfections in the model and
hence is very difficult to remove.

The apparent damping in the panel was estimated by mea-
suring half-power widths at modal resonances and/or by
measuring the logarithmic decrement on decaying modal re-
sponse traces. The results in terms of ratios of damping
present to ecritical damping or ¢ for particular modes are
shown in Fig. 4. These measurements were extremely diffi-
cult to carry out and considerable scatter was obtained even
for repeatable modes. The main reason for the difficulty was
the obvious near proximity of the panel modes. This
proximity resulted in response overlap away from the peaks,
which obscured the half-power measurements, and led to beat-
ing in the decay traces. Consequently, it was felt that the
results of Fig. 4 were sufficiently reliable only to provide an
average value to be used in the response calculations. This
average was taken to be 0.002, as shown.

On the other hand, these damping results were good enough
to show that for this type of stiffened panel, the damping is
not a simple function of frequency. On the contrary, it seems
to be a complicated function of mode shape as well. For ex-
ample, the damping ratios for modes 1-5 varied from 0.001 to
0.003. Some of this large variation is probably due to the
acoustic coupling with the surrounding air, which is highly
dependent on mode shape. This question of panel damping
requires further research.

Response to Jet Noise

The response of the foregoing stiffened panel subjected to
jet noise excitation is described here. Figure 5 shows the
experimental setup which consisted of a fairly rigid baffle
positioned adjacent to but outside of the jet efflux. Correla-
tion measurements in the noise field on the baffle were made
using two Bruel and Kjaer 4 in. mierophones with a rigid insert
in place of the panel. These measurements were then fitted
with the simple exponentially decaying plane wave propagat-
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Fig. 3b Theoretical and experimental modes 6 to 10.

175

Fig. 3¢ Theoretical and experimental modes 11 to 14.

ing model:
Rz, g7 = expl—ailr — &/c.] —
ap|®| — as|F|] coswolr — Z/eo) (2)
The fit of this model to the data at various positions in the
strearowise direction is shown in Fig. 6. The numerical re- -
sults for this fit were oy = 4500/sec, o = 0.050/in., o3 =
0.037/in., wo = 8000 rad/sec and ¢, = 14,000 in./sec (speed
of sound). Equation (2) is Fourier transformed to yield the
cross spectral density function for the noise excitation as
ar/Tla? + w? + w?] %
a? + (@ — wo)?]lan® + (@ + wo)?]
exp[—alZ| — aslf| — twi/c,] (3)

0 (T,7,0) = Pot [

where p,? is the mean square pressure, which was assumed to
be constant over the panel area. The power spectral density
from this model, ¢,,(0,0,w) is compared in Fig. 7 with experi-
mental results obtained by both a direct and an indirect

‘method. In the direct method, a General Radio Wave



850 M. D. OLSON AND G. M. LINDBERG

0.005
o
o
0.0041
)
o
o o
0.003-
] o
o
fey o [
o
Y °
& 0002f — e — e 0 O — . —— —
© 0 ° [} 00
=z o o [}
s oo <] o
& ° 8 o
= g0 4 °
0.00t °
1 A L 1 -
[¢] 5000

FREQUENCY, HERTZ
Fig. 4 Damping ratio for five-bay panel.

Analyzer Model 1900A and Graphic Level Recorder Model
1521B were employed with a bandwidth of 50 Haz, writing
speed of 3 in./sec, and traverse speed of 208 Hz/min. The
indirect results are from a numerical Fourier transform of the
noise autocorrelation measurements using 300 lag points from
0 to 15 msec. The two results compare quite well; although
it appears that the model is too high by a factor of two around
600 Haz.

Following Lin,'! the cross spectral density of the generalized
forces for the free vibration modes j and & is

Iin(w) = SIS Doo(@,5,0)fi @1,y fele o) dr /dyrdaady,  (4)
where & = 22 — 21, § = Y2 — y1, fi(2,y) is the jth mode, and

the two integrations are each over the whole panel. Once the
I, are known, the cross spectral density of the responses at

RIGID BAFFLE

24 DIA JET
NOZZLE

LOCATION FOR
STIFFENED PANEL

QM

=

Fig.5 Experimental setup for jet noise and response mea-
surements.
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Fig. 6 Comparison of model and experimental correlation
functions.
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Fig.7 Comparison of model and measured power spectral
density of noise.
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(z1,y1) and (@s,2) are found from
BT, Y1522, Y250) =

TS g ooy By @) H @) () ()

k=1
where

Hi(w) = m;j Ho® — o + 20,005 (6)
is the usual admittance for the jth mode. Even though this
analysis is easy in prineiple, the integrations involved in Eq.
(4) have in the past been formidable except for the simplest
problems with simple mode shapes. Now however, the diffi-
culties can be overcome with the versatile finite element
method.

Table 1 Comparison of predicted
and measured vibration frequencies

m Theory Experiment
Mode z y (Hz) (Hz)
1 1
1 S S 623.50 609
2 A S 630.98 634
3 S S 638.65 651
4 A S 673.78 669
5 S S 673.79 682
1 2
6 S A 915.47 897
7 A A 920.53 910
8 S A 926.71 917
9 A A 935.04 928
10 S A 935.35 945
1 1 Stringer bending
11 A S 1160.8 1175
12 S S 1210.5 1245
13 A S 1288 .4 1330
14 S S 1394.6 1429
1 3
15 S S 1329.3 1324
16 S S 1332.5 1333
17 A S 1333.0 1345
18 S S 1338.2 1350
19 A S 1340.8 1375
2 1
20 A S 1606.6 1604
21 S S 1748.5 1674
22 A S 1924.3 1982
23 S S 2107.7 2185
24 A S 2258.6 2353

Consistent Finite Element Approach

The analysis begins with the eigenvectors determined in
Sec. 2. These are expanded and distributed according to the
boundary, symmetry and constraint conditions over the grid-
work for the full panel shown in Fig. 8. This yields 402 long
eigenvectors each of which defines a mode shape over the
whole panel in a piecewise finite element sense. That is, a
mode shape distribution may be written formally as

80

fay) = 20 wizy)

@

wi(z,y) is the displacement distribution over the Ith element,
which comes from the polynomial used in the element formu-
lation and is uniquely determined once the degrees of freedom
are specified at the element vertices. Following Ref. 18, this
distribution may be written in terms of the element’s local
coordinates (&,7) as

wi@y) = {IWHIRLT [T {F(Em)] ®
where {F(£n)} is the 20 long column vector of polynomial
terms used in the finite element formulation.

The integrations involved in Eq. (4) are too complicated to
carry out in closed form for the cross spectral density function
of Eq. (3), and some approximation must be introduced.
Considering the arbitrary general triangular elements I and m
shown in Fig. 9, the cross spectral density distribution over
each of these elements may be approximated by a linear func-

X

Fig. 9 General Triangular elements in propagating noise
field.
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Fig. 10 o, stress spectra along panel quarterline.

tion of the local coordinates. That is,

Gop = 1+ efi -+ e + esbn + esnn + esfifn, -
e7£l"7m + eSnZEm + €M Nm (9)

The nine arbitrary constants in this expression are determined
by evaluating ¢,, nine times for nine combinations of the
three vertices of each triangle. Thus

¢ = d)pp(xml -
D2 = Gpp(Tm1 — Tig)Ym1 — Yi2,)

.............. (10)

Li1,Ym1 — yu,w)

b9 = Ppp(Tms — Ti3,Yms — Y13,0)

where (ZurYmr) are the global coordinates of the rth node on
the mth element. Substituting into Eq. (9) for the nine com-
binations yields

(T:){E} = {&) (11)
I This is the next approximation to that introduced in Ref. 19,

namely that the cross spectral density was constant over each trie
angular element.

J. ATRCRAFT

where [T’3] is

M =5, 0 —b, 0 b, 0 0 0 7
1 a 0 —b, 0 —ab, 0 0 0
10 e —=b, O 0 0 —cbn 0
1 =b; 0 an O Db, 0 0 0
1 e 0 ap 0 ab., 0 0 0
1 0 ¢ amw O 0 0 Cilm 0
1 =5, 0 0 Cm 0 —biCm 0 0
1 o O 0 Cm 0 A1, 0 0
LT 0 & 0  ¢a 0 0 0 CiCm_]
(12)

Eq. (12) may be easily inverted either numerically or in closed
form to yield the constants e; as

{B) = [Ts7{®) (13)

For the present application, this linear approximation should
provide reasonable accuracy up to frequencies of 3000 Hz,
where the characteristic element size is still less than half a
wave length in the noise.

Now substituting Eqs. (7-9) into Eq. (4) with proper ma-
trix considerations yields

]k<w>—l};_21 Ernle [ ff (e

(st — — Feamin) {F (Emym) } TdEdN1dE mdnm X \

where the extra j and k subscripts on { W} refer to the j and %
modes, respectively. Note that each of the full integrations
of Eq. (4) has thus become a sum of eighty integrations over
individual elements denoted by A; and A,, as shown. Intro-
ducing the following notation for the integrals in Eq. (14)

1 [ (Pemiazy

rme [, ErEn)asn
' [ [ alFiem}asin

it is seen that {Po},{P1},{ P,} are the 18 long consistent load
vectors for loads uniform, linear in £, and linear in », respec-
tively, transformed to the (z,y) global coordinate system.
Eq. (14) then reduces to

Iin(w) = {¢},7

{Po}z = [R],T
{P1}l = [R

(15)
{Ps}1 =

[Q) ¥} (16)

where
80

[Q<w> ZZI 91 P o
es{ Po}o{ Po} n”

2T 4 6’2{P1} {PO}m,T -+

.+ eg{P2}l{P1}mT +
es{ Po}o{ Po} 7] (17)

Table 2 Modes included in spectral calculations

Mode groups — 1 2 3 4 5 6 7 8 9 10
6 11 15 20 25 30 35 40 45

Frequency Modes to to to to to to to to to
ranges  Center 5 10 14 19 24 29 34 39 44 49
fregs.
0-777 650

777-1118 925
1118-1500 1300
1500-1873 1700
1873-2360 2100
2360-3000 2600

X XX
XXX
X X XX
XX XX
XX XX
XX
XXX
XX
XX
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and {¥}; is the 402 long jth eigenvector. The load vector
products { Po}{ Py} »7, ete. are dyadic products and represent
18 X 18 matrices for each combination of { and m. Hence, -
Eq. (17) requires a double summation over all 80 elements, 73x107% =
whereas the usual struetural matrices require only one. The
foregoing calculations must be carried out for each value of i
frequency w, since the ¢; depend on frequency. Note that 735107
[@] is complex, although Hermitean. Once the I;:(w) are B
known, the power spectral densities for displacements and
stresses are easily calculated from Eq. (5).

e
e T e e e i e e G e

T i T t

w CENTERLINE BAY 2

Lot
I 1T

} I
1 T
T I
T T

7.3x107°

il
|

Practical Calculations

e i

In the present work, the calculations of [@] from Eq. (17) 15
were carried out for only a few frequencies, namely at 650, 94 x10% =
925, 1300, 1700, 2100, and 2600 Hz. These frequencies cor- 1
respond to the centers of the main mode groups predicted in
Sec. 2. The I,,(w) obtained for these frequencies were then
held constant over these groups. The modes included in the
spectral caleulations in the vicinity of these center frequencies
are indicated by the crosses in Table 2. The cross terms
within each included mode group were retained in these calcu-
lations, but all other cross terms were neglected on the basis
of the larger frequency separations. The frequency step |

LEADING EDGE

L
T

dodete

94 x103 &

94x10 |

Ly

oy QUARTERLINE TRAILING EDGE

sizes were made small in the vicinity of peaks and wider away 24 x10° me i - i
from them. Finally, the spectra were numerically integrated ! e i
over frequency using Simpson’s rule to obtain mean square S = e }r
predictions for both displacements and stresses. All calcu- i [ 1 = AR R e : :
lations were limited to the finite element nodes. e i S
All the resulting spectra are presented together in Ref. 20 0arl0 Rt : = ﬁ .
to facilitate comparisons over the panel. Fig. 10 shows some S LS ] | : = !
typical stress spectra. The ordinate is a logarithmic scale :, § = [ ‘; ‘ BRE==: pas .. St
T s s e i o o - o e B B L S
Table 3 Predicted root mean square values Fig. 11 Theoretical and experimental spectra.
Diagonal
Terms with each grid line representing a factor of 10, and each curve
Complete Caleulations Only, is dropped 3 grid lines below the one above. Many indi-
Band Band Band Band  Band vidual modal peaks may be recognized, although those in the
1 1-2 1-3 1-6 1-6 narrower bands tend to be merged together into one wide
0-777 0-1118 0-1500 0-3000 0-3000 peak.
Hz Hz Hz Hz Hz Some typical rms predictions are tabulated in Table 3.
. The table shows results from terminating the integrations at
Deflections 10% wems /o various frequencies and therefore reveals from where the
Center-line—Middle of Bays major contributions are derived. It is clear that the first
Bay 1 6.160 6.168 6.216 6.216 6.280 band predominates in all cases, particularly for the centerline
Bay 2 5.505 5.511 5.581 5.581  6.628 results. The quarterline quantities appear to receive an
Bay 3 5.712  5.718 5.802 5.802 5.756 appreciable contribution from band 3, probably mainly from
Bay 4 7.394  7.398  7.486 7.487  6.628 modes 15-19 which have three half waves in the y direction.
Bay 5  6.270 6.278 6.356 6.356 6.280 As to be expected, the rms stresses receive more from the
Quarter-line—Middle of Bays hi ol It
Bay 1 3652 3.725 3.793 3.794 3 .855 igher modes th.an the rms displacements do. appears
Bay 2 3.943 $.330 3.419 3.420 4.091 that band 1 prowdes no less than 809 of the final rms value
Bay 3 3.354 3.450 3.565 3.565 3.519 for all quantities and as much as 959, for some of the center-
Bay 4 4.360 4.495 4.611 4.611  4.091 line deflections.
Bay 5 3.722 3.828 3.940 3.940 3.855 A further calculation was carried out in which all non-
. oo ~ diagonal terms in Eq. (5) were neglected. The resulting spec-
Stresses in z-Direction 10740 xms/ Do tra were plotted, but were very little different from those ob-
Center-line tained from the more complete calculations. However, the
Leading Edge 2.915 2.919 2.975 2.990  3.023 rms results obtained from integrating these spectra did change
M‘iddle Bay 1 1.756 1.768 1.800 1.801  1.824 somewhat and are given in the last column of Table 3. The
Stiffener A Left ~ 2.571  2.574 2.608  2.622  2.633 first noticeable effect is that of symmetry down the panel.
. Right 2.152 2.155 2.23¢ 2.249  2.633 That is, the prediction for bay 4 is the same as for bay 2, ete.,
Middle Bay 2 1.433 1.435 1.498 1.500 1.785 ’ . . .
Stiffener B Left  2.199 2.202 2.276 2.289  2.713 when only diagonal terms are retained. Hence, 1t appears
Right 2.278 2.280 2.367 2.378  2.381 that the results for bays 2 and 4 are changed the most, by as
Middle Bay 3 1.481 1.483 1.559 1.562 1.539 much as 20%. The results for bays 1, 3, and 5 apparently
Stiffener C Left  2.336 2.338 2.424 2.435 2.381 are altered very little by the off diagonal terms.
Right 2.950 2.952 3.039 3.050 2.712 Finally, it is noted that the preliminary results of Ref. 19
Middle Bay 4 1929 1.930 2.005 2.007 1.785 using the constant cross spectra per finite element approxima-
Stiffener D Left ~ 2.837  2.839  2.930 2.943  2.633 tion were completely verified by the present calculations.
Middle Bangght %?gg ?;’gg %géé %gg? ?ggz That is, none of the predictions’were changed by rpore‘than a
Trailing Edge 9067 2.971 3.040 3.064 3.023 few percent. In retrospect, this fact appears logical in that

the most significant part of the predictions occurs in band 1
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Table 4 Comparison of experimental and predicted
root mean square values

Experimental Theory Ratio
Deflections 102 Wems /Do
Centerline-line—Middle of Bays
Bay 1 4.2 6.216 0.69
Bay 2 3.7 5.581 0.66
Bay 3 3.1 5.802 0.53
Bay 4 4.0 7.487 0.53
Bay 5 3.4 6.356 0.53
Quarter-line—Middle of Bays
Bay 1 2.6 3.794 0.69
Bay 2 2.8 3.420 0.82
Bay 3 2.1 3.565 0.59
Bay 4 2.8 4.611 0.61
Bay 5 2.7 3.940 0.69
Stresses in z-Direction 10™* oxrms/Po
Center-line
Leading Edge 1.6 2.990 0.54
Stiffener A Left 1.2 2.622 0.46
Right 1.2 2.249 0.53
Stiffener B Left 1.2 2.289 0.52
Right 1.1 2.378 0.46
Stiffener C Left 0.9 2.435 0.37
Right 1.1 3.050 0.36
Stiffener D Left 0.9 2.943 0.31
Right 1.1 2.655 0.41
Trailing Edge 1.3 3.064 0.42
Quarter-Line
Leading Edge 0.9 1.818 0.50
Stiffener A Left 0.7 1.605 0.44
Right 0.6 1.415 0.42
Stiffener B Left 0.7 1.436 0.49
Right 0.6 1.508 0.40
Trailing Edge 0.9 1.905 0.47
Stresses in y-Direction 107* ayrms/Po
Middle of Bay 1
Bottom 0.7 1.339 0.52
Middle of Bay 5
Bottom 0.8 1.483 0.54

from 600 to 700 Hz, and for this frequency range, the con-
stant cross spectra per element approximation is quite satis-
factory.

Panel Response Measurements

The random response tests were carried out with the panel
inserted in the rigid baffle as shown schematically in Fig. 5.
Displacement measurements were made with noncontacting
inductance probes of L in. diam. Stress measurements were
made with single foil strain gauges 7% in. wide by % in. long
adhered with Eastman 9-10 cement to the underside of the
panel. All these gauges had their centers positioned about
L in. away from the panel boundaries and/or stiffeners where
maximum stresses are to be expected.

Root mean square measurements of all displacement and
strain signals were made with a Bruel and Kjaer true rms
meter and spectral analyses of the same signals were made
on-line with the aforementioned G.R. wave analyzer. The
spectra were all taken with a bandwidth of 3 Hz, pen writing
speed of 1 in./sec and traverse speed of 62.5 Hz/min. Some
typical spectra are presented in Fig. 11 along with the cor-
responding theoretical predictions shown dashed. Note that
the experimental spectra are one sided, and hence, have been
lowered by a factor of 2 to compare with the double-sided pre-
dictions. The measured and predicted rms results are pre-
sented in Table 4 along with ratios of the former to the latter.
It appears that the predictions over the first band from 600 to

00 Hz are higher than the experimental measurements.
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The differences here are larger for stresses than for displace-
ments. ‘Some similar but smaller differences may be ob-
served for the 900 Hz band as well.  On the other hand, the
experimental and predicted spectra levels around 1300 Hz
compare quite well. Above 1300 Hz, the displacement spec-
tral fall off much more rapidly than the stress spectra.

It is seen that in general most of the detailed individual
peaks are lost within the bands of modes, especially in the
experimental results. There are some exceptions of course,
notably with respect to modes which have nodal lines parallel
to the stiffeners. Some of these other modes are readily
identifiable by their individual peaks, for example modes
11-14, 20-24 and 45-49. These modes are not closely spaced
in frequency, but rather are far apart and hence may respond
on an individual basis. It is also interesting to note that
some of these modal responses compare very well with the
predictions. This may be associated with the fact that their
experimental mode shapes also compared well with the pre-
dictions.

Some of the discrepancy between theory and experiment
around 600 Hz is due to the overpredictions of the noise spec-
tra model. Earlier, it was noted that this model could have
been too high by a factor of 2 in this range. Other discrepan-
cies are due to differences in experimental and predicted mode
shapes. The I;; terms of Eq. (4) are especially sensitive to
mode shape. Finally, there is still considerable doubt about
what the proper damping is.

From Table 4, it is seen that the measured rms displace-
ments ranged from 539, to 82% of the predictions and the
rms stresses ranged from 319, to 53% of their predictions.
Some of the larger discrepancy in stresses is due to the finite
length of the strain gauges and their positions away from the
stiffeners and boundaries. The predictions are for points
right at those boundaries and there is a rapid decay of bending
moments away from them. Again it is noted that most of the
rms predictions come from band 1, and if this band is over
predicted so also will the rms values be. This suggests that
it would be better to use an actual experimental noise spectra
as input for this first important band. However, in light of
the unknowns with respect to mode shapes and damping, this
alone would not seem justified, although there is no doubt that
such a procedure would improve the comparisons in the
present work. However, whether or not this would generally
be true is still largely unknown. The writers preferred to
leave the comparisons as they stand, i.e., on the basis of a
completely theoretical prediction including input spectra
model, until such time as more work is done on mode shapes
and damping.

Conclusions

The free vibrations and random response to jet noise of an
integrally stiffened five bay panel have been studied both
theoretically and experimentally. A finite element approach
was used to represent the panel for both parts of the study,

“and the predictions were verified by measurements on a model

panel integrally machined from solid Aluminum stock.

The measured and predicted frequencies compared ex-
tremely well for the first fifty modes with differences between
the two growing for some of the higher modes above fifty.
The comparison between mode shapes was not nearly so good.
The best comparisons were obtained for modes with nodal
lines parallel to the stiffeners and the poorest, for those with
nodal lines perpendicular to them. These obscrved effects
appeared to be due to slight imperfections in the pan.el.y and
this suggests that the latter type of modes is more sensitive to
such imperfections than the former.

The predicted displacement and stress spectra for the panel
exhibited relatively wide over-all peaks for each band of
modes. Most of the individual peaks within each bgnd were
lost, particularly for the narrower bands. The main excep-
tions to this were those modes with nodal lines parallel to the
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stiffeners. These modes being relatively wider separated
exhibited the more customary individual peaks. These pre-
dictions for these latter modes were verified by the measured
ones, at least in a qualitative sense. The predictions over
band 1 (600-700 Hz) were generally too high partly because
the model input spectra was too high in this region. The pre-
dicted and measured spectra tended to agree better at the
higher frequencies. The measured rms displacements were
about 609, of the predictions, while the stresses were about

459,
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